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CGAM:
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Centre for Global Atmospheric Modelling — Climate processes

Atmospheric Chemistry Modelling Support Unit — Chemistry-climate

Universities Weather Research Network — High-impact weather

Distributed Institute for Atmospheric Composition — Chemistry/physics of composition
British Atmospheric Data Centre

University Facilities for Atmospheric Measurement — Ground based observations
Facility for Airborne Atmospheric Measurements — Aircraft observations




Editorial

Glenn Carver (Glenn.Carver@atm.ch.cam.ac.uk), ACMSU, Centre for Atmospheric Science, Dept. of Chemistry, University of Cambridg

This issue of the newsletter is in the main a compilation of posters and presentations from the RMS Conference at UE\vire[2003 a
as regularly contributed articles. I'd just like to say a big thank you to everyone who took the time to submit an dnctefosletter.
I'd also like to say thank you to Kirsten at CGAM who took a great load off my shoulders for this issue by receivingialethecaecking
them and collating them. | hope everyone enjoys reading this issue of the newsletter.

UGAMP Coordinator

Julia Slingo (J.M.Slingo@rdg.ac.uk), CGAM, Dept. of Meteorology, University of Reading.

Another bumper issue of the UGAMP Newsletter! Thank you to all who contributed and particularly to Glenn Carver for beiagcEdito
Kirsten Wilmer-Becker for her help with bringing it all together.

It is evident from the breadth and depth of the science presented here that UGAMP continues to go from strength to strgmgihs Ne
are represented (a welcome to Sheffield University and Grant Bigg, and to Liverpool University and Ric Williams) and wehang bra
out into new areas of earth system science, in particular with more contributions on ocean processes and their impactAmddiisat
good to see that the new ERA-40 reanalysis, completed earlier this year is already being exploited.

This year we combined the UGAMP annual conference with the RMS National Conference at Norwich. It was an experiment, but one
which seems to have worked extremely well. Next year we will have our own meeting, which will be held at Oxford, 8-10 September
UGAMP studentships are again on offer, this time through the wider NCAS scheme. Training the next generation of clinstsasscienti
very important for us, and I'm glad to see so many contributions in this Newsletter from our PhD students.

In the coming year we will be going through a major period of change with new computers and a new model. In December, the T3E
(Turing) will be retired from CSAR and we will need to transfer our runs to the SGI machines, including the new SGI Altr)Neaatier
this year, the new HPCx/IBM supercomputer came on line, which offers opportunities for running really big experiments. @M sta
working hard to ensure that UGAMP codes are ported to both facilities and that we can exploit the power of HPCx (seargf&dle
Burton's articles). At the same time as dealing with these computing changes, we are also planning for UGAMP's use aidlieynew H
Centre model (HadGEM1) which will be frozen shortly. This has a completely new dynamical core as well as major changgsitsthe p
parametrizations, so we shall have a steep learning curve with this model in the coming months. | hope that the nexhe dNtovstedtter
will feature articles on the performance and use of HadGEM1.

CGAM Director

Julia Slingo (J.M.Slingo@rdg.ac.uk), CGAM, Dept. of Meteorology, University of Reading.

This past year has seen some major changes at CGAM with the appointments of 2 Senior Scientists (Lesley Gray and Jongthan Gregq
and 2 Computational Scientists (Katherine Bouton and Paul Burton). Lesley has already started to revitalise and codJ@AMEthe
middle atmosphere modelling community, whilst Jonathan brings a welcome new focus for us on climate change processeargnd import
links with the glaciology and earth system modelling communities. Jonathan's appointment is joint funded by the HadleydCentre a
recognises the close links we have with them. CGAM's Computational Science team, led by Lois Steenman-Clark, is now &ad; strong
beginning to make a real difference in modelling and data support activities. The new CGAM website was launched duriyegihe last
which provides a much improved information service on all aspects of our research and our support for the UGAMP community.

Two important modelling programmes were proposed and funded in the last year which will both lead to major steps forward in the
resolution and complexity of our climate models. UK-HIGEM (to develop, evaluate and exploit a high resolution version of HdtHSEM
been funded by NERC as a consortium programme. With partners drawn from across the NERC Centre/Surveys, University lggoups and 1
Hadley Centre, UK-HIGEM will be an important step towards a more integrated approach to global environment modelling ifnthe UK.
delighted that Warwick Norton (a long term, and valued member of UGAMP) will be the UK-HIGEM Project Manager. The collaboration
with the Japanese to use the Earth Simulator for high resolution, earth system modelling has also been formalised thie yatr and
shortly be recruiting 3 scientists to work on that project. | hope that there will be opportunities for UGAMP scientisét thexp
integrations, as well as to use the Earth Simulator and collaborate with our Japanese colleagues. We'll keep you all posted!

Both UK-HIGEM and the Earth Simulator projects involve a close collaboration with the Hadley Centre. | am delighted tatweitin li
them are stronger than ever and that we have developed excellent working relationships with their scientists. With lineeestabés
Hadley Centre Unit at Reading we are looking forward to an even stronger programme of joint research in the coming years.



ACMSU Director

John Pyle (John.Pyle@atm.ch.cam.ac.uk), ACMSU, Centre for Atmospheric Science, Dept. of Chemistry, University of Cambridge.

The main current aims at ACMSU in Cambridge continue to centre around major issues in stratospheric and tropospheriwacient
particular themes are to continue to develop models for process studies, using field data collected by the NERC community, and
chemistry-climate studies. Many of these activities are described in more detail in this newsletter.

Glenn Carver, Fiona O’Connor and Nick Savage have developed a high resolution, parallelised version of the troposphéric cher
transport model, namgdTOMCAT. Preliminary runs have included studies af Bdiizontal resolution. Our first scientific investigations
with the new model will include a study of the tropical tropopause layer. We hope soon to have a version available fouthigycomm

We are using the Met Office UM with our chemical schemes for tropospheric and stratospheric studies. Recent investigafaisied
Braesicke, described elsewhere here, include the role of chemistry-climate interactions in the unusual development détannie dep
the Antarctic in 2002. Tropospheric studies also concentrate on chemistry-climate interactions. Guang Zeng has receatlyacsimbjet
of the pre-industrial atmosphere to complement here earlier work looking at the 2100 atmosphere.

Glenn Carver, together with Howard Roscoe at the British Antarctic Survey, organised a very successful meeting in Auguigte200:
events surrounding the unusual split ozone hole of the winter of 2002. This meeting was held as a Royal Meteorologisab Seciaity’
Interest Group and was well attended with over 60 participants, including a number of attendees from Europe and thecular Aqapti
was to have Gloria Manney, from JPL, speak at the meeting as it was her first ever visit to the UK! Glenn and Howard gueaworkin
producing a report of this meeting.

A major new NCAS initiative is a collaboration with the Met Office to develop the next generation chemistry-climate model for
community use. This will be based on Met Office’s new dynamics in HadGEM. Olaf Morgenstern is a new ACMSU member, warn
welcomed back to Cambridge after a stint in Hamburg working with Guy Brasseur, who will be implementing chemistry intaethis m
The University of Leeds (led by Ken Carslaw and Martyn Chipperfield) are also playing a major role in this initiative nosiddju
NCAS to develop aerosol code for the model.

The “New Dynamics” Unified Model is now the first non-hydrostatic climate model (the same model is also used for higharesolut
limited-area integrations) avoiding common approximations like the shallow-atmosphere assumption. Integrating a fullyudetipled E
troposphere-stratosphere chemistry, the main thrust of the UCHEM project, is a major milestone towards building a comgiabednsiv
environment model. Given the possibly large computational cost associated with atmospheric chemistry, we aim to provideéeready
schemes at different levels of complexity suitable for climate-chemistry integrations over a range of timescales. Tesit#tbd by
using the flexible ASAD chemical integrator already embedded in TOMCAT and other models. We anticipate that the modeheill b
widely used in the UK community and therefore strive to provide a flexible environment which future users with limitedknaleletiige
of model internals can adjust to their particular needs.

Bristol Research Initiative for the Dynamic Global
Environment (BRIDGE)

Paul Valdes, University of Bristol

A new part of UGAMP has just formed in Bristol. BRIDGE is hoping to become a leading centre for improving our understanding
natural climate/Earth system variability and to use this knowledge to better constrain uncertainty in future changesthealucipact
on all aspects of human society. Our main research effort will be to test our understanding of the causes of Earth sgstandchang
specifically to test the computer climate models used to predict future climate change. The group will have a strong focus on
interdisciplinary aspects of the subject, bringing together expertise in atmosphere, ocean, biosphere, chemosphere gaadargosph
are particularly interested in investigating the interactions and feedbacks between different components of the Earth system.
Major themes of the new research work will be:
» Quantifying environmental/climate change in the distant past through the combined use of data and models

« Rigorous evaluation of climate models with accurate proxy climate records, especially during periods of rapid climate change

e Improvements in climate models by incorporating additional components of the Earth System, and detailed analysis oéfisese prc
for past, present and future change

 Impact of future climate change on spatial and temporal scales relevant to society, and including timescales from diéeadélto m

Faculty staff are currently Dr. Sandy Harrison and Prof. Paul Valdes but we are in the process of recruiting two fusther &alcliion,
a number of postdocs will be joining the group. Two have already started; Dr. Dan Lunt (a former UGAMPer) is working orikhe Gl
project (Grid Enabled Integrated Earth System Model) studying past rapid climate change events, and Dr. Joy Singaraygois aork
COAPEC funded project about sea-ice variability. In November two new postdocs (John Hughes and Julia Tindall) will staudnvork
archaeological project examining the effects of climate change on human evolution and dispersal, and adding oxygen enisoeyteriu
components to the Hadley Centre model and using it to model rapid climate change events in the past. Two further ppsisvant se
related to PMIPII.



Tropical Climate

The influence of Indian Ocean SST on East African rainfall:
Insights from observations and GCMs

Emily Black (emily@met.rdg.ac.uk), CGAM, Centre for Global Atmospheric Modelling, Department of Meteorology, University ahBead

Introduction HadAMS3 captures some aspects of the Indian Ocean basin's
Understanding the processes controlling East African rainfall is climatic response to the 10D, it does not simulate the observed

essential both for the development of seasonal forecasting systemselationship between the 10D-induced weakening of the mean
and for understanding the climate of the Indian Ocean basin as awesterly flow in the central northern Indian Ocean and excessive
whole. The description of the Indian Ocean dipole (IOD) (see Saji precipitation in East Africa.

et al (1999)) has led to increased focus on the role of the Indian
Ocean in controlling East African rainfall. The 10D, which peaks
in the boreal autumn, is characterised by a reversal of the zonal

SST gradient and low-level easterly wind anomalies in the central . . ) ) ~
relationship between East African rainfall and the 10D is that

Indian Ocean. It is associated with rainfall anomalies in the Indian . .
. . . . /AGCMs cannot account for short time-scale coupling between the
Ocean basin and in particular has been shown by several studies to

. L . atmosphere and ocean. In order to explore this possibility, a full
trigger extremely strong boreal autumn precipitation in East Africa P P P y y

(see for example Blaakt al. (2003), Goddard and Graham (1999) ;ozpii;jsr?odeldlnt(.etaratlorlrflusggTHadICMi) wazc?jn;iﬂa;eg 0
and Latifet al (1999)). Simulating this relationship in coupled a oreed with monthly values from Ha -5y

L ) comparing these runs, it is possible to ascertain the impact of short
models is vital for the successful seasonal forecasting of these paring P P

. time-scale coupling. In the 20-year integration, there was only one
extreme events. Moreover, comparisons between atmosphere-only

global climate models (AGCMs). fully coupled global climate convincing dipole-like event. The precipitation and wind

. . anomalies for this year are shown in Figure 2. It can be seen that
models (CGCMSs) and observations have the potential to deepen ) ) y 9
. . . the wind anomalies generated by the coupled model are
our understanding of the East African climate as a whole.

. . . considerably stronger than those generated by the atmosphere onl
This article summarises the results of a study that used both y 9 9 y P y

. . . . . . model and, unlike the atmosphere only case, they are focused in
AGCM and CGCM integrations in conjunction with observed data ) P ) y y

. . the central Indian Ocean. Excessive rainfall also extends from the
to tackle the following questions:

« How well can the relationship between East African rainfall and ocean to cqastal East Af.rica in the coupled .integ.ration, while in
the Indian Ocean Dipole be simulated by an AGCM? contrast, rainfall anomalies are focused entirely in the Indian
Ocean in the AGCM simulation. In both cases, there are strong
anomalies in western and central tropical Africa.
Comparison of Figures 1 and 2 suggests that the coupled model
The simulation of 10D induced rainfall anomalies simulates the observed climate system significantly better than the
by HadAM3 atmosphere-only model. In simulations forced with both GISST
Figure 1 compares observed October rainfall and wind fields ~ and HadCM3 SSTs, the atmosphere-only model failed to capture
with those obtained from a run of HadAM3 forced with observed POth the magnitude of the zonal wind anomalies in the central
SST (from the GISST dataset). The period used is 1958-1997. It islndian Ocean and the observed excessive precipitation in East
clear from Figure 1 that during dipole years high rainfall is Africa. The coupled model, on the other hand, generates wind

observed in coastal equatorial East Africa. It can also be seen thaftnomalies over the whole Indian Ocean basin and precipitation
these rainfall anomalies are associated with anomalous easterly @nomalies onshore in East Africa. Although these anomalies differ

flow in the central Indian Ocean, which has the effect of somewhat from those observed during dipole years, they are
weakening the climatological westerlies and reducing the flow of Significantly more realistic than those generated by the

moisture away from the African coast (for more details see Black atmosphere-only model. The observation that HadCM3 produces
(2003) and Blaclet al (2003)). It also be seen from the lower a more realistic simulation than HadAM3 forced with HadCM3
panel of Figure 1 that the model captures some aspects of observeg®S T implies that the improvements noted in the coupled model are
wind and rain fields quite well. For example, the low rainfall in not purely due to compensation of errors. It can thus be concluded
Indonesia is well replicated and there are weak easterly anomaliedhat lack of coupling in HadAM3 limits its ability to simulate the

in the central Indian Ocean. However, although rainfall is observed relationship between East African rainfall and the Indian
generated off the African coast in the model run, the observed ~ Ocean dipole. This suggests that short time-scale coupling has a
excessive precipitation on land is not reproduced. Furthermore, significant part in generating the wind and rain anomalies that are
although the long-term mean wind vectors are reasonably well ~0bserved during dipole years.

simulated, the easterly anomalies during dipole years are far
weaker than those observed. In summary therefore, although

The effect of short time-scale ocean-atmosphere coupling on
IOD induced rainfall
A possible reason for HadAM3's failure to simulate the observed

« To what extent is the simulation affected by the lack of
ocean-atmosphere coupling in an AGCM?

Conclusions
» The observed relationship between the Indian Ocean dipole and



Long term menn 850 mb wind A50 mb wind during dipode years Rain sncamalies dering dipole years
{xonal wind anomalies coloured §

T =
4 A4 -l 4k 8 4 1F 3% i g

HadAM3 force
with GISST
88T

3 4@ -4 -m4 ol B B4 4 am Fa
e e

a 44 48 47 18 a2 R XF 4Am WA

Figure 1. (above) Observed wind and precipitation (top line) compared to wind and precipitation obtained from an integration of HadAM3 forced with
observed SST (second line). All data shown is from October. The left panel shows long term mean 850 mb vector wind. The middle panel shows mean
850 mb vector winds during dipole years with the zonal wind anomaly shaded. The right panel shows mean rain anomalies during dipole years.
Observed wind fields are taken from the NCEP reanalysis and observed rain from the CRU dataset.
Figure 2. As for Figure 1 but with the top line showing data for a single dipole year from a 20-year fully coupled run of HadCM3 and the bottom panel
showing data taken from an integration of HadAM3 forced with HadCM3 SST during this dipole year.
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East African rainfall cannot be represented by an atmosphere  Black, E., J. M. Slingo, and K. R. Sperber, 2003: An observational Study
only GCM of the relationship between excessively strong short rains in Coastal East
. . . Africa and Indian Ocean SST. Monthly Weather Review, 103, 74-94.
* A comparison between AGCM and CGCM simulations Suggests oqqard, L. and N. E. Graham, 1999: Importance of the Indian Ocean for

that this may in part be due to the AGCM's lack of simulating rainfall anomalies over eastern and southern Africa. Journal of
ocean-atmosphere coupling Geophysical Research-Atmospheres, 104, 19099-19116.
Latif, M., D. Dommenget, M. Dima, and A. Grotzner, 1999: The role of
References Indian Ocean sea surface temperature in forcing east African rainfall
Black, E., 2003: The impact of Indian and Pacific Ocean processes on theanomalies during December-January 1997/98. Journal of Climate, 12,
East African short rains. Clivar Exchanges, 8, 40-43. 3497-3504.

Saji, N. H., B. N. Goswami, P. N. Vinayachandran, and T. Yamagata,
1999: A dipole mode in the tropical Indian Ocean. Nature, 401, 360-363.



Evaluation of hydrological components of GCM simulations of tropical hydrological processes

Nick A Chappell (n.chappell@lancaster.ac.uk) and Martin Fowell, Lancaster Environment Centre, Lancaster University, LancastetYQ, UK

The multi-disciplinary nature of the Lancaster Environment storm periods, is widely held, but is unsupported by field research.
Centre has fostered links between the academic communities of Slopes in humid tropical regions of Africa (e.g., Dabin, 1957,
tropical meteorology, humid tropical hydrology and Decret Permanent Bureau Sols AOF), South America (e.g.,
biosphere-atmosphere interactions. One of our developing Callieux, 1959, Serv. Carte Geol. Fr.) and SE Asia (e.g., Chappell
interests is the accurate description of tropical hydrological et al, 1999, Phil. Trans. Roy. Soc. Lon. B., 354: 1831-1846)

processes within climate models. Indeed, climate simulations by usually generate only a few percent overland flow per unit slope
Global Circulation Models (GCMs) have been shown to be very area. In some contrast, most of the LSPs studied by Péhan
sensitive to land-surfaces fluxes of water and energy (e.g., Polchei(1999) generated much more than a few percent overland flow,
et al, 1996, J. Hydrol., 180: 373-394). These fluxes (including  even as much as 100%. If water only flows overland and does not
latent heat flux and riverflow) are the greatest in the humid tropics. enter the soil-water system, then simulation of the transpiration
The latent heat flux comprises of the components of wet canopy regulation process will be inaccurate.

evaporation and transpiration, with the latter being regulated by  (2) The second issue affecting LPS accuracy are the limitations
soil-water storage, which is itself regulated by rainfall-riverflow  of the theory describing rainfall-riverflow processes. Most LPS
processes. Thus large-scale riverflow (Q) measurements are describe river generation processes either by: (a) an extension of
required by models that predict soil-water storage, though these the Manabe (1969) ‘Bucket Model’ or (b) the Darcy-Richards
also act as observations to evaluate inter-annual predictions of themodel. With the bucket model soil-water drainage (discharge from

residual of precipitation and evapotranspiration (P-E). the system) is generated only after a threshold is reached. In
The accuracy of GCM predictions are, therefore, sensitive to the reality, the ‘pure time delays’ between local rainfall and local river
accuracy of the hydrological fluxes predicted for the humid response are almost synchronous (see e.g. Chappetl999 op.

tropics. Several studies over the past 10 years have evaluated theit.). With regard to the Darcy-Richards approach, hydrologists are
hydrological components of the ‘Land-surface Parameterisation increasingly questioning the validity of applying this approach at
Schemes’ (LPSs) within the GCMs. Two studies, namelyetall catchment scales, i.e., 0.1 kand above (e.g., Beven, 2002,

(1996, Bull. Am. Meteor. Soc., 77: 2209-2227) and Piteizal. Hydrol. Process., 16: 189-206; Dumenil and Todini, 1992,
(1999, Climate Dynamics, 15: 673-684) can be used to highlight Elsevier). One of the key reasons for the lack of applicability is the
the degree of uncertainty in current LPSs. Pitieizal (1999) failure of the theory to adequately characterise the large-scale
suggested a large range in latent heat flux of 106-186°Wm effects of pipeflow and pressure waves within what is a highly
equivalent to 1,337-2,346 mm of actual evapotranspiration, for  non-linear system. Further, measurements of the key catchment
simulations of Amazonian rainforest from 16 GCM-LPS properties, e.g., permeability, are typically measured at scales of
simulations (PILPS programme). Similarly large ranges in water 0.1to1 n4. The statistical distribution of values from this scale do
flux resulting from model uncertainty were observed in the not match those required to calculated rainfall-riverflow behaviour
predictions of riverflow from the Amazon within the AMIP at the small catchment scale of 0.1 to 16 kehalone the scale of
programme that involved the LPSs from 29 GCMs. étal GCM grid elements (3,000 to 70,000% see for example,

(1996) found the simulations of the intra-annual cycle of Amazon Chappellet al. (1998, Hydrol. Process., 12: 1507-1523).
riverflow varied between a highly uncertain +500 and —350 mm of  (3) The third issue that may partly explain weakness in LPSs is
the observed cycle. There are many reasons for these uncertaintiethe limited evaluation or validation of predicted hydrological

- we would like to highlight three key water-related issues: fluxes. Fowell and Chappell (2003, PROMISE Conference,
(1) The first issue to be addressed is the accuracy of the key  Trieste) demonstrated that while a GCM may explain a relatively
components of rainfall-riverflow response. Outside the small high proportion of the variance in the zonal mean precipitation in

research community of ‘hillslope hydrologists’, an unsupported SE Asia (e.g.,ZrO.537 for a GFDL model simulation), the variance

assumption / misconception pervades. The notion that overland explained falls dramatically when 0.5 degree pixels of observed

flow on slopes generates most of the riverflow observed during and simulated data are correlated (e?@,S‘OO for the same GFDL
simulation). Validation (of precipitation, riverflow, latent heat flux

Figure 3. or soil moisture) at scales larger than individual pixels may,
T therefore, mask fundamental problems in the model structure or
parameterisations.
Pl O WF RCi0 — a Given the limitations of the hydrological approximations within
R —'E—|: a current GCMs, and of the need to keep this single component of a
Pl O j GCM'’s overall structure and parameterisation simple - what are

Transpirstion the rules that should guide the development of an improved
reguiaton em hydrology model? We would tentatively suggest that better
hydrological models could be developed if the following criteria
were kept in mind: (a) a high degree of parsimony in model
Annual evopolranspraton (ohec) . . .. . .
Pl wE structure (i.e., simple but efficient models which constrain

= P-E joteck]



better predictor of catchment water content available to large
rainforest trees than is surface (< 0.3m) water content. Within large
catchments (> 3,000 k%j*lsome deeper (and longer residence time)
moisture stores are likely to be present and expressed in the runoff
response, but are too deep to regulate transpiration of tropical
trees. The moisture present within the upper few metres of soil,
therefore, needs to be identified separately from that in the whole
subsurface system, if this critical regulator of transpiration is to be
quantified.

(i) The DBM approach allows the identification of these faster
(i.e., shallower) component of flows separate from the slower
components in the riverflow records.

(iii) The model-derived fast flow component (observed directly
at large-scales) can then be ready related to the dynamics of the
shallow (< 10 m) soil moisture store (see e.g., Favetett, 1997,
ICSE97), which can then be related to the term regulating
large-scale transpiration. Alternatively, the fast flow components
could be directly related to the transpiration regulation term, e.g.,
thea or 3 terms within the generalised evapotranspiration model
of Polcheret al (1996,0p. cit).

‘Wal cERORY aVaEpFation
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calibration uncertainty), (b) parameterisations directly at large

scales (without the need for highly uncertain ‘upscaling’), and (c)

a focus on predicting the correct hydrological stores and fluxes

This simple approach could with a precipitation forcing and only
5 parameters, forecast: (a) GCM pixel-scale riverflow — which

(i.e., riverflow, latent heat flux / evapotranspiration, soil moisture could provide a check on the model predicted P-E or if subtracted

storage) at large scales (e.g., 3,006 BEM pixel scale) rather
trying to capture small-scale hydrological phenomena.
We are currently developing an alternative approach to the

from the annual precipitation a check on the evapotranspiration,
and (b) the fast component of GCM pixel-scale riverflow — which
with a 2-3 further parameters, forecast the terms which regulate

representation of GCM pixel-scale hydrology that is based on the large-scale transpiration (Figure 3). By applying this approach it is

use of Data-Based-Mechanistic (DBM) modelling. The DBM
approach derives model structure and parameters of the
rainfall-riverflow system from observed data using: (a) multiple
model structure identification based on linear transfer functions
and state-dependent (non-linear) modelling, (b) objective

also clear that the first part of the modelling generates riverflow
which can be validated against large-scale observational data. The
second part of the approach generates soil moisture and/or a
transpiration regulation term. This highlights the need for
observations of soil moisture or and/or the transpiration regulation

statistical inference to reject some model structures, and (c) furtherterm, which are currently not available for the scale of 3,000 km
model structure rejection using physically-based understanding ofin plan by several metres deep. Hydrologists need to be

system behaviour (Yourgt al, 1997, Wat. Sci. Tech., 36:
99-116). Thus far, we have been examined this large-scale
hydrology problem as three steps:

(i) First, parsimonious parameters capturing rainfall-riverflow
response are derived from large (>3,00(?)<raference
catchments, e.g., the 3,853 %Mae Chaem catchment in
Northwest Thailand (P14 river station). We have shown that a
3-parameter DBM model can capture most of these dynamics
(Chappellet al, 2004, Cambridge University Press). With a small
tropical catchment (say 0.1 to 5 ?()wvith a shallow subsurface

encouraged to develop new technologies to derive these estimates.
While the DBM model structure generated by this approach is
simple, it is consistent with a hydrological model of the humid
tropics derived from process research (Figure 4; see Bairedl)
2004 Cambridge University Press). The aim of this overall
approach to addressing current weakness in the hydrological
components of GCM models is one of building models based on
large-scale empiricism rather than over-extrapolation of
small-scale physics. This work is at an early stage of development
and we hope to report on progress over the coming months.

system (say < 10m), then riverflow (because it is almost entirely  For further information, please contact Dr. Nick A Chappell at
generated from the whole subsurface flow system) is likely to be an.chappell@lancaster.ac.uk.

A spatio-temporal methodology for evaluating GCM simulations of tropical water fluxes

Martin Fowell (m.fowell@lancs.ac.uk), Nick Chappell, Rob MacKenzie, Lancaster Environment Centre, Lancaster University, LA1 4YQ

This article aims to present a new methodology for evaluating sample results. The results compare modelled (GFDL R30 model
GCM model output against observed precipitation data. The posterrun; Alexander & Scott, 1995) with observed precipitation
presented at the RMS Conference 2003 can be downloaded from(Legates & Willmott, 1990) across SE Asia (90°E to 160°E and
http://www.es.lancs.ac.uk/people/nickc/rms2003.ppt. This article 20°S to 30°N) and Amazonia (14.5°N to 25.5°S and 90°W to
includes some of the key steps within the methodology and some30°W).



There are several reasons for performing comprehensive and
rigorous model evaluations, notably:
* A quantitative assessment is more objective and more
informative than presenting plots of gridded observation and
model output.

» Observational data sets are improving. Thus, more sophisticated

types of evaluation are possible.

» Model performance is improving, therefore, more objective and
sophisticated evaluation methods will be required to distinguish
the more subtle differences

If GCMs are going to be used at the regional scale, for applied
problems, such as the impact of land-use change on tropical
rainfall (e.g. Polcher & Laval 1994a,b) we need to be sure that
models can resolve the sub-regional (grid cell) variability of the
current climate. In addition, if a robust model evaluation shows
that the models have skill in representing the current climate,
greater faith can be placed in the model forecasts of changing
climates (Airey & Hulme, 1995).

1. There are three basic requirements for a quantitative model
ewaluation (adapted from Hulme 1992):
1. A suitable observed precipitation climatology.
These data sets need to be global in extent covering a long time
period. Maximum temporal and spatial resolution are preferable,
whilst over land, the gauge network should have maximum
density.
2. Consistent spatial resolutions between the model and the
gridded observations.
The observed data and the model output need to be transformed
onto the lower of the grid resolutions.
3. Appropriate statistics to quantify model performance.
3. 1 A comparison of modelled and observed means, ranges
and standard deviations.
3. 2 Graphical representation, such as scatter plots and differ-
ence plots.
3. 3 The distribution of the data must be examined for normal-
ity before the statistical analysis.
3. 4 At least one goodness-of-fit (relative error estimate) and
one or more absolute error estimates should be calculated.

transformation the data must be converted so that the range
lies between 0.0 and 1.0, without changing the relative ranges
of the two distributions).

Once normally distributed, the data are displayed on a scatter
plot and linear regression is performed. For a good model, the
zero intercept regression equation should have a gradient
close to unity.

The goodness-of-fit of the model output can be quantified

3.

4.

with the coefficient of determinationzlr which shows the
proportion of the variance within the gridded observations
that is explained by the variation within the model output.

Despite its common usé, has limitations. The magnitudes of
rand £ are not consistently related to the accuracy of

prediction (Willmott 1982). Further?is insensitive to
additive and proportional differences between the model

simulation and observations. Thuéwill be 1.0 whenever
m;=(Ao; + B) for any non-zero value of A and any value of B,
instead of being reserved for the occasion of interest when
m;=0; (Legates & Davis 1997). To enhance the evaluation,
alternative goodness-of-fit estimates should be calculated,
such as the coefficient of efficiency, @ash & Sutcliffe
1970). It is preferable to calculate the modified coefficient of
efficiency (g) rather than E as this is less sensitive to
outliers (Legates & McCabe 1999). The statistical analysis is
concluded with a calculation of the error using dimensional
measures such as the mean absolute error (MAE) and root
mean square error (RMSE).
When this analysis is complete, one can compare results for
the same model for different seasons or locations.
Alternatively, different models can be compared. Thus far,
only the GFDL R30 model has been tested with this
methodology, but there are plans to test other GCMs from the
AMIP programme. Table 1 gives a summary of the results that
describe model performance, for the SE Asian and Amazonian
annual precipitation budgets, for the GFDL R30 GCM.

The statistics in Table 1 show that while the modelled mean
annual precipitation averaged over the whole region is within 0.5
mm/day of the gridded observations, the model is poor at

5.

The analysis method proposed here is broken down into a serieg;im|ating the spatial patterns for both the SE Asian and the

of steps, each of which will be discussed below.

1. Obtain suitable model output and gridded observations, and
produce absolute and relative difference plots of the
precipitation field. To quantitatively summarise the
differences, error bounds for the region are calculated, e.qg.,
the number of modelled grid boxes within +/- 0.5 mm/day of
the observed data.

This methodology uses parametric statistics, therefore, the
data must be normally distributed or transformed. The
statistical distribution of the data is examined with a
frequency histogram and a Kolmogorov-Smirnov test.
Normalisation can be achieved with, for example, the square
root, 2/3 power and lgg transformations. If the distribution
contains excessive kurtosis, this may be corrected with a
modified arcsine transformation. (When using this

Amazonian regions. For SE Asia, the variation within the model
output can explain only 30% of the variation within the gridded
observations. For both regions, bothahd F are less than zero.
Thus, for a given grid cell, the regional average precipitation
(observed) will give a more accurate estimate of the rainfall for
that particular cell than the corresponding modelled grid cell. The
expected error, for a given grid cell, in either region, is 2.1
mm/day. Contrary to what may be expected, the model performs
no better in Amazonia than SE Asia.

If the analysis at the grid scale reveals that all model simulations
compared are equally poor, the analysis can be repeated with the
zonal mean precipitation for the region. This is a less stringent test
of model performance, therefore, it should be used as a secondary
analysis tool, because too much detail is lost within the averaging
process.



The analysis presented here is for the precipitation field but the are available. The analysis method presented is still under
method could be applied to other waterflux variables such as development and will eventually include geostatistical and
evaporation or riverflow as long as suitable (gridded) observationstime-series tools.

Table 1: Parameters describing the annual precipitation field for SE Asia and Amazonia for the Legates and Willmott (1990) gridded
observations and the GFDL R30 model run.

SE Asia Amazonia

Parameter LW (1990) GFDL LW (1990) GFDL Optimum value

Mean (mm/day) 5.652 5.173 3.989 3.385

S.D (mm/day) 2.479 3.097 2.418 3.442

Coefficient of 0.300 0.342 +1

determination (r2)

MAE (mm/day) 2.120 2.142 0

RMSE (mm/day) 2.752 3.068

Coefficient of -0.224 -0.227 +1

efficiency (E,)

Modified coefficient -0.048 -0.109 +1

of efficiency (E;)
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Nonlinearity in the ENSO from observations and coupled model simulations
A. Hannachi, D.B. Stephenson, and K.R. Sperber, CGAM, Department of Meteorology, The University of Reading

A major feature of ENSO is the clear asymmetry between the It is also interesting to note that the SST changes are most
positive and negative phases, El Nino and La Nina respectively, ofsensitive for thermocline depths between 120m and 140m with a
the oscillation. This behaviour tends, however, to be overlooked rate of change around 1/8 degC/m. For depths less than 120m, the
(Penland and Sardeshmukh 1995a,b; Sardeshetuih2000.)

We have addressed the question of quantifying nonlinearity in the

ENSO using robust statistical tools. We adopted a probabilistic -
approach by using a simple stochastic nonlinear mydeg(X) b
between thermocline dep¥and the sea surface temperature }_
(SST)Y. The SST data consists of the NCEP Nino-3 SST time )
series Jan 1950 - Dec. 2000, and the thermocline data consists o _ f”f
the monthly mean depth of the 20 degC isotherm at (ON, 140W)
from April 1983 to December 2000. o y/,r’
The transfeg function is estimated by plotting the quantiles of 7’(_/9"',
SST versus the quantiles of the thermocline depth anomalies 0 e
shown by the thick line in Figure 5 (see Hannaattal 2003 for o ___F,,.:-""'J
details.) The saturation of the SST observed at deep thermocline
starts when the (absolute) thermocline is approximately around A 2 1 0 ! 2 3
140m deep, where the SST becomes nearly independent of the Cuantilas of thermadling dapth

thermocline as it deepens. When the thermocline is deep,

stratification acts as a barrier between the surface and the Figure 5. Quantiles of Nino-3 SST versus quantiles of thermocline
. ] depth anomaly (thick line) along with a smooth piece-wise fit (dotted

thermocline and the link between them becomes very weak. line). The diagonal line is expected from a normal distribution.
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Figure 6. Quantiles of Nino-3 indices from 24 ENSIP coupled models versus quantiles of a
normal distribution. The curve from the observed Nino-3 SST is also shown (dotted.)

rate is around 1/25 degC/m and the lower part of the curve does nohon-normal models only 2 models show skewness. The detail of
saturate at least as sharply as the upper part. Although the 20C this skewness are however different from that observed (see
isotherm does not reach the surface it remains in constant contacHannachiet al. 2003.) The most non-normal models did not

with the mixed layer when the thermocline is shallow. In this case correctly simulate the interannual spread although the phase of the
a slight change in the thermocline depth will not change the SST annual cycle was reasonably well simulated. There are several
substantially. This makes the SST-thermocline depth sensitivity possible explanations for this discrepancy. The thermocline depth
fairly linear because of the active mixing processes in the mixed in the coupled models is perhaps either deeper or shallower than in
layer and the absence of any barrier such as stratification when theeality. Alternatively, The background vertical diffusivity may
thermocline is shallow (less than a 120m deep). This explains theplay an important role in ENSO SST variability, as shown by
observed weaker rate of change of 1/25 degC/m as opposed to th#leehl et al. (2001) where smaller values of the vertical diffusivity
higher rate observed for depths between 120m and 140m. The parameter could give larger ENSO variance due to the existence of
dotted line in Figure 5 shows a smooth piecewise fit to the a sharper thermocline.

SST-thermocline depth curve obtained by fitting a tangent

hyperbolic function to the upper half and a straight line fitted to the ) -
Hannachi, A., D.B. Stephenson, and K.R. sperber (2003) Probability-based

lower half. ] ) o methods for quantifying nonlinearity in the ENSO. Clim Dyn 20: 241-256
The approach was then applied to Nino-3 indices from 24 Meehl GA, Gent PR, Arblaster JM, Otto-Bliesner BL, Brady EC, Craig A
coupled ocean-atmosphere models from ENSIP (see, Hargtachi (2001) Factors that affect the amplitude of EI Nino in global coupled
al. 2003 for details). The result is shown in Figure 6. The majority climate models Clim Dyn 17: 515-526.
of the 24 coupled models in ENSIP underestimate the nonlinearity Penland C, Sardeshmukh P (1995a) The optimal growth of tropical sea
. . . . surface temperature anomalies. J Clim 8: 1999-2024
noted in the transfer function of the observed Nino-3 index.

. ) T Penland C, Sardeshmukh P (1995b) Error and sensitivity analysis of
Thirteen out of the 24 models gave Nino-3 indices that were geophysical eigen-systems. J Clim 8: 1988-1998 Sardeshmukh PD, Compo

normally distributed at 99% confidence. Of the remaining GP, Penland C (2000) Changes of probability associated with El Nino. J
Clim 13: 4268-4286

References



The Climate of the Maritime Continent
Pete Inness and Julia Slingo, CGAM, Dept. of Meteorology, University of Reading.

The climate of the Maritime Continent plays a key role in the
global circulation. Deep convection over and around the islands of
Indonesia and Papua New Guinea drives circulations which extend
around the Tropics and into mid-latitudes. The complex Figure 7.
topography of the islands means that convection is often driven by
small-scale, local circulation patterns, but larger scale phenomena
such as convectively coupled equatorial waves, the Madden-Julian

Cnginal Muntrme Confinen] with full orogmphy

Tid (e Ehedd METwaap
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oscillation (MJO) and EI Nino all also have a role in determining =
the climate and climate variability of the region. -
Neale and Slingo (2003) showed that the climate of the Maritime 3
Continent was rather poorly simulated in HadAM3. By modifying '
the mean climate, (by removing the islands altogether and g
replacing them by ocean points) they showed that there was a - E
positive impact on the climate simulation of the model, not only
throughout the Tropics but on a global scale. Inness and Slingo e

(2003) found that the MJO in HadCM3 tended to break down at the
Maritime Continent. These studies have highlighted the
importance of the Maritime Continent in the tropical climate
system, and indicate a need to improve the simulation of the
climate of this region in our GCMs. Understanding the interactions
between the different time- and space-scales of convective
variability may hold the key to this problem. o z e G m

A suite of experiments using an aquaplanet version of HadAM3,
with various configurations of islands on the equator, with and  other scales of variability are also apparent in the figure, with a
without orography, is currently being developed and run in order strong eastward propagating Kelvin wave signature at higher

to test the impact of the islands on a moving, MJO-like, convective frequencies than the MJO, and a lower frequency westward
anomaly. The convection is generated in the model by a moving propagating signal.

LF

“

SST anomaly, using the technique described in Woolnetigh By analysing the full set of aquaplanet experiments, together
(2001). The SST anomaly propagates around the globe once everyith full atmosphere-only and coupled GCM results, we hope to
60 days. Figure 7 shows a time-longitude section of the gain a better idea of how the convection associated with the MJO

precipitation on the equator in the aqua-planet GCM, with the  interacts with and is affected by the presence of the Maritime
islands of the Maritime Continent as represented in the full GCM Continent islands. We will also study the small, island-scale
centred at 120 degrees east. At some times the enhanced processes that may result in enhanced convective activity in this

precipitation is disrupted by the presence of the islands (e.g. region, with the aim of developing a way of parameterizing them
around day 120) whereas at other times the islands seem to haven GCMs.

little impact on the strength of the anomaly (e.g. around day 420).

The atmospheric response to tropical intraseasonal sea surface temperature anomalies

Adrian Matthews, Schools of Environmental Sciences and Mathematics, University of East Anglia

The Madden-Julian oscillation (MJO) is the dominant mode of realistic simulation of the MJO in terms of organisation and
intraseasonal variability in the tropical atmosphere, and is eastward propagation of convective anomalies (e.g., Inness and
manifested by large-scale tropical convective and associated Slingo 2003) but this is not always the case (Hendon 2000).
circulation anomalies that propagate eastward from the Indian An intermediate step between an atmosphere-only model and a
Ocean to the western Pacific on a time scale of 30 to 60 days. fully coupled GCM is the impact of intraseasonal SST anomalies
Recently, the role of ocean-atmosphere coupling in the MJO has on the atmospheric MJO and the implied feedback onto the ocean.
been emphasised, with observed positive sea surface temperaturg/oolnoughet al (2001) analysed the equilibrium response of an
(SST) anomalies leading the enhanced convection by a quarter ofaquaplanet AGCM to an idealised eastward propagating tropical
acycle. The SST anomalies are thermodynamical in origin, arising SST dipole and found a good agreement between the model and
through changes to the surface shortwave radiation and latent heabbservations in the phasing of the convection to the SST
fluxes during the MJO cycle (Shinodaal 1998). The inclusion anomalies. Here, the response of a more realistic atmospheric
of ocean-atmosphere coupling in GCMs generally leads to a more
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Figure 8. SST and OLR anomalies on day 18 of the MJO cycle. (a) observations,
(b) model. SST contour interval is 0.15 C; positive contours are heavy solid lines
and negative contours are heavy dashed lines. OLR interval is 5 W m-2 and
shading is shown by the legend.

Figure 9. hovméller diagrams, averaged from 15S to 5N. The time through the
MJO cycle is on the vertical axis. SST anomalies are shown in all panels by the
heavy contours; contour interval is 0.2 C and the first positive contour is at 0.1 C;
positive contours are solid and negative contours are dashed. Anomalous (a)
observed OLR, (b) model OLR, (c) model surface latent heat flux, (d) model
surface shortwave radiation flux. All fluxes are shaded according to the legend.

model to observed MJO SST anomalies and the implied feedbacklags the SST forcing by only four days (Figure 9b). It is not clear
onto the ocean are investigated. whether this “fast” response in the model is due to model
The Hadley Centre AGCM (HadAM3 configuration) was forced deficiencies or a difference between the forced (model) and fully
by the Reynolds observed SSTs from 1982 to 2002. The weekly coupled (observed) systems. The model also still underestimates
time resolution of the data set includes the MJO signal. The MJO the overall MJO convective signal, as diagnosed by the OLR
was then extracted using a standard EOF analysis of 20-200-day variance in the intraseasonal 20-200-day band (not shown).
filtered SST over the tropical warm pool domain. The leading two However, the model MJO forced by the weekly SSTs shows an
EOFs defined the MJO and a life cycle based on the phase of thesenprovement over the MJO in a control integration in which the
EOFs was constructed, following Matthews (2000). By basing the intraseasonal SST forcing was removed by a 90-day low pass
analysis on the SST anomalies, a direct comparison can be mad€filter.
between the observed MJO and the modelled MJO, which by The implied feedback onto the ocean can be diagnosed in the
design is the forced response to the intraseasonal SST anomaliesntegration forced by the full weekly SSTs. The surface latent heat
The observed and modelled convective anomalies are shown forflux anomalies are due to changes in the surface wind field arising
a selected phase (day 18) of the MJO cycle in Figure 8. The modelas a response to the MJO convection. As this latent heat flux
(forced response) is in good agreement with the observations withdepends on the total wind speed, an accurate simulation of the
convective anomalies spatially lagging (i.e., to the west of) the  mean surface winds as well as the anomalous MJO winds is
SST anomalies. Hence, to a large extent the MJO can be necessary, if the MJO latent heat flux anomalies are to be modelled
characterised as a coupled phenomenon, as any atmospheric-onlgorrectly. The surface latent heat flux (Figure 9c) and shortwave
MJO component that was independent of the SSTs would not be radiation flux (Figure 9d) anomalies in the model lag the SST
picked out by this analysis. However, the exact phasing of the  forcing by only four days (consistent with the convection), rather
convective anomalies and the SST forcing in the model does not than the quarter cycle as in the observations. Hence, it appears that
agree with the phasing in the observations. The enhanced if the model atmosphere was coupled to the ocean, the surface flux
convection (negative OLR anomalies) in the observed MJO lags anomalies would act to damp out the intraseasonal SST anomalies.
the warm SST anomalies by about 12 days or a quarter cycle  These findings will be tested in the fully coupled system.
(Figure 9a) while in the model the enhanced convective response



The Role of the Equatorial Pacific Ocean Mean State
Westerly Wind Event Forcing

in Modulating the Oceanic Response to

Anna Pirani (ap698@soc.soton.ac.uk), Southampton Oceanography Centre

Westerly Wind Events (WWES) are a climatological feature of
the Western Equatorial Pacific and are observed at intraseasonal

. . . . =]
timescales. These high frequency, localised wind events generate

a basin-wide planetary wave response, affecting the evolution of
the background ocean mean state. Studies looking at the
performance of general circulation models (GCMs) in forecasting
recent El Nifio Southern Oscillation (ENSO) events have
concluded that one of the limitations of these systems is their
difficulty in capturing intraseasonal atmospheric variability in the
western Pacific (Slinget al, 1996, Landsea and Knaff, 2000). It
is believed that ENSO is an oscillating system, as proposed by
Suarez and Schopf (1988), but that its intensity is modulated by
WWESs acting as random disturbances (Fedetal, 2003).

Recent work has shown that the inclusion of WWEs in a coupled
forecasting system improved the forecast of the 1997-98 EIl Nifio
event (Vitartet al, 2003).

Process studies are performed with the Océan Parallélisé (OPA)
ocean GCM to examine the sensitivity of the WWE oceanic
response to the variability of the background state of the equatorial
ocean and to elucidate what temporal and spatial scale interaction:
need to be resolved when considering such adjustment processe:
in the Equatorial Pacific region. Different ocean conditions are
generated in an idealised equatorial ocean basin, depending on th
strength of the background Trade winds (Hellerman and
Rosenstein, 1983) and the settings for horizontal viscosity (as in
Maes et al., 1997). This modifies the principal components of the
equatorial circulation that we are considering; the strength of the
zonal circulation, the equatorial thermocline gradient and the
Tropical Instability Wave (TIW) activity. An analytical WWE is
applied (Zhang, 1998) and the propagation of the wind-generated
Kelvin wave through these different ocean conditions is studied.

The hovmodller plots in Figure 10 of the depth of the 20°C
isotherm anomaly and sea surface temperature (SST) anomaly,
show the planetary wave response to a WWE that takes place ove
ten days at 30° longitude at the Equator. A Rossby wave
propagates westward and a Kelvin wave propagates eastward
away from the WWE source. We are particularly interested in the
propagation of the Kelvin wave and a modal decomposition of the
signal is carried out by projecting the zonal velocity anomaly onto
the vertical baroclinic modes, as in Killworghal (1997). From
this we find that the Kelvin wave signal visible in Figure 10 is
predominantly due to the second baroclinic mode.

Figure 11 and Figure 12 show the modal decomposition of the
Kelvin wave at 80° longitude on the Equator for different oceanic
conditions. In Figure 11 the background Trade winds (Hellerman
and Rosenstein, 1983) have been used (standard), and then
doubled (f2) and quadrupled (f4) over the whole domain, and in
Figure 12 the level of horizontal viscosity has been set at302m
(low), 103n?s! (standard) and 104w (high). The Kelvin wave
propagating through the standard ocean configuration (Figure
11(a), Figure 12(b)) has a bi-modal structure with an even
distribution of energy between the first and second baroclinic
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Figure 10. (top) Hovmoller plots of the evolution of (a) the depth of the 20°C
isotherm anomaly in meters, and (b) the sea surface temperature anomaly in
°C, after a WWE has occurred at 30° longitude at the Equator.

Figure 11. (middle) Modal decomposition of the zonal velocity anomaly at 80°
longitude at the Equator where a WWE has occurred in three different
background conditions where the strength of the Hellerman and Rosenstein
(1983) wind field has been varied. (a) is the standard wind field, (b) is the wind
field doubled and (c) quadrupled all over the domain. The first baroclinic
mode is shown in red and the second baroclinic mode in blue over a period
of 90 days since the WWE occurred at 30° longitude at the Equator.

Figure 12. (bottom) As in Figure 11, but the standard wind field is used and
the horizontal viscosity coefficient is varied from (a) 104m?%s?t (high viscosity),
(b) 103m3s! (standard viscosity setting), to (c) 102m3s™t (low viscosity).



modes. This is also the case in the high viscosity case, in Figure described here is necessary to model the adjustment process to a
12(a), though the amplitude of the modal coefficient is weaker. WWE. The resolution of the Kelvin wave propagation
The amplitude of the second baroclinic mode is significantly characteristics should be fully captured, with particular attention
diminished by the strengthened equatorial circulation and on the second baroclinic mode as this leads to the strongest oceanic
steepened thermocline generated in the increased background signal.
wind field experiments, in Figure 11(b,c), and the low viscosity
regime in Figure 12(c).

Another aspect of the Kelvin wave adjustment is its impact on the Binestaq, R,E R T.Sutton,and D. L. T. Anderson, 2002: The effect of £}

Nifio on intraseasonal Kelvin waves. Quart. J. Royal. Met. Soc., 128,

background TIW field, that exhibits considerable seasonal 1277-1291.
variability in terms of spatial distribution and level of activity. Fedorov, A. V., S. G. Philander, B. Winter and A. Wittenberg, 2003: How
TIW-like velocity and SST anomalies are generated when the  predictable is El Nifio? Bull. Amer. Meteor. Soc., 84, 911-919.
Kelvin wave, in particular the second baroclinic mode, encounters Hellerman, S., and M. Rosenstein, 1983: Normal monthly wind stress over

. - . the World Ocean with error estimates. J. Phys. Oceanogr., 13, 1093-1104.
the TIW field, as seen in Figure 10(b) The Kelvin wave leads to a Landsea, C. W., and J. A. Knaff, 2000: How much skill was there in

phase shift of the TIW field. The background state is in turn forecasting the very strong 1997-1998 EI Nifio? Bull. Amer. Meteor. Soc.,
affected through interactions with the TIWs and SST anomalies g1, 2107-2120.

are generated that persist after the adjustment to a WWE that could/aes, C., G. Madec, and P. Delecluse, 1997: Sensitivity of an Equatorial
have implications for a coupled response. Pacific OGCM to lateral diffusion. Mon. Wea. Rev., 125, 958-972.

We have shown that the Kelvin wave generated by a WWE Killworth, P. D., D. B. .Chelton, and R. A..De Szoeke, 1997: The speed of
observed and theoretical long extra-tropical planetary waves. J. Phys.

consists mainly of the first and second baroclinic modes and that Oceanogr., 27, 1946-1966.

the second baroclinic mode is sensitive to the background ocean Slingo, J. M., K. R. Sperber, J. S. Boyle, J. P. Ceron, M. Dix, B. Dugas, W.
conditions, including the level of horizontal viscosity. Ebisuzaki, J. Fyfe, D. Gregory, J. F. Gueremy, J. Hack, A. Harzallah, P.
Experiments where the wind stress has been successively Inness, A. Kitoh, W. K. M. Lau, B. McAvaney, R. Madden, A. Mathews,
increased are analogous to the development of La Nina conditions.T' N. Palmer, C. K. Park, D. Randall, and N. Renno, 1996: Intraseasonal
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The Indian Ocean Dipole in Two Coupled GCMs
Dr. Hilary Spencer, Prof. Julia Slingo, Dr. Rowan Sutton, Dr. Emily Black and Dr. Malcolm Roberts, CGAM, Dept. of Meteoroldwjy, of Reading.

Introduction SST feedback, the equatorial Bjerknes wind-thermocline-SST

The Indian Ocean dipole is a coupled ocean-atmospheric feedback and a feedback involving upwelling along the coast of
phenomenon that was described by 8gfl, 1999 and Webster Sumatra (Fischest al, 2003). Due to a lack of direct
etal, 1999. Itis related to the climate of many regions surrounding measurements and to model uncertainties, it is controversial which
the Indian Ocean (e.g., Blaekal, 2002, Guan and Yamagata, processes dominate.
2003) but these teleconnections can be hard to detect since the  Due to these model uncertainties and since it is important to
dipole is weakly correlated with EI Nifio. The dipole consists of  predict the evolution of these dipoles, the accuracies of two
cool sea surface temperature anomalies (SSTASs) in the southeastoupled models in representing the dipole are assessed. This study
tropical Indian Ocean (SE) and warm SSTAs in the west (W) and is restricted to dipoles that are not accompanied by strong El Nifios
occurs most strongly during the Boreal autumn (SON). Figure 13aso that the remote affects of El Nifio do not dominate the Indian
shows 95% significant composite SST and 10m wind anomalies in Ocean processes.
SON of five observed dipoles from the past 50 years that were not
accompanied by strong El Nifios. These events are 1961, 1963,
1967, 1977 and 1994.

The dipole in SSTA is accompanied by southeasterly surface
wind anomalies in the SE and easterly wind anomalies on the
equator. This is consistent with the Gill atmospheric response to

tropical heating. Between April and November the climatological ) )
Ifevels and HadCEM has a 24&cean with 40 vertical levels. These

winds in the SE are southeasterly. Therefore there are a number Oare compared with the GISST SST dataset (Patkdr 1995) and
possible positive feedbacks of the strengthened southeasterlies in P '

the S back onto the cool SSTAs. There is the wind-evaporation- the NCEP reanalysis winds (Kalnayal, 1996).

Models and Data
The coupled models studied are the Hadley Centre ocean-
atmosphere models, HadCM3 (Gordon, 2000) and HadCEM
(Robertset al, 2003). Both have the same atmospheric
component, HadAM3 with 3.P®y 2.5 horizontal resolution and
19 vertical levels. HadCM3 has a 1%2fcean with 20 vertical
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Figure 13. (top) Indian Ocean dipole composite anomalies. (a) 95% significant observed SST and 10m wind for SON.
Boxes indicate regions for definition of dipole mode index (DMI) (b) Time series of DMI for observed and model composites.
Figure 14. (bottom) Total and anomalous temperature through a section of the Indian Ocean at 10°S for the two models.
95% significant anomalies are coloured and total temperature is contoured with an interval of 1°C. Contours <23°C dashed.
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Results composite ocean temperatures in DJF for both models are shown

The dipole mode index (DMI) is the difference in SSTA between in Figure 14. These show the shoaling of the thermocline in the
the W and SE in the regions shown in Figure 13a. The compositeeast and the deepening in the west. In HadCEM, the temperature
DMI timeseries for the observations and the coupled models are anomalies in the ocean interior do not extend to the surface in DJF
shown in Figure 13b. The composites consist of strong, persistentand hence the SSTAs decay. However, in HadCM3, with a diffuse
October dipoles that are not strong El Nifios. Figure 13b shows thatthermocline, the temperature anomalies do extend to the surface. It
both models have realistic timing and strength of the onset and is hypothesised that, with the low vertical resolution in HadCM3,
peak of the dipoles. The observed termination is very rapid the surface and the thermocline are too closely connected and the
between October and January. Both models simulate the correct memory of the ocean interior is transmitted to the surface.
timing of the termination but with insufficient speed. In fact, the  Whereas, in reality and in HadCEM, the sharper thermocline can
HadCM3 dipoles do not terminate completely. The anomalies become disconnected from the surface and hence surface features
decay slightly but then re-invigorate the following year once the can disappear while deeper anomalies persist. Therefore, the very
climatological winds return to southeasterlies in the SE. This leadsexpensive, fine horizontal resolution may not be required in order
to dipoles in HadCM3 that persist for 2-3 years, unlike observed to simulate the dipole accurately; enhanced vertical resolution may
and HadCEM dipoles. be sufficient. Results from the coupled model with a?.25

A possible reason why the HadCM3 dipoles persist through DJF horizontal resolution and the same 40 vertical levels as HadCEM
is found in cross sections of the Indian Ocean temperature through(partly) confirm this hypothesis.
10°S (shown as a line in Figure 13a). The total and anomalous
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The role of the basic state in determining the predictability of the tropical climate system, with

particular reference to the Asian summer monsoon

Andrew Turner, Pete Inness, and Julia Slingo, CGAM, Dept. of Meteorolo

The basic state errors in the tropical Pacific of the UK Met Office
Hadley Centre Model (HadCM3) are partially corrected by the use
of a flux adjusted version of the model (HadCM3FA), originally
devised by Innesst. al (2003). The anomalous summer zonal
temperature gradient in the equatorial Pacific is reduced,
correcting the excessive trade winds prevalent there in HadCM3.
The strength of the Pacific trades is a well-known signature of the
Asian summer monsoon circulation (see, e.g. Webstdr1998).
Consequently, their reduction in HadCM3FA is coupled with a
reduction in the strength of the broad-scale monsoon over Asia, a
measured by the dynamical monsoon index (DMI), first used by
Webster and Yang (1992). The index covers ™N2@0-116E
and is a measure of the anomalous zonal wind-shear in summer. ,
reduced south-westerly monsoon flow is observed in the summet
HadCM3FA climate. However, monsoon variability in the Hadley
Centre model increases with flux adjustments, observed as an
increase in the standard deviation of the DMI in 40 year
integrations of the model: 1.20 for HadCM3, 2.19 for HadCM3FA,
1.60 for ERA40, (used as an indicator of the real-world scenario).
The increased variability is also observed in strong minus weak
monsoon difference composites of lower tropospheric wind,
surface temperature and precipitation. Differences of strong and
weak monsoon summers therefore show stronger monsoon flow
into India with the flux-adjusted version of the model, and this is
also represented in the equatorial Pacific with increased easterly
trade winds during strong monsoon summers. Possible sampling
errors were accounted for by extending integrations to 100 years,
to no effect on the overall circulation variability or summer mean
climate. That the use of a seasonal cycle of flux-adjustments to
force sea surface temperatures in a coupled GCM increases the
interannual variability is somewhat surprising. The adjustments
have altered the ENSO cycle to the extent that the standard

gy, University of Reading

eastward. The spring predictability barrier becomes evident with
flux adjustments, represented by the steep nature of the
HadCM3FA correlation curve around March/April time of the
same year prior to the summer monsoon. Stronger ENSO forcing
in HadCM3FA may explain this, but its lack in HadCM3 is not yet
understood.
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Figure 15. Correlation between Nino-3 and summer (JJAS) DMI
plotted against lag in months. ‘Aug-1’ indicates the August Nino-3
anomaly the year before DMI. Correlations significant in all but 5% of
cases are indicated outside the dashed lines: |r|>0.31 for the 40 year
dataset, |r|>0.20 for the 100 year datasets.
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The diurnal cycle of tropical convection in an aquaplanet GCM.

Steve Woolnough (s.j.woolnough:rdg.ac.uk), Julia Slingo (CGAM, University of Reading) and Brian Hoskins (Dept. of Meteorbloiygrsity of
Reading)

The diurnat cycle of tropical convection over land and oceans is systems and so tend to produce deep convection to early in the day.
very different. Over land the diurnal cycle of convection is driven In contrast over the oceans, GCMs tend to be able to capture the
by the destabilization of the surface by the strong daytime solar early morning peak in convection, despite the absence of any
heating, and typically peaks in the early evening, and the representation of some of the proposed mechanisms for driving the
magnitude of the diurnal cycle is comparable to the mean. In oceanic diurnal cycle (e.g. subgrid scale vertical circulations).
contrast, over the open ocean the amplitude of the diurnal cycle is In this article the diurnal cycle of convection in an aquaplanet
typically 10-15% of the daily mean precipitation and the maximum version of the Met Office Unified Model (UM) is discussed. The
tends to occur in the early hours of the morning. The process whichaquaplanet configuration provides a relatively simple framework
drive the diurnal cycle of convection over ocean are less certain for studying the mechanism which drive the diurnal cycle of
and suggest mechanisms include: night-time destabilization of theconvection over the open oceans in the UM. As well as improving
profile by infrared cooling of clouds at night as opposed to daytime our understanding of the diurnal cycle of the model, studies such
stabilization of the profile by shortwave warming during the day as these can improve our understanding of the processes which
(Randallet al 1991), vertical circulations induced by differences drive convective variability in the model in general.
in cloudy and cloud-free heating rates (Gray and Jacobsen 1977), Figure 16 shows diurnal and semi-diurnal harmonics of
and the lifetime associated with convective systems triggered in precipitation in an aquaplanet version of the UM, forced by zonally
the afternoon by near surface heating (Chen and Houze 1997). symmetric sea surface temperature distribution, representative of

Atmospheric GCMs typically have a very poor representation of the West Pacific Warm Pool. Both the diurnal and semi-diurnal
the diurnal cycle of convection over land, with the maximum in  harmonics make a strong contribution to the diurnal cycle of
precipitation occurring too early in the day. This error almost convection in this model. The diurnal harmonic has a maximum at
certainly arises because most GCM convective parametrizations around 0130LT with a magnitude of about 1.5mm/day. The
take no account of the temporal development of convective cloud semi-diurnal harmonic peaks at around noon and midnight with a

magnitude of about 0.7mm/day on the equator. The resultant sum
of these harmonics (bottom panel in Figure 16), which describes
1. The word diurnal will be used here to describe variations with periods L . L . .
of 24 hours or less, except in the phrases ‘diurnal harmonic’ or ‘diur- around 80% of the variability in precipitation diurnal timescales,

nal tide’ where it will refer to variations with a period of 24 hours has a maximum between 00-03LT of about me/day with a
only.




broader, weaker minimum between about 15-18LT with a

longwave heating, and the convection all drive variations of

magnitude of about 1.25mm/day. This diurnal cycle of convection similar magnitudes, but of different phases. The diurnal tide has a
in the aquaplanet is in broad agreement with the observed diurnalvery small boundary layer temperature signal. The moisture

cycle over the open ocean and with that in the full version of the
GCM.

variations are driven by the convection, and act to reduce the
magnitude of the variations in precipitation compared to those

Detailed analysis of the behaviour of the convection scheme in which would arise in the absence of this feedback and alter the

this integration revealed that the convective precipitation is

phase of these harmonics.

strongly determined by the boundary layer properties through the A further series of experiments in which the standard closure for

following mechanism. The boundary layer T,q determine the

the convection scheme was replaced by one in which the mass flux

parcel buoyancy at the top of the boundary layer, which determineswas scaled to remove CAPE from the profile on a given timescale

whether any convection is shallow or deep. If there is deep

were performed. These experiments showed some sensitivity of

convection, the convective mass flux is strongly influenced by the the diurnal cycle of convection to the choice of timescale, although

amount of forced detrainment, if any required to maintain the
positive buoyancy of the parcel at the top of the boundary layer.
The convective precipitation, in turn is strongly correlated with the

not necessarily the choice of closure scheme. However, because of
the changes to the mean climate of the model produced by the
changes in the convection scheme it was not possible to determine

mid-level mass flux, which itself is largely determined by the mass whether this sensitivity of the diurnal cycle arises from a

flux at the top of the boundary layer.

These relationships mean that the diurnal and semi-diurnal
harmonics of convective precipitation in this model are largely
determined by the variations in the boundary layer T,q on these
timescales.

The diurnal and semi-diurnal harmonics of temperature have
nearly uniform vertical profiles, so the effect of the temperature

perturbations on the buoyancy of a parcel lifted from the surface to
the top of the boundary layer, is to increase the parcel buoyancy

when the temperature perturbation is negative, through the
lowering of the lifting condensation level.

sensitivity to the mean climate or to the closure of the convection
scheme directly.

The large number of processes which can influence the diurnal
cycle of convection, even under these simplified conditions and
with a good knowledge of the behaviour of the convection scheme,
would make priori prediction of the diurnal cycle of convection
difficult.
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The Structures of Observed Convectively Coupled Equatorial Waves

Gui-Ying Yang, Brian Hoskins and Julia Slingo, University of Reading

Convectively coupled equatorial waves are a key part of the
tropical climate system. A faithful representation of these wave
modes is needed for predictions on all time-scales. In ¥aab
(2003), a new methodology, which isolates individual equatorial

modes based on theoretical structures, has been developed and

applied to two independent data sources, ERA 15 and satellite
observed window brightness temperaturg) {@r May-October of
1992. The study shows that this method has been successful in
identifying equatorial wave structures and provides a powerful
diagnostic tool for investigating convectively coupled equatorial
waves. It is shown that for convectively coupled waves, most
off-equatorial convection is closely associated with the low level
convergence of these waves, as suggested by simple equatorial
wave theory. In addition, it is also found that wind-dependent
surface fluxes of moist entropy may play an important
organizational role for equatorial convection, particularly where
the SSTs are sufficiently warm to support convection. Such
conditions potentially occur in the Kelvin and n=1 Rossby (R1)
waves which have maximum zonal winds on the equator. In this

study the methodology is applied to multi-level ERA 15 data and
results of the seasonal statistical analysis will be shown.

Westward moving waves coupled with
off-equatorial convection

Figure 17 shows seasonal (May-October 1992) statistical
analysis of westward moving convectively coupled WMRG and
R1 waves. It is seen that the westward moving coupled MRG
waves show good agreement with the theory, with a well-defined
first internal vertical mode structure in the eastern hemisphere
(Figure 17a,b). The coupled wavelength is typically betweén 45
and 60, as estimated from successive correlation peaks, and
significant coupling can occur for at least at one wavelength.
Given the eastward group velocity of WMRG waves, the eastward
bias of the pattern indicates weaker convective coupling in new
WMRG waves formed to the east. The low-level regressed
structure (Figure 17b) is similar to the theoretical structure given
in Figure 3 of Yanget al2003. However the upper-level structure
shows some differences, particularly the zonal wind in the region
of convection.



Figure 17. (a) Correlation between off-equatorial convection
(T, extrema at 6°N-16°N) and equatorial meridional winds
(v) for WMRG waves in the eastern hemisphere, as a
function of longitude and height. The convective maximum
is displaced to 0° longitude. Note that according to theory,
the divergent and convergent centres are coincident with the
v extrema, so that convective extrema should be correlated
with the v field. Solid contours indicate significance
exceeding 95%. (b) Corresponding horizontal winds of the
MRG wave at 200 and 850 hPa regressed with T, = -7.6K at
0° longitude. The T, value is 1.5 times the peak standard
deviation in the eastern hemisphere, 6°N-16°N. (c) As for
(a) but for westward moving R1 waves (v at 8°N) correlated
with T, extrema at 8°N-18°N in the western hemisphere. (d)
As for (b) but for R1waves regressed with Ty, = -7.5K.
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Figure 18. (a) Correlation between equatorial convection
(T, extrema at 6°N-6°S) and equatorial zonal winds for
westward moving R1 waves in the eastern hemisphere. (b)
Corresponding horizontal winds of R1waves regressed with
Tp = -7.2K at 0° longitude. (c) As for (a) but for eastward
moving Kelvin waves. (d) As for (b) but for eastward moving
Kelvin waves regressed with Ty, = -8.7K.

Westward moving R1 waves coupled with off-equatorial associated only with off-equatorial convection. The low-level
convection also exhibit the first internal mode structure in the equatorial westerly wind anomalies are considerably strengthened
eastern hemisphere (not shown). However in the western by a positive feedback between the convection and the wind field.

hemisphere they are dominated by a barotropic structure (Figure As in the WMRG case, the upper-level equatorial divergence
17c,d). The barotropic structure is more significant in the transition above the equatorial convection modifies the equatorial zonal
season where the basic zonal wind has a strong westerly vertical winds.

shear. This structure is thought to be associated with upper level For Kelvin waves (Figure 18c,d), there is a closer association
forcing by midlatitude Rossby waves. between convection and low-level zonal winds, than with the
low-level convergence expected from some theory. This is
consistent with a westward tilt with height below 300 hPa, with the
200 hPa divergence being closely associated with convection.
Above 300 hPa the wave tilts eastwards with height (Figure 18c),
suggesting propagation into the stratosphere.

R1 and Kelvin waves coupled with equatorial convection

The potential for equatorial convection to be influenced by
wind-induced surface fluxes of moist entropy is shown in observed
R1 and Kelvin waves coupled with equatorial convection,
especially for R1 waves.

It is clear that enhanced equatorial convection is closely related Reference
to low-level westerly winds for R1 waves (Figure 18a,b), in line Yang G. -Y, B. Hoskins, and J. Slingo, 2003: Convectively
with the mean low- level westerly background state in the easterncoupled equatorial waves: A new methodology for identifying
hemisphere. This convective response to equatorial zonal winds wave structures in observational data. J. Atmos. Sci.,
modifies the structure of R1 waves so that they no longer closely 60,1637-1654.
resemble their theoretical counterpart which is expected to be
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Ocean dynamical influence on climate sensitivity

Ben Booth (booth@atm.ox.ac.uk), Climate and Oceanography Group, Atmospheric, Oceanic and Planetary Physics, Clarendon Laborator

Understanding the sensitivity of climate to radiative changes is degrees warmer than the slab with no ocean changes. To put this
an ongoing thread in the climate research. Much of this research into context, current estimates of uncertainty in climate sensitivity
goes into characterising and understanding individual feedback give a range of values between 1.5 and 4.5 with perhaps the largest
mechanisms (some of which are better understood than others) uncertainty in the impact of the cloud response (roughly 2
which contribute to the overall climate response. The traditional degrees). Assuming that the temperature response in linear with
approach to this has focused on atmospheric and oceanic processésrcing, neglecting the impact of ocean changes on climate
while the ocean is considered to only influence the timescale of sensitivity would under represent the climate sensitivity by 1.6
response. On closer consideration however, you might expect degrees (for a doubling of GPin the Unified Model.
changes in ocean circulation to affect the climate sensitivity. The On further analysis we can separate the difference between the
ocean is responsible for the pole ward transport of the heating at standard model and the model with the imposed ocean surface heat
the equator. The resulting pattern of land surface temperatures flux changes (from the coupled model) into a direct effect and a
determine the pattern of cloud formation, precipitation, surface indirect effect. By imposing the surface heat flux changes on to a

albedo and many other aspects of climate which contribute unforced slab model we observe a warming of 1.2 degrees.
feedbacks. Conventional assumptions of climate sensitivity Changes in the resultant land sea temperature contrast produce
assume that oceans circulation patterns in radiatively forced changes in the atmospheric and land surface patterns. The

equilibrium climate are not significantly different from the control dominate change is to the pattern of cloud formation. These

climate. Recently, however, long integrations of radiatively forced changes are sufficient to cause the warming which is observed. We

fully coupled ocean atmosphere climate models have been run. can refer to this as the direct influence of ocean dynamical changes

This allows us to start to investigate the influence of the long term on climate sensitivity however it doesn't explain the total

ocean changes on climate sensitivity. In this case we look at the difference (3.3 degrees). To explain this we need to look at the

impact of changes observed in a 1700 year integration of the climate sensitivity of the slab model with the surface heat fluxes

coupled model, HadCMs3. changes (the difference between the perturbed equilibrium
Comparisons between the response of the atmosphere model response and the control temperature). The global mean

coupled to thermodynamic slab ocean (HadSM3 known as the slaltemperature difference of the adjusted slab model (with

model) and the response of the coupled model (HadCM3) allows representation of the ocean changes) to quadrupling 9fs<CI2

us to tease out the role the ocean plays. Differences in warming degrees (larger than the standard temperature response). Due to the

between these two models can be attributed to ocean changes in thehanges in ocean circulation, the distribution of many feedback

coupled model which aren't represented in the slab model. First offmechanisms has changed. The strengths of these feedbacks in a

it becomes apparent that the pattern of ocean circulation changesradiative forced scenario are no longer the same as the standard

through the first 300 years of the coupled simulation. By the end model/climate and the response is more sensitive. This change in

of the coupled simulation (1700 years) the ocean has a new and the sensitivity of the model can be seen as the indirect influence of

stable circulation. Although the coupled model hasn't reach ocean dynamical changes.

equilibrium we can investigated the impact of these circulation This is a significant result and should change the way we view

changes by imposing changes in sea surface heat fluxes diagnoseahcertainty in climate sensitivity, however it is dangerous to draw

from the coupled simulation, on to the simpler model, HadSM3. too strong conclusions about the impact of ocean dynamical

The slab model rapidly reaches equilibrium to changes so we canchanges on the climate response. There is the suggestion that other

use this feature to explore the equilibrium response. Through a models show a different ocean response to radiative forcing

series of experiments we are able to quantify the impact of the hea{Watterson, 2003). What this work does do is highlight that ocean

flux changes (on the global mean temperature response in the  impacts can be highly significant. Clearly the role of ocean

model) with quadrupling of the Gevels. The standard slab dynamics needs to be considered but further work needs to be done

model has an global mean equilibrium temperature response of 7.1o better understand the nature of the ocean's impact.

degrees. We can carry out the same experiment with the slab

model with the imposed changes in ocean surface heat flux from References

th led Thi del ai . £10.4 d 3 3I. G. Watterson, (2003): Effects of a dynamical ocean on simulated climate
€ coupled run. This model gives a warming o -4 degrees, o. sensitivity to greenhouse gases. Climate Dynamics 21 197-209
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Figure 19. Amplitude of solar signal in zonal mean temperatures in Figure 20. Solar signal in zonal mean tropospheric temperatures in
units of Kelvin per solar cycle. Shaded areas denote statistical units of Kelvin per solar cycle.

significance at the 5% (light shading) and the 1% (dark shading) levels.

Describing the solar signal in ERA-40 zonal mean temperatures

Simon Crooks, University of Oxford, Lesley Gray, Reading University

One of the fundamental problems in attributing atmospheric (based on over 40 years of observations). Thus the slope of the
changes to changes in solar activity is that the magnitudes and regression onto the solar timeseries will show the change in the
locations of these solar induced changes are largely unknown, as igliagnostic (temperature or zonal wind) for a standard change in
the true nature of the mechanism, or mechanisms that facilitate flux between solar minimum and solar maximum.
these changes. Knowledge of such matters would enable Figure 19 presents the latitudinal-vertical structure of the solar
modelling and mathematical analysis of datasets to be much moresignal in temperature (K per mean change in flux over a solar
accessible, and alongside an insight into the impacts that other cycle) in the ERA-40 data. The spatial pattern of temperature
forcings have on the atmosphere, would provide a platform from increases is maximized over low latitudes with an approximate
which to base future analysis of naturally induced climate change.symmetry about the equator within the tropics. A statistically

An ordinary least squares multiple regression analysis was significant warming is shown in the tropical (30°S-30°N) upper
performed to disentangle various specific components of stratosphere peaking at an amplitude of over 1.75K at 42km
temperature change and to illustrate that each individual forcing (=2.5hPa). A large negative component is seen in high northern
scenario would produce an individual pattern of response latitudes at equivalent altitudes but peaking more strongly at over
dissimilar to that of the others. -3.5K at 55°N, leaving a region of large anomalous meridional
The ECMWEF, ERA-40 re-analyses of zonally averaged monthly shear across the mid-latitudes. Two significant lobes of positive
mean data covering 1979-2001 are used in this analysis. A temperature response appear in the lower stratosphere, each
standard linear multiple regression technique using an centred=25° from the equator, with the lobe in the northern

auto-regressive model of order three was used to separate varioueemisphere being0.25K warmer than the lobe in the opposing
climatic effects in the temperature and zonal wind datasets. The hemisphere. These lobes are not present in the work of any other
data, whether it be, temperature or zonal wind, was deseasonalizeduthor performing similar analyses on datasets of middle

by removing the climatology derived from 1979-2001, before atmosphere temperatures. The temperature response throughout
fitting it to twenty independent indices via an ordinary linear the whole of the tropical stratosphere is positive with a null value
least-squares regression model. Twelve of the indices represent at 16km €100hPa), implying that increasing stratospheric

any re-current annual and semi-annual variations in the other ~ temperatures follow an increase in solar insolation. This is

indices (and the data), and in effect deseasonalize (if necessary) thendoubtedly linked with increased UV absorption by ozone.
remaining indices. The regression model also incorporated: a Figure 20 shows the solar signal in tropospheric temperatures.
linear trend term, the solar 10.7cm flux (which is highly positively There are also two regions of positive response; one in each
correlated with the sunspot solar cycle), optical depth (related to hemisphere between 30-50°N, extending vertically through the
volcanic eruptions) (Satet al, 1993), North Atlantic Oscillation troposphere. These features are very similar to the response
(NAO) (Joneset al, 1997), Cold Tongue Index (highly correlated presented by Haigh (2003).

to El Nifio Southern Oscillation (ENSO)), and two orthogonal In summary it is possible to separate the solar signal in
guasi-biennial oscillation (QBO) timeseries. The last remaining atmospheric temperatures from other signals, e.g. volcanic, and
index is a step function (step before April 1986) which accounts based on this dataset of ERA-40 re-analyses there appears to be a
for a discontinuity in the ERA-40 re-analyses due to a blip in the solar signal in the troposphere and lower stratosphere as well as in
data owing to the joining together at the end of March 1986 of two upper stratosphere temperatures. The analysis also shows that the
independently run analysis streams (Agathe Untch, personal solar signal is dependent upon location and time of year. Solar
communication). The 10.7cm solar flux was scaled to represent thechanges also induce a large significant temperature change in the
average difference between solar minimum and solar maximum, mid-stratosphere at the pole in northern hemisphere winter (not



shown) thus suggesting that the response is dynamical and not jusiones, P. D., Jonsson, T. and Wheeler, D. Extension to the North Atlantic

radiative.

Oscillation using early instrumental pressure observations from Gibraltar

and South-West Iceland Int J. Climatol., year: 1997, vol.: 17, pages:
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Seasonal Predictability of North Atlantic Climate in the

ECMWEF System Il Forecasting System

Steve George and Rowan Sutton, Dept. of Meteorology, University of Reading

The European Centre for Medium-Range Weather Forecasts
(ECMWEF) has developed a seasonal forecast model (System II),
and provides monthly operational seasonal forecasts out to six
months ahead. The system employs a variant of the ECMWF
medium-range atmosphere model, coupled to the HOPE ocean
model from the Max-Planck Institute for Meteorology. Forecasts
from the 1st November consist of 40 ensemble members, with
perturbations being applied to both the sea surface temperature
(SST) and wind fields. In addition to two years of operational runs,

the system has also been run in hindcast mode from 1987 onwards.

One of the objectives of this project is to use the model as
research tool for investigating ocean atmosphere interactions on
seasonal timescales. Before such work can be undertaken, one
must have confidence that the model is performing in a similar
manner to the real ocean/atmosphere system. A general
methodology for addressing how well an ensemble forecasts is
performing has not as yet been developed, and this article
describes some of the work that is trying to address this problem.

For the purposes of this article, analysis is limited to the DJF
season 500mb geopotential height fields. Verification is made with
respect to ERA15 data and recent operational analysis. Initially, it
is important to define exactly what is meant by a forecast
performing “well”. In the context of seasonal forecasting, model
performance can be devolved into two components:

« Skill: Is the model consistent with observations?

« Predictability: Is the ocean influence (signal) strong by
comparison with weather noise.

The model is known to exhibit consistent spatial biases, thus the
analysis is performed with anomaly fields (rather than raw data).

Model Skill: Interval Test

It can be hypothesised that reality is but one possible solution to
the integration of weather noise in the climate system, and that a
real world ensemble exists until the moment of observations. As
such, the model intra-ensemble variability can be employed as an
estimate of weather noise. Assuming a perfect model and gaussian
statistics, the observations for a particular year would expect to be
described by the model population distribution X b J&§, where
v ando are the mean and standard deviation respectively. If the
observations are consistent with the model, it is expected that on
average they will fall within the central 95% of the model
population distribution 95% of the time. It should be noted that the
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Figure 21. Time series of interval test (95% level) applied to the Atlantic
region (110W:35E,20N:85N), with y-axis indicating percentage areal
cover. The grey area represent the spread of coverage obtained from
individual ensemble members, red line observations and blue line the
average of all ensemble members. The expected coverage is 95%.
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population parameters are estimated and thus there are appropriate Figure 22. (a): Average R? (variance explained) from the regression of

uncertainties included in the analysis.
The interval test was applied to the region defined as the North
Atlantic (110W:35E, 20N:85N). In addition to the observational

each ensemble member onto the ensemble mean. (b) Variance explained
by regressing observations onto the ensemble mean. High R*2 values
signify high signal-to-noise.



study, the calculations were repeated for each ensemble memberyariable enough. Conversely, over Greenland and the

and Figure 21 displays the results, the grey shaded areas indicatiniylediterranean/Southern Europe the model seems to be

the range of coverage from the ensemble members. It can be seeaxcessively variable. The latter result is interesting in that it
that, in a broad sense, the model is consistent with observations suggests there may be more potential predictability available in
within these regions. The observational coverage timeseries is  these regions than the model suggests.

indistinguishable from that of an individual ensemble member. )
Conclusions

Analysis of Variance: Regression Analysis The analysis indicates that according to the measures considered
By regressing both the ensemble members and the observationathe model is performing well, and can thus be employed as a tool
timeseries onto the ensemble mean, comparisons can be made ofor future mechanistic studies. The main points to note are as

the signal-to-noise ratio. This is achieved by calculating the follows:

coefficient of determination (orqx which is the ratio of the * Interval test shows that, in a broad sense, the model is consistent
regression sum of squares to the total sum of squares. A ?ligh R  with the observations.

value indicates high signal-to-noise. « Test for variance explained shows that the model exhibits

Figure 22(a) and (b) show thé Ralues for the model members significant predictability in tropical and some extra-tropical
and observations respectively. The model shows high signal-nose regions.

in tropics and some regions of the extra-tropics (North Pacific, SE
USA and West Atlantic). The observations are similar, but data for
NW South America (Ecuador Venezuela) and Western Canada
(NW Territories/British Columbia) suggests that the model is not

 There is evidence that the model may have too much variability
(& hence too low signal-to-noise) over Mediterranean/Southern
Europe.

Evaluating modelled and observed trends and variability in ocean heat content

Jonathan Gregory"? Helene Banks', Peter Stott, Jason Lowe',
1 Hadley Centre for Climate Prediction and Research, Met Office, Bracknell, United Kingdom,
2 Centre for Global Atmospheric Modelling, Department of Meteorology, University of Reading, United Kingdom

Observational results have previously shown that ocean heat
content has increased over the last fifty years. Models are generally
able to reproduce the observed trend but not the substantial decadal P
variability seen in the observed timeseries (Lewual, 2000, | oy, T
hereafter referred to as the “Levitus” results), as shown for [ o
instance in Figure 23 for the HadCM3 AOGCM (Goraoral,
2000). It is important to explain the discrepancy because
variability of the size exhibited by the Levitus timeseries would
have a substantial influence on the heat balance of the climate
system and the interannual variability of climate, possibly
affecting the conclusions of climate change detection and
attribution studies. For example, the Levitus timeseries shows an
increase of 7.5e22 J from 1988 to 1994, corresponding to a heat
flux averaged over the world of 0.7 W4nabout half the size of
the radiative forcing due to carbon dioxide.

Sampling can be very sparse in the World Ocean Database
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Figure 23. World ocean heat content as estimated by Levitus et
al. (2000) and from the HadCM3 ensembles: GHG (greenhouse

(WOD), on which the Levitus results are based. When interpolated gases only), ANTHRO (greenhouse gases plus sulphate
. . o aerosols and tropospheric and stratospheric ozone changes),

onto the HadCM3 grid, data coverage reaches a maximum of 70% NATURAL (changes in solar output and stratospheric volcanic
i i i aerosols) and ALL (all the forcings included in ANTHRO and

after 1970 in the upper _360 m_m t_he Nothem HemISphere NATURAL). Solid lines show the mean of four ensemble
(0-65N). Coverage declines with increasing depth; below 1200 m members and the blue dashed lines show the values for

it never exceeds 20%. Levitasal (2000) created almost globally individual members of the ALL ensemble.

complete data using interpolation methods. Our attempts to
estimate global ocean heat content from the WOD data suggest NATURAL ensemble shows a slight decreasing trend in ocean
that the trend and variability can be very sensitive to the method ofheat content but has enhanced variability.
filling in the data voids. We have analysed the variability as a function of depth in the

In the well-sampled NH upper ocean, we find that the model is | evitus timeseries and the HadCM3 control, both detrended. We
able to reproduce both the trends and variability when HadCM3  ysed a large number of portions of the control, each of the length
includes both anthropogenic and natural forcings (ALL ensemble). of the Levitus timeseries, in order to evaluate the uncertainty in the
While the trend is reproduced reasonably well in the ANTHRO  estimate of the model variability. Figure 24 shows that the
ensemble, the variability appears to be underestimated. The simulated and observed datasets agree rather well in the upper 50



m. Variability in the model generally declines monotonically with

increasing depth, but in the Levitus dataset there are marked peaks

in the approximate ranges 40-100 m and 200-600 m. Since the
source of variability is at the surface, we find these subsurface
maxima intriguing. Around 500 m Levitus has twice the variability
of the model. Below 200 m, imposing the observed data mask for
1947-1994 on the simulated data has a strong influence on the
estimated variability, doubling it at some levels. This sensitivity to
the data mask leads us to suggest that the sparseness of the
observed data could have made a contribution to inflating the
subsurface variability in the Levitus timeseries.
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Climate response to absorbing tropospheric aerosols
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Figure 24. The interannual standard deviation of detrended
temperature as a function of depth for HadCM3 and Levitus. The
shaded region indicates the sampling uncertainty obtained by
taking a number of 50-year segments of the HadCM3 control
simulation.

J. Cook and E. J. Highwood, Department of Meteorology, The University of Reading

Radiative forcing is a useful indicator of climate change

assuming that the climate sensitivity parametgis constant o ' '
regardless of the forcing mechanism. Haresesl. 1997, ooy )
(hereinafter H97) suggested that whiles consistent for forcings ool et I,-':h_ e et ade ‘H |
such as 2xC@and increased solar irradiation, it differs for ozone _,rh:_l,ﬂ"\[;: e
and aerosols. This was particularly true for absorbing aerosols, e Y i Wy E
where H97 proposed the existence of an aerosol “semi-direct e .'I :'\r\ .,." \'.:,‘ R A
effect”, whereby the absorption of solar radiation by aerosol -'I,-" e j 'u{ ,
reduces large-scale cloud cover. This study aims to investigate o I, -\\ ! -~ f.:\._,_'l
whether these results are corroborated in the Reading Intermediate -coa— - ".I -
General Circulation model (IGCM) and to determine the sk |
qualitative contribution of clouds to climate response to '-.I
tropospheric aerosols. Y - n e =

Multi-decadal integrations of the mixed layetx5° model with
22 levels in the vertical, simulated the climate response to globally ™ . y
uniform distributions of five different aerosol types, characterised g ,If.'?“’“— ‘&- —-"F-H"w
only by their single-scattering albedo, The aerosol was placed o _.-f'(' T L '
in the lowest four model levels. We examine a range extending vy e A e RN |
from purely scattering aerosols<1) to strongly absorbing oz - ,'\_.-ﬂfﬁ“"-"m; M "'\-J’“KII'_
aerosols@=0.8).A varied dramatically from the value for the —— .'I I'. i
response to an increase in carbon dioxide when the aerosol was i i
only slightly absorbing of solar radiation. Foof around 0.85 to B |
0.9, the climate sensitivity parameter was found to be negative, -aml ——_Varging T(s), wat |
with aerosol causing a negative radiative forcing but a positive -~ Fixed T[s), w=1
surface temperature change. Thus global mean radiative forcing L ;‘:.';:“?[5] ’-L :’;E'E ]
was found to be a poor predictor of even the sign of equilibrium -fLig i i 1

[ Y %5 1] a5 o

surface temperature change.

Cloud changes play a vital role in the IGCM response to aerosol.
The so-called semi-direct effect of H97 does exist in the IGCM but
can be split into two distinct parts. For aerosol witD.8, a
significant decrease in low cloud amount was found at virtually

Figure 25. Zonal mean low cloud fraction responses (top) and
high cloud fraction responses (bottom) to scattering and
absorbing aerosol in model runs where the surface temperature
is allowed to vary (heavy), or remains fixed (light). Shading is
where changes are not significant at the 95% level.



every latitude as shown in the top panel of Figure 25 (heavy solid high cloud response to aerosol is partly due to the surface

line). When the simulation was repeated but the surface temperature change and could be generic to any mechanism

temperature was not allowed to respond to the aerosol, these  producing a similar surface temperature change. Comparison with

changes in cloud remained virtually unchanged (thin solid line). In H97 shows that this is likely to be model dependent.

the case of purely scattering aerosol, the low cloud changes were Whilst these experiments use highly idealised aerosol

not significant at the 95% level (indicated by the shading) and  distributions, they demonstrate that the response of climate models

remained insignificant in the simulation with fixed surface to even such simple aerosol fields is not well understood. Since the

temperature. The first role of cloud in the IGCM response to response is heavily dependent on cloud changes, and clouds are

aerosol, (the reduction in large-scale low cloud), is a result of the somewhat troublesome to represent in climate models, we may be

presence of the aerosol in the column and is not substantially =~ some way from defining the mechanisms of the aerosol semi-direct

mitigated by the surface temperature change. This result also  effect. Nonetheless, this effect exists, largely undiagnosed, in any

suggests that it is an effect peculiar to aerosols. model including absorbing aerosols. Further examination tells us

However, there is also a change in the high cloud in the not only about the model response to aerosol but also about the

simulation. The bottom panel in Figure 25 shows a small reduction cloud feedbacks of the model in general.

in high cloud fraction at all latitudes in the absorbing aerosol case, This work is to appear in the Quarterly Journal of the Royal

which becomes insignificant (or even an increase in the tropics) Meteorological Society early next year.

when the surface temperature is not allowed to respond. Similarly,
. . L . Reference

changes in the scattering aerosol case become insignificant in the

fixed f ¢ t imulati Th lude that th Hansen, J. Sato, M. and Ruedy, R., 1997: Radiative forcing and climate
ixed surface temperature simulation. Thus we conclude that the response. J. Geophys. Res., 102, 6831-6864.

External control of changes in global land precipitation

F. Hugo Lambert (1) (hlambert@atm.ox.ac.uk), Peter A. Stott (2), Myles R. Allen (1) and Michael A. Palmer (3)
1. Atmospheric, Oceanic and Planetary Physics, University of Oxford.

2. Hadley Centre for Climate Prediction and Research, Met. Office.

3. Space Science and Technology group, Rutherford Appleton Laboratory.

During the last few years, linear regression studies comparing  whereLAP represents changes in latent heating of the
General Circulation Model (GCM) output with observations have tropospherek, AT’ changes in tropospheric cooling due to
established that external factors, including human influences, havechanges in temperaturdR,  changes in tropospheric cooling due
determined a proportion of 20th century climatic behaviour.Here, to changes in atmospheric composition &Ry} represents
we demonstrate for the first time the formal detection of the changes in tropospheric cooling due to changes in direct shortwave
influence of external forcing on global land precipitation at a high cooling. In the HadCM3 model simulation of the 20th century,
confidence level. Observed and HadCM3 model simulated precipitation changes over land areas corresponding to those
precipitation are compared using an “optimal fingerprinting”
(linear regression) method. It is found that 6-year mean

observations for 1945-97, and to a lesser extent for 1900-97, are Five yoar amonied cbesrvalons weaus ALL
- . . . ol ] T T T
well described where the model is forced with anthropogenic and i
natural forcings. For 1945-97, we find an estimate of beta, the ook I"r I". f ]
amount by which the model simulated signal must be multiplied to & r | '.I |'“'I \ f
. . . — ¥ -
best represent observed behaviour, of 2.22 with 5-95% conﬂdence% aoap y \ 1A
limits spanning 0.96 to 5.61. g sl | "y { | { R
Precipitation is a variable that suffers much small-scale i L [ ! ! { | || ]
spatio-temporal variability. The generalisation of point-like B nmk- { h i | ',-'II - I| -
s . N 1 [ d \ | ! ]
precipitation gauge measurements to gridded data is difficult, and § A R | I-' l"ll |
. . . E —_ L | 5
contains many possible sources of systematic and random error & " oy AL VLA
(e.g. Groisman and Legates, 1994). The modelling of precipitation ..~ Y L I.I ]
relies on the parameterisation of processes which occur on scale ! I'~.' ]
. . s i i i i
smaller than GCM grid boxes. How then, are we able to attribute =y = oy = o ey v
changes in global land 20th century rainfall? We believe the reasor yoar
is that changes in global precipitation are well-constrained by the Figure 26. Observed and all forcings model-simulated mean time
i i i series compared for 1945-98. The thick black line represents
trop(?sph?rlc _energy bUdget’ of which latent heatmg related to observations and the thick grey line represents the model ensemble
precipitation is an important part. mean. The individual ensemble members are included as thin grey
. . . lines. All are series of anomalous precipitation and are smoothed with
FoIIowmg the work of Mitchell et al" 1987, we write down the a 5-year boxcar filter. The model series are “masked” to include only
perturbation energy budget of the troposphere to first order as, the same areas for which there are data in the observations. The model

simulation captures some of the form of the observations, but is

LAP = kTAT+ ARC + ARS possibly underestimating the response to forcing.



covered by the observed dataset were found to have a correlatiorinstantaneous reduction in tropospheric cooling due to a change in

of 0.63 with global precipitation. Global tropospheric conservation CO,, AR, . Hence, a natural forcing that causes the same change

of energy in the model, therefore, may be sufficient to produce  in surface temperature as a £0rcing will produce a larger

trends in precipitation of a similar shape over land areas to those change in global precipitation. The ratio of the precipitation

observed where the model is appropriately forced. response to a natural forcing to the precipitation response to
Furthermore, the size of the precipitation response to a radiativeanthropogenic C& where both forcings produce the same change

forcing is dependent on the forcing's origin. In general, an externalin global surface temperature, is estimated to be more than 1.5

forcing causing an increase in tropospheric cooling due to an from HadSM3 slab model experiments.

increase in global temperature,AT , cause an accompanying  The aim of our future work is to investigate this more fully by

increase in precipitation subject to offsets introduced by the natureestimating the size of each term in the perturbation energy budget

of the forcing,AR, and\R, .Immediately, we can see that the equation by carrying out regression studies with the forced coupled

effects of natural and anthropogenic forcings on tropospheric model simulations and observations used here.

cooling will be different. Whereas the natural forcings, The work in this study has been submitted for publication in

predominantly changes in solar insolation and the effect of Geophysical Research Letters.

volcanic stratospheric aerosols, warm the climate system by direct

shortwave absorption at the surface, changes in anthropogenic ) )

CO, warm the surface by reducing the ability of the troposphere to GrOI.Smar? PY and Legates DR (1994): The accuracy of United States

precipitation data. Bull. Am. Meteorol. Soc., 75:215-227.

cool. Although a small amount of solar radiation is absorbed by the \jtchell JFB, Wilson CA and Cunnington WM (1987): On £&imate

troposphere causing an instantaneous reduction in tropospheric sensitivity and model dependence of results. Q.J.R. Meteorol. Soc.,

cooling, AR, , we expect from model studies a much larger 113:293-322.

References

A Constraint on Future Changes in Extreme Precipitation

Pardeep Palf, Myles Allen?, Jonathan Gregory’, Steve Jewsof
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The IPCC workshop on Changes in Extreme Weather and
Climate Events (2002) recognised that understanding precipitation Cisaghag hekibution ol ikl iy pesckslalion b Wanmkent HuCRE
distribution is key to understanding the behaviour of its extremes. ks e o
Concurrently it identified weaknesses in the IPCC TAR relating to i T o
the characterisation of extreme precipitation which were due to |
availability, quality and definition of data. What then can be said
about future changes in extreme precipitation, and in particular, are
there constraints that could potentially simplify the problem?

Whereas global-mean precipitation change undey\W@&ming
is primarily constrained by the global energy budget, the heaviest [ A O
events can be expected when effectively all the moisture in a .
volume of air is precipitated out — suggesting the intensity of these =] R TN ] [
events increases with availability of moisture, that is, significantly
faster than the global mean (Allen and Ingram, 2002). Further,

(1= o
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Figure 27. A return level plot (on a log-log scale) of daily

under the regime of constant relative humidity one might expect precipitation in HadCM3 under a transient CO, forcing

th ific h idit dh ist ilability. to i scenario, relative to a control, for the period 2070-2100.

€ Specitic humidity, and hence moisture avallaniiity, 10 Increase Extreme (99.99" percentle or 1/10,000 day event)

according to the Clausius-Clapeyron (C-C) relation (Boer, 1993) precipitation intensity has increased by ~25% as shown by the

X . . oo X ratio curve. Moreover, the C-C prediction on this change

and hence for this relation to give a quantitative constraint on the based on a global-mean temperature increase of 3.6K is

; P P . ~22%. Furthermore, the discrepancy could be accounted for

change at uppermost quantiles of precipitation distributions. by ‘Stper C-C' conditions whereby flows that give rise to

Indeed it appears this constraint on the extreme is emergent in at prlecipitzli%n hﬁre are themselvesdddriven ﬁy lh? tlJallem heat

. . released by that precipitation. Additionally, global energy

least one AOGCM, namely HadCM3, as shown in Figure 27. considerations demand that there are decreases in
This study shows how the phenomenon manifests on regional precipitation intensity at lower percentiles.

scales also. Zonal analysis of daily rainfall in HadCM3 under a

transient CQ forcing scenario shows an increased probability of

extreme precipitation in the tropics accompanied by increased  occurring at mid-latitudes. The pattern is consistent with other
drying at lower percentiles of the distribution. At mid- to climate model projections (Hennestyal, 1997) and suggests that
high-latitudes there is increased probability of precipitation over the tropics dominate the global signal of extreme precipitation but
all percentiles, with the greatest agreement with C-C prediction  regions in which the ambient flows change little give the greatest



Exireme precipilation change and Clausius-Clapeyron prediclion at the gridbax lewed

Figure 28. Maps at model gridbox resolution of:
a) Precipitation change at the 99.99
percentile (1/10,000 day event) in HadCM3
under the transient forcing scenario of Figure
27. The values shown here would correspond
to the ‘ratio’ curve of Figure 27 at the 99.99"
percentile, with the data now having been
disaggregated by gridbox.

b) The C-C predicted change based on mean
temperature increase at that gridbox.
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agreement with C-C thermodynamics —i.e. that the phenomenon ishermodynamics; but in regions where the constraint does apply it
local. This is borne out by a repeat of the global analyses at the is arguably a better predictor of extreme precipitation change than
gridbox level as shown in Figure 28. more direct methods such as using the change in mean (not

It is evident from Figure 28a. that there are pronounced regions shown).
of enhanced tropical convergence and subsidence associated with If the C-C prediction is indeed an emergent physical constraint,
stronger meridional circulations. Moreover, the C-C predicted robust over both models and observations, then it would be
changes are everywhere positive, so that agreement is best only ipowerful result of value for risk evaluation, where (better defined)
mid-latitudes, where ambient flows change relatively little. We  predicted temperature changes could be used to constrain
conclude that one must expect changes in circulation, where theyuncertainty on future extreme precipitation under climate change.
occur, to dominate our C-C prediction which is based on local

The QBO and climate change

Michael Palmet, Lesley Gra§, Myles Aller
IRutherford Appleton Laboratory?Reading University3University of Oxford

Atmospheric carbon dioxide concentrations have increased by response of many general circulation models (GCMs) significantly
nearly 40% since the industrial revolution and, in combination  underestimates that in the observations (Gidetl, 2003a).
with the other greenhouse gases, have produced a significant and Shindellet al. (1999) showed that forcing the
detectable influence on global mean temperature (IPCC, 2001). stratosphere-resolving GISS GCM with increasing concentrations
The impact is not restricted to temperature, however, and a recenof CO, led to an AO response which was comparable in magnitude
study has also been able to detect an anthropogenic influence onto that found in observational data. They argued that a key
mean sea level pressure (Gillettal, 2003a). The pressure component of the response mechanism was a change in planetary
response, seen in observations and models forced with elevated wave propagation, made possible only by the high (~85km)
CO;, levels, involves increasing pressure in the sub-tropics and  vertical extent of the model. A follow up study (Gillettal, 2002)
reduced pressure over the north-pole. This pattern projects showed, however, that increasing the vertical extent of the Unified
strongly onto the positive phase of the Arctic Oscillation (AO; Model made no significant impact on the AO response to doubled
Thompson and Wallace, 1998). However, it appears that the CO,. We have extended this research by performing the first



Figure 29.  Absolute value of the
equatorial zonal mean wind taken from
the control integration (top panel) and
from the doubled CO, integration after
equilibration (bottom panel). The x-axis
shows time (months) through the
integration and the y-axis shows
pressure (hPa). Contour interval is
10ms™ and the zero contour is shown in
black.

doubled CQ experiment in a stratosphere-resolving GCM with a my 137
self sustaining Quasi-Biennial Oscillation. The experiment AT :-uuuﬂ?_:-ﬁ'_ié’?&ﬁ-.:u
performed is a direct extension of the work reported by Gétett
al. (2003b) to which we compare our findings. The results show
that the stratosphere is important in determining the response of
the lower atmosphere to increasing levels of carbon dioxide, and
draw attention to the potential for tropical stratospheric changes to
influence the climate response at higher latitudes.

Figure 29 (top) shows the QBO from the Unified Model

i i i ) i isati i ) LEd Royiaign Frici [2] LE4 #i
incorporating the Hines’ gravity wave param-et.nsanon (Hlnes, ' _F:ig::'l'-;?g':' L R -:l:un:?:-xz
1997a; 1997b). The scheme produces a realistic QBO, with a mean il e Tl

period of approximately 26 months, which compares well to that
of 28.2 (27.7) months found in observational data covering the
period 1953-1995 (1953-1984) (Baldwenal, 2001). The model
QBO phases do not, however, penetrate to the lower-most
stratosphere. This is primarily a result of a poorly simulated annual
cycle in lower stratospheric zonal wind, giving a significant
easterly bias in this region. De-seasonalising both model and

reanalysis data shows considerably closer agreement than the e LR TR T S e
absolute values of the winds shown here. However, we show the ; A rwmponns (o doubled C0)
absolute values of the winds, as these are important in determining 7
the potential effects on planetary wave propagation and hence on 3O E
the extra-tropical circulation. ; 3 E
The parameters of the gravity wave scheme in the model are held =
constant for the doubled G@xperiment, and the resulting ; : Mo Fayimgh  Flimas
equatorial winds are shown in the bottom panel of Figure 29. 8 Wratemphare  Frichon  Grawly Weve
Clearly the oscillation no longer has an approximately two year
period, but shows persistent westerlies near to 10 hPa and Figure 30. (top): Panel A shows the leading mode (EOF1) of sea level

. . . pressure variability from the Hines’ control integration. Panels B and C (after
easterlies both above and beneath. In addition, the difference  Gillett et al, 2003b) show the difference between the doubled CO,

. . . . atmosphere and the control for a model with a poorly resolved stratosphere
between the experiment and the control simulation in DJF SNOWS &, e/ 5) and a well resolved stratosphere with a rayleigh friction

strengthening of the mean meridional circulation and a weakening parametrisation (panel C). Panel D shows the difference between the doubled
. X X . . CO, case and the control for the stratosphere resolving model with the Hines’
of the polar night jet. In comparison to the equivalent experiments, gravity wave scheme.

; ; F At ; ; Bottom graph shows the value obtained by projecting the anomalies (panels
conducted with a raylelgh friction version of the model (GIHE'[I C-E) onto EOF1 (panel A), normalized so that the pattern has an amplitude of

1hPa north of 60°N.



al., 2003b) we find that the strengthening of the mean meridional potential for changes to occur in the equatorial QBO in response to
circulation and the weakening of the stratospheric polar night jet increasing carbon dioxide levels, and hypothesize from these
are less pronounced when the gravity wave scheme is included. results that such changes may be important in determining the
The lower stratospheric and upper tropospheric winds are thus magnitude of any extra-tropical climate change signal. We note,
relatively more westerly in the doubled gBines’ case, and there  however, that the parameters defined in the Hines’ gravity wave
is a corresponding impact at the surface. scheme, such as the source strength of the gravity waves, are held
Figure 30 (panel A) shows the leading mode of variability of the constant in the two experiments. In reality, these are also likely to
sea level pressure field from the Hines’ model control run, the  change with changing G&oncentrations, highlighting the need
so-called Arctic Oscillation (AO; Thompson and Wallace, 1998). to couple the gravity wave parametrisation to the tropospheric
Also shown is the difference in surface pressure between doubledwave source.
CO, experiments and the relevant control, for three separate cases:

panels B and C (after Gillett al, 2003b) show the results from a ) o o

del with | ved h B dqf Baldwin M.P. et.al., 2001: The Quasi-Biennial Oscillation. Rev. Geophys.,
mo ? with a poory resolved stratosphere (panel B) an rom an 5o p179-229.
identical model with a well resolved stratosphere and a rayleigh  giliett, N.P., zZwiers, F.W., Weaver, A.J. and Stott, P.A., 2003a: Detection
friction parametrisation (panel C). The last picture (panel D) of human influence on sea-level pressure. Nature 422, p292-294.
shows the result from the stratosphere resolving model with the ~ Gillett, N.P., Allen, M.R. and Williams, K.D., 2003b: Modelling the
Hines’ gravity wave scheme. The graph below shows the change atmospheric response to doubled CO2 and depleted stratospheric ozone
in AO index in these three cases, obtained by projecting the using a stratosphere-resolving coupled GCM. Q. J. Roy. Meteorol. Soc.

braned ) 129, p 947-966.
anomaly patterns onto the AO. Whilst it is impossible to Hines C.0.,1997a: Doppler-spread parameterization of gravity-wave

differentiate statistically between the two stratosphere resolving  momentum deposition in the middle atmosphere. Part 1: basic formulation.

models (panels C and D) there is a statistically significant increaseJ. Atmos. Solar Terr. Phys. 59, p371-386.

in the magnitude of the AO change when the Hines’ scheme is  Hines C.O., 1997b: Doppler-spread parameterization of gravity-wave

included compared to the model version with a poorly resolved ~™oMentum deposition in the middle atmosphere. Part 2: Broad and
quasi-monochromatic spectra, and implementation. J. Atmos. Solar Terr.

stratosphere (panel B compared to panel D). In contrast to the Phys. 59, p387-400.

results of Gillettet al, we therefore conclude that inclusion of a Thompson, D.W.J and Wallace, J.M., 1998: The Arctic Oscillation

well resolved stratosphere can have a significant impact on the  signature in the wintertime geopotential height and temperature fields.

surface response to doubled £®loreover, we highlight the Geophys. Res. Lett., 25, p1297-1300.

References

Informing Adaptation: New Challenges for the Climate Modelling Community
Rowan Sutton, CGAM, University of Reading

In the climate change policy arena attention to date has focused 1. The role of initial conditions
primarily on mitigation measures such as the Kyoto agreement. Initial conditions, especially in the oceans, cryosphere and land
Progress, however, has been notably slow, and it seems clear thaturface are an important constraint on the evolution of climate.
we are already committed to significant climate change under all This constraint has been largely ignored by IPCC because for time
plausible emissions scenarios. It follows that in the decades to  horizons of many decades or centuries other sources of uncertainty
come the issues surrounding adaptation to climate change will  (model uncertainty and scenario uncertainty) are of greater
demand increasing policy attention. importance. But for nearer time horizons ignoring information

The policy agenda has, to a large extent, shaped developments iabout the current climate state is likely to overestimate the true
climate modelling. Driven by the need to inform policy on uncertainty in future climate. It follows that to provide the best
mitigation, efforts to forecast climate change have focused on timepossible information to inform adaptation decisions, the challenge
horizons of many decades or centuries, and on global mean of incorporating initial condition information must be faced.
temperatures as a crude proxy for harmful climate impacts. The
information required to inform adaptation decisions is of a
different nature. Regional and local details are essential, and
information must be provided for the time horizons that are most
relevant to strategic planning decisions. These time horizons vary
considerably between sectors, but only rarely (such as for major
infrastructure projects) do they extend toward centennial
timescales.

The challenge to the climate science community is to provide the
best possible information to inform adaptation decisions given the
obvious constraints of uncertain science, uncertain data, and
limited resources. Here | highlight three specific challenges:

2. Understanding the regional patterns of climate change

Confidence in projections of global mean temperature is based in
large part on the existence of a simple mechanistic model with
which the scientific community is generally content. By contrast
there is very little mechanistic understanding, or consensus,
concerning regional climate change. Existing “state-of-the-art”
climate models show a wide range of regional climate change
responses, and without a more developed mechanistic
understanding it is difficult, if not impossible, to say which may be
most trustworthy. A good example is provided by the land/sea
temperature contrast. Climate models reliably suggest that the land
warms more than the sea surface in response to greenhouse gas
forcing, but in current climate models the ratio of warming over



land to warming over sea varies between about 1.2 and 1.9 exercise scientific judgement. For example, there are good reasons
(Jonathan Gregory, personal communication). There is as yet no to expect that forecasts of precipitation over the UK may be very
theory that can explain, still less constrain, the factors that sensitive to the spatial resolution of a climate model, whereas
determine this ratio. There is a need for much more research to forecasts of global mean temperature may be much less sensitive.
understand, at a mechanistic level, this and many other aspects oMore generally, we may reasonably anticipate that many aspects
regional climate change. of regional climate change will be sensitive to resolution. The
issues can be explored to a degree with regional climate models,
. L o . but because the results from such models are very sensitive to the
A systematic approach to estimating uncertainty is essential to L . . -

large scale driving fields, this approach alone is insufficient. To

meet the needs of decision makers concerned with adaptation to ) L . . ) -

. . . provide the best possible information to guide adaptation decisions
climate change. The hardest component of uncertainty to estimate, . . . .
) . ) . ) it is important that the sensitivity of regional forecasts to global
is model uncertainty, associated with the fact that we will never

) . resolution is also investigated systematically.
have a perfect model of the climate system. Model uncertainty can

3. Quantifying uncertainty

be explored, to an extent, by making forecasts with a range of Conclusions
different climate models. However, decisions must be made aboute Adaptation to climate change promises to be one of the big
which set of models should be considered. issues of the Zicentury.

A basic but important insight is that the aspects of model « Informing adaptation presents different requirements to
uncertainty which it is most important to explore are those to informing policy on mitigation.

which the forecast quantities of interest are most sensitive. This is
clearly application/user specific, so we must be clear about our
purposes. We must also recognise that in practice we don’t know
in advance where the greatest sensitivities may lie, so we must

* The climate modelling community must recognise and respond
to these different requirements.

Palaeoclimate Model Intercomparison Project Il (PMIPII)

Paul Valdes, School of Geographical Sciences, University of Bristol

Those of you who are regular readers of the UGAMP newsletter were large and relatively well known and when various
(and with long memories) will have frequently read about PMIP. kinds of geological evidence provide evidence of what
This international project involves members of most of the major actually happened;
climate modelling groups worldwide and endorsed by the World (b)  Providing a framework for the evaluation of climate models
Climate Research Programme (WCRP) and the International in order to determine how far they are able to reproduce cli-
Geosphere-Biosphere Programme (IGBP) under the CLIVAR and mate states radically different from that of the present day.
PAGES core programs. The project was launched in 1994 with the In its initial phase, designed to test the atmospheric component of
dual aims of: climate models (atmospheric general circulation models:

(@ Understanding the mechanisms of climate change by examAGCMs), the project focused on the last glacial maximum (LGM:
ining such changes in the past, when the external forcingsca 21,000 years before present, 21 ka. BP) and the mid-Holocene
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Figure 31. June-July-August mean precipitation changes for the mid-Holocene minus present day for (left) atmosphere only simulation (HadAM3) in
which the orbital parameters are changes for the mid-Holocene but the sea surface temperatures and vegetation cover are held constant at present
day conditions, and (right) coupled atmosphere-ocean-vegetation simulation (HadCM3 coupled to TRIFFID) in which ocean temperatures and
vegetation cover are predicted to change. The enhancement of the monsoons is insufficient when compared to proxy data for the period.



(6000 years before present, 6 ka BP). The results showed that (6000 years BP). This was a time period in which the key external
many features of the PMIP experiments are robust, including change was to the Earth’s orbit resulting in more solar energy in
global cooling at the LGM and the expansion of the northern the Northern hemisphere summer. This causes warmer summers
hemisphere summer monsoons during the mid-Holocene. and enhanced land-sea temperature contrasts hence strengthening
However, differences in the magnitude of the response between the monsoon. Figure 31 shows the change in precipitation
individual models are large. This sort of analysis formed part of the (mid-Holocene, 6000 years ago minus present day conditions) for
evaluation of climate models in the Third Assessment Report of N. Hemisphere summer means (June-July-August). Figure 31(a)
the Intergovernmental Panel on Climatic Change (IPCC). shows the results from a HadAM3 simulation using PMIPI

One of the most important conclusions emerging from the first boundary conditions, in which the orbital configuration is changed
phase of PMIP was that inclusion of ocean and of vegetation but the sea —surface temperature and the vegetation cover are held
feedbacks in model simulations was necessary in order to simulatefixed at present day conditions. Both the African and Asian
the extent and magnitude of past climate changes correctly. Phasenonsoons are stronger. Figure 31(b) shows the results from
Il of PMIP will address these issues. The main modelling foci will HadCM3 coupled with MOSES2 and TRIFFID so that the oceans
be to evaluate coupled models used for future climate simulationsand vegetation cover now change. The results show that the
under the well documented past extreme climate conditions of theaddition of ocean and vegetation feedbacks have amplified the
mid Holocene (6ka) and last glacial maximum (21ka). Coupled response of the monsoon over Africa. It is substantially stronger
ocean atmosphere (OAGCM) and whenever possible and broader, which is in accord with the data. However, the extent
ocean-atmosphere-vegetation (OAVGCM) will be used. Such of the monsoon is not sufficient. Data suggests that much of the
experiments will also help to understand the role of ocean and landSahara was wetter in those periods, resulting in more vegetation
surface feedbacks by a series of complementary sensitivity cover (the so called “Green Sahara”) but the model has not
experiments. Other time periods and experiments will also be  captured this expansion.
considered in this PMIP second phase in order to better understand This work is still very preliminary. We are now beginning to
mechanisms of past climate changes and model responses to pagixamine these simulations in more details to improve our
forcings. These include the early Holocene, early glacial (115,000 understanding of the processes and feedbacks. Another important
calendar years BP, 115ka), and prescribed freshwater fluxes aspect of the new project will be to examine the interannual
experiments. variability of the climate, such as changes in ENSO and the NAO.

As a preliminary, we have completed a coupled
atmosphere-ocean-vegetation simulation for the mid-Holocene



Chemistry-Climate Interactions

Southern Hemisphere Major Warmings: Observations and Model Results
P. Braesicke and J. A. Pyle, NCAS-ACMSU, Department of Chemistry, University of Cambridge, Cambridge

The unprecedented major warming in the southern hemisphere
during 2002 which led to a split ozone hole by the end of
September 2002 raises a number of questions: How likely is such

. . . . Wiina-0 Ecamer Pt (Ootobar)
an event; what is the role of chemistry in producing it and what e v
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exactly caused the warming? Major warmings in the northern 2002 o ""'_1'“"{' 3 !jf a0

hemisphere have been observed as far back as 1952 (Scherhag, M um-:nuﬂ-,.':lﬁ;ii-i:i;:.' T

1952) and are a common feature in the interannual variability of e | ‘H_‘ ) ]

this hemisphere during winter and are well understood in terms of un—, %

their dynamical evolution, but major warmings on the southern E o iy 1

hemisphere have not been observed since the start of our E 1 X ]

observational records (Roscekal., 2003). In an attempt to § .

answer some of the questions raised in the introduction we I-E a0

analysed four integrations of 20 years each with the Unified Model E i L ] c . ]

comprising a simple ozone chemistry. One integration used the 5 T

modelled ozone interactively, whereas the other integrations used g = |

climatological ozone in the radiation. Even though there is no ey | ]

major warming in the SH (as defined by WMO) in the 80 years

modelled, we find one exceptional early and strong warming in the T L Py e

integration with interactive chemistry. Here, we will just briefly Tonal Wind 8005 10hFa [mis]

discuss the interannual variability of wind and ozone in the

southern hemisphere in spring in observations and our model. Eﬁ‘g‘?ﬁéﬁ;ﬁ%ﬁ;‘g angctftt;?ro?gr?g iznoge(‘)';g‘isj”mz?gjr'
Figure 32 shows a scatter plot for the October mean of twenty year integrations using the Unified Model with a

zonal-mean zonal wind in 60°N, 10 hPa (NCEP data) versus total fggg'&,gﬁ";‘; mcgfkn;'j%h Fg‘fj;‘n"scr;;‘;fgsfhe nieractive

ozone in 72.5°S (TOMS data, detrended) for the years 1979-2002.

There is no ozone data available from TOMS for the years 1993

and 1994. As expected, many years are in a high wind speed/low

ozone regime. Nevertheless, some interannual variability can be AR Rt ot ot

seen easily. The winter 2002 (labelled) stands clearly out as the %30 : 3 ] . RS

winter with the weakest wind and highest ozone (taking into 1548 g ks

account a linear decline in ozone from 1979 to 2002). 30 P r- 70 1
Figure 33 shows the corresponding plot from our model results. o ewpanertisl IE [x=-12:70)

Again, a majority of winters is clustered in a high wind speed/low o 3 ] 1

ozone regime. Overall the interannual variability of ozone in the ﬂ =0 b k.’ ]

model is smaller than observed (this is in part due to the fact that ; "

the model is not using a scenario for the chlorine and aerosol o L ) -

loading). One exceptional warming stands out in the scatter plot: E .

in model year 1989 (labelled) the interactive chemistry run (results E it | 2 50 T

from the interactive run are indicated with green crosses) nan o,

developed a very strong wavenumber 1 warming with TR e

anomalously high ozone. =0 | ‘?‘f‘t-.,q, 155
The following conclusion can be drawn from these plots: The Lo T

model is in good agreement with observations. It seems that the # 10 |: !ln ._I'=-u 3'3 ;] 5:, r-:- e

overall interannual variability in the model is determined by the Tonal Wind 61.25°5, 10hPa. Jmé|

run with interactive chemistry. If we define a strong warming by _

winds less than 10 m/s and ozone above 290 DU we find four vFv'i%r?fgéoifa{geL’;';“f?cfr‘,? (,:\ﬁ%b;,; rgj;”fe"rgﬁ's r;i;n;z%r;a;

warmings in our model results; if we define an exceptional in 72.5°S from TOMS data for the years 1979 to 2002. In

. . 1993 and 1994 no ozone data is available.
warming by winds less than 0 m/s and ozone above 300 DU we are
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Figure 34. Annual average ozone changes for biomass burning events (a,b) and for ENSO composites (c,d)

down to two events in 80 years. This may already give us some References

idea about the probability of such events in nature. Braesicke, P. and J. A. Pyle, Long-term variability of the Antarctic vortex
A detailed discussion of the exceptional warming considering the @nd 0zone hole: how close is the UM to producing a SH major warming?,

development in daily data and a comparison to observations and submitted to JAS, 2003.

del istics has b bmitted he JAS iali Roscoe H. K., J. D. Shanklin and S. R. Colwell, Has the Antarctic vortex
model statistics has been submitted to the special iIssue split before?, submitted to JAS, 2003.

dedicated to the 2002 ozone hole split. Scherhag, R., Die explosionsartige Stratospharenerwarmung des
Spatwinters 1951-52, Berichte des Deutschen Wetterdienstes in der
US-Zone, 38, 1952.

ENSO direct and indirect effects on Tropospheric Ozone over the Indonesian region

Ruth Doherty, David Stevenson, Institute of Atmospheric and Environmental Science, University of Edinburgh

Unified Model simulations were performed to ascertain the role conditions. Nevertheless, biomass burning emissions are still

of ENSO on tropospheric ozone variability in the HadAM3/ expected to be exacerbated in drought years. Two simulations
STOCHEM coupled model over the period 1979-1999. were performed: a “control” run that used seasonally varying but
STOCHEM is a detailed Lagrangian tropospheric chemistry annual invariant biomass mass burning emissions for 1979-99, and

model (Sandersoet al, 2003 and references therein) which is run  a “biomass burning” run that used seasonally and annually varying
fully coupled to the Unified Model. Previous analyses have shown biomass burning emissions over this same period. The annually
ENSO to be the dominant mechanism influencing tropical varying global biomass burning dataset was produced using
interannual variability of tropospheric ozone. ENSO affects ozone scaling factors constructed from the TOMS Aerosol Index for 6

in (at least) two ways. First, directly through changes in the Walker world regions by Duncan et al., (2003). Figure 34 a and b show the

circulation, in particular convection, and secondly indirectly change in annual-average TCO for years 1997 (strongest El Nifio
through changes in rainfall which produce changes in vegetation year in period) and 1991 (a more “normal” El Nifio). Figure 34c
fire activity which in turn affect biomass burning emissions. and d show the change in annual-average ozone for El Nifio-
During an El Nifio increased convection over the central and Normal (c) and La Nifia-normal (d) composites for the 1979-99
eastern Pacific reduces Tropospheric Column Ozone (TCO), period. Over Indonesia the changes in TCO associated with

whilst reduced convection over Indonesia increases TCO. Over thebiomass burning events for both years (0.5-2 DU) are comparable

Indonesian region, biomass burning events associated with EI  to the changes in TCO from ENSO-related dynamical changes

Nifio-related drought have produced large increases in TCO; 1997(0.3-2 DU). These preliminary analyses indicate that both

was a particularly noteworthy year (e.g., Thompson 2003). mechanisms of modulating TCO are important and through
Coupled model experiments were performed to investigate the comparison with observations (e.g., Thompson 2003) may provide

importance of the direct and indirect effects of ENSO, as describeda useful method of validating the model in the tropics.

above, on TCO over the Indonesian region. It should be noted that

biomass burning events through vegetation fires have a strong

anthropogenic component and are not solely related to drought

References
Duncan, B.N., Randall, R.V., Staudt, A.C., Yevich, R., and Logan, J.A.,
2003, Interannual and seasonal variability of biomass burning emissions



Figure 35. The three leading EOFs from ozone
anomalies (left), and the correlated EOFs derived from
the geopotential height anomalies (right), the monthly
anomalies were averaged over January to March.

Figure 36. Winter trend (January to March) for the
modelled ozone, with no proxy, and with the PNJ index
as a proxy in MLR analysis.
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constrained by satellite observations, J. Geophys. Res., 108, ACH 1-1 to Thompson, A.M., 2003, Tropical tropospheric ozone: A perspective on

1-22. photochemical and dynamical interactions from observations in the past

Sanderson, M.G., Jones, C.D., Collins, W.J., Johnson, C.E, and Derwent five years, IGAC newsletter, 28, 6-11.

R.G., 2003, effect of climate change on isoprene emissions and surface Hadjinicolaou P., Jrrar A., Pyle J.A. and Bishop L., The

ozone levels, Geophys. Res., Lett., 30, 18, 10.1029/2003GL017642. dynamically-driven long-term trend in stratospheric ozone over northern
middle latitudes, Q.J.R. Meteorol. Soc., 128, 1393-1412, 2002.

Model Study of Ozone Signatures of Climate Patterns over the Northern Hemisphere
Amna Jrrar, P. Braesicke, P. Hadjinicolaou and J. A. Pyle, Centre for Atmospheric Science, Chemistry Dept.,University of GgeplsK

The dynamical contribution to the observed downward trend in geopotential heights (Z) at 200 and 30 hPa for the period from
ozone in winter is investigated in a 20 year run. The SLIMCAT 1979 to 1998 over the northern hemisphere. Seasonally averaged
model was forced by ECMWF analyses from 1979 to 1998. The results (January to March) are presented in Figure &QF1
model uses a simple chemistry (Cariolle and Deque, 1986), whichexplains 20% of the overall variance explained by the five leading

excludes variations in chlorine or aerosol loading, so any EOFs. It has a dispersed centre over the pole and high latitudes,
calculated trend or variability should be due to changes in contrasted by a ring of positive anomalies. It has a similarity in the
meteorology. spatial pattern to the Z EOF1 at 30 hPa, and correlates highly with

There is an overall good agreement between the model and  PC1 at this level (r=0.76). Z EOF1 at 30 hPa represents the
observations. An overall downward trend is observed especially strength of the vortex and therefore correlates highly with the PNJ
during winter season (not shown) (Hadjinicolatwal, 2002). index (r=0.98). The PNJ index here is defined as the zonal mean
Winter model ozone averaged over January to March between zonal wind at approximately 60 N and 50 mb (Kodgral,, 1999).
33N-60N, correlates with the North Atlantic Oscillation (NAO) O3 EOF2 explains 11% of the overall variance it has a centre of
index, the Arctic Oscillation (AO) index, and the Polar Night Jet action over Scandinavia, contrasted by opposite anomalies over
(PNJ) index (r=0.42, r=0.65 and r=0.65 respectively). western Europe, North America, China, Japan and the Pacific. The

At polar latitudes between 72N-90N, the winter model ozone O3 PC2 correlates highest with the Scandinavia pattern (r=0.48),
correlates highly with the PNJ index (r=0.76). These relations but the Arctic Oscillation (AO) and the East Atlantic pattern show
were further investigated in a Singular Value Decomposition correlations as well (r=-0.45, r=-0.40) respectively. Averaging
(SVD) analysis (Golub and Reinsch, 1970). SVD analysis has beenover three months and applying the analysis for the whole northern
performed for modelled total ozone and ECMWF analyses of
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Figure 37. Zonal mean column ozone from (top) 10-year UM
simulation, (middle) 10 years of SLIMCAT CTM simulation
forced by ECMWF ERA-40 winds, and (bottom) TOMS
observations 1980-1990. The coupled UM scheme is stable and
captures the observed latitudinal gradients and seasonal
variations. The Antarctic ozone hole is also reproduced.

hemisphere, allows more than one mode to appear in the same
EOF (Barnston and Livezey, 1987).

O3 EOF3 explains 9.4% of the overall variance. The spatial
pattern for this EOF combines also more than one mode of
variability, the Pacific North American (PNA) pattern (Z EOF2 at
200 hPa, r=0.83 with PNA index). The AO index, correlates with
O3 PC3 (r=0.89), while the PNA index correlates with r=0.87.The
SVD analysis revealed the importance of the PNJ index in
modulating winter model ozone variations, by including the PNJ
index as a proxy in Multiple Linear Regression (MLR) analysis.
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Figure 38. Latitude-height cross sections of zonal mean / annual mean O3
and CH4 fields from the UM (top), SPARC UARS climatology (middle) and
SLIMCAT (bottom). The UM well reproduces the basic features of the
observations.

structure reminiscent of the AO/PNJ pattern. The signatures of
other teleconnection patterns, such as the NAO, EA, and PNA
are found in the three leading EOFs.

¢ Including the PNJ index as a proxy in MLR analysis, explains
most of the trend at polar latitudes.
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Coupled Full Stratospheric Chemistry in the Unified Model

Wenshou Tian and Martyn Chipperfield, Institute for Atmospheric Science, School of the Environment, University of Leeds

Many problems of interest in the atmosphere involve the
coupling of chemistry and radiation/dynamics. To address these

comprehensive chemistry schemes in the UM. However, for our
work we have taken the full stratospheric scheme directly from our

problems requires detailed models which include the whole range SLIMCAT off-line CTM (Chipperfield, 1999). This scheme has

of relevant processes. We have recently included a full
stratospheric chemistry scheme in the Unified Model (UM, L64

been developed and tested over a number of years and contains the
important species and reactions required to simulate the

v4.5). John Austin and co-workers have pioneered the inclusion of stratosphere. It is difficult to validate and test coupled



chemistry-climate models but by using the identical chemistry ~ shows the time series of zonal mean colurgricd@a 10-year
scheme to SLIMCAT we can make use of our CTM/observations ‘2000’ simulation compared to TOMS observations and a
comparisons. Using the self-contained SLIMCAT modules also  SLIMCAT run. Figure 38 compares zonal meagia@d CH, also

makes working with the UM somewhat easier. compared to SLIMCAT and an observed climatology. The
Our UM chemistry scheme uses 28 tracers and includes,the O coupled model performs well and will be used for future

HO,, NOy, CIy and Bg, families, source gases and a full £H chemistry-climate studies.

oxidation scheme. The scheme contains a treatment of Acknowledgements: This work was supported by the NERC

heterogeneous chemistry on sulphate aerosols and polar UTLS-03 programme.

stratospheric clouds. The chemical GH,, N,O and HO fields
are coupled to the UM radiation scheme.

So far we have performed a series of 10-year ‘time-slice’
experiments (i.e. with constant boundary conditions). Figure 62
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Calculated changes of oxidation capacity of the Earth's atmosphere: From the past to future
Guang Zeng (Guang.Zeng@atm.ch.cam.ac.uk) and John A. Pyle, NCAS ACMSU, Centre for Atmospheric Science, University of Cambridge.

The hydroxyl radical (OH) is a principal oxidant in the

troposphere, controlling the abundance of many species including _ 2 -

some green house gases. The formation of OH is via O3 photolysis o) —t iy o ]

and its subsequent reaction with water vapour. The main sink of T oamh

OH in the troposphere are reactions with CH4, CO and other E H&,

organic compounds. The short lifetime of OH of about 1 second ; | , -

and its low concentration (daytime level S1fiolecules cr‘ﬁ’) wo| a ' ___;":E-.-";_,_:"~ .

make the direct detection particularly difficult. Understanding 1ot e J_J'F"e’ff' L R o7

changes of OH over time is highly important for our understanding = ; "

the changes of the oxidation capacity of the Earth's atmosphere. "“'ET- : ORI _.u{-__ .T_-:"::" JH S

There is direct evidence that anthropogenic activities have 3 m-,:té M

changed the chemical composition of the atmosphere since S W T

pre-industrial times. Continuing increases of surface emissions of ::t """ | ]

NO,, CH,, CO and NMHCs are inevitable. Changes in OH depend * el : g = .5

critically on changes of NQand hydrocarbons and are highly - I. i RN

complex: Increases of N@nd Q tend to increase OH and - ; »

increases of CO and GHdepress OH. Here, we use a coupled il W i =gl =

climate/chemistry model (UM/CHEM) to calculate changes of A= xl'- —~ _h"'_:;'.“' e RN

tropospheric composition from pre-industrial time to the present i “" A 3 f_h - } _.I- / N

and from the present to the future, assuming IPCC emission % L1 —II'_; P ,’r e _H_“:;'-- — '!’:, ; J

scenarios for the years 1850, 2000 and 2100. The model isthe 19 & & :!' 3 :'t | .'FI _h. : k

level 4.4 version of the UM combined with a detailed tropospheric Im;f & p ,_L '?iI'LL 1 .

chemical scheme comprising 46 species and 186 reactions. Figure 1 a e

39 shows the calculated changes of OH (a) from pre-industrial o

times to the present-day, (b) from the present to the future without Figure 39. Annual and zonal mean changes of OH (10°
. . molecules cm™; (a) from pre-industrial to present; (b) from

changing the climate and (c) from the present to the future present to future; and (c) from present to future including

including a double-C@climate forcing. The changes of OH can climate change.

be either positive or negative as a result of increased emissions.

Since the pre-industrial Age, the increase of OH has largely increase of NQin the tropical region, which can be more
occurred in the northern hemisphere lower atmosphere as a resuleffectively transported to the upper troposphere by convection.
of increasing NQ emissions due to intensified human activities. NO, in the upper troposphere has a longer lifetime; therefore it
Away from source regions, OH decreases due to the increase of tends to increase OH in that region. When climate changes are
hydrocarbons which have a longer lifetime and experience more included in the future scenario, a substantial increase of OH is
long-range transport than NOOur model suggests that in the calculated due to an increase of water vapour in a warmer and
future, the increase of hydrocarbons will outweigh the increase of wetter climate. The oxidation capacity of the atmosphere is
NO, for the continents which leads to the decrease of OH in the evidently affected by a changed climate. This can lead to the

extratropics. The increase of OH will mainly occur in the lower  change of lifetime of longer-lived species, such as methane, with

and upper tropical troposphere due to an assumed relatively largeits large global warming potential.



Ocean Influences on Climate

Modelling Diurnal to Intraseasonal Variability of the Ocean Mixed Layer

Daniel Bernie', Steve Woolnough Eric Guilyardi'2 Julia Slinga®,
1Centre for Global Atmospheric Modelling, Department of Meteorology, University of Reading, UK
2Laboratoire des Sciences du Climat et de I'Enviroment, CEA-CNRS, Gif-sur-Yvette, France

The intraseasonal variability of SST associated with the passage
of the Madden-Julian Oscillation (MJO) is well documented, yet -
coupled model integrations generally under predict the magnitude P Y, The (Dety Mean)
of the SST variability.

Observations from the IMET mooring in the west Pacific during E
the Intensive Observing Period (IOP) of TOGA COARE showed a ET
large diurnal signal in SST which is modulated by the passage of =%

the MJO. In this study observations from the IOP of TOGA 3.5

COARE and a 1-D mixed layer model incorporating the KPP i = - o .

vertical mixing scheme have been used to investigate the Jonuary 1993

rectification of this diurnal signal onto the intraseasonal time

scales and the implied impact of the absence of a representation of Figure 40. Sample of model SST from and integration forced
; B iahilityg i with 1 hourly surface flux data (red) with the daily mean of this

this process on the modelled intraseasonal variability in coupled (blue) and an integration forced with daily mean fiuxes (black)

GCMs.

Analysis of the SST observations has shown that the rectification
of the diurnal cycle of SST onto the daily mean SST accounts for

about one-third of the magnitude of intraseasonal variability of Resalution af linsar grid (m)
0 54 3 2

SST associated with the MJO in the west Pacific warm pool. g
Figure 40 shows a period intraseasonal SST warming associate i 100
with the quiescent phase of the MJO for model integrations force i 0.8 E
with 1 hourly (red) and daily mean (black) surface fluxes. The =~ ¥ 180 Ei
rectification of diurnal cycle onto the daily mean SST can clearly E o.apF a0 ‘EE'
be seen. 5.1'5_
It is found that the representation of the diurnal cycle is sensitivia OAF AD 5
. . S Linear grid k=
to the temporal resolution of the surface fluxes and the local tim8 -
i . o2k Py ‘SIreichnd grics
of the flux averaging period. As models are forced at the same 120
instant over a global domain this means that the local time of th(; ool :: 5, - 2, 1o
flux averaging period is a function of longitude implying that a o 5 0 15 a0 a5
sub-diurnal flux resolution will introduce a geographical bias in Mumber of levsls In upper 25 m
the representation of the diurnal cycle. To capture 90% of the
i iahili i Figure 41. Magnitude of the diurnal variability of SST for
dlumal_vanablhty of S_ST Ove_r a global domain a temporal flux integrations forced with 1 hourly data. The linear grids (black) have
resolution of 3 hours is requwed. a constant resolution throughout, while the stretched grids (red)
. . have a fixed uppermost level thickness, denoted by the numbers on
During the calm suppressed phase of the MJO the ocean mixed the body of the figure. with different resolutions below,

layer is very shallow due to the characteristic light winds and high
solar insolation. These conditions lead to the diurnal temperature
variability being confined to the top few meters of the mixed layer.
The typical mixed layer resolution in coupled models of 10m is
therefore insufficient to resolve such variability. The importance
of the resolution of the top model layer is shown in Figure 41
where the diurnal variability of the 1-D model is shown for a series
of constant resolution grids (black) and stretched grids (red) where
the top model layer resolution is fixed. The thickness of the top
level is given by the numbers in the body of the figure and the
resolution below is measured here by the number of levels in the
top 25m.

In summary the rectification of the diurnal variability of SST in
the warm pool accounts for some 35% of the intraseasonal
variability and should be included in studies of the coupled nature
of the MJO. It has be shown that to capture of 90% of this
variability requires a flux resolution of 3 hr. and an uppermost
model layer of the order of 1m thick. These results are currently
under implementation in a full 3-D ocean model.
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Figure 42. Volume fluxes (in
Sv), at daily resolution, within
upper principal currents internal to
the Nordic Seas:
| (a) East Greenland Current,
(b) West Spitzbergen Current,
(c) Jan Mayen Current,

|
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Oceanic variability during the 1990s in the Nordic Seas
Grant Bigg, Department of Geography, University of Sheffield

During the 1990s deep convection showed signs of switching these latter increases steadied after 1998, as the increased
from the Labrador Sea back to the Greenland Sea, re-establishingsreenland Sea gyre circulation led to a greater proportion of water
a pattern last occurring in the early 1970s (Lagteal, 2002; leaving through the Denmark Strait, rather than re-circulating.
Gascarcaet al, 2002; Wadhamst al,, 2002). In addition, the North Increased convection in the Icelandic Sea in the model in
Atlantic Oscillation showed its largest recorded excursion from  1998-2001 acted to obliterate the anomalies that would otherwise
positive to negative index values during the middle of the decade.have fed into the East Icelandic Current. A fresh, cold anomaly
A fine resolution curvilinear ocean model, forced by NCEP from the Arctic during 1998/1999 was shown to propagate through
Re-Analysis fluxes, was used to study changes in the circulation ofthe system. Model and observations showed good agreement
the Nordic Seas and surrounding ocean basins during 1994-2001generally, but diverged at depth more in the last few years of the
The model fields exhibited regionally distinct temporal variability, simulation.
mostly determined by atmospheric forcing but in regions of This work was funded by COAPEC.
significant sea-ice a longer timescale variability is found. Some

abrupt circulation changes accompany the relaxation of the )

. . . . Gascard, J.-C., Watson, A.J., Messias, M.-J., Olsson, K.A., Johannessen,
westerlies following the peak North Atlantic Oscillation Index T., Simonsen, K., 2002. Long-lived vortices as a mode of deep ventilation
phase of the mid 1990s (Figure 42). in the Greenland Sea. Nature 416, 525-527.

The Greenland gyre spins up over the following years, with the Lazier, J., Hendry, R., Clarke, A., Yashayaev, ., Rhines, P., 2002.
increased circulation partially exiting through the Denmark Strait Convection and restratification in the Labrador Sea, 1990-2000. Deep-Sea
into the northern Atlantic as well as re-circulating within the Research Part | (49), 1819-1835. N
Nordic Seas. This resulted in a distinct freshening around northernwadharns P., Holfort, J., Hansen, E., Wilkinson, J.P., 2002. A deep

convective ch|mney in the winter Greenland Sea. Geophysncal Research
Iceland and an increase in the East Icelandic Current. However, | qiers 29 (10), art. no. 1434.
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Towards an Improved Description of the Air-Sea Heat Exchange

Jeremy P. Grist (lyg@soc.soton.ac.uk) and Simon A. Josey, Southampton Oceanography Centre

Quantifying the transfer of energy between the atmosphere and
ocean is of fundamental importance to understanding the climate
system. The Southampton Oceanography Centre (SOC) air-sea
flux climatology provides estimates of ocean heat exchange in the
form of monthly mean fields for the global ocean. The climatology
was produced using meteorological observations from merchant
ships that were corrected for biases in observing procedures.
Estimates of the surface fluxes were obtained from the reports
using various bulk formulae (Joseyal 1999).

On decadal timescales, one would expect the global

climatological mean heat flux to average to zero. However, in B0 120 180 -120 B0 0
common, with other ship-based climatologies, the SOC
. o . Figure 43. The net heat flux (Wm-2) from the
climatology exhibits a global mean net heat gain of 30%Vm adjusted version of the SOC climatology. Also
Therefore, the goal of our Coupled Ocean-Atmosphere Processes shown are the locations ~of the 10
. i . hydrographic constraints (solid lines) used in
and European Climate (COAPEC) project is to produce an the inverse analysis.

improved version of the SOC climatology in which the ocean heat
budget is balanced.
To balance the climatology, we have adopted the inverse analysis

method of Isemeet al (1989) and adjusted the meridional ocean :E
heat transport implied by the SOC climatology to agree with |
hydrographic estimates at different latitudes. Iseshat (1989) B
were limited to estimates of heat transport at only three latitudes in ant
the Atlantic. We have taken advantage of the increased number x]i]

and geographical range of hydrographic sections during the period 207

of the SOC climatology (1980-93), utilising up to 10 constraints

throughout the Atlantic and the North Pacific (see Figure 43).
When all 10 constraints are applied, the magnitude of the bias in

Laifiuda
(=]

the heat budget is reduced substantially from 30305 Wni2. |
Separate hydrographic observations indicate that this imbalance &0
may still be too large. In particular, repeat hydrography ahaa SO TR I 3
the Atlantic has revealed a change in temperature of abd@ 0.2 S | — .'“_"1.:.7”' '
to a depth of approximately 1000m between sections taken in 1981 PO . ECHNF
. . . B =800 (e
and 1992 (Brydest al 1996). This would imply a bias of no more 1

than 2Wn in the net heat flux over the same period. With this in
mind we have repeated our analysis, including an additional
constraint that the global heat budget should balance to within

Dllu{-:'."ulrl'-:"l

Figure 44. Zonally averaged annual mean

+2Wm2, The resulting solution required a 19% increase in the net heat flux from the adjusted version of
latent heat flux, a 6% reduction to the shortwave flux and less S,‘ﬁnai‘jggiggf‘“a“""gy and other recent
significant adjustments to the other components (Grist and Josey
2002; 2003).
The adjusted flux fields obtained with this solution have a global
mean net heat flux of -2W#and are available from method to include spatially dependent adjustments and applying

http://www.soc.soton.ac.uk/JRD/MET/coapec.php3. The new recent improvements to the flux formulae (e.g. Jete}. 2003)
fields agree to within 7 Wi with independent large scale area  which should allow a significant proportion of the original bias to
average heat flux estimates obtained from a more recent be removed without the need to constrain the fluxes.
hydrographic section at 3%. Good agreement is also found with
recent estimates of the net heat flux obtained using residual
techniques and from atmospheric model reanalyses (see Figure
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inverse analysis with spatially fixed parameter adjustments, Southampton

indicate that further improvements are required. Ongoing work in
Oceanography Centre Internal Document No. 80, 38 pp. + figs.

this project is focused on both extending the inverse analysis



Figure 45. Shows the results for
winter time (DJF) Mean Sea
Level Pressure (MSLP). Panels
a-d show the dominant mode of
forced MSLP variability in the four
models. Panels i-l show the
time-series associated with these
modes. Panels e-h show the
regression of the SST forcing field
onto these time series.
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Influence of the Oceans on North Atlantic Climate Variability: A comparison of results from
four atmospheric GCMs

Daniel Hodson and Rowan Sutton, Holger Pohimann, Mark Rodwell, Martin Stendel, Laurent Terray, Centre for Global Atmosphedellvig,
Department of Meteorology, University of Reading

Atmospheric variability arises both from internal processes and Atlantic climate variability using an ensemble of six simulations
from external influences. Amongst the external influences, the role with HadAM3. These were analysed using an optimal detection
of the oceans is of particular interest because the evolution of  algorithm (Venzke 1999) to separate the influence of the ocean
(large-scale) ocean conditions is predictable months or even yeargrom that of internal atmospheric variability. We concluded that:
ahead. It follows that if we can understand the way in which 1) on multi-decadal timescales the ocean influence is dominated by
changing ocean conditions impact climate, we may be able to  a single mode that is associated primarily with changes in the
provide useful climate predictions. Furthermore, knowledge about North Atlantic SST, has a strong projection on the NAO in
the influence of the ocean on climate variability will be crucial if wintertime, and may be a response to fluctuations in the
we are to fully understand and quantify anthropogenic climate  thermohaline circulation; 2) on interannual timescales the climate

change. of the North Atlantic region is influenced by the Pacific ENSO
The influence of the ocean on the climate of the North Atlantic phenomenon but also by SST anomalies in the Atlantic, especially
region is has received considerable attention recently (e.g. the Tropical North Atlantic (TNA) region.

Rodwell 1999; Mehta 2000; Czaja 2002). Many have focused on Of course, these results may be entirely peculiar to HadAMS3.
the ocean's influence on the North Atlantic Oscillation (NAO), the Therefore we analysed similar simulations of forced North
dominant mode of wintertime climate variability in the North Atlantic climate variability using three other climate models:
Atlantic region (e.g. Hurrell 1995). Arpege-climat (CERFACS/Meteo France), Echam4 and Echam 5

Previously, (Sutton et al. 2003) we investigated the impact of Sea(MPI) together with HadAM3. Each model was forced with a
Surface Temperatures (SSTs) between 1871-1999, on North reconstruction of historical global SST patterns between



1951-1999 (HadISST/GISST). As in Sutton et al. 2003 we used thee In three of the models the dominant winter time (DJF) mode of
Optimal Detection algorithm to identify the (common) dominant ~ forced atmospheric variability appears to be an NAO-like dipole
modes of forced atmospheric variability within each model pattern.

ensemble. « The same three models suggest that the Tropical North Atlantic
Figure 45 shows the results of this analysis for winter time (DJF)  region may play a key role in influencing the North Atlantic
Mean Sea Level Pressure (MSLP). Panels a-d show the dominant cjimate.

mode of forced MSLP variability in the four models. Panels i-|
show the time-series associated with these modes. Panels e-h sho
the regression of the SST forcing field onto these time series. For
three of the four models (HadAM3, Arpege and Echamb5) the References

spatial pattern of the leading mode features a dipole structure in Cassou C and L Terray, 2001: Oceanic forcing of the wintertime

MSLP reminiscent of the NAO. The SST regression patterns low-frequency atmospheric variability in the North Atlantic European
(panels e,g,h) indicate that the largest fraction of SST variance sector: A study with the ARPEGE model. J. Climate, 14, 22, 4266--4291.

lained by the i . in the TNA ion- thi Czaja A and C Frankignoul, 2002: Observed impact of atlantic sst
explained by the ime-Sernies occurs in the region; this anomalies on the north atlantic oscillation. J. Climate, 15, 606--615.

suggests that the TNA is a likely source of forcing for this mode, pyrell 3w, 1995:Decadal Trends in the North Atlantic Oscillation:
with negative TNA SST anomalies being associated with a Regional Temperatures and Precipitation, Science, 269, 676--679
positive NAO. This result is consistent with our findings in Sutton Mehta VM, MJ Suarez, JV Manganello and TL Delworth, 2000: Oceanic
2003 and also other modelling studies (Sutton 2001, Cassou 2001)i_nfluence on the North Atlantic Oscillation and associated Northern
. . Hemisphere climate variations: 1959-1993. Geophys. Research. let., 27,

The results for Echam 4 (panels b,f,j) show a dominant mode of 121124
that is different from the other models. The SST pattern suggests g qwell M, DP Rowell, and C Folland, 1999: Oceanic forcing of the
that ENSO is the dominant influence on North Atlantic climate in  wintertime north atlantic oscillation and European climate. Nature, 398,
this model. 320--323.

Sensitivity studies of the Echam 4 results suggests, however, thaPutton RT and DLR Hodson, 2003: Influence of the Ocean on North

the response of this model to TNA SST may be weaker relative toAtlantlc Climate Variability 1871-1999. J. Climate, 16, 3296--3313.
. . . Sutton RT and WA Norton and SP Jewson,2001:The North Atlantic
the ENSO influence than is found in the other models.

Oscillation - What Role for the Ocean? Atmospheric Science Letters, 1, 2,
89--100

A full discussion of these results will be contained in Hodston
&l., 2004

Conclusions ‘

Th Its f I del hat SSTs infl d North Venzke R, MR Allen, RT Sutton, and DP Rowell. The atmospheric

e r(?su t.s roma .mo els suggestt at s influenced Nort response over the north atlantic to decadal changes in sea surface
Atlantic Climate during the period 1951 to 1999. temperature. J. Climate, 12, 2562--2584.

Preliminary results from the CHIME Coupled Climate Model
Alex Megann, Bablu Sinha and Adrian New, SOC

The Coupled Hadley-Isopycnic Model Experiment (CHIME) is  constant-depth levels near the surface. It is expected to maintain
a new UK coupled climate model, developed to investigate the the advantages of purely isopycnic models (namely conservation
effects of the vertical representation of the ocean component of aof water properties over large length and time scales) while
climate model. The model is identical to the Hadley Centre’s permitting the higher vertical resolution near the surface
HadCM3 climate model, except for its use of a hybrid-coordinate characteristic of traditional z-coordinate models.
ocean model instead of HadCM3's z-coordinate (constant depth  The first main integration of CHIME has now reached twenty
levels) ocean model. The hybrid-coordinate model has layers of years, and we aim to complete the control run of two hundred years
constant potential density in the ocean interior, transitioning to  early in 2004. Preliminary analysis of the output shows markedly

Figure 47. Mixed layer depth for March.

Figure 46. Sea surface elevation in the North Atlantic in March



higher interannual variability compared with the same ocean
model forced by climatological surface fluxes. In particular, an
ENSO-like signal is present in the equatorial Pacific, which was
absent in ocean-only runs. Overall, the ocean model shows a
general slow warming (0.06°C in the second decade), but is
otherwise performing well in terms of circulation, seasonal cycle
and ice cover.

Figure 46 shows the sea surface elevation in the North Atlantic
in March, ten years into the model run. The North Atlantic Current
can be clearly seen, approximately following the 90cm height

contour from the Gulf Stream separation off the eastern seaboard.

of the US, across the north Atlantic, and finally passing into the
Norwegian Sea between Iceland and Scotland. Figure 47 shows
the mixed layer depth, again in March of year 10. Wintertime deep
mixing can be seen in the Labrador Sea and south of Iceland,
which contributes to the formation of North Atlantic Bottom
Water. Further south, a tongue of mixing down to 300-400 metres
is visible across the Subtropical Gyre; this produces the
characteristic mode waters in the gyre.
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Bleck, R., 2002: An oceanic general circulation model framed in hybrid
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Diagnosis of daily HadCM3 ocean-atmosphere coupling using a simple stochastic model
T.J.Mosedale (t.j.mosedale@rdg.ac.uk), D.B.Stephenson and M.Collins, Department of Meteorology, University of Reading

Extratropical effects of the ocean on the atmosphere are difficult
to quantify in observational studies. Such coupling from the
persistent ocean to the atmosphere can lead to long-term
predictability of the atmosphere. Previous studies have used

descriptive covariance techniques (e.g. SVD analysis) to estimate

the association between oceanic and atmospheric fields. In this

paper, a more model-based statistical approach is used in which a

simple 2-variable stochastic model is employed to diagnose the
atmosphere-ocean interaction in the North Atlantic in simulations
of a state of the art coupled climate model (HadCM3).

The simple coupled model is a discrete time version of the model

proposed by Barsugli and Battisti (1998) to represent local

extratropical atmosphere-ocean interactions. The model is derived a

using an energy balance of a slab ocean and single layer

atmosphere, driven by a stochastic noise forcing. This results in a

linear first order vector autoregressive (VAR(1)) stochastic model
for an atmospheric and an oceanic component. In this model the
effect that the ocean has on the atmosphere is given by a single
numericalvalue.

Daily data from HadCM3 (1.5m air temperature and 300m
integrated ocean heat content) are interpreted in terms of this
simple model to obtain estimates at each gridpoint for the
parameter representing ocean to atmosphere influence. An OLS
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Figure 48. The complex model data is fitted to the simple model,
giving an estimate for the parameter representing the influence
of the ocean on the atmosphere, shown here.
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Figure 49. The autocorrelation of the atmospheric variable T at
47.5N, 26.25W for lags up to six months. The black line is the
autocorrelation, which is split into an atmospheric direct part (blue
line) which is from atmospheric interactions only, and an indirect
part (red line) which arises due to interactions with the ocean.

estimation procedure is used. Figure 48 shows a map over the
North Atlantic region of this parameter. A region of non-zero
parameter is seen in the North Atlantic, in this region the ocean is
affecting the ocean on a day to day time scale.

This ocean to atmosphere affect has an impact on the persistence
of atmospheric temperature anomalies. Using the simple model,
the autocorrelation in the atmosphere can be split into a direct and
an indirect part, where the direct part is purely from the
atmosphere, and the indirect part arises due to interactions with the
ocean. Figure 49 shows the autocorrelation (black) of a point
(47.5N, 26.25W) in the North Atlantic. Some persistence can be
seen in the substantial autocorrelation at lags up to a few months.
The blue line shows the direct atmospheric part, which decays to
zero after about 20 days. The indirect part is shown by the red line
to be the major contributor to this persistence in the atmosphere.
So here the large ocean to atmosphere influence in HadCM3
increases the persistence of atmospheric temperature anomalies
beyond a few days.

Reference
Barsugli and Battisti (1998), The basic effects of atmosphere-ocean
thermal coupling on midlatitude variability. Journal of the Atmospheric
Sciences 55(5) 477-493.



Diagnosing the pathways of North Atlantic oceanic heat anomalies in HadCM3
Chris Old (cpo@mail.nerc-essc.ac.uk) and Keith Haines, ESSC, The University of Reading

Oceanic heat anomalies provide a memory of the changes in
surface fluxes. Such anomalies are observed in the oceanographic
record. By assimilation of the observations into a coupled
ocean-atmosphere GCM it should be possible to track the
anomalies and predict their impact on the ocean climate and the
atmosphere. As a step towards this goal a set of diagnostics are
being developed to study ocean heat pathways in the Hadley
Centre’s coupled climate model.

Heat anomalies are created and destroyed through the
irreversible thermodynamic transformation of water masses by
surface fluxes. Anomalies can be moved around by advection and
mixing. Longer-lived anomalies are likely to be associated with
water masses that are isolated from surface processes. This
suggests that the subduction of water masses into the permanent
thermocline plays a key role.

Water mass transformations in temperature space [G(T)] have
been diagnosed for the N. Atlantic sector from 100 years of
HadCM3 control run data using the method of Walin (1982). By
considering the volumes above and below the maximum winter
mixed layer base (WMLB) separately, the subduction has been
included in the diagnostic (see Marslelal, 1999). From filtered
(5yr Lanczos) time series of the transformations in temperature
space, heat anomaly pathways have been identified using lag
correlations between the processes involved at key classes.

Mean water formation processes for the volume above the
WMLB in the North Atlantic are shown in Figure 50. The terms
sum to zero at all temperatures indicating no long-term trend in the
heat content above the WMLB. There are a number of obvious
subduction and obduction (water returning to the mixed layer from
the main thermocline below) classes. The two considered here ar
the subduction peak at 18°C (subtropical mode waters) and the
obduction peak at 12°C (the warmer subpolar mode waters).

Lag correlations of subduction against surface transformations
(Figure 51a) show that at the 12°C obduction class, subduction
leads the surface transformations by approximately 2 years with i
positive correlation. Hence if obduction increases the surface
transformations are forced to remove the anomaly, whereas a
decrease in obduction causes the surface transformations to
produce waters in this class. At 18°C the surface transformations
lead the subduction by approximately 2 years with a positive
correlation. Hence an increase in mixed layer volume due to
surface transformations at 18°C precedes by 2 years an increase
subduction, i.e. the removal of the mixed layer anomaly.

The fate of an 18°C mode water anomaly can be traced further b
lag correlating the subduction at 18°C with the processes at all
other temperatures. Figure 51b and ¢ show the subduction at 18°
lag correlated at all temperatures with the mixing below the
WMLB and the subduction respectively. The mixing correlations
(2b) show a strong dipole between the 18°C and the 21°C classes
where the subducted anomaly is moved to a warmer class by
mixing below the WMLB over a 3-year period. The subduction
correlations (Figure 51c) show the same dipole pattern where the
anomaly subducted at 18°C leads to an increase in obduction at
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Figure 50. The 100-year mean formation due to the processes above
the WMLB in the North Atlantic. The surface formation results from
surface heating/cooling at the isotherm outcrops. The advection is the
convergence through the open boundaries (Equator and Bering Strait)
above the WMLB. The subduction is the convergence across the
WMLB. The mixing is calculated as a residual from the conservation
equations. Positive values indicate a net productlon by the process and
negative values a net destruction. (Sv = 106 md s )
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Figure 51. Lagged correlations of a) subduction against surface
transformations, b) subduction at 18°C against mixing below the
WMLB at all temperatures, and c) subduction at 18°C against
subduction at all temperatures. The red contours indicate positive
correlations, blue contours negative correlations, and black dashed
contour zero correlation. The contour interval is 0.2. The grey
shading highlights correlations with a statistical significance > 95%.
The data were filtered using a 5-year Lanczos filter before
correlating. See text for interpretation.



21°C 3 years later. It can be shown that the strong mixing at highergyre (Figure 50). Recent promising results indicate that the above
temperatures in the mixed layer spreads the obducted anomaly senethodology can be used to unravel the more complicated
that its influence on surface transformations cannot be detected. subpolar mode water pathways. An understanding of anomalous

This methodology has produced a physically meaningful 5-year subpolar mode water formation is important as it occurs in a region
process pathway for the life cycle of 18°C mode water anomalies. (western end of the NAC) where significant ocean-atmosphere
Anomalous surface fluxes produce a volume anomaly in the mixed feedback can occur.
layer that persists for 2 years before being subducted into the

. . . References

permanent thermocline. From here the anomaly is gradually mixed . . .
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Towards a Refinement of the Boundary Forcing of HOPE
Scott Osprey, Rutherford Appleton Laboratory

Question

How does the nature of the persistence of SST anomalies during ERTH: dm] 1 &

T [doy) @ THED @ 147ED

one winter affect their re-emergence the following winter?

Introduction

Observationally, large scale patterns of anomalous sea-surface
temperature persist longer than those of smaller scale. This
behaviour is inhibited in many ocean only models through the
employment of strong relaxations to climatology to prevent model
drift. The persistence of these patterns through one winter
(together with the depth of the mixed layer) is thought influential
in the re-emergence of these the following winter.

Method
An Empirical Orthogonal Function analysis (EOF) was
performed on 100 years of sea-surface temperature (SST) output

from the 1000 year HadCM3 control run. Decorrelation times were .
then calculated from the resultant principal component timeseries. L L LI LR

. . . . OD°F AW ATTE ADTW 0P DW IO
Timescales representative of these decorrelation times were on the ORI
order of 10-15 months. it B S

Three experiments were completed using the HOPE ocean
model. For each experiment, the model domain comprised the
North-Atlantic and utilised boundary forcing fields taken from the
100 years of HadCM3 output (above). To help eliminate model
drift in the first experiment, a strong relaxation to climatological
mean HadCM3 SST was imposed (40 V'@mi)uring the final year
of integration, the monthly mean heat relaxation tendencies were
logged.

The second integration ran following the conclusion of the first
experiment but relaxed SST in two ways. SST anomalies were
constructed by subtracted climatological monthly mean SST from
the HadCM3 control run from instantaneous model values. These
were then projected onto the set of EOFs constructed from the
HadCM3 data (above) and the corresponding principal
components were relaxed according to the decorrelation e At i e T
timescales calculated previously. The SST remaining which did A
not project onto the EOFs were relaxed strongly (403m

I T T I O
e Figure 52. Deviations  from

the HadCM3 control run
climatology of sea-surface
temperature from experiment
2 (top) and 3 (bottom).
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The third and final experiment also ran following the conclusion extratropical anomalies. These anomalies persist, however and
of the first but substituted the strong SST relaxation term in the actually increase in value to the south of the model domain.
boundary forcing with the mean field calculated at the conclusion

) . . Concluding remarks
of the first experiment. The scale dependent relaxation term was ) ) )
. . . The introduction of a scale dependent relaxation to SST produces
retained. The second and third experiments were run for 20 years

. ) . a mean field which differs markedly from climatology. On
following the end of the first experiment. ) ) ) ] )
introduction of a flux corrected heating term an improvement is
Results seen, but the anomalies are not removed and indeed are seen to
It can be seen from Figure 52 that the inclusion of a scale increase in the southern domain of the model.
dependent relaxation on model SST produces a mean field which These discrepancies can be eliminated by modifying the flux
differs appreciably from climatology. A conspicuous tongue of  correction heating term in one important way. If a scale dependent

positive anomalous SST is apparent about the tropics while relaxation is used in experiment 1 together with a strong relaxation
negative values occur about the extratropics. This tropical patternterm which not only acts on residual SST but on the full SST

is collocated with similar features seen in a number of the anomaly, then by construction, such a flux correction should
HadCM3 EOF fields (not shown). To a first approximation it eliminate the mean anomalies seen in the other two experiments.
should not be surprising that these patterns exist at all. The This would have the desirable effect of allowing the scale

e-folding timescales for the strong relaxation term is about 11 dependent relaxations only to have an impact once interannual
days, which should be contrasted to the scale dependent timescalegriability is introduced to the boundary forcing fields — their
noted above. Thus, one could attribute these anomalies to the  purpose is to act about the mean state
major change in nature of the heating budget. A second argument The influence of the persistence of SST anomalies during one
guestions the existence of these patterns. The boundary forcing winter on the re-emergence of these the following winter can be
terms and climatological SST which is being relaxed to have eachinvestigated in a couple of ways. Firstly, once interannually
been taken from the same model run — the HadCM3 control run. varying boundary fields are used, autocorrelation analysis can be
The decorrelation times were also calculated using the timeseriesused on a sufficiently long integration. The second method,
from this control run. So, it could be argued (barring any complementing the first, involves the construction of the model
significant difference between the two ocean models) that these adjoint to look at the re-emergence mechanism over a shorter
patterns should not exist at all as they do not appear in the controkimescales.
run.

The bottom figure shows the SST difference field from Referencgs ) )

. . . . Deser, C. D., M. A. Alexander, M. S. Timlin; ‘Understanding the

experiment 3. The inclusion of a flux correction term has made a Persistence of Sea Surface Temperature Anomalies in Midlatitudes’,
marked improvement in reducing both the tropical and Journal of Climate, 16, 2003, 57-72

Timlin, M. S., M. A. Alexander, C. Deser; ‘On the Re-emergence of North
Atlantic SST Anomalies’, Journal of Climate, 15, 2002, 2707-2712

The North Atlantic Oscillation and Coupled Ocean-Atmosphere Interactions in the Tropical
Atlantic of HadCM3

Len Shaffrey and Rowan Sutton, CGAM, Department of Meteorology, University of Reading.

The North Atlantic Oscillation (NAO) is the dominant mode of index. Vimontet al. (2001) studied a similar process in the North
wintertime atmospheric variability over the North Atlantic Ocean. Pacific of the CSIRO CGCM (Coupled global climate model).
When the NAO is said to be in its positive phase there is a They also found that the summertime subtropical atmosphere feels
strengthening of the surface westerlies over the midlatitude Norththe SST ‘footprint’ induced by the North Pacific extratropical
Atlantic Ocean and a strengthening of the easterly trade winds overatmospheric variability from the previous winter.
the subtropics. The winds associated with a positive NAO induce The change in the summertime subtropical precipitation leads to
a tripolar SST pattern in the North Atlantic, with cooling in changes in the equatorial Atlantic SST and the tropical atmosphere
subtropics and at high latitudes and warming in the midlatitudes. in the following winter (i.e. one year after the NAO event). The

An interesting question that arises is, do the changes in SST  atmospheric circulation induced by the change in the summertime
induced by the NAO feedback onto the atmosphere at a later date®ubtropical precipitation in Figure 53 leads to cross equatorial
If so then the feedback of NAO induced changes in SST onto the northerlies and so to westerly anomalous winds over the equatorial
atmosphere would provide a potential mechanism for extended Atlantic. The westerlies then act to warm the ocean by reduced
predictability in the climate system. Such a mechanism is presentevaporation and tropical upwelling. The result is an SST dipole

in the Atlantic of HadCM3 where the cold subtropical SST and a southwards shift of ITCZ (Intertropical convergence zone)
induced by a positive wintertime NAO leads to a decrease in the towards the warmer waters. The SST dipole is depicted in Figure
following summertime precipitation in the subtropics. This is 54 which shows the following wintertime SST regressed against

depicted in Figure 53 which shows the lagged regression of the the previous winters NAO index. The SST dipole in Figure 54 is
summertime precipitation against the previous wintertime NAO  associated with stronger cross-equatorial northerlies and so to an
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Figure 53. JJASON precipitation regressed against the Figure 54. DJFMAM+1 SST regressed against the previous
previous DJFMAM NAO index. Contour interval is DJFMAM NAO index. The contour interval is 0.025K mb-1
0.025mm day™ mb! and the bold lines denote regions that and the bold lines denote regions that are 95% significant.

are 95% significant using a Student t-test.

increase in the anomalous equatorial westerlies which further HadCM3 and NCEP appears to be a mechanism for extended
warm the SSTs. In this sense the tropical Atlantic SST dipole can predictability on seasonal timescales, but also that the tropical
be thought of self-maintaining coupled mode, an observation Atlantic SST dipole might too easily excited in HadCM3.

which has been previously made by Chanhgl.(1997).

It is interesting to compare the results from HadCM3 with ) i o
Chang P., J. Link and L. Hong (1997) A decadal climate variation in the

ot-)serv.atlons. In the NCEP reanf'ilyses the f-ootprlnt _OT th.e tropical Atlantic Ocean from thermodynamic air-sea interactions. Nature,
wintertime NAO on the summertime subtropical precipitation and v 385, p 516-518.

the SST can be clearly seen (not shown), but the tropical Atlantic Vimont D. J., D. S. Battisti and A. C. Hirst (2001) Footprinting: A seasonal
SST dipole doesn't appear to be excited in the following winter.  connection between the tropics and the mid-latitudes. Geophys. Res.
This suggests that the footprinting mechanism that is seenin ~ Letters, p 3923-3926
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Great Salinity Anomalies in HadCM3?
Martin R. Wadley, University of East Anglia, Grant R. Bigg, University of Sheffield

Observations of salinity in the northern North Atlantic have around 12 years, consistent with the observed Great Salinity
revealed negative salinity anomalies which appear to propagate Anomaly. The strongest negative anomaly event was chosen, and
around the North Atlantic sub-polar gyre. The earliest of these  independent passive tracer parcels added at 2-monthly intervals for
commenced in the late 1960s, with an anomalously large export of5 years (30 releases) to the mixed layer in the modelled East

low salinity water from the Arctic through Fram Strait. This Greenland Current during and after the passage of the negative
anomalously low salinity water could be traced around the salinity anomaly. If the salinity anomalies seen in the HadCM3
sub-polar gyre and back into the Nordic Seas some 10 years laterintegration result from advection around the sub-polar gyre the
Dicksonet al (1988) suggested that the salinity anomaly had passive tracer parcels will also propagate around the sub-polar

advected around the sub-polar gyre, whereas earlier it had been gyre. The individual tracer parcels show very different evolutions
suggested that the eastward movement of water masses in the  with time. Those released during the passage of the low salinity

region west of Britain could account for the anomalously low anomaly mainly leave the Nordic Seas through the Denmark Strait,
salinity observed there in the mid 1970s (e.g. Ellett and whereas later releases circulate around the Greenland Sea Gyre
MacDougall, 1983). and spread into the Arctic.

A hovmoller plot was constructed showing monthly salinity Figure 55 shows the evolution of one tracer parcel released

anomalies around the sub-polar gyre for a 100 year period within during the passage of the low salinity anomaly, over a 12 year
the HadCM3 coupled climate integration. This showed around  period corresponding to the time scale of the Great Salinity
seven salinity anomalies (both positive and negative) which Anomaly.

‘moved’ around the modelled sub-polar gyre with a time scale of
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Figure 55. Relative depth-integrated concentration of passive tracer at 2-yearly intervals
following release in the East Greenland Current.

It can be seen that the tracer advects firstly into the Labrador Seaanomalies beyond the Labrador Sea. Work is under way to
and then into the North West Atlantic, mostly at >1000m depth. establish the cause of the anomalies in the north-east Atlantic, and
Very little of the tracer remains in the mixed layer, where it could it is speculated that changes in precipitation and evaporation may
circulate around the sub-polar gyre in the manner described by be responsible. It remains an open question as to whether
Dicksonet al (1988), despite there being a surface signature of a advection was responsible for the Great Salinity Anomaly in the

low salinity anomaly which is consistent with Dicksetral.'s
hypothesis.
In conclusion, the HadCM3 model is found to have Great

real ocean, and the HadCM3 model is behaving incorrectly, or
whether the real Great Salinity Anomaly is more complex than has
been suggested.

Salinity Anomaly events which have a surface signature consistent

with that observed during the 1970s. Dicksbml proposed that
this was the result of an initial low salinity anomaly advecting
around the sub-polar gyre. However, in the HadCM3 model

advection is not the cause of apparently propagating salinity

Does ocean gyre circulation affect storm tracks?

References
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Anomaly in the Northern North Atlantic 1968-1982. Prog. Oceanogr., 20,
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C.Wilson (c.wilson@liv.ac.uk) and R.G.Williams, Department of Earth and Ocean Sciences, University of Liverpool.

While the winter mean atmospheric flow may largely be set by artificial perturbations to the surface gyre circulation affect the

orographically-forced standing waves (Seageal 2002), the

ocean might still be important in locating the storm tracks and

atmospheric storm tracks.
We experiment with the FORTE global coupled model (Sinha

affecting its variability. The ocean influence might occur through and Smith, 2002), consisting of IGCM3 at T21 resolution with 22

the land-ocean temperature contrast, horizontal sea surface

levels and MOMA at 2 degrees with 15 levels. We spin-up for 40

temperature (SST) gradient (possibly effecting boundary stability) years (currently being extended to 100 years) and then integrate for

and surface temperature differences between ocean and

a further 10 years: a ‘GYRE+’ case, with the ocean surface drag

atmosphere (sustained by the high ocean heat content) inducing coefficient artificially doubled, and a ‘GYRE-’ case with it halved.

diabatic heat fluxes.
The large-scale ocean circulation has two components: a

horizontal gyre circulation, which has typical periods of years to

The last 5 winters are analysed and compared to the ‘CONTROL’
case.
By increasing the surface drag coefficient, we increase the gyre

decades, and an overturning circulation in the meridional plane, and Ekman transport, tending to transport more heat polewards in
which has associated timescales of decades to centuries within athe ocean and leading to cooler equatorial SST and warmer
basin. In the Atlantic, most of the ocean heat transport (typically 1 extratropical SST. The response is most marked over the Pacific
to 2 PW) is transported by the overturning circulation, while in the where the gyre circulation dominates over the overturning. The
Pacific, the gyre circulation dominates. Given the importance of opposite response occurs when the drag coefficient is reduced.
the upper ocean for interannual and decadal changes (such as thoséVe observe the strongest response in the storm tracks for the
associated with the North Atlantic Oscillation), we consider how GYRE- case, where the 250 mb eddy kinetic energy (EKE) signal



Figure 56. High-pass 250 mb eddy
kinetic energy density (m%/s?) for the
CONTROL case (left panel) and the two
perturbation experiments (right panels)
for the northern hemisphere, averaged
over the last 5 winters. In the GYRE-
case, the Pacific storm track is greatly
weakened, with a slight weakening of
the Atlantic storm track. However, in the
GYRE+ case, the storm track EKE is
only slightly increased in the Atlantic. Figure 57. Mean zonal wind (m/s) (filled contours) and potential
temperature (K) for the CONTROL case (left panel) and the
differences between two perturbation experiments and the
CONTROL (right panels), averaged over the last 5 winters. GYRE-
shows a weakening of the tropospheric zonal jets and a marked
weakening and cooling of the stratospheric jet at 60N. The GYRE+
case shows a strengthening of the stratospheric jet at 60N, but only a
limited extension into the troposphere.

is destroyed over the mid-latitude Pacific (Figure 56) through an extended to identify the mechanisms by which the atmosphere and
emergence of a cool anomaly in both SST and 750 mb temperatur@cean alter, involving the combination of Ekman, boundary

across the mid-latitude Pacific and equatorial Indian Ocean, current and gyre circulations, as well as to assess the heat transport
associated with an atmospheric drying from reduced latent compensation between the atmosphere and ocean, and the angular
heating. While the GYRE- case stabilizes the storm track, there ismomentum changes within them.

an asymmetry as the GYRE+ case only provides a limited Acknowledgementswe would like to thank Bablu Sinha and
strengthening throughout the storm track. Robin Smith for their help an support with FORTE and Mike

The GYRE- case reveals a weakening of the mean zonal jets in gjackburn for help with the IGFLUX diagnostics package. This
the troposphere (Figure 57) and a marked weakening and coolingork was supported under the NERC COAPEC programme.
of the stratospheric jet at 60N. The 250mb E-vectors (not shown)
suggest that there is reduced mean acceleration of the mean zonal References
jets by the waves. Conversely, the GYRE+ case shows a Hoskins, B.J., and P.J. Valdes, On the existence of storm-tracks. J.Atm.

. L . . Sci., 47, 1854-1864, 1990.
strengthening of thg stratosphenclet in the winter hemisphere, butSeager’ R.. D. S. Battisti, J. Yin, N. Gordon, N. Naik, A.C. Clement, M.A.
only a weak extension down into the troposphere.

Cane, Is the Gulf Stream responsible for Europe's mild winters?

While our perturbations involve an artificial change in the drag Q.J.ROY.MET.SOC. 128 (586): 2563-2586 Part B, OCT 2002.
coefficient, they suggest that the ocean can play a direct role in  Sinha, B. and R. Smith, Development of a fast Coupled General
modifying the strength of the storm tracks, (as suggested by Circulation Model (FORTE) for climate studies, implemented using the
Hoskins and Valdes, 1990). Our preliminary study will be OASIS coupler. SOUTHAMPTON OCEANOGRAPHY CENTRE
Internal Document No.81, 2002.



Atmospheric Composition

Modelling Chemistry and Mixing During Trans-Atlantic Pollution Transport.

Steve Arnold and Martyn Chipperfield (School of Environment, University of Leeds, John Methven (Dept. Meteorology, UnivéR#égding, Fiona
O'Connor (Centre for Atmospheric Science, University of Cambridge)

Intercontinental transport of ozone and its precursors in the US coast) are smeared out by TOMCAT, since the advection and
troposphere has been identified as an important factor in regionalstretching of air masses during ascent from the US coast into the
ozone budgets. The north Atlantic region displays such transport, UT results in filaments and layers too narrow for the global CTM
where North American boundary layer pollutants are frequently to resolve. The CiTTyCAT model produces structure on the same
exported to the European troposphere. This transport is facilitatedscale as the observations, however gradients are too strong, and are
by uplift of boundary layer mass to the upper troposphere in warm preserved where mixing appears to have diluted pollution into the
conveyor belts originating over the North American eastern North Atlantic UT (e.g. the Eastern US pollution) and mixed
seaboard. During the NERC part-funded EXPORT experiment  together air masses of diverse origins (e.g. observations between
(European eXport of Particulates and Ozone by long-Range 13:15-13:45 UT).

Transport) in August 2000, extensive layers of enhanced ozone, Mixing has been introduced into the CiTTyCAT model by

CO and NOy were observed in the mid/upper troposphere over relaxing the modelled chemical species to interpolated 3D fields
central Europe. Back-trajectory analysis indicated these air masse$rom the TOMCAT model, which are assumed to represent a well
had origins over the North American continent. mixed ‘background’ atmosphere. The results demonstrate thata 5

A Lagrangian CTM (CiTTyCAT) and a global Eulerian CTM day relaxation timescale reduces the over-estimated model
(TOMCAT) have been used to investigate the chemistry and signatures from the Eastern US pollution, while preserving the
transport of these air masses. Figure 58 shows a time series of observed gradients at air mass boundaries. A 2.5 day relaxation
flight observations and output from the models for the latter timescale gives less structure during the homogeneous period
section of EXPORT flight A776 (Aug. 10 2000) in the European between 13:15-13:45 UT, however the fast mixdown in TOMCAT
UT. Figure 59 shows the path of the aircraft through a cross sectionappears to give the best simulation of this period, indicating rapid
of ozone concentrations output from TOMCAT and through a mixing. However, this faster relaxation timescale appears to erode
cross section of a reverse domain filling trajectory simulation of the air mass gradients between 14:20 and 14:40UT in comparison
ozone using the CiTTyCAT model. Fine-scale features in CO and with observations.

ozone which correspond to transitions between air masses of  Acknowledgements<en Dewey, Joss Kent, Hannah Barjat
distinct origins (West US UT and polluted; Eastern US PBL; SE  (ykmO) Kathy Law, John Pyle (CAS, UCAM)
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Figure 58. (above) Time series comparisons of the TOMCAT and CiTTyCAT
CTMs with observed ozone and CO concentrations.

Figure 59. (right) Ozone model output from the TOMCAT CTM (top) and
CiTTyCAT CTM (bottom) on vertical cross-sections in the plane of the aircraft
flight track.
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Figure 60. Comparison of observed (blue) slant
column NO, at 90° am and pm at Lauder (45°S)
with corresponding vertical column from a long
simulation of the SLIMCAT CTM (green) forced by
ERA-40 analyses (ECMWF operational analyses
after 2000). Data courtesy of Karin Kreher (NIWA)
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Multiannual CTM Simulations with the ERA-40 Analyses

Martyn Chipperfield, Institute for Atmospheric Science, School of the Environment, University of Leeds

Off-line chemical transport models (CTMs) are forced by

We have used the ERA-40 winds to force the SLIMCAT CTM.

meteorological analyses. Over the past few years the two sets of Figure 60 shows the comparison of model column, MNih
analyses that we have used to force long (multiannual) simulationsobservations at Lauder, New Zealand during the 1990s. This

of the SLIMCAT and TOMCAT off-line CTMs have been from

the ECMWF and UKMO. The ECMWF ERA-15 analyses were

dataset is one of the longest continuous records of stratospheric
observations. The model clearly captures the observed annual

available from 1979 but have an upper boundary at only 10 hPa. cycle as well as the aerosol-induced variations (i.e. low values

The UKMO ‘UARS’ analyses (Swinbank and O’Neill, 1994)

around 1992) and, apparently, most of the long-term trend (partly

extend up to 0.3 hPa but start in October 1991. Although these due to increases inJ®). This comparison is very encouraging and

analyses are useful they both have limitations for forcing
long-term simulations.

illustrates the potential of using the ERA-40 analyses. Other
preliminary comparisons with UKMO-forced runs show some

The ECMWF have recently completed the ERA-40 project. This differences which need to be further investigated. However, the
provides forcing winds and temperatures from the surface to 0.1 ERA-40 analyses will provide a very important dataset for

hPa from 1957 on. This dataset will increase the range of

stratospheric modelling.

stratospheric experiments that can be performed with the CTMs,

notably simulations during the 1970s and 1980s when human
activities were first seen to have a significant impact on the
stratosphere.

Reference
Swinbank, R., and A. O’Neill, Mon. Wea. Rev., 122, 686-702, 1994.

Modelling water vapour and methane trends in the stratosphere

P. Hadjinicolaou and J.A. Pyle, Centre for Atmospheric Science, University of Cambridge, UK

We have used the 3-Dimensional chemical transport model
SLIMCAT (Chipperfield, 1999) forced by the UK Met. Office
(UKMO) analyses and including a simple methane oxidation
scheme in a 10-year integration, in order to study the effect of
year-to-year meteorological variability on stratospheric water
vapour trends. The time-varying effect of source gases is not

The methane and water vapour climatological fields from
SLIMCAT for January (not shown) are in good agreement with
those from HALOE, exhibiting the main characteristics of the
Northern Hemisphere (N.H.) winter circulation. Quantitatively the
model reproduces better® than methane, where in the profile
comparisons (not shown) the modelled methane is less than the

included in the chemistry so the modelled changes are solely dueobserved, especially above 25 km.

to the forcing winds and temperatures.

Zonal mean trends for the 9-year period from April 1992 to

The chemical scheme is simply methane oxidation by 3B, O  March 2001 for the modelled species were derived using a
and ClI producing two water vapour molecules. The physical sink multiple linear regression with a mean level and a trend term (no
of H,O through condensation at low temperatures is also included.explanatory variables or noise were included). The global fields of
The radiation scheme is not interacting with the chemistry and the the year-round trend are shown for the modelled methane (Figure

bottom boundary at 330K is overwritten with monthly (but not
annually varying) climatological HALOE data.

61a) and water vapour (Figure 61b). Very large (1-8%/year)
negative trends throughout the stratosphere are calculated for
methane, especially in the Southern Hemisphere (S.H.). Water



CHi Trepd 1802-2001 H23 Tremi |BEE-2001
(% yonr) (% vosr)

Lal e g i
Cemleears from =% e 1 by 1 Cooloers Brom. =83 o F by &2
Figure 61. (a) Latitude-theta variation of modelled CH, (b) Latitude-theta variation of modelled CH4
year-round trends from April 1992 to March 2001. year-round trends from April 1992 to March 2001.

vapour trends generally mirror spatially those in methane, and are Preliminary analysis reveals that the modelled trends in the S.H.
positive and small (0-1%/year), maximising in the S.H. lower winter mid-stratosphere can be attributed to changes in the cooling
stratosphere (lower than the maximum methane trends appear). rates and the vertical transport. Further diagnostics (for example,

These results are in some contrast with the recent study of the effect of temperature changes on the methane oxidation rate)
Rosenlof (2002) on the trends in HALOE methane and water are under way. A run with bottom boundary conditions from
vapour measurements (over the same period and using a similar HALOE which vary annually will be carried out to take into
simple linear regression). The observed methane trend in that  account the interannual variability of methane and water vapour
study is negative only above about 900K (~10 hPa) and much  from the troposphere.
smaller (~ -2.5%) while is positive below. Note that the methane
in our model does not have any sources (the increasing input of . ) ) ) ) ) . .

. . . Chipperfield M.P., Multiannual simulations with a three-dimensional

methane from the troposphere during the 1990s is not taken into chemical transport model, J. Geophys. Res., 104, 1781-1805, 1999.
account). In Rosenlof's work the HALOE water vapour increases Rrosenlof K.H, Transport changes inferred from HALOE water and
and the methane decreases (in the upper stratosphere) are larger inethane measurements, J. Meteorol. Soc. Japan, 80, 4B, 831-848, 2002.
the N.H. than the S.H., also opposite to our results.

References

Multi-annual simulations of stratospheric ozone using the SLIMCAT model
and the ERA-40 analyses

P. Hadjinicolaou and J.A. Pyle, Centre for Atmospheric Science, University of Cambridge, UK

The SLIMCAT stratospheric chemical-transport model (CTM), from 10 to 55 km). The temperatures and horizontal winds are
together with other CTMs within the CANDIDOZ EU project, will  taken from the forcing ERA-40 analyses. The modelled ozone
be used for 40-year stratospheric chemistry integrations forced byinteracts with the MIDRAD radiation scheme in the calculation of
the new ERA-40 analyses, in order to quantify the contribution of the heating rates and the vertical motion. The most recent version
chemical and dynamical changes to the observed ozone trend. of the model includes OpenMP parallelisation to take advantage of
These simulations extend the work of previous studies which usedthe multi-processor capabilities of the CSAR super-computing

the ERA-15 analyses (Hadjinicolaetial 2002, Chipperfield service.

2003) in that the forcing ERA-40 data cover a longer period to Figure 61 show a comparison of the modelled column ozone in

study trends and include the whole vertical domain of the the Northern Hemisphere, against the TOMS satellite data and a

stratosphere. Here we present preliminary results from a 4-year similar SLIMCAT run forced by the UKMO analyses. A

test integration. tropospheric contribution was added to the model column to
SLIMCAT was forced by the ERA-40 analyses from 1991 to facilitate comparison with TOMS. This added tropospheric ozone

1995 using the model's full stratospheric chemistry scheme column (1000-286 hPa) varies with latitude and month and is taken

(Chipperfield, 1999).The horizontal resolution was 7.5 x 7.5 from a 1985-89 UGAMP climatology. At 83N the model ozone
degrees with 17 isentropic levels from 340K to 2400K (approx. (with both ERA-40 and UKMO forcing) captures accurately the
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Figure 62. Zonal mean total ozone from the full chemistry SLIMCAT runs forced by ERA-40 and UKMO analyses (5-day
output) compared with TOMS data (daily, Meteor3/Nimbus) at 83N (a, left) and 47N (b, right).
interannual variability and the annual cycle (winter/spring AcknowledgementsOur thanks to Drs Martyn Chipperfield,

maxima, summer minima). At 47N, the observed year-to-year ~ Genevieve Millard and Glenn Carver for help with the model and

variations are well reproduced by the model and the agreement ofDr. Paul Berrisford, BADC, CSAR and ECMWEF for access and

the ozone maxima and minima is satisfactory although not exact. maintenance of the ERA-40 data.

The comparison is also good in the Southern Hemisphere (not

shown) where the Antarctic ozone hole is reproduced, but with ) ) ) ) ) ) ) )

differences in the southern middle latitudes. The model Chlpperfleld M.P., Multiannual simulations with a three-dimensional
chemical transport model, J. Geophys. Res., 104, 1781-1805, 1999.

performance appears very satisfactory and that should allow the chipperfield M.P., A three-dimensional model study of long-term

40-year experiment to be carried out next. mid-high latitude lower stratosphere ozone changes, Atmos. Chem. Phys.,
3, 1253-1265, 2003.
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Modelling the Impact on Ozone from Cruise Altitude Perturbations applied to the Global
Subsonic Aircraft Fleet

M.O. Kéhler, H.L. Rogers, and J.A. Pyle, Centre for Atmospheric Science, Chemistry Department, University of Cambridge, U.K

Nitrogen oxide emissions from the global subsonic aircraft fleet Identical boundary conditions have been used for all experiments
result in a significant increase in ozone mixing ratios in the upper in order to achieve optimal comparability. All integrations have
troposphere and lower stratosphere. Options are investigated on been performed for one year and were forced by ECMWF
how to reduce the impact of the fast growing air traffic, and current meteorological analyses of the year 1995. Both the initialisation of
investigations include changes to operational practices. In this  the chemical model fields as well as a 7-month spin-up have been
study the TOMCAT chemistry transport model has been used to performed identically for each of the experiments. The surface
perform sensitivity studies on how UTLS ozone levels respond to emissions used represent conditions appropriate for the year 2000
cruise altitude perturbations of the global aircraft fleet. and for each experiment specifically developed aircraft emission

The TOMCAT model has performed one pair of integrations (s3a inventories, also appropriate for the year 2000, have been used
and s3b) with cruise altitudes lowered by 6000 feet, and one pair reflecting the corresponding cruise altitude perturbations. These
of integrations (s5a and s5b) with cruise altitudes raised by 2000 aircraft emission inventories have been provided within the
feet. These changes have been made with respect to a referenceframework of the EC funded TRADEOFF project.
scenario (s1), representing present-day cruise altitude conditions. Changes in cruise altitude will lead to perturbations in the
For each pair of the cruise altitude perturbation experiments a  geographical distribution of aircraft emissions. Due to the large
normalised scenario, where the location of cruise altitude has beervariability in atmospheric dynamics and chemistry, the shift in the
changed without globally altering the total amount of emissions location of aircraft emissions has potentially large implications for
(s3a and s5a), and a non-normalised experiment, which atmospheric chemistry. The results have shown that changes in
additionally accounts for a change in the Emission Index of NOx, cruise altitudes can lead to significant differences in ozone mixing
due to the changes in operational procedure (s3b and s5b), have ratios. The transport of aircraft emissions by atmospheric motion
been performed. is highly dependent upon the geographical location and the altitude



at which the emissions are released. The amount of emissions

released, in combination with the NOx mixing ratio of the ambient a) 1 |
air, determine the amount of ozone produced from aircraft : & i
emissions. ] | i

In order to evaluate the total impact of the ozone changes in the |
northern hemisphere, both the annual mean tropospheric ozone . 1 v
column (from the surface to the tropopause) and the annual mean
stratospheric ozone column (between the tropopause and 20 hPa,
approximately 27 km altitude) have been calculated, both F3 | e
averaged over the northern hemisphere only. The altitude range of mp. 2887
the stratospheric ozone column was chosen as a suitable domain to
represent the region of perturbation due to subsonic aircraft. Figure
63 displays the average value for the northern hemispheric ozone
column under present-day conditions (s1) and the perturbations for b) e "f
both higher (s5a, s5b) and lower (s3a, s3b) cruise altitudes.

In the stratosphere the ozone column below 20 hPa exhibits an | |
almost linear relationship with the change of cruise altitude (Figure = -
63a). The magnitude of ozone column change due to a 2000 ft rise e ;
in cruise altitudes is approximately a third of that resulting from a
6000 ft fall in cruise altitudes. The difference in ozone column T
change between the normalised scenarios (s3a, s5a) and the ; | R _-r_-,..'-" :
non-normalised scenarios (s3b, s5b) is negligible and as such e Hnii 1
indicates that the ozone column change in the stratosphere is i
independent of the total amount of aircraft emissions. Cam ame  we me 0 Ba wm

The tropospheric ozone column shows a substantial difference e
between the normalised and non-normalised scenarios (Figure cl
63b). In the experiments with normalised aircraft emissions the
magnitude of the ozone column change for a reduction in cruise
altitude by 6000 ft is approximately 30% smaller than the change E -
in ozone column due to an increase in cruise altitude by 2000 ft. - Y i
The relationship between the perturbed ozone column and the i
change in cruise altitude is therefore non-linear. In the A i '
non-normalised experiments, where the total emitted NOx varies, s :
both cruise altitude perturbations lead to an increase in
tropospheric ozone column. This shows that the tropospheric
ozone column is sensitive to the total amount of aircraft emissions. i~ e Bmm e
This difference between normalised and non-normalised scenarios PORRTHI O
in the troposphere and stratosphere could be explained by the low
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Figure 63. Ozone column (DU) for the northern hemisphere,

background NOx mixing ratios in the troposphere in comparison averaged over the year 1995. The figures show the stratospheric
with the lower stratosphere. An increase in NOx due to aircraft ozone column between the tropopause and 20-hPa (a), the

o . tropospheric ozone column (b), and the total ozone column
emissions in the troposphere (where background values are low) below 20~hPa (c), for the reference scenario sl and

. . . . erturbations to cruise altitudes (s3a, s3b, s5a, s5b).
could result in a higher chemical ozone production rate compared P ( )

to the stratosphere.
The total ozone column up to 20 hPa shows that an increase in is further enhanced by nearly 30% relative to normalised

cruise altitudes leads to an increase of ozone column and lower €emissions.

cruise altitude lead to a reduction in total ozone for both scenarios Summarising, it can be said that changes to cruise altitudes affect

(Figure 63c). In each case the main effect occurs around the the total ozone column (below 20 hPa) in the northern hemisphere.

tropopause region where increased NOx will increase ozone in theThe troposphere and the lower stratosphere respond in

model. For scenarios with normalised emissions the relationship significantly ways different to small perturbations in the total

between ozone column and cruise altitude appears again to be amount of emitted NOx. Lower cruise altitudes lead generally to a

almost linear. For non-normalised emissions the reduction of ~ decrease, and higher cruise altitudes lead generally to an increase

ozone column due to lower cruise altitudes is decreased by in the total ozone column. This work has been performed within

approximately 30% relative to the normalised emission scenario. the European TRADEOFF project (EVK2-CT-1999-00030) and

Similarly, the increase in ozone column at higher cruise altitudes the authors would like to express their gratitude towards all
participants of this project. MOK also acknowledges funding from
NERC and the Cambridge European Trust.



Air trajectories in the South-European UTLS: implications for the impact of air traffic emissions

P. Leight, A. R. MacKenzi¢and S. Borrmar,
1Department of Environmental and Natural Sciences, Lancaster University, Lancaster, UK.
2Johannes Gutenberg-Universitat, D-55099 Mainz, Germany.

This article presents initial statistical analysis and aircraft data
for meridional and vertical transport in the region of the
tropopause (UTLS) during the APE-INFRA 2002 and
Geophysica-ENVISAT satellite test and validation campaigns
from Forli, Italy during July and October 2002. To date, in-situ 3
observations of air traffic corridors have focused on the North
America, central Europe and North Atlantic flight sectors
(Schlager et al., 1996). The APE-2002 ENVISAT test and
validation campaigns provide an ideal opportunity to carry
preliminary investigations of the state of the upper Figute 1: Plod= of final bfitude against initial nitade
troposphere-lower stratosphere (UTLS) in and around southern { A); initial Intitude (B initial BY fo1ihe 320K leval,
Europe. Rome is a major international hub for air traffic, placed at i 130mb, 1dkm) for the MERC flight onl7-10-2002.
the southern edge of the European maximum in the geographice
distribution of aviation fuel usage (IPCC, 1999).

Five day back trajectory modelling over 3 isentropic surfaces

Figure 64. Plots of final latitude against initial latitude (A);

(340K, 360K, 380K) was carried out for July and October 2002 initial latitude (B); initial PV for the 380K level, (130mb, 14km)
during the campaigns over the region shown in Figure 64. In for the NERC flight on17-10-2002.
addition to the above, a twenty-three-year climatology (July and Figure 65. SIOUX and COPAS comparison plot of time

. . series data for Geophysica flight on 17-10-02, Forli.
October, 1980-2002) is also under study, for comparison and to Py g

build a climatology of the region. The back trajectories used for
this analysis were obtained from the ECMWF analysis of vertical

and horizontal wind data using the offline 3-D trajectory code of 1Ay FEWy (KL el parlche cxuri (PR Fodl, Ok kb D02
Methven (1997). The 5 day back trajectory modelling has shown e
that a number of air parcels have descended from the lower w T pe L.

stratosphere into the emissions zone (UTLS); while a smaller iy | |
number have risen through the mid-tropospheric layer to the uppe
troposphere. Rapid cross-isentropic transport and/or dispersion i
reported in the UTLS in a number of cases (Figure 64B, (bulls-eye
effect)). This rapid vertical transport is unsurprising in the

troposphere, but the cause of rapid vertical transport in the lowel
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stratosphere is still under investigation. Since, we would expect ai II I'*
from high latitudes to be chemically different to air originating in e "'L Lo T hidjwh] boo
the sub-tropics in the lower stratosphere, we suggest that the fap i ”lnlh ' ]. i
relative abundance of high and low latitude air in the region of air agb— 1-u TR ':1 - ;:JT:L .1-1. 1
traffic emissions will influence the likely impact of these T (eecoretz: LT 210"
emissions. Fignie 2: SIOUX and COPAS campatigon pled of

Figure 65 shows a section of the return leg of the NERC fime g=iieg doia foi Deophysica flight on 1T -L0-02, Faoli.

sponsored flight of the Geophysica during the ENVISAT
validation campaign during October 2002. The figure shows a
number of signatures in the data from both the SIOUX (NO and
NOy) (Schlager et al. 1996) and COPAS (Non-volatile and total . ,hapjlity of aircraft condensation trails being present.

par-ticle counts), (Borrmaret al, 2000) instrgments.. Itis _ Here we have mentioned some of the analytical tools being
believed a number of these peaks are associated with aged a"craﬁeveloped for the analysis of the origin of air masses within a

plumes. \_Nork-by Schlager etal. (1996), showed §imilar defined grid. Further analysis of the chemistry and particle count
perturbations in signals from the SIOUX and CN instruments of these air masses within the emissions region during the
during flights across the north Atlantic. Other instruments such as Geophysica and Falcon flights of July and October 2002 is

H,0O vapour and @on board the Geophysica show similar patterns
to Figure 65. The flight path for this particular flight followed the us to further understand both the climatic and pollution
Adriatic coastline of Italy (Figure 64). The flight altitude was implications of allowing air traffic levels to increase. Preliminary
10,000m and this particular route crossed a number of flight paths?conclusions include:

this, along with suitable contrail forming meteorological

conditions (i.e. cold and humid air around 10-12km) points to the

expected to reveal further aged aircraft plumes. This should help
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Figure 66. Northern polar stereographic maps of daily

ozone loss on February 20. Left: results from the CTM. Figure 67. Vortex-averaged ozone destruction at 465 K integrated
Right: results recreated from the simulated EOS MLS CIO over a period of one month in the northern (February) and southern
retrievals (including added noise). Red dots on the CTM (August) polar vortices. See enumerated list in text for an
map mark the location of the daylight CIO retrievals used for explanation of the individual bars.

the off-line calculation.

i) Trajectory studies of a region of the mid-latitude UTLS show References
the expected transport of air from widely separated latitudes into BADC, EMCWF analysis: http://www.badc.rl.ac.uk.
the region. Borrmann, S., et al., (2000), In-situ aerosol measurements in the northern
hemispheric stratosphere of the 1996/7 winter on the Russian M-55

i) Vertical transport of air entering the region usually o " )
. . . Geophysica high altitude research aircraft, Tellus, 52B, 1088-1103.
approximates a random walk, with a mean 6-hour step size of IPCC, 1999, Aviation and the Global Atmosphere

about 2K at 380K. However, small numbers of outlier vertical-step wethven, J., 1997 Offiine trajectories: Calculation and accuracy, Tech.
sizes occur frequently. It remains to be determined whether theseRep. 44, U.K. Univ. Global Atmos. Modelling Programme, Dept. of Met.,

outlier steps are physically meaningful. Univ. of Reading, UK.

iii) Pollution from air traffic emitted into the region will Myasishchev Design Bureau, 2002: High Altitude M55 Geophysica
Aircraft, Investigators Handbook, Russia.

Schlager et al., 1996, In situ Observations of air traffic emission signatures
in the north Atlantic flight corridor. J. of Geophysical Research.

encounter air of different chemical characteristics, due to the
meridional and vertical transport of air into the region.

Polar Ozone Loss Inferred from EOS MLS CIO

I. A. MacKenzie (lam@met.ed.ac.uk), Institute of Atmospheric and Environmental Science, The University of Edinburgh

The second Microwave Limb Sounder (MLS) is due for launch detailed information was collected on the full chlorine and ozone
in early 2004 aboard the Earth Observing System (EOS) Aura  chemistry occurring at each model grid point, but additionally the
satellite. It will measure a number of trace gases in the upper model atmosphere was sampled as it would appear to EOS MLS,
troposphere, stratosphere, and mesosphere, including stratospherimutputting the appropriate instantaneous values of CIO. The ozone
ClO and ozone. The expected precision of the CIO retrievals is  loss calculation was then performed on these MLS-like data and
sufficiently high that meaningful individual measurements will be the results obtained compared with the true chemical ozone
obtained from within the winter polar vortices while the reactive behaviour occurring within the model. Figure 66 shows example
chlorine is enhanced by mixed-phase reactions on polar results for a single day; the magnitude and complex morphology of
stratospheric clouds. It is planned to use these CIO measurementthe polar ozone loss within the model are well reproduced by the
to infer the ongoing rate of chemical ozone destruction within the simplified calculation, notwithstanding the limited vortex
vortices. The approach taken involves using chemical equilibrium sampling and imperfect precision of the EOS MLS CIO
arguments to derive the total reactive chlorine (CIO -QG) at A number of further validation tests were performed aimed at
each measurement location and thence, on the assumption that thislentifying individual sources of error within the overall
value remains constant over the course of one day, the diurnal  procedure. The results of these tests are summarized in Figure 67,
cycle of CIO. This then allows the local daily ozone loss due to the with the origin and significance of the individual bars explained
CIO+CIO, CIO+BrO, and CIO+0 catalytic cycles to be evaluated below.

(the diurnal cycle of O is inferred from the retrieved ozone, and the 1. The net chemical change in ozone occurring within the CTM
BrO cycle from the CIO cycle and an assumption of total inorganic taking into account all ~50 reactions involving ozone — this

bromine). represents the “correct” answer for the ozone change. The

Prior to the launch of EOS MLS the method has been tested remaining bars show the results produced as successive
within the known environment of a chemical transport model simplifications and uncertainties are added to the ozone loss
(CTM). The SLIMCAT CTM was run for one northern and one calculation.

southern winter forced by analysed dynamical fields. In running, 2. Consideration of only three cycles: the ozone loss occurring



within the CTM due only to the CIO+CIO, CIO+BrO, and noise added to the simulated CIO retrievals prior to

ClO+0 catalytic cycles — these three cycles account for performing the calculation — the measurement precision and

virtually all the chemical ozone change within vortex. sampling density are sufficiently high that the effect of noise
3. Simplified chemistry: The ozone loss due to same three cycles s virtually eliminated in the vortex average.

as (2) but now calculated by the simple treatment assuming an6. Measurement accuracy: as (5) but with biases of plus (a) and

MLS CIO measurement at every model grid point at the minus (b) 5% added to the CIO retrievals — small biases in
appropriate local time — the simplified chemical treatment retrieved ClO translate into similar sized biases in the
leads to a slight overestimate of the true ozone destruction. calculated ozone loss.

4. Sampling density: as (3) but performing the simplified Overall, these results show that the various errors and
calculation only at the actual measurement locations instead uncertainties inherent in performing the ozone loss calculation on
of at the model grid points — the incomplete sampling of the EOS MLS retrievals are individually small, and that
vortex by EOS MLS leads to an, on average, underestimate ofapplication of the method to real data will produce sensible
the total vortex ozone loss. estimates of the ongoing chemical ozone change.

5. Measurement precision: as (4) but with the expected random

Comparison of modelled and observed Arctic ozone loss rates

G.AMillard?, J.A.Pylé, M.P.Chipperfield
ICentre for Atmospheric Science, University of Cambridge, 8chool of the Environment, University of Leeds, U.K.

The Match technique consists
of launching two ozonesondes AR bt 8 18
into the same air mass a few @)
days apart. The illustration left = 1
shows a typical air mass i
; trajectory being sampled as it - o T
o0 o passes over ground stations. = . ‘
P Forward trajectory clusters are { .
calculated checking for divergence and proximity to the vortex . r
edge. Air parcel descent is included from the MIDRAD radiation L
scheme calculated by SLIMCAT. Air parcels which do not remain ' B et
isolated are discarded so that changes in ozone between the ozone
sondes along a trajectory can be attributed to ozone loss. The o ) ol ek
individual ozone change values are then put into groups of £7 days i
at 7 day intervals. A linear regression of ozone change against the = b | s . |
time the air parcel is exposed to sunlight provides the ozone loss } Ww, 4 A amEREE
per sunlit hour. At zero sunlit hours, the ozone change is assumed S 0 £ ¢
to be zero due to isolation within the measurements. g = 2 i
The 3D chemical transport model SLIMCAT was initialised each [ e —— %
November at T31 (3.75° latitude by 3.75° longitude) over 17 -
isentropic levels from 340 K to 3000 K, from a low resolution full L
chemistry integration started in 1991. The model was run using 60 - e
level ECMWF operational analyses for 1999 to 2003, or ECMWF
ERA40 analyses for the winters before 1999. SLIMCAT ozone
was sampled at the Match ozonesonde sampling points and .
analysed with the same linear regression technique used by Match. i
These results are shown in the comparison against Match in Figure : 4 5
68ato e. WaEe 1
A box model with SLIMCAT chemistry was run along the Match es” ’ -
trajectories. Each box model integration was initialised from the : = "
3D chemical field at the Match trajectory location 10 days prior to i
the first ozonesonde measurement. The chemistry included within
the box model was the same scheme found in the 3D SLIMCAT
model, although the temperatures, pressure and solar zenith angle Figure 68. Comparison of Match ozone loss rates to
used by the box model came from the Match trajectory. The box those modelled by SLIMCAT and box mode} sensitivity

tests for the Arctic winters; a) 1994/1995, b)1995/1996,
model ozone was again sampled at the ozonesonde points and was €) 1999/2000, d)2000/2001, and €)2002/2003.

© -



LA b A 1 i gt particles of diameter >10 um if temperatures along the trajectory

(d) = remain less than the NAT threshold for more than 6 days (study
= NATF). Full denitrification with complete conversion of CIOBO
i 1 —— CEE to CIO, and NQ set to zero was investigated in the DNOx study.
i 4 Pl ¢ : P by Finally, the effect of maximum Chctivation and activation of
g - - BrONO, on ozone loss rates was also investigated in thet@ly,
. h s, el where all box model CION$HCI and BrONQ was activated to

Cly and By, respectively.

In almost all of the winters it is clear that the 3D SLIMCAT
e i el model is better able to reproduce the high ozone changes
diagnosed by Match in the early winter. The box model
integrations which do not force chlorine and bromine reservoirs to

(e) ) i active species fail to reach these high values in 1995, 1996 and
P L 2003. This may indicate that vortex inhomogeneity or mixing is
I 4 w il e important for the model to successfully compare to the Match
. u¥ Ty ik & ; results. However, the 3D model still fails to produce the high
- i 21 . ozone loss rates seen by Match in January 1995, January 2000,

Boea ; e * 2001 and late January 2003.

s R The box model experiment with full activation of the HCI,
CIONO2 and BrONO2 reservoirs does better at reaching the high
January ozone loss rates in the 1995, 2000, 2001 and 2003 winters
without the inclusion of mixing. This sensitivity study does lead to
too great an ozone loss rate in the late winter for all the years
studied. So perhaps an activation reaction from these reservoirs
then analysed in the same way as Match. The box model benefitaVhich depends on PSCs or low sunlight conditions is required, like
from having isolated air parcels throughout the trajectory as the the heterogeneous reaction of BrONO2 with HCI to form BrCl and
validation checks attempt to ensure with the Match data. The initial TNO3- This reaction is not presently in the heterogeneous

box model experiment, JPL 1997, compared the basic box mode|ch§mi§try scheme ar‘1d so further work is required.
data against Match ozone loss rates using reaction rate data Itis likely that the high January ozone change rates observed by

recommended by DeMo al 1997. Sensitivity studies were Match will require both a 3D chemical transport model approach
then carried out on updating the reaction rate data to 2003 and some additional activation of the chlorine and bromine
recommendations with no PSC sedimentation (JPL 2002 NOSED)€servoirs in the early winter cold polar vortex.

and allowing PSCs to sediment out of the bottom box boundary Reference
(JPL 2003). DeMore, W. B., S. P. Sander, C. J. Howard, A. R. Ravishankara, D. M.
The maximum ozone loss rates attainable with different Golden, C. E. Kolb, R. F. Hampson, M. J. Kurylo, and M. J. Molina,

scenarios was also investigated. The sensitivity of ozone loss to Chemical kinetics and photochemical data for use in stratospheric
NAT rocks was investigated by allowing NAT PSCs to fall as modelling, Eval. 12, JPL, Publ. 97-4, Jet Propul. Lab., Calif., 1997.

High Resolution Tropospheric Chemistry Modelling: First Results

F.M. O'Connorl, G.D. Carvet, N.H. Savag%, and C. Bridgemaﬁ
INCAS-ACMSU, Centre for Atmospheric Science, University of Cambridge, UK.
2Centre for Atmospheric Science, University of Cambridge, Uchool of the Environment, University of Leeds, UK.

Introduction p-TOMCAT, are now possible; some first results will be presented
Aircraft observations indicate that fine-scale structures are here.

ubiquitous throughout the troposphere. However, the inability of
coarse resolution global models to resolve these small-scale
features has implications for the accuracy of model-calculated
chemical rates due to the sensitivity of chemical evolution to
mixing. Furthermore, low resolution model integrations do not
make optimum use of the spatial resolution of the global emission
inventories which are currently available. As a result, there is a
strong need to fully investigate the impact of model resolution on
the integrity of model calculations. High resolution integrations
using the parallel version of the 3D chemical transport model,

Results

Figure 69 shows modelled ozone on the 383 mbar surface at 12
UT on 19 May 2000 and the black line represents a flight track of
the UKMO C-130 aircraft during the UTLS ACTO campaign.
Panel a was produced by advecting a low resolution ozone field
from p-TOMCAT for one day at low resolution (T42L31: T42 is
2.8° horizontal resolution) while panel b was produced by
advecting the same field but at higher resolution (T106L44: T106
is 1.1° horizontal resolution). On this timescale, the advection of a
long-lived species, such as ozone or carbon monoxide, is valid.



In both cases, a stratospheric intrusion over western Scotland “~
evident. However, in panel b, the intrusion is narrower in a) Dzone on 383 mbar surfoce (T42L31)
horizontal extent with higher peak ozone concentrations within the
intrusion. In addition, the stratospheric intrusion is separated fron
the neighbouring uplifted boundary layer air on both its western
and eastern fringes by sharp gradients in the high resolution
simulation.

The validity of these model simulations can be assessed by
comparison with the aircraft observations. Figure 70a and b sho\
the measured ozone and carbon monoxide concentrations along
the flight track in comparison with the low resolution modelled
fields. They indicate that the low resolution simulation cannot
accurately capture the spatial variation observed on the C-130

langitude

flight track. By contrast, the higher resolution advection shows a e iFw iPw Fw aw L L BE

marked improvement in terms of capturing the observed b) Ozone an 383 mbor surfoce (T106L44)
concentrations both within the stratospheric intrusion and in the Rt : ma
neighbouring air masses (Figure 70c and d). Furthermore, the B
timescale of the advection can be increased to at least four days ow i
without appreciable degradation of the flight track comparison. -
This is in sharp contrast to a Lagrangian simulation which tends t ik o
produce too much detail at small scales. % n by
Conclusions 5 . ™
Preliminary integrations of the parallel 3D chemical transport =
model,p-TOMCAT, at high resolution indicate that the model is i =
capable of resolving the fine-scale structures associated with . =
-

stratosphere-troposphere exchange and frontal uplift from the
boundary layer. In addition, once the model is fully operational a
high resolution, it will be capable of a more accurate estimate of

the stratospheric influence on the tropospheric ozone budget, Figure 69. Ozone on the 383 mbar surface at 12 UT on 19 May

ich i ; ; 2000 simulated at a) low resolution (T42L31) and b) high
which is currently highly uncertain. resolution (T106L44). The black line superimposed on the plots
indicates the flight track of the UKMO C-130 aircraft relative to the
modelled ozone fields.

e T TR ] - [ 2] al |
latitude

Figure 70. Flight track comparisons between modelled and measured ozone and
carbon monoxide at low resolution in a) and b) and at high resolution in c) and d).
Measured concentrations are shown in black and modelled concentrations are
shown in red.
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Figure 71. MLS ozone field at 21 hPa on an arbitrary day Figure 73. Cross-section of the UM ozone field along the
in September 1996, with diamonds marking the locations MLS orbit-track.
of 10 observed profiles to be assimilated.
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Figure 72. Cross-section of the MLS ozone as a function Figure 74. Combination of the observed field with the
of pressure along the orbit-track of the MLS instrument. modelled field performed by the Kalman filter and shows

how the two fields are adjusted relative to each other.

Chemical Data Assimilation in the Unified Model

Mark Parrington (Mark.Parrington@atm.ch.cam.ac.uk), Peter Braesicke, John Pyle and Hamse Mussa,
Centre for Atmospheric Science, University of Cambridge

Introduction (Carveret al, 1997). The ASAD chemistry setup includes 22
Chemical data assimilation provides an optimal tool for tracers (37 species) and 4 families (Ox, NOx, CIOx and BrOx).
exploiting the wealth of data available from satellite instruments The time step of the model is 15 minutes. At each time step, the
such as those on, for example, the UARS and Envisat-1 platforms.model output is an estimate of trace gas concentration at each
Selected data will be assimilated into a version of the Unified model grid point, based on the advection of the trace gas
Model running a comprehensive stratospheric chemistry scheme concentrations estimated at the previous model time step. The

to assess the potential of improving the model forecast skill equation
through the assimilation of, e.g., ozone and to furthering our xf(ti) = M,._l[x”(t,._l)] Q)
understanding of chemistry-climate interactions and the shows that the forecast output is some function of the analysis at
distribution of trace gases in the atmosphere. the previous time step (the operadtbrepresents the UM).
Model description Data Assimilation
For chemical data assimilation experiments at the University of Data assimilation provides the optimal approach to combining
Cambridge, a version of the Unified Model (UM) with observations with theory. The data assimilation scheme to be used

comprehensive stratospheric chemistry is to be used. The model for assimilation experiments is the suboptimal Kalman filter

grid has a resolution of 3.75 degrees longitude by 2.5 degrees  developed by Khattatost al (2000). The advantage of this

latitude, with 58 levels in the vertical (1000 to 0.1 hPa). Chemistry approach to data assimilation compared to other methods (e.g. 3D-
in the stratosphere is provided by the ASAD chemical integrator or 4D-Var) is in the propagation of the background error



covariance. Evaluation of the full Kalman filter approach to data modelled field performed by the Kalman filter and shows how the
assimilation is computationally expensive, and simplifications are two fields are adjusted relative to each other.
required in order to make an analysis feasible. For the suboptimal
Kalman filter, the off-diagonal elements of the forecast error
covariance are parameterised. The equation
y) = Hi(xf(ti)) +e

shows the relationship of trace gas observations to the forecast

values, via the observation operatbrAt each model time step,

Summary
The suboptimal Kalman filter code produces an analysis field

which is a combination of the observed and modelled fields

weighted by their error covariances. The computed analysis field

is sensitive to the error covariance of the forecast, the forecast error

. . . covariance in the figures shown is 100% and in reality would be

the analysis values are computed using the equation ) . . .
considerably smaller. The Kalman filter codes is currently being

() = Xf(ti) K07 _Hi[Xf(ti)]) integrated into the UM with experiments proposed to investigate
whereK is the Kalman gain. The Kalman gain weights the ] o ) )
the benefits of data assimilation to chemical modelling and

difference between the observed and forecast values by combining

. . L understanding chemistry-climate interactions. Data for
the forecast®) and observatiorR) error covariances, and is given o ] ] ] )
by assimilation experiments are and will be available from a variety

of sources in the coming years (UARS MLS, Envisat MIPAS, EOS
Aura etc.). Assimilation experiments will be performed for
approximately 10 day integrations of long-lived tracers (ozone and

PU(t) = (1-K,H)P'(t) ) _ ) i~
. . . water vapour) with and without feedback into the radiation
The analysis values are incorporated into the model output to h
scheme.

estimate trace gas concentration at the subsequent model time step
via equation 1. Acknowledgement$he modelling work presented here is funded

by the NERC Centres for Atmospheric Science, and the data

Off-line Assimilation of Ozone assimilation work is funded by the Data Assimilation Research
To illustrate how data assimilation may be used to update Centre.

chemistry at a particular instance, ozone data from the Microwave

Limb Sounder (MLS) instrument on UARS have been assimilated References

into a 3-D UM ozone field in an off-line (i.e. not incorporated in Braerls'Cke'_':-laf}d (':We, J. A:L)ICf;angL”g Ezgn(es andhchéngl]mg cwcul:“Oﬂ in
. " northern mid-latitudes: Possible feedbacks?, eopnysica Research Letters

the UM) gxample. Flgure 71 shows the M.LS (?zone field at 2_1 hPa 30 (2): 1059, doi10.120/2002GL015973, 2003

on an arbitrary day in September 1996, with diamonds marking theCaNer‘ G. D., Brown, P. D. and Wild, O., The ASAD atmospheric

locations of 10 observed profiles to be assimilated. Figure 72 chemistry integration package and chemical reaction database, Computer

shows the cross-section of the MLS ozone as a function of pressuréhysics Communications 105: 197-215, 1997

along the orbit-track of the MLS instrument. Figure 73 shows the Khattatov, B. V. et al., Assimilation of satellite observations of long-lived

cross-section of the UM ozone field along the MLS orbit-track. chemlcal-speues in global chemistry transport models, Journal of

. L . . Geophysical Research 105 (D23): 29,135-29,155, 2000
Figure 74 shows the combination of the observed field with the

_ T T -1
K; = Pl(e)H][H,P(1)H" +R)]
Finally, the analysis error covariance is calculated with

The freeze-drying of ensembles of air parcels in determining stratospheric water

Chuansen Ren (c.ren@lancaster.ac.uk), and A. Robert MacKenzie, Environmental Science Department, Lancaster University

Dehydration processes occurring near the tropical tropopausemodel run, with imposed notional gravity waves, shows that
are known to be crucial in determining the global distribution of ~supersaturation produced by the wave dwarfs the supersaturation
lower stratospheric water vapour. Dehydration there must be hurdle for homogeneous nucleation, and consequently influences
through the sedimentation of condensed water — i.e. ice crystals inlater cloud events.
cloud events — thus controlling the dryness of the stratosphere, but ~ To increase the number of cases it is possible to study, a
substantial uncertainty remains over the mechanisms by which  simplified parameterisation has been developed. The
dehydration takes place. In this study, we combine microphysical parameterisation is based on the e-folding time for a cloud to relax
modelling with trajectories to assess the dehydration more water vapour towards saturated conditions assuming a uniform
directly. size of ice crystals. All microphysical variables are determined by
A Lagrangian, partial-column, microphysical model has been the thermodynamic history of an air parcel, so the parameterisation
established to simulate the nucleation, growth, and sedimentationmaintains more of the essential cloud physics, without
of ice crystals in an air parcel (Ren and MacKenzie, 2003). The significantly increasing calculation-time, than current
model agrees well with existing box models in test scenarios parameterisations, e.g., the Gettelreaal (2002)
without sedimentation, and, with sedimentation, shows some parameterisation, which prescribes three time-scales as known
features of APE-THESEO observations, such as the number and parameters and fixes the supersaturation hurdle at 10%. Our
size of ice crystals in tropopause cirrus clouds. Homogeneous parameterisation also has a dehydration behaviour similar to the
nucleation appears to provide a sufficient number of ice particles detailed model. Using this parameterisation, ensemble runs of
to match cirrus cloud observations, even though supersaturationslarge (i.e. space-filling) trajectory sets are carried out to estimate
of about 0.6 with respect to ice are required (Kebal., 2000). A the influence of large-scale condensation on the transport and



Figure 75. The frequencies of optically thin clouds in the TTL. For each
case, 12 sets of space-filling backward trajectories, upon which the
Ci-dehydration parameterisation was applied, were generated at
6hr-intervals. The frequency at a point was calculated by counting how
many times there was ice water out of the 12 snapshots. The red and
yellow in the figure represent the regions where cirrus clouds are most
likely to appear, while the white means no appearance of clouds on any
of the three levels of 360, 370, and 380 Kelvin potential temperatures.

Figure 76. Fraction of observations (colour scale) between latitudes
30N and 30S and longitudes 0 to 360E during the (a) 6°C8 Dec. 2000
and (b) 6°C8 Jun. 2001 time periods whose optical depth \tau
exceeded 0.02. White indicates less than 1000 measurements in the
box. The fields have been smoothed to emphasize the large-scale
structure. Gray contours indicate the 30% frequency contour for \tau >
0.03.(Reproduction of figure 2 of Dessler and Yang (2003), by the
courtesy of the authors and AMS)

Please note, the blank areas figure in 2 mean that no reliable data are
available.

distribution of water vapour in the tropical tropopause layer (TTL). water is allowed to enter the stratosphere in summer than in winter,
A boreal winter case and a summer case are discussed here. Figutaut dehydration has removed more water from the TTL.

75 shows the presence frequencies of optically thin clouds in the
TTL (please see the caption for further details). These results
compare well with MODIS satellite results retrieved by Dessler
and Yang (2003) (reproduced by Figure 76). The frequencies
shown in Figure 75 generally match the fraction of Figure 76 in
positions. Since both studies are “first attempts”, the results
support each other. In the winter case (Figure 75a and Figure 76a
the stratospheric ‘fountain’ region shows high occurrences of
cirrus clouds. In contrast, in the summer case (Figure 75b and
Figure 76b), the high-frequency region is less well defined. More
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A Modelling Study of Transport into and out of the Tropical Lower Stratosphere
D.E.M. Ross (debbie.ross@atm.ch.cam.ac.uk), A.D. Robinson, J.A. Pyle, Centre for Atmospheric Science, Chemistry Dept. Jadnibrioige

Introduction SLIMCAT was initialised on January 2003 and run for 60

The Subtropical Barrier hinders isentropic transport between the days with a horizontal resolution of 3°%63.7%. There are 18
tropics and midlatitudes. This barrier is more permeable at lower vertical levels from 335-2700 K. The model is forced using
altitudes. Transport from the tropics to the midlatitude lower ECMWEF winds and temperatures, and tracers are advected
stratosphere is an important issue for midlatitude ozone decline. horizontally using the™ order moments scheme of Prather. Each
Transport in the reverse direction may increase the pollution box has a value of 1 inside and 0 everywhere else. The mixing ratio
effects of aviation, as chemical species will be incorporated into
the general circulation and transported to regions where their

damaging effects are enhanced. More measurements will improve 0
understanding of the transport rates, and lead to more accurate &8 o
meteorological analyses. —
The HIBISCUS Campaign E 550 4 B 5 | a4 1" 1z

In preparation for the HIBISCUS Campaign of 2004, several 5o |
stratospheric balloon flights were launched from Bauru, Brazil ,E 50 f
(22°S 48W) in February 2003. Two GC based instruments were | i T | i3 "
deployed on these flights. DIRAC and DESCARTES o | - o P i 1
measurements from a flight on‘ﬁgebruary 2003 are shown in b S . . e I T .
Figure 77. In support of these measurements, a 3D chemical 40 60 40 - 0 X & & &
transport model (SLIMCAT) has been used to investigate transport Equraieni Lattude, deg

Figure 77.

along isentropes in the tropical lower stratosphere.
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Figure 79. (top) Geopotential height at 460K. (bottom) zonal wind at 460K

of a box out with the box boundary is then the percentage of air  Maps of geopotential height (Figure 79a) and zonal wind (Figure

transported from that box. The boxes are advected for 60 days, and@9b) at 460 K, taken from ECMWF analyses, show disturbances

a time series of tracer evolution obtained on each vertical level extending from the upper troposphere. These are probably

above the Bauru site. A best-fit straight line is applied to the tracer associated with the South American monsoon. The maps are taken
evolution. The gradient is then used to evaluate the rate of

transport of that tracer (% per month). This is also done for the
zonal mean tracer evolution at’&

from ECMWF on 28 February 2003. We propose this circulation
is the cause of increased transport out of the deep tropics to the
Bauru site.

The data indicate an equatorial feature was indeed sampled in the

Transport from the ‘deep tropics’ to 22°S lower stratosphere over Bauru (sharp minimum at ~50 hPa in
There is more transport out of the®$01(PN region to 22S for Figure 80).

the site over Bauru than for the zonal mean and the 460 K isentrope
(Figure 78). Upper tropospheric disturbances and increased wave

activity lead to meridionial flow and transport out of the tropics
(Dunkerton 1995, Chen 1994)
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Quantifying Maximum Controllable Contributions to Global Ozone Budgets

N.H.Savage and J.A. Pyle Centre for Atmospheric Science, University of Cambridge

Tropospheric ozone is a greenhouse gas and also an air pollutarmzone is the downward transport of ozone from the stratosphere or
which frequently exceeds air pollution criteria across the Europeanozone layer.

Union. It also plays a central role in controlling the oxidising Using the chemistry-transport model TOMCAT a study has been

capacity of the atmosphere. However it is also a major challenge performed to quantify the maximum controllable contribution of
to try and attribute ozone to any given source region or process emissions on the global atmosphere from 3 parts of the world.
because it is a secondary pollutant and is chemically produced TOMCAT is a global CTM and in this experiment was driven with
from other gases. In addition a significant source of tropospheric 1997 ECMWF winds at a resolution of 2.8 x 2.8 degrees with 31



levels from the ground to 10 hPa. The emissions inventory used  fiwsuciion n airfere nemme coreperalioes (pekl 0 CECD furoee
was from the FP5 project POET. Anthropogenic emissions were — Frmssiar aal dn gars Jurs 1557
based on EDGAR 3.2 scaled to 1997 emissions.

In the experiment performed here we simulated the effect of
reducing all anthropogenic emissions to zero in 3 regions: Western
Europe, North America, Asia. It should be noted that this is not
same as the impact of those pollutants on the ozone budget. This is
due to the non-linearity of ozone production.

Figure 81 shows the results of the turning off of Western
European emissions for June. The impact on ozone of European
emissions is greatest at high latitudes (2-5ppb), with an effect of
1-2 ppb over most of the Northern Hemisphere. North American
emissions have an impact of 2-5 ppb in Western Europe. Asian
emissions have an impact of 2-5 ppb on ozone over West Coast US

and Canada. Figure 81. The maximum anthropogenic contribution of European
emissions to the global surface ozone concentration. European
Acknowledgement§hanks to the European union for funding via emissions have their greatest impact over Europe and high latitudes to

the north of Europe.

projects POET (EVK2-1999-00011) and RETRO
(EVK2-CT-2002-00170)

Trends and variability in the future tropospheric ozone budget

David Stevensoh(davids@met.ed.ac.uk), Ruth Dohergnd Colin JohnsoR
Linstitute of Atmospheric and Environmental Science, The University of Edinbur@ﬂadley Centre for Climate Prediction and Research

Future projections of tropospheric ozongffely on models of the dD+H20 reaction in the warmer, more humid, climate change
atmospheric chemistry and climate, driven by emissions scenariosscenario. Further results from this climate change simulation are
The IPCC 2001 assessment included a model inter-comparison foipresented here, to analyse trends and variability in components of
2000 and 2100, using time-slice experiments following the SRES the ozone budget.

A2 scenario (see Gaussal, 2003). This study did not consider Figure 82 shows the annually smoothed globgl iudget from
any effects of climate change on chemistry. Johesah (2001) 1990 to 2100. The §3 budget consists of stratospheric input (SI),

presented results from a coupled transient climate-chemistry in-situ net chemical production (NCP), surface dry deposition
integration of HadCM3-STOCHEM from 1990 to 2100, also (DD), and a residual term, representing the change in tropospheric
following the A2 scenario, in both climate and chemistry burden. The troposphere is taken to be everywhere modelled ozone
sub-models. By comparison with a control run with an unforced concentrations (monthly averages over the whole run) are less than
climate, a significant negative feedback of climate gn Was 150 ppbv. Modelled g is used to calculate the net change in

identified, mainly driven by increased ozone destruction through burden; DD and NCP fluxes are taken directly from the model. The
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Slterm is calculated as the residual of the other budget terms. Noteelationship between {burden and the Nifio-3 index (r=-0.49);
that NCP (+630 Tg (9 yr‘1 in the 1990s) is the residual of large see the accompanying article (Doherty and Stevenson, 2003) for
production and destruction terms, each around 4000 Jay(@. further discussion. Sources of variability are probably
Also note that the projected growth in thgy®@urden (from 253 underestimated in these runs: e.g., natural emissions from
Tg in the 1990s to 316 Tg in the 2090s) averages less than 1 Tg lightning and vegetation remain fixed. A new model version
(O9) yr‘l, so reflects a very small (but significant) imbalance in the (Sandersoet al, 2003) now generates natural emissions linked to
overall budget. climate model variables, such as convective cloud height and
The most obvious feature of Figure 82 is the growth in NCP and photosynthetically available radiation, which will introduce
DD: both show increases of ~450 Tg;lcyr'l between the 1990s  additional ozone variability.
and 2090s. This growth is driven by increases in ozone precursor
emissions in the A2 scenario. The Sl term remains approximately i
Collins, W. J., R. G. Derwent, B. Garnier, C. E. Johnson, M. G. Sanderson

constant, at ~440 Tg ¢pyr L. The constancy of Sl is at odds with and D. S. Stevenson, The effect of stratosphere-troposphere exchange on
subsequent experiments using a version of HadAM4 with higher e future tropospheric ozone trend, J. Geophys. Res., 108 (D12), doi:
vertical resolution (Collingt al, 2003), where climate change 10.1029/2002JD002617, 2003.

significantly increased Sl. Other studies with the 19-level Doherty, R., and D. Stevenson, ENSO direct and indirect effects on
HadAM3 model using an Eulerian chemistry formulation (Zeng tropospheric ozone over the Indonesian region, UGAMP Newsletter (this

L . . . issue), 2003.
and Pyle,. 2003) also mdlcate Irfcreased S! with climate change. AGauss, M., et al., Radiative forcing in the 21st century due to ozone
UGAMP inter-comparison of this model with

changes in the troposphere and the lower stratosphere, J. Geophys. Res.,
HadAM3-STOCHEM (which uses a Lagrangian approach) is 108 (D9), doi: 10.1029/2002JD002624, 2003.

underway, in an attempt to understand these and other differencesohnson, C. E., D. S. Stevenson, W. J. Collins, and R. G. Derwent, Role of
The variability of the change ingburden is less than the climate feedback on methane and ozone studied with a coupled
variability in all of the other budget terms, indicating that there is ©Sean-Atmosphere-Chemistry model, Geophys. Res. Lett. 28, 1723-1726,
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NCP and Sl is inversely related (r=-0.67), whilst NCP and DD are d0i:10.1029/2003GL017642, 2003.

directly related (r=0.63). These correlations make physical sense:2€n9 G-, and J. A. Pyle, Changes in tropospheric ozone between 2000 and
2100 modelled in a chemistry-climate model, Geophys. Res. Lett. 30(7),

a!q increase in str.atosphenc input leads tg .m@rde@tructlo.n; 1392, doi:10.1029/2002GLO16708, 2003,
higher G; production leads to more deposition. We also find a

Global Modelling of Methyl Bromide

N.J. Warwick!, D.E. Shallcrosé & J.A. Pylet
1 Centre for Atmospheric Science, University of Cambridﬁechool of Chemistry, University of Bristol

Methyl bromide is the most abundant species containing bromine In this study, the ‘missing’ source identified by Lee-Tagbal
in the free troposphere and is one of the largest carriers of broming(1998) was replaced by a double strength biomass burning source
atoms to the lower stratosphere (Schauffteal, 1993; Kourtidis and a combination of vegetation sources which were grouped into
et al, 1998; Ciceronet al, 1988; Dvortsowet al, 1999). The six model scenarios (see Table). These prescribed emission
catalytic destruction of stratospheric ozone which ensues has led to ) . o .
an international agreement under the Montreal Protocol of 1995 to:;bils‘:;f;z::_i?lﬁrt:ir:: g:::i;:::f:;";:z:;:’: 'ﬂ_ann:hcars and
reduce anthropogenic methyl bromide emissions by restricting ~ fumigation, plus different combinations of vegetation and biomass

. . burning emissions with a prescribed seasonal variation.
future sales and consumption of §B4. To successfully verify 9 P

reductions in anthropogenic emissions, the surface fluxes and Global
environmental interactions of methyl bromide need to be fully Scenario | Description fg;iﬁr‘;"s
understood. At present, mid-range estimates of known sinks
exceed known sources by approximately 45 Gg/yr (WMO, 2002). LBNV Low Biomass Burning, No Vegetation 66
This difference in source and sink magnitudes is inconsistent with | ggy Low Biomass Burning, Global Vegetation | 141
the observed small growth rates of atmospherigBZHAN o ) )

. . . . . . HBNV High Biomass Burning, No Vegetation 86
additional terrestrial source is therefore required to bring simulated
values in line with atmospheric measurements. A modelling study HBY40 High Biomass Burning, Vegetation 131
by Lee-Taylort al. (1998) derived an apparent terrestrial missing 0°N-40%5
source of 89-104 Gg/yr by comparing simulated;BH HBV60 High Biomass Burning, 60°N-60°S 150
distributions to atmospheric observations. It was estimated that 5, High Biomass burning, Global 161
50-70% of this ‘missing’ source is located in the Southern Vegetation

Hemisphere and is likely biased towards tropical regions.



scenarios were incorporated into a version of the global ] ]

chemistry-transport model (TOMCAT) including a simple = ] | — e =y
chemistry scheme with methyl bromide tracers (coloured by st oy ,
source) and 10-day mean prescribed OH fields taken from the full R - Eu:-.:E_:-.:i‘:.:....'.:..: g ._‘ "M
chemistry version of TOMCAT. The sinks of atmospheric methyl B 12 - o }r-l e
bromide in the model include reaction with OH, photolysis (values & . | . A 4 __f(, 1 L
taken from Cambridge 2D model), and loss to the ocean and soils = ! |_| {_r -I_—L; !—L_.i,- —= 1 ' £
(prescribed deposition velocities). The lifetime of atmospheric i _ . f"l =1
CHzBr in the model with respect to each of these processes is & e | = 1 8
described in the Table. The model was run for a spin-up period of 4 . - - i : ; d
7 years using perpetual ECMWF meteorological analyses for the B0 40 -0 i = ]
year 1998. The results presented here are the last year of this model H.
integration. obsorved latitucinal methy! bromide distibuton obtained from
yl bromide distribution obtaine rom
Both the inclusion of a vegetation source, and increasing the BLAST 94 cruise data (Lobert et al., 1995).
emissions from biomass burning substantially improved the
agreement between model simulations and measurements relative 14 ! - e 14
to the control scenario (see Figures). A comparison of observed I i'____ﬂ-—“'ﬁ““-., B F
and modelled methyl bromide seasonal cycles in high northern > 12‘_1-‘,__--’:'f b \ 3 12
latitudes indicated that vegetation in this region is unlikely to be a E’ 1I:IJ e " g 0 " ""_ 10
large CHBr source. Results from this study suggest that the ] 1 B __F
‘missing’ source is most likely to consist of increased emissions g 8] e __E
from biomass burning and a strong vegetation source in the tropics ,5_]_ S — i
and mid-latitudes (i.e. as scenario HBV40, but with increased ,_ —
vegetation emissions in northern low latitudes). The existence of a iy - BT ] | -
large CHBr source from vegetation and various terrestrial B R
ecosystems is supported by a variety of measurements which hionth
suggest peatlands, wetlands, salt marshes, shrublands, forests, and
some cultivated crops are all sources o§Bbi (Ganet al, 1998; ”j_l —_— L
Varneret al, 1999; Lee-Taylor and Holland, 2000; Rhetral., o, - & " =
2000, 2001; Dimmeet al, 2001; Youkouchét al, 2002). -’é —_
Observations of Youkouclet al (2002) suggest that the ! 8 . 2 J v T 4
vegetation source may be concentrated in the tropics. However, = . 3
measurements that are currently available are insufficient to g s I o
distinguish between the relative likelihoods of the model scenarios ] - s
containing additional tropical vegetation sources and increased 4 —— ___' i AP

biomass burning emissions. Model simulations indicate that future ._,:
CH3Br measurements performed in continental mid-to-high
latitudes, central-southern Africa and South America would be of
particular benefit in constraining the sources of methyl bromide

1 1T 1T 1T 1T 1 |
TR hM MRS ORD
Monbh

Figure 84. A comparison of modelled monthly means with
CH3Br measurement data from Cicerone et al. (1988) and
Wingenter et al. (1998). (top) Point Barrow (157°W, 71°N)
(bottom) New Zealand Coast (37°S to 47°S)

Radiative Forcing by Sulphur Hexafluoride
Wenyi Zhong and Joanna Haigh, Imperial College London, UK

SFsis widely used in electrical transmission and distribution, and potential additional contribution of the newly-measured spectral
many other industries. It has a long lifetime (3200 years) and couldbands in the 590-640¢hand 900-1800chh regions to Sk
significantly contribute to the enhanced greenhouse effect owing radiative forcing.
to its strong absorption in the mid-infrared region. This has been The spectral measurements used in this work include SF6
recognized by the Kyoto Protocol in whichg3Rlong with CGQ, cross-sections in the HITRAN-2K database (Rothetat, 2003)
CHy, N,O, HFCs, PFCs) has been targeted for a reduction in and new measurements ofg3Fansmission spectra recorded by
emissions. Recent measurements have provided datgson SF Lacome and Boudon (personal communications, 2003). The
absorption bands over a much wider spectral region than that ~ former covers nine temperatures from 180K-295K but onlyfor
(925-955cn) represented in the standard HITRAN-2K spectral  band centre (925-955¢H with spectral resolution of 0.1-0.3
line database. In this note we present preliminary estimates of thecmil; the latter covers a wider spectral range (590-64band



900-1800crit) with much higher spectral in terms of the
resolutions (~0.002ci) but only recorded for one or two
temperatures. Figure 85 shows the comparison between
HITRAN-2K SFg cross-sections and Lacome's measurements. It
can be seen that in the spectral region of 935-955cacome’s
spectra measured for lower gkmounts (red and blue curves)
agree with HITRAN-2K data (black and purple curves).
Unfortunately, the Lacome's measurements for highgr SF
amounts (light green curve) are saturated irvtirnd wings and
thev, + vgband. In order to obtain an approximate estimate of the
radiative forcing contributed by these regions we assume the
cross-sections of the saturated records as (Ih%((lﬁr?/molec)
according to the values of the cross-sections in their adjacent
regions.

GENLNZ2 line-by-line model (version 4.0, Edwards 1995),
HITRAN-2K line parameters and CKD2.2 water vapour
continuum (Clouglet al, 1995) are used for the calculations. A
global mean atmospheric profile (Forster, personal
communication) is employed which has 19 layers and the
tropopause defined at 105mb. The concentration ofi€O
356ppmv and that of $from O to 1 ppbv. Overlap of gkith the
three major greenhouse gases (water vapous,aD@ Q) is

Table 3: Radiative Forcing of SFg Bands

Figure 85. SFg  absorption  cross-sections:
HITRAN-2K 295K  (solid line, black);
HITRAN-2K 180K (dotted line, purple); Lacome
297K (dash-dotted, red); Lacome 207K
(dash-dotted, light blue); Lacome 296K (solid,
light green).

considered. HITRAN-2K SHR cross-sections and Lacome's
measurements are included in the respective calculations and the
results compared.

Table 1 gives the results of radiative forcing calculated for five
spectral regions. Comparison between the radiative forcings due to
HITRAN-2K (H2K in the table) and Lacome's data in the
935-955cn region is also given. The difference may be caused
by two factors: (1) Lacome's data are only for two temperatures
(297K and 207K) but HITRAN-2K have 9 temperatures so
represent more accurate temperature dependence in the
calculation; (2) Lacome's data are of much higher spectral
resolution than HITRAN-2K therefore the calculated radiative
forcing may be more accurate in terms of the spectral integration.

From our calculations and comparison it can be concluded that
omitting v3 band wings ang, + vg band (e.g. HITRAN-2K) may
result in about 10% underestimation of SF6 radiative forcing. We
are expecting new measurements for these regions from Lacome in
the near future and the uncertainty in SF6 radiative forcing caused
by the saturated records will be reduced. We will use these results
to construct accurate band models to estimate the radiative forcing
of the SF6 emissions from North Sea oil fields.

Spectral Band V3 V3 V3 V3 wings V) Vg Vy
Region (cm?) 925 - 955 935 - 955 935 - 955 900 — 925 + 955 - 965 965 - 1030 590 - 646
Data source H2K H2K Lacome Lacome Lacome Lacome
Forcing (Wm-2) 0.50 0.42 0.39 ~0.03 ~0.03 0.01

AcknowledgementNelly Lacome (Universite Paris, France) and
Vincent Boudon (Laboratoire de Physique de I'Universite de
Bourgogne, France). This work was funded by the EC AEOLOS
project.
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Climate Dynamics

Downward influence of stratospheric signals

Maarten Ambaum & John Methven, Department of Meteorology, University of Reading

Recent work by Charlton and others at the University of Reading non-linear events under consideration the downward propagation
has highlighted the possibility of extended predictability using is associated with an advective timescale on which the anomalous
stratospheric vortex anomalies as a precursor to certain winds may modify the local vortex sufficiently. A
tropospheric anomalies. This extended predictability appears to back-of-the-envelope calculation shows that this mechanism has
have the form of patterns (essentially manifestations of a local  the correct time-scale.
zonal index) propagating downward through the stratosphere on a Figure 86 shows Lagrangian measures of anomalous vortex
time-scale of about two weeks. The present work points out the strength (left panel) and non-linear wave activity (right panel) for
limitations of more traditional ideas on the mechanisms for such a a particular stratospheric warming event in the ERA40 data set.
downward propagation and suggests that we should be interpretingdver time the wave activity maximum (blue/green colours) is seen
these propagating signals as non-linear wavepackets. Here we to move downward, leaving a weak jet anomaly (blue colours)
provide observational and theoretical evidence for this picture.

Traditionally it was thought that upward propagating Rossby
waves “deposit momentum” when they break at a critical line just
below the stratospheric jet maximum and thereby lower the jet
maximum. However, this could only propagate strong jet
anomalies downward; weak jet anomalies would propagate
upward in this picture. Furthermore, observations show that in fact
mainly weak jet anomalies, associated with stratospheric -
warmings, propagate downward. For such highly non-linear =
events — the break up of the whole vortex — the ideas of critical
lines appear not very applicable anyway.

We propose the downward propagation of non-linear Rossby
wave packets as a possible mechanism: after the barotropic breal
up of the vortex the associated PV anomalies would induce T e U T L
anomalous winds at lower levels. These can perturb the vortex P T
there. For a linear perturbation this is the Charney-Drazin Figure 86.
mechanism of vertical Rossby wave propagation. However, for the
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Figure 88. The mean meridional streamfunction in the troposphere. The Figure 89. The mean meridional streamfunction in the stratosphere.

upper plot shows the isentropic view while the lower plot shows the The upper plot shows the isentropic view while the lower plot shows

pressure level view. Units Kg/s. the pressure level view. Units Kg/s.
behind. This demonstrates how the eventual dissipation of of wave activity (the wave-2 amplitude of the vortex at a particular
non-linear wave packets lead to permanent changes to the vortexievel) will propagate downward with the group speed. The linear
strength. wave-like perturbations move down much quicker than the wave-2

The Figure 87 shows results from an idealized contour dynamicsamplitude maximum; the latter can only increase with substantial
simulation of the polar vortex. It is seen how a non-linear measure deformation of the vortex.

The mean meridional circulation as seen in ERA-40
Paul Berrisford, CGAM, University of Reading, Brian J. Hoskins. University of Reading

The mean meridional mass streamfunction is a description of the Figure 88 and Figure 89 show the streamfunction, computed
meridional mass transport. Given that the latter can depend on from the analysed meridional motion, in both the pressure and
many dynamical and physical processes, such as the strength of thisentropic frameworks. Figure 88 emphasizes The Hadley
tropical heating and the activity in the mid-latitude storm tracks, it Circulation in the troposphere, while Figure 89 emphasizes The
can usefully be used as one representation of the global climate. Brewer-Dobson Circulation in the stratosphere. In both figures it
Here, we investigate the meridional circulation by using analyses can be clearly seen that the two viewpoints give a markedly

and forecasts from the ECMWF 45 year re-analysis dataset different picture. The isentropic viewpoints show direct
(ERA-40). To date, we have analysed one month, January 1958, circulations that extend from the tropics to the northern polar
but the work is on-going. region. The pressure level viewpoints limit these direct

Using methodologies from Juckesal.(1994) and Boer (1982) circulations to about 30N in the troposphere and 45N in the
the problem is formulated in both the traditional pressure stratosphere and further north you can see reverse (indirect)
co-ordinate framework and also the more novel isentropic circulations. Given that the isentropic framework captures
framework. In both cases we are able to derive the mean Lagrangian motion much better than the pressure level framework
meridional streamfunction from both the vertical and meridional (see for example, Karolgt al. (1997)), it is thought that the
motion. isentropic picture is the more physically meaningful summary of

the circulation.



gecpotential pbl: ssi-so (JAN] S(-210m 1o S0m, ci=90m)} geopotantiol pbl: mod=sa (JAN]  J{=120m 1o 150m, ci=30m)

Figure 90. Geopotential differences for: “sst-sa” (a: left) and “mod-sa” (b: right); the contour interval (m)
is specified for each figure; on abscissa there is the longitude, on ordinate the latitude.

A good test of self-consistency of the data is to use the to the range of the forecast. This indicates that from ECMWF data
streamfunction above, as computed from the meridional motion, tothere is currently significant uncertainty in the quantification of the
compute the vertical motion, and then compare that with the given Brewer-Dobson Circulation.
vertical motion. Apart from some noise near the bottom boundary, Clearly, in order to make the results more robust, this work
which is thought to be due to inadequate vertical resolution used inshould be applied to the entire 45 year period of the ERA-40
the computation of the streamfunction, such a test works well in dataset. We are currently engaged in doing that. This will also
pressure co-ordinates where both vertical and meridional motion enable us to study the temporal variability of the tropospheric
are available from the analyses. Unfortunately, it is not possible to mean meridional circulation. In the stratosphere the dependence of
make such a meaningful comparison in isentropic co-ordinates the computed Brewer-Dobson circulation on the data available to
because the vertical motion, or heating, is produced by the forecasthe analysis system will be assessed.

model and not the analyses. Acknowledgement$Ve would like to thank the ECMWF and the
We have also computed the Brewer-Dobson Circulation from the gapc for enabling us to use the ERA-40 dataset. In particular, we
meridional motion from various forecast steps, as well as from the hank the ERA team and Adrian Simmons for their help.

analysed motion which was used for Figure 89. In the tropical

lower stratosphere, in particular, the exact form of The References

Brewer-Dobson Circulation is sensitive to whether analysed or Boer, 1997: Similarities of the Deacon cell in the Southern Ocean and
. . . .. Ferrel cells in the atmosphere.Q. J. R. Meteorol. Soc., 123, 519-526.

forecast data is used. The circulation even appears to be sensitive

Ocean feedback on wave propagation during post-volcanic eruption winters
M. Caian, J.D. Haigh, Imperial College, London

A modulation of stationary waves by interaction with transient  system which is forced diabatically at the tropopause and its
waves has been suggested (Kodera, 1994; Graf, 1995) to be feedbacks through the response induced in the climate system.
responsible for the distribution of tropospheric temperature The role of the ocean is analysed by comparing the results of a
perturbations in winters following large volcanic eruptions. This simulation incorporating an interactive atmosphere-ocean (“sa”)
distribution consists of a surface warming over Northern with one in which the sea surface temperatures were specified
Hemisphere (NH) continents. Although the average post-eruption from climatology (“sst”). Two parallel 90 day (DJF) integrations
response, a global tropospheric cooling and stratospheric were performed for these configurations, starting from same initial
warming, was shown to be directly due to a radiative response, theconditions and both forced in a same way by intrusion of observed
surface and boundary layer heating was shown to be a dynamicalSato, 1993) stratospheric aerosol. Continental warming in
response to the increased temperature gradient in the lower post-eruption winters is favoured by a strong polar vortex -
stratosphere. positive AO anomaly (AO+). We show that in the system

In a similar experiment using the UK Met. Office Unified Model diabatically forced by the aerosol the ocean role is very important
(UM) we found that transience can be an important source of in guiding the system between this state and the opposite (weak
triggering the difference during such an event between the polar vortex - negative AO anomaly: AO-). An increase in the
responses of a coupled atmosphere-ocean and an uncoupled  horizontal gradient of surface temperature at baroclinic latitudes
system. This study aims to analyse the direct role of the ocean in acan induce a transient change in the preferential regime (from the
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Figure 91. Time evolution, December 1991-February 1992, of Fp (the vertical component of Eliassen-Palm Flux, as defined by Edmon et.al., 1980)
averaged over 41-71°N for simulations: a) with stratospheric aerosol and interactive sea surface temperatures, b): without aerosol but with interactive SSTs
and c) with aerosol but with specified (climatological) SSTs. Above 300hPa the flux component has been magnified by a factor 1.8 to enhance features.
The lower row shows the time evolution of the tropopause pressure for each simulation, respectively.

AO+ to AO- in our diabatic forcing case, Figure 90a) that each feedback until reaching the equilibrium of the equivalent gain
amplifies leading to a stratospheric warming. function.
The atmosphere-ocean feedback was analysed in a further AcknowledgementsThis work was funded by the NERC
experiment (“mod”) in which the longwave radiative contribution ygamP programme.
of clouds to surface heating was not allowed over the ocean: clear
sky fluxes were used instead, without removing the clouds from References
the system. The cloud-surface interaction acts through (at least) Graf. H-F-etal Clim Dyn, 9, 81-93, 1993, *Pinatubo eruption winter
two feedbacks on ocean heat transport: a positive feedback relate limate effects: model versus observations”

. . odera, K., JGR, 99, 1273-1282, 1994, “Influence of volcanic eruptions on
to gradients in surface temperature, and another feedback due 0y yroposphere through stratospheric dynamical process in the Northern

eddy heat transport. The cloud-SST feedback is shown to be hemisphere winter”
negative in the transient response to the aerosol as a negative SSSato, M., JGR, 98, 22987-22994, 1993, “Stratospheric optical depths,
anomaly leads to increased wave amplification and an AO- 1850-1990” _
anomaly in the coupled system forced by the aerosol (Figure 90b), Va9, Cetal, GRL, 28, 1635-1638, year "The tropical western
. . . hemisphere warm pool”
The system evolves according with the time scale and strength of

Eddy activity in the presence of stratospheric aerosol
M. Caian J.D. Haigh, Imperial College, London

We have investigated the dynamical changes in the stratospherea tropospheric cooling and a stratospheric warming about the
the troposphere and the interaction between them, induced by a tropopause (Figure 91). In a more general context we show that
dipolar diabatic forcing at the tropopause. The atmospheric second order variations of the static stability at the tropopause play
response to this forcing, similar to that acting in the case of strongan important role in triggering a dynamical instability and leading
volcanic eruptions, was studied through numerical simulations  to wave amplification in quasi-stationary conditions of non-zero

using both the UK Met Office Unified Model, in coupled circulation at the tropopause. The dipolar thermal anomaly is
atmosphere-ocean format, and a linear primitive equation model. important in sharpening variations of the vertical gradient of
The dynamical features of the stratosphere-troposphere potential temperature at the tropopause, which intensifies the

interaction are correlated with regions of production/destruction of residual circulation and relaxes the control of the basic state on the
potential energy available for conversion through eddy heat fluxes. propagation of longer waves. Considering a mechanism for the

We show that a significant increase of eddy poleward heat flux canwave propagation we show that the presence of the stratospheric
result as a consequence of the system being diabatically forced byaerosol induces at global scale valid conditions for enhanced wave



transmission about the tropopause layer. The dominance of the Acknowledgement¥$his work was funded by the NERC UGAMP
baroclinic component in the exchange at the tropopause is shownprogramme.

to be important in triggering the initiation of the mechanism,
allowing wave guidance towards higher latitudes and the
amplification of longer-wavelength transient waves. The zonally
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The September 2002 Southern Hemisphere Sudden Warming Event

Lesley Gray, Warwick Norton, CGAM, Reading University, U.K.
Charlotte Pascoe, Rutherford Appleton Laboratory, Chilton, U.K.
Andrew Charlton, Meteorology Department, Reading University, U.K.

In September 2002 the atmosphere gave us yet another of it's
surprises — just to remind us that this natural world of ours is
incredibly complicated and chaotic. Normally, the Southern
Hemisphere (SH) vortex is relatively undisturbed and the air inside
it, where most of the chlorine activation and ozone depletion
occurs, is relatively isolated until the vortex breaks down in late
winter / spring (October / November). However, throughout the
whole of 2002 the SH winter stratosphere was more disturbed by
planetary wave activity than usual and this culminated in a sudden
warming event in mid-September in which the vortex elongated
and split, as shown in Figure 92. This is generally known as a
wave-2 warming because of the presence of the two lobes. This
type of behaviour is common in the Northern Hemisphere (NH)
but has not been observed in the SH before, at least not since
observations of the upper stratosphere became routinely available.

The 2002 SH warming event was unexpected for two reasons.
Firstly, planetary wave activity in the Southern Hemisphere is
usually very weak. Secondly, the warming occurred in a
west-phase of the quasi biennial oscillation (QBO) in the lower
stratosphere. This is unexpected because warmings are usually ) o ) N

Figure 92. Distribution of potential vorticity on the 850 K surface on
considered to be more likely in the east-phase of the QBO, whena  september 25 2002 showing the dramatic splitting of the vortex.
zero wind line is present in the winter subtropics and hence
confines planetary wave propagation to higher latitudes closer to
the polar vortex. At first, this evidence suggests that the sudden
warming must be simply a result of anomalously strong planetary
wave forcing from the troposphere. However, recent model studies
have suggested that the mid-winter polar vortex may also be
sensitive to the equatorial winds in the upper stratosphere, the
region dominated by the semi annual oscillation. Examination of
the time-series of equatorial zonal winds from two different data
sources, the ECMWF 40-year reanalyses (ERA) and the UK Met
Office assimilated dataset, show that the equatorial winds in the

upper stratosphere above 10 hPa were anomalously easterly in _ .
PP P y y seems likely, therefore, that the warming was a result of a

2002. S
. . . __combination of unusually large planetary wave fluxes from the
Using an idealised model of the stratosphere / mesosphere region . .
. L _troposphere together with unusually strong easterlies in the upper
of the atmosphere we have examined the possible influence of this

. . equatorial stratosphere. The question of why the tropospheric
easterly anomaly. The modelled equatorial winds were relaxed q P q Y posp

. ) . wave forcing was unusually strong and the equatorial winds
towards observations for various years to examine whether the .
o i . unusually easterly remains open.
anomalous easterlies in 2002 could influence the timing of a

warming event. We find that the 2002 equatorial winds speed up
the evolution of a warming event in the model. This suggests that
the anomalous easterlies in the region 1-10 hPa may have been a
contributory factor in the development of the observed SH
warming. However, we also conclude that the anomalous
equatorial winds on their own cannot explain the 2002 warming
event. Relaxing the model's equatorial winds towards the 1999
observations also speeds up the evolution of the modelled
warmings, but that winter did not display a warming event. It



Low-Frequency Midlatitude Variability in a Quasi-Geostrophic Coupled Model

Andrew McC. Hogg (A.Hogg@soc.soton.ac.likvilliam K. Dewar, Peter D. Killworth, Jeffrey R. Blundelf,
13ames Rennell Division, Southampton Oceanography Centi@epartment of Oceanography, Florida State University

As a complement to numerous coupled GCM studies, in which (a1 Case AL CEOF 1 {46 %)
ocean variability is inaccurately computed, an idealised coupled
climate study is presented that highlights ocean dynamics. The
simulated ocean uses high spatial resolution with low viscosity,
and produces low-frequency variability due nonlinear processes
(see, for example, Berloff and McWilliams, 1999 for a
demonstration of low-frequency variability in idealised ocean
models). Variations in ocean circulation leads to oscillations in
heat transport, and hence the climate of the coupled model.

We use a high resolution coupled process model called Q-GCM
(Hogget al, 2003), which employs nonlinear quasi-geostrophic
(QG) dynamics to efficiently solve for flow in an ocean basin
coupled to a QG midlatitude atmosphere. Q-GCM is forced only
by meridional variations in incoming radiation and produces a
realistic simulation of the midlatitude climate. The atmospheric
circulation is dominated by a baroclinically unstable westerly
storm track, and forces a double gyre circulation in a rectangular
ocean. Mesoscale variability in the ocean is well represented, and
ocean eddies, as well as Rossby waves, can be identified. [ e M) HiNN) A0ad 3000

The ocean used in this study is a large (3840 x 5000 km) A (s
three-layer box ocean, in which viscous dissipation is minimised
by using biharmonic viscosity with a small coefficienty(A 1 x (c) Spectra Hilben EOF 1
1010 nf/s). The ocean is driven only by wind, and has no
overturning component. The wind stress forces a double gyre
ocean circulation upon which a strong ocean eddy field is
superimposed. The eddy field acts to increase variability on short 5T
(monthly) scales, as well as on longer (decadal scales).

Figure 93 shows the mean transport streamfunction (black
contours) for two different cases: (a) case A is the default case and
(b) case B with the viscosity coefficient doubled, which acts to
damp eddy activity. Both cases have similar circulation over much
of the basin, but case A has a stronger jet separating from the
Western boundary of the ocean, and also larger nonlinear inertial
gyres close to the region of Western boundary current separation.
For each case we show two panels. These panels are the real (left Figure 93. (a) Mean transport streamfunction (black contours) for
and imaginary (right) components of the first mode from a Hilbert case A, which real (top) and imaginary (middle) components of the
EOF analysis of the transport streamfunction, along with the frst Hilbert =OF, mt?hghia%?{gs;ng)gzgr;tg ts)lrvc‘a‘;saem; %psr%zsc?g%
percentage of total variance represented by the mode (see von the timeseries associated with the first Hilbert EOF of cases A and B.
Storch and Zwiers, 1999, for the definition of the Hilbert EOF).
Model data has been filtered with a 2 year FFT filter before
applying the EOF analysis. In both cases shown here, the first
statistical mode has a tripole in one phase of the oscillation, and
dipole in the other phase. The spatial extent of the modes is a o ' N R ) o
function of the jet strength, so that in case A (where eddy activity mllssmg. climate variability WhICh |s.produ.ced by instability in the
. . - . wind driven gyres of the oceanic circulation.
is stronger) the spatial pattern of the statistical mode is larger, and
it therefore represents a greater proportion of the variance. References
Importantly, the spectra (Figure 93c) of the first mode shows a  P. S. Berloff & J. C. McWilliams (1999), Large-scale, low-frequency

peak in the interdecadal range which is largest when eddy activity variability in wind-driven ocean
is strongest. gyres, J. Phys. Ocean., 29, 1925-1949.

. . . A. McC. Hogg, W. K. Dewar, P. D. Killworth & J. R. Blundell, (2003). A
Experiments with Q-GCM over a wide range of parameters have
P Q g P Quasi-Geostrophic Coupled Model (Q-GCM). Mon. Weather Rev., 131,

shown that the intrinsic ocean variability shown in Figure 93is 5561 5575
found over a wide parameter range. In addition, diagnostics from H_ von Storch & F. W. Zwiers (1999), Statistical analysis in climate
research, Cambridge University Press.
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coupled, partially coupled and uncoupled simulations (not shown

here) demonstrates that this ocean generated variability can alter
athe variability of the whole coupled system. It follows that the low

resolution, viscous oceans used in most GCM studies may be



How many storm tracks are there?

I.N. James, Dept. of Meteorology, University of Reading,

U. Burkhardt, DLR-Institut fuer Physik der Atmosphaere, Oberpfaffenhofen, D-82234 Wessling, Germany

Introduction

Since the work of Blackmon (1967), the “term “stormtrack” has
referred to maxima of high frequency transient variance or
covariance located in the midlatitudes of both hemispheres. In the
northern hemisphere, the principal storm tracks are found above
the Atlantic and Pacific Oceans. The term “storm track” was
coined because the major axes of the elongated maxima of heigh
or wind variance were similar to the mean tracks followed by the

centres of individual cyclone systems. This somewhat subjective -

observation was confirmed by work such as Hodges (1997) who
used an automatic feature tracking algorithm.

The interpretation of these storm track observations was based ol
the pioneering work of Hoskins & Simmons (1978) on the life
cycles of idealised baroclinic waves. The variation of eddy
variances and covariances as cyclones grew, matured and decaye
followed closely the spatial variation of the same quantities along
each storm track. This work was consolidated by the
Eliassen-Palm diagnostic of Edmenal. (1980), suggesting that
the lifecycle could be understood in terms of the excitation,
propagation and ultimate dissipation of Rossby waves.

According to this view, each storm track may be thought of as a
“hyper-weather system”, the accumulation of many cyclone events
each going through its life cycle locally. Feedbacks between the
high frequency transients and the larger scale, lower frequency
flow help to maintain the storm track in its characteristic location
(see, for example, Hoskins et al. 1983). The implied corollary is
that each storm track is a more or less autonomous system,
interacting locally with the orography, land-sea distribution and
surface fluxes in its vicinity.

This paper sets out to examine critically this conceptual model,
making use of our improved ability to handle large four
dimensional datasets, to slice them in many different planes and t
examine their time evolution. A fuller account will be published
elsewhere.

Data
The work in this paper is based on the 40 year ECMWF

Re-analysis data (ERA 40). Fields of wind, temperature, pressure,

etc., were generated on a L T&itude longitude grid, at 17
variably spaced pressure levels. Data were recorded every 6 hour

This long dataset uses a consistent analysis-forecast assimilation

system which generates consistent dynamical fields, along with
reliable estimates of unobservable fields, such as that of vertical
velocity. The data have been filtered using various filter cut-offs,
in the manner of Blackmon and many others. The data discussed
in this paper have been filtered using a 2-6 day band pass filter,
based on a 31 point Lanczos filter.

Fields of variances and co-variances

(0]

S.

Figure 94. Hovmoeller plot of v’ at 30 kPa for 34°N to
66°N, December 1984 to February 1985.

of wind (“eddy kinetic energy”) and geopotential height are largest
near the tropopause and smaller in the lower troposphere.
However, the division into two storm tracks is most pronounced at
50 kPa and below. At tropopause levels, around 25 kPa, there is a
single maximum of eddy kinetic energy, with some variations with
longitude. The lowest values are found over Eurasia and the largest
over the western, ocean hemisphere.

Co-variances such as the poleward and upward temperature
fluxes, in contrast, are largest in the lower troposphere and over the
oceans. They are suppressed over North America and Eurasia. In
terms of the E-vector of Hoskimes al. (1983), it is as if there is a
single broad belt of large eddy activity in the Northern
Hemisphere, fed by two low level sources over the oceans.

Hovmoeller plot

The previous section was based on what have become standard
diagnostic techniques, in which the spatial structure of the average
seasonal mean structure was displayed. At the expense of reducing
the spatial detail, this section concentrates upon the time evolution
of the dynamical fields, examining how individual transient events
accumulate to form the time-mean “storm track”.

Figure 94 is a Hovmoeller plot, that is, a longitude-time plot, of
the high-pass filtered poleward component of wind at the 30 kPa
level, averaged over the mid-latitudes betwe€eiN3and 66N.

This plot is for a single winter season, from December 1984 to
February 1985. Zeroes in the field correspond to troughs and

Some interesting perspectives emerge when modern graphical ridges. The generally eastward procession of troughs and ridges is
algorithms are used to generate three dimensional views of the  clearly seen. Largest values of v’ are seen in mid-winter over the
distribution of mean high pass filtered variances and covariances.Atlantic, but are largest in late Autumn and early spring over the
These are not shown here in the interests of brevity. The variancesacific. Several points of interest can be seen. It is notable that the



total number of synoptic events contributing to the seasonal mea-
storm track is not large, generally less than 10. More germane tc
the theme of this paper is that individual disturbances may have |, g
their larger amplitudes in the storm track regions, but they can bt t
followed around large parts of the northern hemisphere, both '

before and after their involvement with the storm track. In B

{a)  [Impact af Sail Moisiure on 3-diy Procipitslon

particular, virtually without exception, every major disturbance in
the Atlantic storm track can be traced back to a precursor in the
Pacific storm track. ; ; TR B
{b) Impact of Soil Moisture on 3-dsy Evapormion
Re-ignition of active systems £ [R] “-.E"

Movies have been produced, showing the time evolution of the =&
filtered v’ fields in the mid-latitudes. A strong poleward '
temperature flux is associated with a westward tilt with height of |
the troughs and ridges in the systems (see for example James 19¢ |
p 122 et seq). The movies reveal relatively little variation of the |
amplitude of the v’ wave in the lower troposphere as disturbance: | .
move from the Pacific storm track to the Atlantic storm track. {e)
However, a marked increase in the phase tilt is seen as many
disturbances cross the Atlantic coast of North America. This phas
tilt is a precursor of the intensification of the upper level
disturbances in the Atlantic storm track.

This process of “re-ignition” of eddies, restarting the baroclinic
energy conversion processes and ultimately intensifying the uppe
level disturbances, appears to be a crucial element of the storm
track dynamics. It involves the interaction of finite amplitude

disturbances moving into the storm track region and the low level Figure 95. Land-atmosphere coupling strength in HadAM3 for (a)
precipitation and (b) evaporation. See Koster et al. (2002) for details
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temperature and potential vorticity fields. on coupling strength diagnostic. Small values indicate that soil
moisture has weak influence on variable, large values indicate
Conclusions strong soil moisture influence. (c) Soil moisture availability factor

i K averaged over June-August for HadAM3.
This study has shown that the “lifecycle” model of storm tracks

is an oversimplification. So too is the notion that each stormtrack

is a more or less autonomous system, interacting with its local

environment. Other authors have pointed out the importance of

finite amplitude disturbances at the start of the stormtracks (see, References

for example, Changt al.2002). As far as we are aware, this work Chang, E.K.M, S. Lee & K.L. Swanson (2002): Storm track dynamics.

is the first to demonstrate just how long lived some of the high ~ J°urnal of Climate 15 2163-83. ,

frequency transients appear to be. This result has important Edm.on’ HK., B.J. Hoskins & M.E. Mcmt.yre (1980): Eliassen-Paim cross
sections for the troposphere. J. Atm. Sci., 37, 2600-16 (see also

implications for predictability, and for the need to represent the ¢4 rigendum, ibid, 38, 1115).

global circulation adequately even for simulations of a single Hoskins, B.J., I.N. James & G. H. White (1983): The shape, propagation

storm track region. In terms of modelling storm tracks in global and mean-flow interaction of large scale weather systems. J. Atm. Sci. 40,

circulation models, this work suggests that it is as important to 1595-1612.

James, I.N. (1995): Introduction to circulating atmospheres. Cambridge

focus on the processes that suppress the low level transients ovef ~. "'
University Press, 422pp.

north America as on the processes which enhance them over the 5,00 A J. & B.J. Hoskins (1978): The life cycles of some baroclinic
oceans. waves. J. Atm. Sci. 35, 414-32.

Land-Atmosphere Coupling Strength in HadAMS3
David Lawrence, CGAM, Dept. of Meteorology, University of Reading

Land-atmosphere coupling strength, defined here as the extent t@wonditions? The answers to such questions are often model-
which a precipitation-induced soil moisture anomaly influences dependent, strongly reducing their significance. Part of the
the overlying atmosphere and thereby the evolution of weather andproblem is that every climate model has a unique inherent
the generation of precipitation, is not well quantified or understood land-atmosphere coupling strength. A recent pilot model
in climate models. However, climate models are often used to  intercomparison study by Kostet al. (2002) revealed that
address questions such as: Do and by how much do land-surfaceland-atmosphere coupling strength in HadAM3 was the lowest
state anomalies affect weather and / or seasonal forecast skill? oamong the four models tested, only negligibly larger than zero,
What are the feedbacks associated with drought or flood which effectively says that weather and precipitation are



Theary develapad by Betls and Ball [19%5] Batts f &l [19%6) Eltabar (1987 and Schér et gl (1%35)
supported by ocbeervabions from FFE, 1-d models, and regionsl cimate modiels.
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* lower Bowen ratio (SHILH) = shallewer and wetter beundary layer

« darker gall (o 1) and cooler surface temperstures — enhanced net suface radliation =
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« two factors combine to increase Moist Static Energy per unit mass of Boundary Layer air
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Figure 96. Schematic depicting theoretical indirect soil moisture-precipitation feedback mechanism.
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essentially uninfluenced by land surface soil moisture conditions. configuration designed to increase the dependence of evaporation
The original Kosteet al study is being repeated with a slightly on soil moisture (adjusting,;; andB; so that SMA is always < 1,

improved experimental design and with more participating reducing top layer soil depth from 10cm to 4cm, and increasing
climate-modelling groups (Global Land-Atmosphere Coupling  soil albedo dependence on level 1 soil moisture) does not
Experiment, GLACE). Land-atmosphere coupling strength demonstrably increase evaporation (or precipitation) coupling, a
remains low in HadAM3 despite interim improvements to the result that implies, but doesn’t prove, that errors and uncertainties
land-surface scheme in the intervening years (see Fig. 1). in soil moisture parameterizations are not generating the low

The reasons for the low land-atmosphere coupling strength are land-atmosphere coupling strength.
investigated in this study. The degree with which soil moisture Previous experience with the model suggests that precipitation
influences evaporation is a key component of overall frequency is considerably larger than in the real world (supported
land-atmosphere coupling (see Fig. 2 for schematic describing theby cursory analysis not shown here). Our current, but as yet not
theoretical land-atmosphere feedback mechanism). As seen in Figfully tested hypothesis, is that the overly frequent precipitation is

1, soil moisture conditions exert considerable influence over preventing the model from experiencing a realistic range of soll
evaporation (and consequently latent and sensible heat fluxes) inmoistures and thereby land-atmosphere coupling is being

arid regions but do not exert much influence in other regions. circumvented. For example, level 1 soil moisture never drops
When one compares the map showing the influence of soil below 60% of saturation in the SE United States. The reasons for

moisture on evaporation with a map of soil moisture availability the overly frequent precipitation are not presently understood.
(SMA, the degree to which plant transpiration is water stressed), it Ref

. . . . . eference

is clear that areas of low evaporation coupling are coincident with

h SMA is hiah and | 11 soil ) iability i Koster, R. D., P. A. Dirmeyer, A. N. Hahmann, R. ljpelaar, L. Tyahla, P.
areas where Is high and level 1 soil moisture variability Is Cox, and M. J. Suarez (2002). Comparing the degree of land-atmosphere

low (not shown). Rerunning the GLACE experiment with soil interaction in four atmospheric general circulation models. J. Hydromet.,
3, 363-375.



Large warming trends over the Antarctic Peninsula associated with blocked winds and changes
in zonal circulation

Andrew Ortt, Gareth Marshalf, Julian Hunt! and Doug Cresswell
Icentre for Polar Observation and Modelling, University College Long®Rritish Antarctic Survey

Introduction can be associated with the interaction of the stronger zonal winds

Observations from stations on the Antarctic Peninsula show thatand blocking over the (2km high) Antarctic Peninsula. The
over the past 50 years this region has experienced a warming tren@dvection of warm maritime air from the south eastern Pacific
in near-surface air temperatures significantly greater than the Ocean to the western Antarctic Peninsula increases with stronger
global mean (e.g. Vaughat al, 2001). However the Peninsula zonal winds. King (1994) showed that annual temperatures along
warming is far from uniform, being more pronounced on the the western coast are more highly correlated with meridional rather
western side (see Figure 97). Recently research has focused on thiaan zonal flow (in line with blocked air being directed southwards
trend towards the high-index polarity of the Southern Hemisphere through Coriolis forces), meaning enhanced warm air advection to
Annual Mode (SAM) (e.g. Thompson and Solomon, 2002), this region. Warm air is less likely to reach the surface of the
beginning in the mid-1960s, as a contributory factor to this eastern side of the Peninsula because of the tendency for the flow
enhanced warming trend. The SAM, the principal mode of to be low-Froude number and because of the presence of very
variability in the Southern Hemisphere, is essentially an annular stable air over the ice-covered western Weddell Sea.
structure with synchronous anomalies in pressure of opposite signs Critical to developing this theory was to understand how
above Antarctica and the mid-latitudes. The result of this recent mesoscale flows (i.e. on a horizontal scale 30-100km) respond to
trend in the SAM is a strengthening of the circumpolar being blocked by the Peninsula. Much of this originated from the
(predominately low-Froude number (F < 1)) westerly flow (see  idealised shallow-layer model of Hugital (2003) for stable
Figure 98) around Antarctica, as observed in northern Peninsula mesoscale atmospheric flows incident to a “cape” (which also
radiosonde data (Marshall, 2002). discusses the limitations of numerical weather/climate prediction

It is demonstrated here, using numerical mesoscale modelling ofmodels, frequently used in climate change research, in capturing
westerly flows over the Peninsula and laboratory simulations using (or parameterizing) these important mesoscale processes).
the Coriolis platform, Grenoble, France, that the warming trend
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Figure 97. Warming trends in °C per century complete with 95%
confidence intervals, the significance (if any) is given in parenthesis
and the period over which the trend is produced is also shown.
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Figure 98. Climatological mean surface wind around Antarctica. From
NCEP/NCAR data.

Laboratory simulation

The modelling of the interaction of westerly zonal winds with the
Antarctic Peninsula was conducted in a linearly rotating stratified
experiment using the Coriolis turntable (13m in diameter and fluid
depth of 60cm), Grenoble, France. The Antarctic Peninsula was
represented by a simple “cape” (see Figure 99) placed on the tank
bottom. Westerly and easterly flows over the cape of 1-10-¢ts
< F < 2) were driven by either impulsively increasing or decreasing
the turntable rotation rate (Cet al 2003).

Figure 99 shows horizontal streamline patterns of near-surface,
low-Froude number ¢F1/3), westerly flow relative to the cape
(Orretal 2003). The upstream circulation diverges when blocked
by the cape, with the flow towards the base of the cape
recirculating upwind and the flow towards the tip flowing around
the cape and forming a jet extending downstream and a circulation
cell in the lee of the cape.

The proportion of the flow recirculating upwind appeared to
depend on the mean flow speed, with more circulating at higher
upstream speeds (not shown). Also evident was upper-level flow
passing over the cape with little deflection (not shown).
High-Froude number flow (B 1) when blocked by the cape was
shown to travel over the obstacle and descend the other side (not
shown).

Numerical mesoscale modelling
The numerical model used in this study is the UK Met. Office
Unified Model version 4.5 (UM 4.5). The simulations use a nested
limited-area domain with horizontal resolution of 12km and 38
vertical levels centred over the Antarctic Peninsula. Use of a
rotated coordinate pole achieves uniform resolution. Lateral
boundary conditions are generated initially from the global model.



Figure 99. (left) Horizontal streamline photograph of near-surface, westerly, low-Froude number
flow (left to right) around a cape in the Southern Hemisphere.

Figure 100. (above) Atmospheric westerly flow over the Antarctic Peninsula at 06Z 23 Jan 2002.
Computed using UM 4.5 with a horizontal resolution of 12km. Shown are (a) 10m-wind speed
(ms™) vectors (every 8 gridpoints) and surface level pressure (mb), & (b) surface temperature (K).

Figure 100(a) shows the 10m-wind speed and surface pressure atmosphere-ice-ocean interaction, changes to the regional oceanic

(mb) over the Antarctic Peninsula for 23 January 2003 06Z circulation, and other changes to the atmospheric circulation.
computed using UM 4.5. The flow is a well defined and relatively  Observational evidence for the circulation change and the
strong westerly flow (velocity approximately 10thsiving resulting warming is strong. Marshatlal (2002) showed that

F=1/2). Evident is upstream flow divergence as the flow is blocked above Faraday station the upper-air temperature trend was

by the cape, with some recirculating upwind and some flowing  approximately half that recorded at the surface and not statistically
around the cape and forming a jet extending downstream. Figure dissimilar to that observed globally. (If a contribution to the

100(b) shows the surface temperature at 10m, illustrating that  near-surface warming trend is a blocking mechanism, then it
relatively warm northerly air at near surface level is being follows that the enhanced warming is found at the near-surface and
transported to the Peninsula. At upper-levels the flow passes ovemot at upper levels.) The temperature records analysed by Vaughan
the cape with little deflection (not shown). The blocking in Figure et al (2001) show a warming trend which increases further south
100(a) and Figure 99 is broadly similar, with some differences  along the Peninsula — consistent with the laboratory evidence for
perhaps explained by the different Froude numbers involved. increasing upwind recirculation as the upstream velocity
strengthens. At Bellingshausen station the meridional component
of the 850hPa wind is predominately northerly, while the 500hPa
component is predominately southerly (Marshall 2002).

Discussion

The laboratory and numerical simulations show that
near-surface, low-Froude number, westerly flow diverges when
blocked by the Antarctic Peninsula, with some recirculating
upwind and some flowing around the cape and forming a jet
extending downstream and a circulation cell in the lee of the cape.
The simulations showed that upper-level flow is relatively References
undeflected by the obstacle and that high Froude number flow  yynt, 5. c. R, O, A., Cresswell, D. and Owinoh, A., “Coriolis effects in
when blocked by the Peninsula can travel over the obstacle and mesoscale shallow layer flows”, Proceedings of the International
descend the other side. (Certainly the sensitivity of the blocking Symposium on Shallow Flows, Delft, 16-18 June, 117--124, 2003.
mechanism to the Froude number requires further investigation.) King, J. C., “Recent climate variability in the vicinity of the Antarctic
However, this behaviour does provide a possible mechanism to P.eninsma"’ Int. 3. Clim., 14, 357_369’ 1994. ) )

) ] . King, J. C. and Harangozo, S. A., “Climate change in the western Antarctic
link the trend for stronger westerlies with the enhanced Peninsula since 1945”, Ann. Glacol. 27, 571-575, 1998.
near-surface warming over the Antarctic Peninsula, particularly ~ Marshall, G. J., “Analysis of recent circulation and thermal advection in the
over the western side where winds are blocked at near-surface northern Antarctic Peninsula”, Int. J. Clim., 22, 1557-1567, 2002.
level, giving rise to more northerlies and greater transport of Marshal, G. J., Lagun, V. and Lachlan-Cope, T. A., “Changes in Antarctic
relatively warm air into this region. The increase in the strength of Peninsula tropospheric temperatures from 1956 to 1999: A synthesis of

h i | kes th bability of hiah-Froud b observations and reanalysis data”, J. Climate, 22, 291-310, 2002.
the westerlies also makes the probability of high-Froude number Orr, A., Cresswell, D., Hunt, J. C. R., Owinoh, A. Z. and Sommeria, J.,

flow more likely, meaning the possibility of greater amounts of  «Rrotating stratified flow over rough orography”, Report on experiment
warm westerly air at both near-surface and upper-levels being  using the Coriolis turntable, Grenoble, France, 2003.

transported over the Peninsula to the eastern side and influencingrhompson, D. W. J. and Solomon, S., “Interpretation of recent Southern
the near-surface warming trend over the region. hemisphere climate change”, Science, 296, 895-899, 2002.

. Vaughan, D. G., Marshall, G. J., Connolley, W., M., King, J., C. and
It shoul noted that other factors, which are often closel . . . .
should be noted that other factors, ch are often closely Mulvaney, R., “Climate change — devil in the detail”, Science, 293,

coupled, are thought to contribute to the warming trend, mainly, 1777.1779 2001.
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Figure 101. Time series of daily North Pole temperatures at 50 hPa for each of the four categories:
Solar Max QBO East, Solar Max QBO West, Solar Min QBO East and Solar Min QBO West.

Analysis of the ERA-40 data: Examining the link between equatorial QBO winds and the flow
regime of the wintertime polar stratosphere

Charlotte Pascoe, Rutherford Appleton Laboratory, Lesley Gray, University of Reading and Agathe Untch ECMWF

The vertical and meridional propagation of planetary waves in  Figure 101 shows time series of daily North Pole temperatures at
winter stratosphere is influenced by the phase of the quasi-biennialb0 hPa for each of the four categories: Solar Max QBO East, Solar
oscillation (QBO) (Holton and Tan, 1980, 1982). This behaviour Max QBO West, Solar Min QBO East and Solar Min QBO West,
is such that one would expect warm (cold) North Pole from this one can clearly see that Solar Min QBO West years have
temperatures to occur during the east (west) phase of the QBO. far fewer sudden stratospheric warming events than Solar Min
Studies of the Holton-Tan relationship between equatorial winds QBO East years which exhibit greater variability throughout the
and polar temperatures usually use winds in the lower stratospherentire winter season. Solar Max QBO East years are more variable
around 40-50 hPa to define the phase of the QBO (Baldwin and than Solar Max QBO West years in the early winter (November
Dunkerton, 1998) and in this study we do the same. and December) but there is little to distinguish between the two

Winters have been stratified according to the phase of the QBO solar maximum categories in the later winter months from January
at 44hpa in December (QBO East, QBO West), the mean Januaryonwards.

February North Pole temperature at 30hPa (Warm North Pole, The equatorial QBO of zonal wind has a three fold vertical
Cold North Pole) and the solar irradiance during the winter seasonstructure with westerly (easterly) anomalies in the lower

from November to March (Solar Max., Solar Min.). The average stratosphere overlaid by easterly (westerly) anomalies in the
January February zonal mean zonal wind has been used asa  mid-stratosphere and westerly (easterly) anomalies in the upper
measure of the strength of the winter polar vortex. The maximum stratosphere. In solar minimum winters the magnitude of this third
difference between polar vortex strength of Cold and Warm upper stratospheric QBO anomaly is greater than that found in
winters is 35 m/s. The maximum difference for QBO West minus solar maximum winters by approximately 5 m/s. Hence periods of
QBO East is just 10 m/s. Therefore the Holton-Tan relationship is solar minimum experience greater QBO zonal wind anomalies in
able to explain 29% of polar vortex variability. However when we the upper stratosphere than periods of solar maximum.

stratify according to Solar Min/Max we find that for solar A numerical experiment to test the sensitivity of Northern
minimum winters the maximum difference of QBO West minus  Hemisphere winter stratospheric flow to equatorial winds in the
QBO East is 35 m/s. upper and lower stratosphere performed by Gray (2003) with a



stratosphere mesosphere model suggested that the lower Gray, L. J., 2003The influence of the equatorial upper stratosphere on
stratospheric QBO may influence the early winter but later in the Stratospheric sudden warmings, Geophys. Res. Lett., 30(4), 1166,
winter when the flow is highly non-linear the greatest influence ~ 40/+10-1029/2002GL016430. , _

. . . . . Holton, J. R., and H.-C. Tan, 198he influence of the equatorial
may come from variations in the equatorial winds in the upper

) ) i quasi-biennial oscillation on the global circulation at 50 mb, J. Atmos. Sci.,
stratosphere. This assumption appears to have been confirmed bg7 2200-2208.

the present QBO-Solar analysis of ERA-40 North Pole Holton, J. R., and H.-C. Tan, 198Phe quasi-biennial oscillation in the
temperatures. Northern Hemisphere lower stratosphere, J. Meteorol. Soc. Japan., 60,
140-148.
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The Equatorial Stratospheric Response to Stochastic Gravity-wave Parameterizations

Claudio Piani, Oxford University, Atmospheric, Oceanic and Planetary Physics, Clarendon Laboratory

Motivation

In Global Climate Models (GCMs), contributions to the forcing
by subgrid-scale (unresolved) flows are generally represented, if at
all, by deterministic parameterizations. A deterministic
parameterization rests on the assumption that subgrid-scale flows
are in some form of statistical equilibrium with the resolved fields
and that such a statistical equilibrium can be adequately
represented by the mean of their statistical distribution alone.

In the past some studies have suggested (Salby and Garcia, 1987) -
that representing higher order moments in parameterizations of |
subgrid-scale flows may improve GCMs. Buizza et al. (1999)
showed how the skill of the probabilistic prediction of weather
observables in the European Center for Medium-Range Weather
Forecast ensemble Prediction System (ECMWS EPS) could be
improved simply by adding an arbitrary amount of variance to the
total parameterized forcings. Palmer (2001) used a low-order
simple dynamical system, commonly known as the Lorenz #
Attractor, to show that some of the remaining errors in climate
prediction may have their origin in the neglect of the 2nd order
moments of unresolved flows. Here we will use the same
dynamical model to show that further improvements may come
from also considering higher order moments of the statistical
distribution of unresolved flows. We will then implement a version Eal
of the Hines gravity wave scheme with a stochastic source strength
distribution in the unified model and test the effects on the
simulated climate of the equatorial stratosphere. Particular interest
is given to the annual cycle and quasi-biennial oscillation of the
mean zonal winds.

Z
-

Exploratory results with a simple dynamical model

Figure 102 presents the results from simple numerical ] N

experiments with the Lorenz Attractor. Following Palreeal.,

2001, the attractor is rotated so that the ‘Z’ variable is responsible

for only 4% of the variance. Figure 102a shows a single trajectory

obtained by integrating the full 3D equations. Figure 102b shows

the trajectory obtained from the same initial conditions as in Figure Figure 102. Numerical simulation of a rotated Lorenz

: : oy V) . attractor. A single trajectory is calculated using:

102a by integrating the full ‘X’ and “Y’ dynamical components of (top) the full 3D set of prognostic equations.

the Lorenz equations but using a deterministic parameterization (middle) a deterministic parameterization for the °Z' variable;
— . . I (bottom) a stochastic parameterization for the "Z' variable

for the ‘2’ component. In Figure 102b, at every time step, ‘Z’ is that takes into account all order moments of the observed

given the value of the mean of the ‘7’ distribution from the distribution.



trajectory shown in Figure 102a associated with the relevant values
of ‘X" and Y’. Palmer showed that although deterministic
parameterizations of ‘Z’ could not reproduce chaotic behaviour, (L
adding a simple random component to the ‘Z’ equation can
reproduce such behaviour (not shown). Such a model however
does not produce a climatology similar to that shown in Figure
102a. Figure 102c shows the trajectory obtained as in Figure
102a,b but with a full stochastic parameterization for ‘Z’. Here, at
every time step, ‘Z’ is given a random value that follows the -
observed distribution of ‘Z’ from the trajectory shown in Figure W 1N — IRV
102a associated with the relevant values of ‘X’ and *Y". The km’
improvements are evident. The climatology of ‘Z’ is constrained
to be correct and the chaotic behaviour is reproduced.
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Figure 103. Size distribution of tropical Mesoscale
Convective Systems, produced with data obtained from
Mohr and Zipser (1996). Different colours represent
different areas of the tropics.

Results from the Unified Model

Three simulations with different distributions of the source
strength parameter in the gravity wave scheme were examined. In
the first simulation the source strength parameter (hereafter
referred to as RMS) follows a delta function distribution. This is
tantamount to using a deterministic parameterization and has been
done for comparison with previous work. In the second simulation
RMS follows a uniform distribution from 0 to a given RMSmax. A
uniform distribution is the simplest choice when no information on
the observable source strength is available. In the third simulation
RMS follows an exponential distribution.

An exponential distribution was chosen to represent a

Deterministic case

Jan.  Mar.  May Jul. Sep.  Wow

Socastic case; exponential distribation

003
hypothesized distribution of the intensity of convection in the al
tropics. Since, to our knowledge, there is no global observational ”';J.
dataset of convection intensity we adopted two proxy sources as FL

models for the distribution. The first is a histogram of daily 3
precipitation on grid points between 13.75N and 13.75S from a 30 0
year simulation of the coupled ocean-atmosphere version of the - SEJW—\M"

Unified Model referred to as HadCM3 (courtesy of Pardeep Pall,
email:pall@atm.ox.ac.uk, and not shown). For equally sized bins
the histogram is exponential in nature with highest occurrences
associated with the smallest bin value. The second is an

ki 5 Ky,
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Figure 104. Difference in the equatorial annual cycle of

observational dataset, compiled by Mohr and Zipser (1996)
(hereafter MZ96), of Mesoscale convective systems (MCSSs).
Fig.~2 shows the normalized size distribution of MCS for 18

zonally averaged zonal winds between observations an
simulations with the Unified Model using: a) a
deterministic source strength parameter: b) a stochastic
source strength parameter with an exponential
distribution.

different regions. These regions cover all longitudes between 35N
and 35S without overlapping and are extremely divers in nature,
including areas such as the Maritime Continent and Equatorial
Africa. It is therefore quite surprising that the 18 curves on fig.~2
should overlap so well. November and one positive in September, are all visibly reduced
in fig.~3b. Hence the simulation with a stochastic source strength

Conclusions
Al simulations produced a realistic QBO not unlike the one dlstrllbutlon derived from observations gives the best combined
results.

produced by Scaife et al., 2000 (not shown). Also simulations 1

and 2 show no relative improvements in there ability to reproduce References
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Estimating the magnitudes of “missing forces” induced by gravity waves in the atmosphere
Chris Warner, Bjorn HaBler and Michael Mcintyre, Dept. of Applied Mathematics and Theoretical Physics, University of Cambridge.

We are working on the problem of estimating the magnitudes of are under way to investigate the importance of horizontal
“missing forces” induced by gravity waves in the atmosphere refraction and the consequent missing forces, and to attempt to
These missing forces — hitherto unrecognized in the standard ~ answer to the question of whether such forces can continue to be
paradigm on which gravity-wave parametrization is based — are ignored in gravity wave parameterizations.
persistent or cumulative forces which depend not on wavebreaking A start on the underlying theory can be found in a paper by
or other dissipative processes, but on changes in the horizontal Buhler and Mcintyre (2003, J. Fluid Mechanics 492, 207-230), and
wavevector due to horizontal refraction. They may depend it is planned to report further progress at the Chapman Conference
significantly on the time-dependence as well as on the horizontal in Hawaii next January.
refraction of the background. Ray tracing numerical experiments
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Climate Variability and local markets

Mike Bithell, Dept. Of Geography, University of Cambridge,

Richard Washington, Bill Macmillan, Mark New, School of Geography and the Environment, Oxford,
Edmund Chattoe, Dept. Of Sociology, University of Oxford

Sukaina Bharwani, Gina Ziervogel, Tom Downing, Stockholm Environment Institute, Oxford,
Matthew Swann, Alex Haxeltine, School of Environmental Sciences, University of East Anglia

What are the effects of coupling market processes in a food than would comfortably be needed for survival. However,
subsistence farming community to the a system that can provide when the forecasts are combined with the ability to trade, the
seasonal forecasts? In a previous newsletter we reported the firstsituation is much improved. The effect of bad years can be
results from a model that coupled a simple parametrization of cropovercome by trading, even for farmers that only take into account
planting and harvest to an agent based representation of African conditions for the current year. However, the farmers in this case
farmers (part of the Tyndall centre project “Climate outlooks and still are not quite able to consistently generate income. Further
agent based simulation of adaptation in Africa”). At that stage no development will incorporate markets where prices can fluctuate
process was available in the model to allow the farmers to buy foodwith time, and will generalize to farmers with a wider range of
or sell their crops. Such an ability might allow them to compensate behaviour, including the ability to plant more than one crop type.
for climate fluctuations by setting aside capital for purchase of

. - . . Reference
food in future deficit years. The model now incorporates a simple o . ) )
. . “Agent-based social simulation: a method for assessing the impact of
market that permits this to take place.

o ) ) seasonal climate forecasts applications among smallholder farmers” by
The preliminary implementation allows farmers to buy and sell - Gijna ziervogel, Mike Bithell, Richard Washington and Tom Downing
as much as they wish. In practice this means that they sell all accepted for publication in Agricultural Systems

surplus over the current years needs, or buy just what is required to
survive the current year. The market has fixed prices that do not 3 o e e vt vt =
change with time, and the farmers have to take the price as given, ' 2 - = : : eh——
whether buying or selling. Although this is a very simple case, )t
when combined with seasonal forecasts, it supplies some insight
into how markets might interact with climate information.
Forecasts alone can only make a limited impact upon this situation,
and with seasonal forecasts that are correct 65% of the time, 8
member households are still liable to run out of food as a d | 1 LR
consequence of yearly fluctuations in rainfall (see Figure 105). _ -T‘- . 1 ;- A b ' -1',. 1 ‘l'; p
Similarly, the ability to trade on its own is not necessarily Y ll'ﬂ'l‘ W r{'p. ), H-;ﬂi;i;f. i I: h'ﬁr [
helpful. Although there is a threshold for consumption below X !"'-'.5 L . L W A it TN
which a steady income is possible, for an 8 member household T e § ’
with a single 1ha field, this means eating approximately 20% less Figure 105.

=F b o b nis

" e rmae e
.

Large-area simulations of crop productivity using atmospheric circulation model output.

Andrew Challinor, Julia Slingo, CGAM, Dept. of Meteorology, University of Reading,
Tim Wheeler, Peter Craufurd, Dept. of Agriculture, University of Reading.

The development of numerical crop and weather simulation large spatial scales (tens to hundreds of kilometres), and there is an
models is ongoing. Increasing skill in both areas presents an uncertainty associated with downscaling GCM output. Crop
opportunity to combine these models into a single forecasting  models, however, tend to have greater skill at small scales (tens to
system. Such a system could contribute to the forecasting of foodhundreds of metres), where non-linear physiological processes and
provision on seasonal to inter-decadal timescales. The seasonallyesponses to local environment may be accurately represented.
arid tropics provide excellent conditions for the development of a Hence the choice of the spatial scale at which to operate a
combined forecasting system: there is a strong seasonal signal incombined system is of paramount importance.
weather, and much of the agriculture is rainfed crops, with yields Consideration of these issues at The University of Reading has
that depend upon weather. One key design issue is that of spatiallead to the development of the General Large-Area Model for
scale: General Circulation Models (GCMs) operate on relatively annual crops (GLAM; Challinagt. al 2002,2003). The model is



sufficiently process-based to simulate crop productivity over a
range of tropical environments, whilst being simple enough to
avoid the need for large amounts of location-specific input data or H
calibration. In this way, the model aims to combine the benefits of

more empirical modelling methods (low input data requirement, BN
validity over large areas such as the grid-scales of general and
regional circulation models and re-analysis) with the benefits ofa =%
process-based approach (the potential to capture variability due to
different intra-seasonal weather patterns, and hence increased H M
validity under future climates). The model is intended for annual

crops, and uses crop parameters which can be estimated from the ** ™
literature. Some key crop characteristics can be varied in order to
explore their effect on productivity in the context of climate H-h
variability across a range of time scales.

e b iy WSTRHETH swae piars 101100 Comdons w1 DDA000

Recently, GLAM has been used to investigate the impact of BT EE WHE E R Wk WE i I

climate variability on groundnut production in India, using ERA40
data as input. Precipitation biases in ERA40 have a significant Figure 106. The - number of stress-days during anthesis
) ) ) . . (flowering) for a groundnut crop in Gujarat, as simulated by
impact on the accuracy of yield simulations. Where there is a GLAM with HadRM3 input weather data for the period

. . . . . 2041-2060 with 1% per annum (compound) greenhouse gas
strong climate signal in yields and ERA40 simulates the seasonall (GHG) increase (1S92a). Stress periods of just one day can
rainfall cycle well, a simple mean bias correction improves have a serious impact on yields (depending on the timing).

accuracy. The impact of high temperatures at critical crop
phenological stages is also being investigated. In groundnut, high

temperatures near anthesis can cause pegs to abort, and this can TN rerns by 191 s e s 2 yean 14121 0

drastically reduce yields (Wheelet. al 2000). Initial results us

using the ERA40 data suggest that temperatures in India during the

growing season between 1966 and 1989 have not seriously "I

threatened yields in this way. A similar study using a HadRM3 na

scenario for 2041-2060 (courtesy of the Indian Institute of Tropical 3

Meteorology) suggests that this situation may change (Figure ‘

Climate change can impact crop productivity in various ways: ;

changes in rainfall intensity and distribution have an obvious

impact, mean temperature increases shorten crop duration (and

therefore tend to reduce yields), and highep @®els mean that

photosynthesis rates rise, and biomass and yields rise also (the wE mn

so-called CQfertilisation effect). GLAM simulations have been

used to assess the relative importance of these effects and the

uncertainties associated with them. The key parameter for WchIMEAN suss s g 5 150 mamen wend s 1. yrors 141:580

assessing the C(&ffect is Transpiration Efficiency, and -

uncertainty in its estimation under increased,C@ntributes e '

significant uncertainty in yield estimation for these simulations
There are many sources of error and uncertainty in the use of

atmospheric circulation models to simulate yields. Errors coming

from the atmospheric models can be assessed in terms of their

impact on the errors in the yield simulations. Despite these sources e

of error and uncertainty, modelling approaches can fruitfully

explore the sensitivity of crops to weather and climate. Many of

the impacts of climate change will be regional and a combined

weather and productivity prediction system such as the one being ~ " ® ®& Wk ik mE 0k WE W

developed here is a useful way of assessing potential impacts on a ' _ _ _

pragmatic spatial scale, without the need for downscaling weather El?,?feciﬂf,;,fr;‘ﬁﬂﬁg’;‘i'onme(iﬂny;i'{‘ GCE@QS,J% Ifso?zas °§2223

data. 2041-2060 using a) lower (1.5 * control) and b) upper (2.5 *

106).
(Figure 107).
control) estimates of Transpiration Efficiency.
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Climate and health indices for use in a health forecasting model over monthly to

seasonal time scales

Michelle Cox and Glenn McGregor, University of Birmingham

From 1976-1983, 55% of excess winter mortality in the UK was
due to circulatory disease (Curwehal, 1990). The aim of this
study is to develop a climate-based health forecast model for
winter to assist the UK health sector with winter capacity planning.
Monthly and seasonal climate indices have been calculated to
describe the relationship between Ischaemic heart disease (IHD)
mortality and climate in four UK counties. Daily IHD mortality
(International Classification of Diseases classes 410.0-414.9) from
1974-1999 was obtained from the Office for National Statistics for
four UK counties Hampshire, West Midlands, West Yorkshire and
Tyne and Wear. The mortality data were divided into five
categories (all, male, female, under 65 years and 65 years and
over). Daily surface maximum (max) and minimum (min)
temperatures were obtained from The British Atmospheric Data
Centre (BADC) for meteorological stations within these counties.

(errors using delete-1 Jackknife method; Duchesne and
MacGregor, 2001) for the number of deaths (65 years and over)
per degree over January were —11 with error 4 (Hampshire), -21
with error 4 (West Midlands) and —10 with error 2 (Tyne and
Wear). The rates found for West Yorkshire (over 65 age group) in
February were —18 deaths per degree with an error of 3. The small
error relative to the total mortality rate suggests that these indices
may be applied as parameters in a health forecast model. For one
degree temperature intervals covering the range of max/min
temperatures for each county, the number of days below these
temperature thresholds were calculated. The temperature threshold
‘day count’ with the most significant correlation with total winter
mortality was identified for each county. The thresholds identified
for the over 65 year age group were maximum temperatures below
9°C (Hampshire), 7°C (West Midlands), 5°C (Tyne and Wear) and

Where available, multiple station data were averaged to construct4°C (West Yorkshire). This suggests acclimatisation plays a partin

a maximum and minimum temperature series for each county.
The highest significant correlations between total mortality and
average monthly temperature (max and min) were found for

January for the counties Hampshire, West Midlands and Tyne and

Wear. For West Yorkshire the most significant correlations were
found in February. The rates identified using linear regression

determining the temperature sensitivity of these groups.
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Constraining Sea Ice Model Parameters Using Sea Ice Thickness and Concentration Data

Paul Miller (pm@cpom.ucl.ac.uk), Douglas Cresswell, Seymour Laxon, Daniel Feltham, Robert Potter, Centre for Polar Obseavatibiodelling,

University College London, Gower Street, London WC1E 6BT, United Kin

Introduction
Change in Arctic sea ice represents one of the largest
uncertainties in the prediction of future temperature rise (1,2) and
an improved understanding of ice pack variability is critical to

gdom. (www.cpom.org)

variability of sea ice thickness was entirely based on numerical
models of the Arctic (5-8) with little or no validation of the model
predictions.

In this project we use a new time-series of Arctic ice thickness

determine whether observed and predicted changes are natural oover the 8-year period 1993 to 2001, derived from satellite

anthropogenic in origin (3,4). It is therefore important to improve

the representation of seaice in general circulation models (GCMs),

and to arrive at a better understanding of the underlying physics
and feedback effects which determine its variation.

altimeter measurements of ice freeboard (9), to validate our model.
The region of coverage (ROC) extends to 81.5N, covering more
than half of the permanent sea ice cover, and includes the Beaufort,
Chukchi, East Siberian, Kara, Laptev, Barents and Greenland

We use a stand-alone sea ice model with prescribed atmospheriSeas. The data are available from October to April each year and

and oceanic forcing to simulate observed changes in Arctic sea ice
The simulations are then compared with observed sea ice thicknes

offers us the first opportunity to study Arctic sea ice on basin
scales.

and sea ice extent. This will allow us to pinpoint those processes it The second data set we use is a time series of sea ice extent since

is most necessary to include in future GCMs.

Data Sets
The sparseness of sea ice thickness observations until now has
meant that our understanding of the regional, and inter-annual,

1994 derived from measurements of ice concentration using
passive microwave data (10). This data set extends to 87.6N and is
available daily, but We average the data into monthly estimates of
sea ice extent to validate our model.



variable. In particular, the summer of 1998 saw a record minimum
o i sea ice extent in the whole Western Arctic (12), and this is evident
here. The model does capture this large signal, but once again
overestimates the extent (and thickness) in the summers since
in .II: | 1999.
i o
¢ ¥ 1 Discussion
[

L
8l L

|
l 4
: ' 1.3 J ..Fi | jE . It is important to validate the predictions of sea ice models
[ ! | against as many data sets as possible. We have used two data set:
! in this study, of Arctic basin-scale ice thickness and extent, and
e . . e dE e shown that the model captures both the inter-annual and seasonal
Figure 108. Monthly-averaged ice thickness plotted against variations well. However, there is room for improvement, and the
the observed ice thicknesses from Nov. 1993 to Dec. 2001. first step is to vary those parameters in the model which are poorly
(KT;Zaéz?ecrizsﬂzréd,;mgrﬁcsfaia:rlg gilc?:éiéj)m' sothe known but strongly influence the modelled ice thickness and
extent, such as the ice strength and reflectivity (6).
Some parameters may also be optimized against other data sets,
Sogutor fot — b et for example ice motion fields (6).
- mtiir There are also improvements that could be made to the model
physics. We could using a better albedo parameterisation, for
. - o — —— example, refine the model of the ridging processes, or model
K ] i summer melt ponds explicitly.
: | * | i ! Parameter optimisation and model refinement, in tandem with
'._' comparisons with multiple observational data sets, should resultin
a better parameterisation of existing processes in GCMs, and
identify new processes which should be included in future GCMs
in order to simulate those properties of the ice pack which
influence the climate.
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Estummte of fraction of lind wnder cultivation

Figure 110. (left) Estimate of
the fraction of land under
cultivation.
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Investigating the interaction of crops and climate
Tom Osborne, Julia Slingo, Tim Wheeler, David Lawrence, Andrew Challinor, CGAM, Dept. of Meteorology, University of Reading

Feedbacks between the land surface and the overlying Office Surface Exchange Scheme (MOSES) is typical of such
atmosphere have been investigated extensively since the schemes. It explicitly models the surface hydrological cycle, the
hypothesis of Charney (1975) that changes in vegetation cover inmovement of water through the soil layers and calculates the rate
Sub-Saharan Africa could alter the interannual variability of of photosynthesis of vegetation, which is dependent on the
Sahelian rainfall. Numerous other examples of vegetation — vegetation type and the climate. The latest version of MOSES uses
atmosphere interactions, such as deforestation, have been a tiling scheme to represent heterogeneous vegetation in a gridbox.

investigated with modelling and/or observational studies. In a A gridbox is represented by fractions of nine surface tiles (5 plant
recent study, Osborne et al. (2003) examined the sensitivity of ~ functional types, ice, water, urban and soil). For each tile, fluxes of
tropical climate in HadAM3 to vegetation. Vegetation plays a key momentum, moisture and energy are calculated which are then
role in the hydrological cycle. On the shorter timescale, the aggregated together with respect to their fractional coverage to
vegetated canopy intercepts rainfall, which is re-evaporated into give gridbox mean values to the atmospheric model. The
the boundary layer. On a longer timescale, deep-rooted vegetatiorcharacteristics of each plant functional type (e.g. canopy height,
can access sub-surface soil water used for transpiration and is thukeaf area index) are held constant throughout the year in the
evaporated from the leaf surface. Therefore, vegetation alters thestandard set-up of the model. Lawrence and Slingo (2003) have
partitioning of available energy at the surface between sensible andshown recently, however, that prescribing a realistic annual cycle
latent heat fluxes (i.e. decreases the Bowen ratio). The authors of vegetation characteristics (plant phenology) can significantly
found that the tropical rainforests and the predominantly grasslandinfluence the climate.
vegetation of China significantly influenced the local climate. Figure 110 shows that crops extensively cover certain areas of
Itis possible to study these interactions with atmospheric GCMs the Tropics. If the cultivation of crops replaces areas of tropical
due to the sophistication of their land surface schemes. The Met rainforest then most of the Tropics would be covered with crops.

gmeemeeed @ HIE
i 1
Ped el (= |  Biamiss Rl 1
) H
g
e
I Transpiration
Crievalop it o  EEEEEEER | "
- Leal camcpy 1 ]
a0 i i
5
} r 1
T fo
P i Figure 111. (Schematic of GLAM crop

model for simulation of groundnuts
(below).



Therefore, it is important to have a realistic representation of cropsMOSES resulting in a crop tile that can grow in response to the
in the land surface schemes. Crop growth and developmentis  climate of the atmospheric. This work differs to offline simulations
strongly coupled to the environment, therefore, the prescription of of crop growth because the influence of the crop itself on the
an annual cycle is not applicable. The influence of weather and climate will also be influenced. Once the coupled system is
climate on growth and development for the major crops is well  complete we aim to investigate this complicated feedback further.
understood due to a large amount of experimental work. This
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APE - the Aqua-Planet Experiment project
http://www-pcmdi.linl.gov/amip/ape

M. Blackburn and B. J. Hoskins, The University of Reading, UK;

R. B. Neale, NOAA-CIRES Climate Diagnostics Center, Boulder, USA,

D. L. Williamson, National Center for Atmospheric Research, Boulder, USA;

P. J. Gleckler, Program for Climate Model Diagnosis and Intercomparison, Livermore, USA.

Introduction

CGAM, together with partners at NOAA, NCAR and PCMDI, is R Pigmst Expmsrmes: 5T (s
coordinating a new atmospheric model intercomparison project =
endorsed by the World Climate Research Programme. This is -
APE, the Aqua-Planet Experiment, in which modelling groups - S
perform a series of atmospheric GCM integrations on a water !
covered planet using simple prescribed distributions of sea surface ' e ! »
temperature. The project aims to compare the simulated climates . ,
of these idealised planets, focusing on the distribution and : e R
variability of convection in the tropics and the behaviour of the e et
storm-tracks in mid-latitudes. APE spans the gap between « =R = : = =® = = =
dynamical core experiments, used to test new numerical schemes
for the resolved fluid flow in GCMs, and existing intercomparison Figure 112. Zonally symmetric SST distribution specified for the

. L - Aqua-Planet Experiment

projects such as AMIP and CMIP, which include the radiative and
moist parameterisations in the GCMs and apply them to the real

Earth, with all its complexities of land-sea contrast, orography and
SST variability. symmetry of the radiative forcing is achieved either by using

The concept of an Aqua-Planet Experiment project arose from perpetual equinoctial conditions or (preferably) by simplifying the
the work of Neale and Hoskins (2000a), although such idealised Planet's orbital geometry. Full details can be found at the APE
scenarios have been used for many years to aid understanding ofVebsite.
tropical convection, its variability and its parameterisation in
GCMs. One of the first such experiments, by Hayashi and Sumi
(1986), used a globally uniform SST to investigate the propagation
of organised convection in the Madden-Julian Oscillation.

Current Status and Future Plans
The last year has involved a detailed planning phase and launch
of the computational phase of APE. 16 modelling groups from 7
countries are currently participating. Specified data from the
Experimental Design experiments will be collected and quality controlled at PCMDI,

APE consists of a series of eight, 3.5 year, GCM integrations, With access open to all APE participants for comparative
forced by idealised SST distributions. The first five SSTs (Figure diagnosis. A workshop for participating groups will be held in
112) are zonally symmetric and vary the latitudinal profile in the R€ading in early June 2004.
tropics. Results already published using the APE SSTs have documented

These experiments aim to span a range of behaviour of the aspects of the climate and convective variability in the UK Met
inter-tropical convergence zone (ITCZ), from a single equatorial Office model HadAM3 (Neale and Hoskins, 2000b), and revealed
peak through to a tropical radiative-convective equilibrium regime @n unexpected dependence of ITCZ behaviour on the choice of
in the case of the “flat” SST profile, for which theory suggests that dynamical core in the NCAR Community Climate Model
a Hadley circulation cannot be maintained. The fifth profile shifts (Williamson and Olson, 2003), due primarily to a
the SST maximum to 5degN, to investigate an asymmetric tropical timestep-dependence of the dynamics-parameterisation coupling
regime. The remaining three SST distributions (Figure 113) add N the model.
tropical anomalies to the control profile, with limited or global APE aims to provide a benchmark of current model behaviour
extent in longitude. Both the local convective-dynamical response @1d; more importantly, to stimulate research to understand the
and remote wave-induced teleconnections will be of interest here causes of inter-model differences, arising from different

The experimental protocol for APE is specified in a similar subgrid-scale parameterisation suites, different dynamical cores,
manner to AMIP, comprising a set of experimental requirements and different methods of coupling the two. The current experiment
and recommendations. A symmetrised ozone distribution is is hopefully only a beginning, prompting further diagnostic and

provided in addition to the prescribed SSTs. North-south experimental work using the participating models. There is already



Figure 113. Global distributions of SST and their departures from zonal symmetry, for the tropical SST anomaly experiments in APE.

interest in aqua-planet experiments in which the atmospheric Neale, R. B. and Hoskins B. J. 2000 A standard test for AGCMs and their
GCMs are coupled to a slab ocean. physical parameterizations. I: The proposal. Atmos. Sci. Letters, 1,

At Reading the aqua-planet scenario is being used to study the 101-107. )
Neale, R. B. and Hoskins, B. J. 2000 A standard test for AGCMs and

d'urr?al Cyclle of trOpl_Cal Convecm?n and it il be. usgd as th? their physical parameterizations. II: Results for The Met. Office Model.
starting point for projects on tropical — extratropical interaction  atmos. Sci. Letters, 1, 108-114.

and on the hydrological budget and climate change. Williamson, D. L. and Olson, J. G. 2003 Dependence of aqua-planet
simulations on time step. Q. J. R. Meteorol. Soc., 129, 2049-2064.
References
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Introducing UMCET, the Unified Model Climate Ensemble Toolkit

Paul Burton (paul@met.rdg.ac.uk), Computational Scientist, CGAM. Web: http://www.cgam.nerc.ac.uk/~paul/

In late 2002 EPSRC and NERC took delivery of one of the

approach has been taken, which should also offer real benefit to

world’s fastest supercomputers, a 1280 processor IBM known as scientists using the UM whilst ensuring that it becomes

“HPCx". This machine was procured in order to provide a
“world-class service for world-class research” to the UK'’s

sufficiently “capability” to run on HPCx.
Instead of just “improving” the model itself, another approach is

scientific community. One year later it is clearly starting to deliver to investigate and better understand the sensitivities of the model

on its promises in many areas of research, but what about
atmospheric and climate science?
UGAMP has been using the UK Met Office’s Unified Model

and the system it is modelling, so that we can objectively quantify
the confidence we have in the evolution and outcome of a model,
and the effect of the many and varied forcings of the climate

(UM) for many years now as its primary tool to investigate basic system. Such an approach has been used for many years in weather
climate processes in the atmosphere-ocean system, and to betterforecasting — ECMWF for example use a 51 member model

understand and predict climate change. Although the UM is

written to take advantage of massively parallel processor (MPP)

ensemble to generate their 10 day forecasts.
This approach has the benefit that it is relatively easy to

machines, such as HPCx and the Met Office’s Cray T3E and NECimplement, requiring little change to the model itself, just an
SX-6 systems, it is not able to run efficiently on large numbers of infrastructure harness to allow multiple ensemble members to run

processors. This is especially true for the low-resolution
configurations typically used for climate prediction work. At large
processor counts the amount of work per processor becomes

simultaneously. While being easy to implement, it has the positive
effect of generating UM jobs which require very large
computational resource, and are real “capability” jobs, suitable for

vanishingly small, and the computational costs become dominatedrunning on HPCx.

by the synchronisation and communication between processors

rather than the real work done on them.

The HPCx system is specifically aimed at “capability”
computing — these are computational jobs which require vast
computational resource, in contrast to “throughput” computing,
where individual jobs require only a modest computational
resource. The most widely used UGAMP climate configurations
of the UM currently fit into “throughput” model, rather than the
“capability” model. The charging model and job scheduling
policies employed by HPCx directly favour “capability” jobs, and
as such, do not make it the best platform for running typical
UGAMP UM jobs on.

If we want to take full advantage of the world-class facilities

Over the past few months CGAM have developed such an
“infrastructure harness” called the “Unified Model Climate
Ensemble Toolkit” (UMCET). Using UMCET it should be
relatively easy for a scientist to run a large (typically we expect
many tens of members) ensemble of UM jobs on HPCx. We hope
that the principles we have applied to the design and
implementation of UMCET can be easily applied to other
numerical models, enabling them also to take advantage of the
facilities offered by HPCx.

Whilst forecast ensembles typical work by perturbing the initial
conditions of each member, climate ensembles need some
additional, more sophisticated types of “perturbations” for
members:

offered to us by HPCx then it is obvious that we will need to take Forcing: For example we may want to vary the amount gfiGO
a new approach. There are a number of ways that the UM can bethe atmosphere of each member to investigate the response of the

made to become more of a “capability” job, which also give real
benefit to the scientists using it, such as:
Increasing the resolution. A doubling of resolution (i.e. halving

climate system to increasing amounts of the gas.
Parameterisation: The climate system is potentially highly
sensitive to some of the model parameterisations. By varying

of grid lengths) results in approximately a sixteen-fold increase in certain constants and parameters within these schemes in different
computational cost (2x2x2 for the three spatial dimensions, and amembers, we could start to better understand these sensitivities.

further factor of 2 for the halving of timestep required).

The current functionality offered by UMCET provides:

Improving the science and numerical solvers. Experience tells us Infrastructure to allow multiple UM jobs (ensemble members) to
that improved physical parameterisation schemes and numerical run as a single job on HPCx.

solvers often increase the computational cost of the model.
Coupling to other models. Obviously, including additional

models within the UM system will increase its computational cost.

Automatic generation of all the necessary job control files to run
an UMCET ensemble based on a simple user configuration file.
Ability (via the configuration file) to vary any UM namelist

Although all of these will give real benefit to scientists using the variable (or introduce new variables), allowing the

UM, there is one fundamental problem. That is that these all
require a large amount of effort to research, develop and
implement. The good news is that the Met Office and various
UGAMP groups are making this effort, all three of these
improvements to the UM are being actively investigated and
developed.

parameterisations to be perturbed between ensemble members.
The values of these variables for each member can be exactly
described by the user, or randomised within defined limits.
Ability (via the configuration file) to allow each ensemble
member to use a different model executable, which could
potentially include different parameterisations or numerical

This, however, is not so useful to UGAMP if we want to be able solvers.

to take full advantage of HPCx today. For this reason, another
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Figure 114.A 30 day HadAM3 (96x73x19) Figure 115. A 30 day HadOM2 (98x73x20) Figure 116. A 10 day HadCM3 (96x73x19

atmosphere only run. ocean only run. atmosphere, 190x144x20 ocean) coupled run.

Ability (via the configuration file) to allow each ensemble For this development to proceed, we need your help. If you are
member to use different input files. This gives the potential for the interested in using UMCET, then please read the information
user to vary initial conditions between members and/or vary provided on the web page (see links below). Please email me and
forcings (which are supplied via ancillary files) between members. let you know what functionality you require (especially in the two

Ability to vary more than one variable/input file within an areas highlighted previously).
ensemble, such that the effect of the individual perturbation can be We hope that you will find UMCET to be a useful and productive
identified as well as its interactions with other perturbations. tool. Our aim is that it will start to enable the atmospheric science

We hope to add to the functionality offered by UMCET inthe  and climate research community within the UK to make good use
future. Specifically we plan to provide: of our world class computing facilities at HPCx.

* Tools to allow perturbation of UM data sets (such as start dumps
and ancillary files).

Links

HPCx: http://www.hpcx.ac.uk/
+ Diagnostic tools to aid the analysis of the vast amounts of data UMCET: http://www.cgam.nerc.ac.uk/~paul/UMCET

that will be produced by large ensembles.

Running the Unified Model after Turing Retirement
Jeff Cole (jeff@met.rdg.ac.uk), CGAM, Dept. of Meteorology, University of Reading.

Currently the main national HPC service used for running the One impediment to transferring code from Turing was the fact
Unified Model is Turing. This service is due to end on Midnight  that ocean runs, including the coupled model, would give incorrect
31st December 2003, and all of the UM modelling done on this  results when run on more the 10 processors. The cause of this
machine will need to transfer elsewhere. There are 3 alternative problem was tracked down to the ocean Fourier filtering code,
platforms available, a pair of SGI Origins (Fermat and Green), a which is done at the Polar Regions. The error occurred when the
SGI Altix (Newton) and an IBM p690 (HPCx). HPCx is filtering done at the South Pole spanned more than one processor
designated to be a capability service and has incentives in place t@n the MPP grid decomposition. On Turing a load balancing
encourage this type of job, whereas capacity jobs are discouragedversion of the Fourier filtering had been used, which did not have
A capability job is one that is defined to use at least 512 processorghis bug, unfortunately this code was written using the T3E
(out of 1280), whereas a capacity job is defined to be one that usespecific SHMEM routines and couldn't be used on other machines.
less than 32 processors for more than one hour. The type of jobs A decision was made to modify the code to use a load balancing
that are currently run on Turing are definitely capacity jobs and are scheme using the standard UM message passing library GCOM,
therefore unsuitable for running on HPCx. The type of jobs that areinstead of just fixing the bug, so that the performance of the UM
suitable for running on HPCx are high resolution, new dynamics, would be improved when run with a large number of processors.
coupled UM runs and large ensemble UM runs, see separate In fact NEC had written some code to do this when they were
newsletter article by Paul Burton on a framework for ensemble  benchmarking the UM for the Met Office, this was taken and used
modelling. Therefore the most appropriate option for the current as the basis for the new code.

Turing jobs is to transfer them to one of the CSAR SGI machines. Several short runs of typical UM configurations were performed
on Turing, Green, HPCx and Newton, to give a general idea of the
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Figure 117. Figure 118.

performance of the new machines compared to Turing. See Figureprocessing accounts for about 40% of the run time and on 16
114 to Figure 116 for the timings on different numbers of processors it account for more than 70% of the run time. The
processors. One thing to note is the scalability of the runs on the HadCM3 run has slightly less diagnostics selected and it scales
faster machines (HPCx and Newton) depends to large extent on thalightly better than the HadAM3 run. The Newton results are

amount of STASH diagnostics selected in the run. For the preliminary and may be improved with further optimisation,
HadAM3 runs there was a large amount of diagnostics selected especially the ocean results, which look very poor compared to the
and scalability suffers as a result, on 8 processors STASH atmosphere.

A new coupled model for studying North Atlantic atmosphere-ocean interaction

Manoj Joshi (m.m.joshi@reading.ac.uk), David Marshall, Brian Hoskins and Maarten Ambaum, Department of Meteorology, Unive&r&isading

Conventional ocean models used to study coupled As a first comparison of CARGO with other models, we have
atmosphere-ocean processes in the North Atlantic region have performed two model integrations: a control with a 17 Sv MOC,
resolutions of O(1-2) degrees, which are insufficient to resolve  and another with the MOC turned off. Figure 117 shows the
phenomena such as western boundary currents and eddies, whicHifference in ocean temperature between the control and the
are an important component of the system. We have developed zero-MOC integration 10-20 years after the MOC has been turned
CARGO (Coupled Atmosphere Reduced Gravity Ocean) in order off. The response is quite localised in the North Atlantic region
to investigate the effects that resolving these smaller scales may when compared to other models (Dong and Sutton 2002).

have on climate. We have repeated the above experiment, but with a horizontal
The atmospheric part of CARGO is the IGCM (Intermediate diffusion increased 20 times to 1E4/m) mimicking the impact of
Global Circulation Model), which has most of the complexity using a lower, more usual, ocean resolution. The temperature

associated with a GCM, but with less computational cost (Forster response shown in Figure 118 is larger in amplitude and horizontal
et al 2000). Here the IGCM is run at a resolution of T31, with 15 scale, and more similar to that in Dong and Sutton (2002). This
layers in the vertical up to approximately the 20 hPa level. suggests that the smaller response seen in Figure 117 may partly

We have circumvented the computational problems associated be because of the resolved small scales in CARGO.
with running the ocean at high resolution by sacrificing vertical In the future we intend to investigate these results more fully, as
resolution and global coverage. The oceanic part of CARGO is a well as conduct other studies into the role of small-scale processes
reduced gravity shallow water model of the Atlantic with on the North Atlantic climate system.
boundaries at 45S and 65N (Johnson and Marshall 2002), and
presently has a resolution of 1/6 degree. This is equivalent to a grid
box having longitudinal length 14 km at 40 degrees north, which Dong B-W and Sutton RT (2002): Geophys. Res. Lett., 29,

’ 10.1029/2002GL015229.

is adequate to resolve the Gulf stream. Using appropriate lateral rorster PM De F, Blackburn M, Glover R and Shine KP (2000): Clim.
boundary conditions, a North-South flow can be set up along the Dyn., 16, 833-849.
western boundary, which represents the meridional overturning Johnson HL and Marshall DP (2002): J. Phys. Oceanography, 32,
current (MOC). The dynamic depth of the ocean is 500m, while the 1121-1132.
thermodynamic depth is 100m.

References



Figure 120. (above) Over 30,000
users registered within the first
week from all over the world

Figure 119. Each participant is supplied with a
simple visualisation package (see following
article by Heaps), allowing them to follow the
development of weather patterns on their
unique world. A more complex IDL based
visualisation package is being developed to
allow interested users to learn about the
climate.

Figure 121. Results from the
experiment will allow a fully
probabilistic forecast of 215 century
climate to be made.

climateprediction.net goes live!

S. Knight!, T.Ainal, M. Allen!, C. Christenseh, M. Collins?, N. Faull!, D. Framé', E. Highwood, J. Kettleborougf and D. Stainforth
1AOPP, University of Oxford 2The Met Office, °The Meteorology Department, University of Readjl‘f’g’he Rutherford Appleton Laboratory

The climateprediction.net distributed computing experimentwas The experiment aims to “Improve methods to quantify
successfully launched at the BA festival of science in Salford and uncertainties of climate projections and scenarios, including
the Science Museum, on the 12th September. The launch attractetbng-term ensemble simulations using complex models”,
a huge amount of media interest and despite some initial technicalidentified by the IPCC in 2001 as a high priority.
glitches (we strained the JANET backbone on the night of the  Climateprediction.net is working closely with the Hadley Centre
launch!), 30,000 users registered within the first week, from many QUMP project, and hopes to be able to contribute to the IPCC's
countries across the world (although the UK, with almost 10,000 Fourth Assessment Report in 2007.
users, leads the way). As David Stainforth presented at the Royal Meteorological
Funded by the Natural Environment Research Council and the Society’s recent conference in Norwich, results from the beta test
Department of Trade and Industry, the project consists of a core of(in itself probably the largest GCM experiment to date) look very
climate scientists, computer scientists and support staff based at promising.
the University of Oxford, the Open University and the Rutherford The educational side of the project is now being developed. The
Appleton Lab., as well as affiliated scientists and development  Open University will be running a short course on climate

staff from a number of other institutions such as CGAM, the prediction based on the project. To facilitate this, Andy Heaps at
University of Reading and the Met Office. CGAM has been developing an IDL user interface, which will be
The climateprediction.net project began in 1999, with a supplied to any interested participant without cost. This should

commentary article in Nature (Allen 1999) describing how a very also be an extremely useful resource for schools, allowing the
large perturbed physics ensemble forecast could help quantify  experiment to be used for coursework in a range of subjects.
uncertainties in climate forecasts. By distributing hundreds of To join the experiment or find out more, go to

thousands of uniquely perturbed versions of the Unified Model to http://www.climateprediction.net/.

the general public around the world to run on home, school and
work PCs, the project aims to produce the most comprehensive
probability based forecast of 21st century climate (see also Allen
2003).

References
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Figure 122. The timestep surface temperature for 2pm on Figure 123. Precipitation and winds for the DJF season for
the 25 October 1812. the years 1810 — 1812.

Development of a student visualization package for the Open University and schools
Andy Heaps (andy@met.rdg.ac.uk), NCAS Centre for Global Atmospheric Modelling, Dept. of Meteorology, University of Reading.

A visualization package is being developed for use by schools of data and images to files will be available, including on a

and college students to allow simple research projects to be timestep basis allowing the creation of movies.
undertaken using the output of participants’ runs under the Initially the package is being developed for the Windows
climateprediction.net experiment. IDL (Interactive Data platform as this is the platform that most students will have

Language) was the natural choice of graphics language for this available. Porting the package to other platforms such as Linux,

package because of its cross platform capabilities and extensive Solaris and Mac OSX will only entail the changing of a few lines

widget groups allowing a point and click style interface to be of code in the file input/output section.

developed. The plots and interface layout presented Figure 122 and Figure 123
Data selections will be available on a timestep, seasonal and ~ &ré provisional, as beta testing has just started. An Open University

yearly basis. On these timescales the student will be able to plot short course using this package is scheduled to begin in February

surface, zonal, time-height and surface area average fields. Output

The development and application of a global model of aerosol processes (GLOMAP)

Dominick Spracklen, Kirsty Pringle, Ken Carslaw, Martyn Chipperfield, School of Environment, University of Leeds.

GLOMARP is a global aerosol microphysics and chemistry aerosol processes in the atmosphere: nucleation, condensation,
transport model within an existing offline CTM. GLOMAP aims  hygroscopic growth, coagulation, dry deposition, below-cloud
to model all the processes affecting global aerosol size distributionscavenging, in-cloud nucleation scavenging and also the chemical
and chemical composition from emission of aerosol to removal. It transformation of sulfur species in clear air and in clouds and the
is designed to fill the ‘model sophistication gap’ between highly emission of sulfur species and primary emission of sea salt.
detailed box models and simpler aerosol parcel models. Chemical oxidant fields are calculated offline using ‘full’
GLOMAP will be used to examine the processes controlling the tropospheric chemistry TOMCAT simulations. At present
global aerosol lifecycle, representing simultaneously the effects of GLOMAP treats sulfate and sea salt aerosol in a single
microphysics, chemistry and long-range transport that cannot be distribution. Further development of GLOMAP will allow multi
achieved in a box model nor captured by necessarily simplified component aerosol to be treated.
GCMs. We expect GLOMAP to be an important tool in support of ~ Our first global simulations over the period of one month, spun

field campaigns, as a benchmark model for developing up from an aerosol-free atmosphere, are encouraging (Figure 124
parameterisations for GCMs and for identifying the key processesand Figure 125). Simulations are on a 2.8 x 2.8 degree grid, with
affecting aerosol radiative forcing. 19 levels (surface to 10hPa) and 20 aerosol size bins spanning dry

GLOMARP is based on the existing 3-D chemical transport model, radius of approximately 2nm to 25 micrometres. Initial
TOMCAT. The aerosol size spectrum is distributed over a moving comparisons with aerosol climatologies show reasonable
centre geometric size bin structure. GLOMAP includes the major agreement with measurements. The results show peak aerosol
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Figure 125. Simulated number  size
distribution over a) the South Pacific b)
Eastern Europe. Bold line is surface
concentration, dashed line at 10km
altitude. Zonal mean (particles cm-3) as a
function of altitude and latitude of c)
nucleation mode and d) Aitken mode
particles.

nucleation in the upper troposphere and transport downwards, as GLOMAP will be tested against a wide variety of aerosol gas
has been observed. The aerosol size distributions show evidenceprecursor and aerosol measurements including aerosol

for characteristic aerosol classes, such as nucleation mode, climatologies and aerosol field campaigns. Initially GLOMAP will
accumulation mode and coarse mode. An important part of our be used to investigate the effect of nucleation, aqueous chemistry
work will be to test our understanding of how these canonical and wet deposition on global aerosol distribution.

aerosol classes arise in the atmosphere.

Interactions between the Numerical Modelling of Tracer Advection and Chemistry Reactions in
Global Atmospheric Models

B.M.-J. Walker and N. Nikiforakis, Laboratory of Computational Dynamics, DAMTP, University of Cambridge (Blandine.Walker@ deamsanet)

The accuracy of the chemical output of Global Atmospheric GANM s results, a deeper understanding of the profound numerical
Models (GAMSs) is greatly tributary to the choice of the numerical interactions between the different algorithmic parts of a GAM is
techniques for the advective transport of chemical species in thesdundamental for the interpretation of these results. The specific
models (see Rood, 1997). If improving the modelling of advective challenge we set ourselves for this project was therefore to
transport is essential to the physical relevance and accuracy of investigate the coupling mechanisms between simple chemistry
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found to follow a./Ax¢ law for large times
(t»1,;.m ), and the scaling analysis further suggested
the apparition of a ‘creation zone’ f&  (see Figure
126b) where the mixing ratios @ aMd  are both
close to zero; the widtV of this creation zone was

further estimated through dimensional analysis. These

il fn il Wk il T | sl o) baee | wigs

. ]
analysis results were confirmed by (numerical)
Figure 126. (a) top Lip= i experimental evidence.
(b) bottom [ ¥ (o o

We thus finally considered a simplified ozone-loss
problem over the globe: the trace chemical
reactions and numerical advection techniques, and to quantify ~ composition of the stratosphere was reduced to four species CIO,
their impact on GAM results for simplified chemistry scenarios. NO,, CIONG, and G, (see Andersoat al, 1989, Desslest al,

Four principal ways by which numerical advection schemes can 1996, for example): we were therefore confronted by a problem of
influence the chemical output of Chemistry and Transport Models competing chemical reactions (Dessler, 2000). The concentrations
(CTMs) have been identified: data averaging within computational for these species were simplified too, so that the mixing ratios of
cells — an unavoidable side-effect of space discretisation — CIO, NG, and Q were prescribed as 1.5 ppbv, 0 and 2000 ppbv
numerical mixing consecutive to the inherent numerical diffusion respectively in the Polar Vortex, and as 0, 5 ppbv and 2000 ppbv
of advection schemes, inaccurate estimation of the surface area orespectively outside the Vortex, as illustrated in Figure 127 (see
interface length of the contact surfaces between reacting species’/Andersoret al,1989, Bruneet al, 1989, Proffittet al, 1990).
distributions and distortions of pre-existing correlations between  Solutions for this problem, corresponding to different times and
the mixing ratios of chemical species (see Plumb & Ko, 1992, and resolutions, were computed with a CTM based on a previous
Thuburn & Mclintyre, 1997, for example) can all contribute to model developed in the CAS, in Cambridge. Numerical diffusion
changes in the creation or loss rates and budgets of chemical ~ was found to profoundly affect the ozone loss rate (see fig:ozone).
tracers (see Walker, 2003). A comparison between the qualitative and quantitative results

The issue of numerical diffusion was selected for in-depth suggested by the — now complex — scaling analysis for this
investigation, through the exploration of coupling mechanisms, problem and the computational observations confirmed again the
the quantification of the resulting straying from exact estimates of validity, both of the formalism chosen to account for the numerical
the physical budgets considered, and the study of the behaviour ofliffusion inherent to advection schemes and of the dimensional
these errors with time advances and resolution improvements.  and scaling analysis following. This approach revealed the

To understand the coupling developing between the development of genuine coupling and feedback processes between
scheme-induced numerical diffusion and chemical reactions, a the advective and the reactive parts of GAMs, as well as their vital
parallel has been drawn between diffusive tracer transport importance in explaining the observed behaviour of chemistry

equations and the expressions formalising the equations truly ~ budgets as discretisation choices or time change.

solved by the numerical advection schemes considered, numerical More complex chemistry will be included in our CTM for our
diffusion included, also known as thedified equationésee J.D. future investigations; we also intend to extend our study to
Anderson, 1995 or Laney, 1998, e.g.). Based on these modified numerical schemes found in other GAMs used in UGAMP, such
equations, a numericaécond Damkohler number as in TOMCAT or SLIMCAT, for instance.

Daj,"" expressing the ratio of the characteristic time for numerical

diffusion1,,,,, , to the characteristic time for a given chemical

reaction was defined (cf. Oran & Boris, 2001 for example).
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