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Abstract: We examine some aspects of the performance of the United Kingdom Meteorological Office’s new 
climate model over Antarctica. Pressure and temperature fields are presented as a basic check on the model 
climate. The gradient of pressure between mid-latitudes and high southern latitudes is too great, resulting in 
an Antarctic trough that is too deep by 4-6 hPa. Temperature is well modelled though the interior is slightly 
too cold in winter. Precipitation is interesting because of its relevance to mass balance and therefore changes 
in sea level. The simulation of the pattern of accumulation is good despite somewhat high values at places in 
the coastal areas, with an areally-averaged value of 182mmy-’. We also look at the phenomena of the coreless 
winter and the katabatic winds which are a consequence of the intense radiative cooling. These two effects may 
provide a useful diagnostic of the model performance. 
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Introduction 

General Circulation Models (GCMs) are an important tool 
for studying the world’s climate and for simulating possible 
climate change. However there are deficiencies in current 
models which do not produce reliable predictions at a regional 
scale. Only limited verification of model climate over 
Antarcticahas beencarried out to date.Thefirstcomprehensive 
discussion of the Antarctic climatology of a GCM was given 
by Herman &Johnson (1980) who analysed the performance 
of the Goddard Laboratory for Atmospheric Science model. 
More recently Schlesinger (1986) compared the summer and 
winter southern hemisphere climates simulated by nine 
atmospheric GCMs with observed climatology. Simmonds 
(1990) reviewed the improvements in GCM performance in 
simulating Antarctic climate that occurred in the 1980’s. 

The United Kingdom Meteorological Office (UKMO) has 
recently rewritten its atmospheric GCM and this paper 
presents a look at the Antarctic climate of this new “Unified 
Model” (UM). The Antarctic climate of the previous UKMO 
model was reported by Mitchell & Senior (1989) in the 
context of winter sea-ice anomaly experiments and by Roberts 
& Cattle (1990) for a simulation with the previous UKMO 
model coupled to a deep ocean model. In climate mode the 
UM has the same horizontal resolution as the old model but 
is very different otherwise, with rewritten dynamics and new 
parametrizations. 

TheUM is afinite difference GCM designed to run as either 
a numerical weather prediction (NWP) model or, at a lower 
resolution, as a climate model. Cullen (1993) provides an 
overview of the model in both NWP and climate mode, 
together with details of the model not given here. The model 
uses a conservative split-explicit integration scheme with 

fourth order horizontal advection (Cullen & Davies 1991) 
which, in climate mode, is run on a 2.5” by 3.75” latitude- 
longitude grid. A ‘hybrid’ 19-level vertical coordinate system 
is used which changes from terrain-following (‘sigma’) 
coordinates near the ground to pressure coordinates in the 
upper atmosphere. The levels are spaced to give improved 
resolution in the boundary layer and near the tropopause; the 
lowest model level is at sigma =0.997. Details are given in 
Cullen (1993). Seasonal and diurnal cycles are included. 
Cloud cover and cloud liquid water and ice content are 
predicted via the explicit cloud liquid water scheme of Smith 
(1990). The model also includes amongst its physical 
parametrizations a 4-layer soil model, short and longwave 
radiation schemes (In gram 1 99 0) , the convective 
parametrization scheme of Gregory & Rowntree (1.990) 
modified by inclusion of a parametrization of convective 
downdraughts (Gregory, personal communication) and the 
gravity wave drag scheme of Palmer et  al. (1986). Poleward 
of 50” (the exact latitude depends on the maximum wind 
speed) points are Fourier-filtered in longitude to avoid 
instability. The climate version can be run coupled to simple 
slab or deep-ocean models. Here we present atmosphere-only 
runs in which the sea surface temperature and sea ice extents 
are prescribed from climatology. 

In the run considered here sea ice concentration is taken as 
loo%, with the ice thickness around Antarctica specified as 
1 m. Sea ice albedo takes the value of 0.8 for ice surface 
temperature less than -5”C, linearly decreasing with 
temperature to a value of 0.5 between -5°C and 0°C. Albedo 
over the Antarctic continent and other regions of permanent 
land ice is set to a constant 0.8. Over other land areas the 
albedo, following the scheme of Hansen et al. (1983), varies 
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Fig. 1. a. Model topography. b. Detailed observed topography 
(Drewry 1983). The contour interval is 500 m. 

between the snow-free albedo and a deep snow albedo for the 
temperature and vegetation type, according to the thickness 
of the snow cover (which itself can change from snow 
accumulation and melt and sublimation or deposition). A 
simple temperature-dependent representation of snow aging, 
which causes the snow albedo to vary close to the melting 
point in a similar fashion to that of sea ice, is also included. 
Fig. 1 shows the model topography over Antarctica, together 

with the more detailed observed topography. Unified model 
data used in this paper are 10-year averages taken from a 
control run of the “frozen” version of the model carried out 
in early 1993. 

The bane of the Antarctic modeller’s life is the sparsity of 
verification data. Schlesinger (1986), Jones & Wigley (1988) 
and Simmonds (1990) mention the problems of datasets over 
this region. Data from routine numerical weather prediction 
analyses are largely dependent on the model used, which will 
have changed substantially over the period of accumulation 
of the climatology. The reanalysis projects planned by the US 
National Meteorological Centre and the European Centre for 
Medium-Range Weather Forecasts will help to overcome the 
latter problem. There is also a certain circularity in verifying 
a GCM from model data which are rather poorly constrained 
by observations. Therefore, where possible, we prefer datasets 
synthesised from surface observations. For continent-scale 
temperature, we use the Radok et al. (1987) data of 10 m 
borehole temperatures. Reliable time series of surface 
temperature in the interior are available for a few points and 
are reported in Schwerdtfeger (1984). For accumulation, 
Giovinetto & Bull (1987) give a large number of widely 
varying accumulation composites although the more recent 
examples have tended to converge. We have chosen one from 
this set (Giovinetto & Bentley 1985) that seems to be of high 
quality. 

Verification of the pressure and temperature 

Fig. 2 shows the mean sea level pressure (MSLP) fields for 
winter (June-July-August, JJA) and summer (December- 
January-February, DJF) seasons, from the model and from 
analyses. The analyses are 10 year means produced from the 
data assimilation scheme of the previous UKMO NWP 
model and so are relatively independent of the UM and 
therefore have little bias towards it. Whilst there is a good 
representation of the Antarctic trough the pressure as a whole 
is too low by 4-6 hPa and in DJF the longitudinal positions 
of the climatological lows is rather poor. We can compare the 
zonal averages with the results reported by Boer et al. 
(1992a), who compare the climatology of 14 different GCMs 
with National Meteorological Center (NMC) analyses. The 
latitude of the UM pressure minimum agrees with the NMC 

Table I. Comparison of sea-level zonal average pressures between UM, 
UKMO analyses, and NMC analyses (as reported in Boer et nl. 1992a). 

Pressure (hPa) Latitude (S) 

DJF UM 980.6 65 
UKMO analyses 986.5 66.25 
NMCanalyses 987 66 

UKMO analyses 985.5 68.75 
NMC analyses 986 68 

JJA UM 982.3 70.0 
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Fig. 2. Climatological and modelled sea level pressure. a. Observed climatology for DJF. b. Observed climatology for JJA. c. Unified Model 
simulations for DJF. d. Unified Model simulations for JJA. The contour interval is 4 hPa. 

analyses in DJF but is too southerly by a grid point in JJA, 
although the trough is rather broad in this season. The UM 
pressure is lower than both analyses and at the lower end of 
the range of model results presented in Boer et al. Table I 
summarizes the latitude and depth of the minimum of the 
zonally-averaged pressure. 

Turning now to the temperature field, it should be 
remembered that in the model both sea-surface temperature 
and sea-ice cover are prescribed from climatology. Fig. 3 

shows the annual average surface temperature from the 
model and that deduced from 10 m ice temperatures by Radok 
et al. (1987). There is reasonable agreement between the two 
(closer than the agreement between some climatologies), 
dominated of course by the effects of orography. The minimum 
of the annual-average temperature, which occurs at the 
highest part of the East Antarctic plateau, is too low by about 
5 "C in the model simulation. A comparison with station data 
from Vostok (location 78.33, 106.9E) shows that this is, not 
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Fig. 3. Annual temperature from a. the Unified Model and b. 
deduced from 1Om borehole temperatures (redrawn from Radok 
et al. 1987). The contour interval is 5°C. 

constant throughout the year: in summer temperatures are 
approximately correct, but in winter they are too low by about 
5 “C. Seasonalvariation for two selected locations is discussed 
in section5 Around the coasts of East Antarctica, temperatures 
are around -15”C, in agreement with Radok, and with 
temperatures fromstations reported inschwerdtfeger (1984). 
Both the model and the Radok data show a cold area over the 
Ross ice shelf. 

Precipitation 

The current mass balance of Antarctica is not known, even to 
the extent of sign (Houghton et al. 1990). In a warmer world 
two competing changes may be postulated - more glacial 
discharge, and more precipitation since warmer air can hold 
more moisture. This latter effect can be crudely predicted by 
parametrizing accumulation in terms of temperature, height, 
continentality, etc. (Fortuin & Oerlemans 1990). More 
accurate predictions can only come fiom a GCM because of 
the many possible circulation changes that could also occur. 
Fig. 4 shows precipitation minus evaporation as predicted by 
the UM, by its predecessor the fifth annual cycle (5AC) model 
and that derived from glaciological study by Giovinetto & 
Bentley (1985) (the 5ACis the version of the UKMO 11 layer 
model which is essentially that described by Smith (1990). 
Data used from the 5AC are 5-year averages). Over land, 
modelled precipitation is in general much larger than 
evaporation so their difference - accumulation - mostly 
reflects snowfall patterns. 

The most notable features - the central “desert” area 
(where accumulation is less than 50 mm y-l), the ring of 
precipitation around the coasts, and the high precipitation on 
the Antarctic Peninsula - are present in both models. In the 
UM, the area of and accumulation rate in the central desert 
are rather good. Coastal high precipitation is probably too 
high in the UM and underdone in the 5AC. Both produce high 
precipitation over the peninsula, which is (in reality) an area 
of complex topography and very spatially variable snowfall. 
Because of the smoothing necessary to represent the height of 
the peninsula in the model (see Fig. 1) we cannot expect an 
accurate accumulation value for this area. Giovinetto & 
Bentley (1985) give an areally averaged accumulation rate 
for the whole of Antarctica excluding the peninsula but 
including ice shelves of 143 mm y-‘ which Frolich (1992) 
increases to 154 mm y 1  to include the peninsula. We include 
the ice shelves because the model represents most of them, 
and certainly the largest, the Ross and the Ronne-Filchner, as 
land-ice areas. The average annual accumulation for the 
whole of Antarctica is 182 mm y-I for the UM and 100 mm y” 
for the 5AC. If the peninsula is excluded from the calculation 
for the UM, the rate becomes 170 mm y”. Although the UM 
value is higher than that of Giovinetto & Bentley/Frolich it 
is within the range of values presented in Giovinetto & Bull 
(1987) and more realistic than the value of 498 mm y 1  
reported by Boer et al. (1992b) for the Canadian Climate 
Centre GCMII. We are investigating the very high values of 
snowfall that occur at a few coastal points (e.g. at 55”E). 

Kataba tic winds 

The katabatic, or drainage, winds are generated by the 
radiative cooling processes which cause surface inversions 
over much of Antarctica. Information about the inversion 
structure in winter over the interior is very sparse but the 
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Fig. 4. Net accumulation from a. Unified Model b. Fifth Annual 
Cycle and c. Giovinetto and Bentley 1985. The contours are at 
50,100,200,400,600 and 1000 mm y'. 

radiosonde database used in Connolley & King (1993) shows 
that the strength of these inversions at the two remaining 
interior stations (Amundsen-Scott and Vostok) is on average 
about 15°C in the lowest 500 m of the atmosphere. Cold air 
flows northwards off the Antarctic plateau and is given an 
easterly component by Coriolis forces (Schwerdtfeger 1984 
and James 1989).Thesurfacecooling, andhencethekatabatic 
wind regime, is more pronounced in the sunless months. All 
the results in this section are for the winter period 
June-July-August. The model cannot resolve individual 
valleys and so model output should be compared to the 
general speeds at the coast which are of 5-10 ms-I 
(Schwerdtfeger 1984) and not to the very high wind speeds 
that occur locally when valleys cause the winds to converge 
(e.g. at Port Denisonwhich has anannualaverage windspeed 
of 19 ms.'). Fig. 5 compares the winds at 10 m diagnosed by 
the model with surface winds deduced from stations and 
traverse records by Mather & Miller (1967) and the 
continental-scale model of Parish & Bromwich (1991) (lowest 
level 125 m). The wind pattern from the UM is good on the 
large scale, showing the expectedkatabatic flow with easterly 
deflection, making an angle of 3 0 - 4 5 O  with the fall-line near 
the coasts. The wind pattern is in better agreement with 
Mather & Miller than was the previous UKMO model as 
reportedinMitchell&Senior(1989), andthewindspeedsare 
up to twice as high, again in better agreement with surface 
observations from Schwerdtfeger. This improvement is 
probably due to the increased vertical resolution of the new 

model, the lowest level now being about 25 m above the 
surface as opposed to 200 m in the 5AC. As a possible topic 
for further investigation we note that rather than compare 
surface winds a more interesting comparison could be m.ade 
between the mass flux within the inversion layer in different 
models and in reality, which is probably a more dynamic,ally 
significant quantity than the surface wind. 

Coreless winter 

The Antarctic plateau experiences the remarkable 
phenomenon of the "coreless winter": the multi-annual 
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monthly mean air temperature at 1.5 m remains roughly 
constant for the 5 months between mid-April and mid- 
September. During the coreless winter heat loss by radiation 
from the ground is balanced by sensible heat transfer and 
downwards radiation from the air above, whose temperature 
is sustained by air advected from low latitudes. The relative 
importance in maintaining the temperature profile of the 
atmosphere during the coreless winter between radiation and 
adiabatic heating is not yet known. Fig. 6 shows the 1.5 m 
temperature climatology averaged over 25 years for Vostok 
and Amundsen-Scott (dashed line) and that produced by the 

Fig. 5. Low levels winds in m sl. a. Unified Model diagnosed 
1Om winds for JJA. b. Mather & Miller (1967) surface data. 
c. Parish & Bromwich (1991) “winter” conditions. 

UMrun. The Vostok UM data are for the point 77.5”S, 105”E 
(Vostok is at 78.5”S7 106.9”E), and at approximately the 
correct height. The Amundsen-Scott UMdataare for thegrid 
point at 90.0”s which has an average height of 2708 m, 100 
m lower than Amundsen-Scott. Accordingly the UM values 
for Amundsen-Scott have been reduced by 1°C to account for 
the height difference between station and model grid points. 

The UM reproduces the coreless winter well. The fit for 
Amundsen-Scott is remarkably good and the rate of change 
in spring and autumn is accurate. At both stations summer 
temperatures are correct whilst winter temperatures are too 
low, by only a few degrees at Amundsen-Scott and by up to 
5°C at Vostok. At Vostok the coreless feature is present, but 
spring decline and autumn increase is too rapid. Because 
clouds are one of the most uncertain features of climate 
models we suspect that underprediction of the cloud cover/ 
thickness, which would tend to cool the surface, may explain 
the too low winter temperatures at Vostok. A further factor is 
the exchange of heat between the relatively warm ocean and 
cold air, which is suppressed over sea ice. In an earlier run 
with (amongst other differences) more extensive sea ice 
winter temperatures at Vostok were up to 5°C colder, in 
agreement with the observational study of Weatherly et al. 
(1991) which showed a negative correlation between 
temperature and ice extent. 

Conclusions 

The Antarctic climate of the UKMO Unified Model is 
generally realistic and shows significant improvements over 
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Fig. 6. Series of monthly 1.5 m temperatures ("C) for a. Amundsen-Scott and b. Vostok. Dashed line: 25-year climatology from 
Schwerdtfeger (1984); solid line: 10-year averages from the Unified Model. Note the change of vertical axis between a. and b. 

earlier models. The general circulation pattern is acceptably 
simulated, although the pressure around Antarctica is too low 
by 4-6 hPa. Annual average temperatures over the continent 
are plausible and well within the range of observations, 
although the seasonal variation shows a rather cold winter on 
the high Antarctic plateau. The low-level wind field is as 
accurate as canbe expected given theresolution of the model. 
The snow accumulation has the correct general features, 
although the modelled coastal snowfall appears too high, and 
the modelled interior snowfall is good. 

Acknowledgements 

We are grateful to the two referees whose comments enabled 
us to improve this paper, in particular to Ian James for his 
suggestion concerning the mass flux through the inversion 
layer. 

References 

BOER, G.J.,ARPE, K., BIACKBURN, M.,DEQuE, M., GATS. W.L., HART, T.L., LE 
TRELT,H.,RoECKNER,E.,SHEI",DA.,SIMMONLS,I., S m ,  R.N.B.,ToKIoKA, 
T., WFJIHERALD, R.T. & WILLIAMSON, D. 1992a. Some results from an 
intercomparison of the climates simulated by 14 atmospheric general 
circulation models. Journal of Geophysical Research, 97,12771-12786. 

BOER, G.J., MCFARL~NE, N.A. & LAZARE, M. 1992b. Greenhouse gas-induced 
climatechange simulatedwith the CCCsecond-generationgeneralcirculation 
model. Journal of Climate, 5,1045-1077. 

CONNOLLEY, W.M. & KING, J.C. 1993. Atmospheric water vapour transport to 
Antarctica inferred from radiosondes. Quarterly Journal of the Royal 
Meteorological Society, 119,325-342. 

C m ,  M.J.P. 1993. The unified forecastklimate model. Meteorological 
Magazine, 122, 81-94. 

CU, M.J.P. & DAVIES, T. 1991. A conservative split-explicit integration 
scheme with fourth-order horizontal advection. Quarterly Journal of the 
Royal Meteorological Society, 117,993-1002. 

DREWRY, D.J. 1983. Antarctica: Glaciological and geophysical folio. 
Cambridge: Scott Polar Research Institute. 

FORTUW, J.P.F. & OERLEMNS, J. 1990. Parameterisation of the annual surface 
temperature and mass balance of Antarctica. Annals of Glaciology, 14, 
78-84. 

FROLICH, R.M. 1992. Surface mass balance of the Antarctic Peninsula ice sheet. 
In MORRIS, E.MEd.: The contribution of the Antarctic Peninsula to sea 
level rise. EC report EPOC-CT90-0015. Cambridge: British Antarctic 
Survey, 3-44. 

GIOVINEITO, M.B. & B w n n ,  C.R. 1985. Surface balance in ice dlrainage 
systems of Antarctica. Antarctic Journal of the United States, 20, 6-13. 

G~OVINEITO, M.B. & B u ,  C. 1987. Summary and analysis of surface mass 
balance compilations for Antarctica, 1960-1985. Byrd Polar Research 
Center Report No. 1 .  Columbus: Ohio State University, 90 pp. 

GREGORY, D. & R ~ E ,  P.R. 1990. A mass flux convection scheme with 
representation of cloud ensemble characteristics and stability dejpendent 
closure. Monthly Weather Review, 118,1483-1506. 

HANSEN, J.E., RUSSELL, G., RIND, D., STONE, P.,LAcIs,A.A., LEBEDEEF, S., RUEDY, 
R. & TRAVIS, L. 1983. Efficient three dimensional models for circulation 
studies, Models I and II. Monthly Weather Review, 111,609-662. 

HERMAN, G.F. & JOHNSON, W.T. 1980. Arctic and Antarctic climatology of a 
GLAS general circulation model. Monthly Weather Review, 105, 1974- 
1991. 

HOUGHTON, J.T., JENKINS, G.J. & EPHRAUMS, J.J. 1990. Climate change. The 
IPCCscientificassessment. Cambridge: CambridgeUniversity Press, 365 pp. 

INGRAM, W.J. 1990. Radiation. Meteorological Office, Unified Moakl Doc 
Paper No. 23. Bracknell: National Meteorological Library. [Unpublished]. 

JAMES, LN. 1989. The Antarctic drainage flow: implications for hemispheric 
flow on the southem hemisphere. Antarctic Science, 1,279-290. 

JONES, P.D. & WIGLEY,T.M. 1988. Antarcticgriddedsea levelpressure data: an 
analysisandreconstructionbackto 1957.JournalofClimate, 1,1199-1220. 

MA=, K.B. &MILLER, G.S. 1967. Notes on topographic factors afecting 
the surface wind indntarctica, with special reference to katabatic winds; 
and bibliography. Fairbanks: University of Alaska, 173 pp. 

M~TG-IEU, J.F.B. &SENIOR, C.A. 1989. The antarctic winter; simulations with 
climatological and reduced sea-ice extents. Quarterly Journal of the Royal 
Meteorological Society, 115,225-246. 

PALIVIER, T.N., S C H ~ ,  G.J. & SWINBANK, R. 1986. Alleviation of a systematic 
bias in general circulation and numerical weather prediction models through 
an orographicgravity wave dragparameterization. Quarterly Journalof the 
Royal Meteorological Society, 112,1001-1039. 

PARISH, T.R. & BROMWICH, D.H. 1991. Continental-scale simulation of the 
Antarctic katabatic wind regime. Journal ofclimate, 4,135-146. 

https://doi.org/10.1017/S0954102094000143 Published online by Cambridge University Press

https://doi.org/10.1017/S0954102094000143


122 W.M. CONNOLLEY and H. CATTLE 

RADOK, U., JENSSEN, D. & MCINNES, B. 1987. On the surgingpotential ofpolar 
ice streams. Springfield US Dept of Commerce, 62 pp. 

ROBERTS, D.L. & CAW, H. 1990. Simulation of sea ice in a coupled ocean- 
atmosphere model. InReport of thefirst session of the sea ice numerical 
experimentation group, Washington, D.C., 23-25 May 1989. WCRP-45, 

SCHLESINGER, M.E. 1986. Atmospheric general circulation model simulations of 
the modem Antarctic climate. Proceedings of the 2nd International 
Conference on Southern Hemisphere Meteorology, Wellington, New 
Zealand. Boston: American Meteorological Society, 111-112. 

WMOITD-NO. 384. 

SCHWERDFEGER, W. 1984. Weather and climate of theAntarctic. Amsterdam: 
Elsevier. 261 pp. 

SIMMONDS, I. 1990. Improvements in general circulation model performance in 
simulating Antarctic climate. Antarctic Science, 2,287-300. 

SMITH, R.N.B. 1990. A scheme for predicting layer clouds and their water 
content in a general circulation model. Quarterly Journal of the Royal 
Meteorological Society, 116,435-460. 

WELATHERLY,J.W.,WALSH, J.E. &ZWALLY,H.J. 199LAntarcticseaicevariations 
and seasonal air temperaturerelationship.Journa1 OfGeophysicaZResearch, 
96, 15119-15130. 

https://doi.org/10.1017/S0954102094000143 Published online by Cambridge University Press

https://doi.org/10.1017/S0954102094000143

