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al Weather Predi
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ation to Antar
ti
 Weather Fore
asting.Dr. Neil Adams∗June 23, 20091 Introdu
tionResear
hers at the Antar
ti
 Climate and E
osys-tems Cooperative Resear
h Centre (ACE CRC) areinvolved in the development of a sea-i
e analysis andfore
asting system that ultimately will provide theAustralian Antar
ti
 
ommunity with an operationalsea-i
e analysis and fore
asting tool to assist naviga-tion at sea, and lo
al Antar
ti
 sea-i
e resear
h. The
ore of the fore
asting system is version four of theLos Alamos National Laboratory's Community I
e(CICEv4) model (Hunke et al. 2008). The systemis primarily designed to run in a 
oupled mode withglobal 
limate and o
ean models. However, it 
an berun in a stand-alone mode, and the ACE CRC de-velopment team have implemented the CICEv4 
odeas a regional sea-i
e model 
overing only the south-ern hemisphere, using the same polar-stereographi
grid as employed by the Australian Bureau of Meteo-rology's polar-stereographi
 Limited Area Predi
tionSystem - polarLAPS (Adams in press). The ratio-nale behind employing the same grid as the polar-LAPS model is the ease with whi
h atmospheri
 for
-ing data 
an be ingested by the sea-i
e model. Thedata assimilation system under development for thesea-i
e model is based on the Bluelink O
ean DataAssimilation (BODAS) system (Oke et al. 2007),with the initial version expe
ted to assimilate onlysea-i
e 
on
entration data. BODAS is an optimal in-terpolation system requiring error 
ovarian
e matri-
es for ea
h of the state variables, and these matri
es
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need to be generated from a suitably long 
limate runof the sea-i
e fore
ast system. To provide the atmo-spheri
 for
ing data for the 
limate run polarLAPSwas run from 1 January 1998 to 31 De
ember 2008,nested within NCEP-DOE Reanalysis-2 data (Kana-mitsu et al. 2002). Although these model runs wereprimarily performed to provide for
ing data for thesea-i
e fore
asting system they also have the potentialto provide a wealth of data to Antar
ti
 weather fore-
asters. With 11 years of model data it is possible to
arefully look at model statisti
s in the form of modelbiases and errors and to also provide fore
asters witha unque data-set over those parts of Antar
ti
a forwhi
h there are no long term surfa
e or upper airobservational re
ords. The follow paper introdu
essome of the analysis undertaken to des
ribe the po-larLAPS model 
limatology, and potential bene�ts toAntar
ti
 weather fore
asting.2 The modelling systemPolarLAPS is a polar-stereographi
 implemen-tation of the ALAPS model (Adams 2004) anddesigned to over
ome some of the more seriousshort-
omings of ALAPS resulting from 
onvergingmeridians towards the southern boundary andthe proximity of the domain boundaries to themain fore
ast areas of interest. In it's 
urrentform polarLAPS runs as a down-s
aling systemand in fore
ast mode is nested within outputfrom the National Centers for EnvironmentalPredi
tion Global Fore
ast System (NCEP-GFS)(www.em
.n
ep.noaa.gov/modelinfo/index.html).1



For the 
limate runs the NCEP-DOE Reanalysis-2data (Kanamitsu et al. 2002) was used to provideinitial and boundary 
onditions for the fore
astruns, and over the 11 year period the model wasre-initialised every 24 hours at 0000 UTC, withmodel output from +12 hours out to +36 hourssaved from ea
h run. The 11 year 
limatology wasthen 
onstru
ted from hourly surfa
e fore
asts andthree hourly upper-level fore
asts from between the+12 hour time-step and +35 hour time-step. Theinitial 12 hours of model output was dis
arded inorder to give the model adequate spin-up time. Fig-ure 1 shows the domain employed by the polarLAPS

Figure 1: PolarLAPS domain used in 
limate systemsystem in the 
limate run mode.The modelling method employed was designed forspeed of pro
essing as a stri
t time-line of a
hievingresults was in pla
e, with the 11 years of data tak-ing seven months on an NEC SX6 super-
omputer.There were some issues with the modelling systememployed. A bug in the set-up 
ode resulted inmonthly mean one degree sea surfa
e temperaturedata being used rather than weekly data. The12 hour spin-up for the model runs was most de�-

nitely too short given the interpolation of 250 km res-olution reanalysis data dire
tly to the 27.5 km resolu-tion polarLAPS domain. Re
ent studied of the polar-LAPS model skill (Adams in press) showed that po-larLAPS nested within the 100 km resolution NCEP-GFS output took around 16 hours of spin up beforethe model skill improved su�
iently to out-performthe same model 
ode but nested within the 75 kmresolution Australian global Model (GASP) output.The 16 hour spin up was 
onsidered a dire
t result ofthe sho
k to the model system from the interpolationpro
ess. Given the mu
h 
oarser resolution of the re-analysis data it would be expe
ted that the spin-upwould be some what longer than 16 hours. Ideally,su
h a down-s
aling pro
ess would be more fun
tionalif the system was re-started every 6 hours with modeloutput from between +24 hours and +29 hours fromea
h model run used to 
onstru
t the 
limatology.However, the aim of the system was not to providea

urate regional 
limate data, but 11 years worth ofpolarLAPS data from whi
h to for
e a sea-i
e mod-elling system to generate error 
ovarian
e matri
es.3 Performan
e of the polar-LAPS 
limatologyThe initial testing of the model performan
e involveda 
omparison of model biases, root mean square er-rors (RMSE) and bias 
orre
ted RMSE for s
reentemperature, surfa
e pressure and near surfa
e windspeed at Casey, Mawson and Vostok. Biases andRMSE (not shown), were in general improved in po-larLAPS over the reanalysis data used to initialisepolarLAPS. Although, the wind statisti
s at Maw-son were slightly degraded in bias and RMSE over thereanalysis output. However, the bias 
orre
ted RMSerrors from polarLAPS were better for all lo
ationsand variables (Table 1). The down-s
aled polarLAPSbias 
orre
ted RMS errors were only marginally worsethan the statisti
s from the real-time fore
ast runs ofthe model, nested within the NCEP-GFS data, wherethe temperature bias 
orre
ted RMSE was 2.4 K,pressure 3.1 hPa and wind speed 5.1 ms-1.General features of the Antar
ti
 atmosphere were



bC-RMSE Temp (K) SLP (hPa) Wind (m/s)L - N L - N L - NCasey 3.0 4.7 4.7 34.7 5.9 7.4Mawson 2.9 3.7 3.9 34.3 5.7 6.6Vostok 3.1 5.4 - 2.8 4.4Table 1: Model bias 
orre
t RMSE for temperature,pressure and wind speed at Casey, Davis and Vostok.(L - polarLAPS, N- Reanalysis-2).well 
aptured in the down-s
aling pro
ess. Figure 2shows the aggregate monthly mean temperatures

Figure 2: Mean monthly Vostok temperatures for theperiod 1998 - 2008. Solid line is the polarLAPS 9 mdata, dashed line the Vostok observations, and thedotted line the polarLAPS surfa
e temperature.from Vostok between 1998 and 2008 from polarLAPS,with the near surfa
e (~9 m) temperature plotted asa solid line, and the modelled surfa
e temperatureas a dotted line. The observed (2 m) temperaturesare shown as dashed line. The polarLAPS 
lima-tology has under-estimated the winter-time temper-atures by some 10 to 12 oC, whi
h is a signi�
antdeparture from observed. The model grid point is atan elevation of 3470 m with the a
tual station heightat 3488 m so height di�eren
es are unlikely to sig-ni�
antly 
ontribute to the error. The model surfa
e

temperatures are also too warm, suggesting that theinitialisation of the model surfa
e temperature �eldwas in error and for
ing near surfa
e air temperaturesto be too warm. Where the polarLAPS 
limatologydid perform well was in modelling the 
ore-less win-ter and the slight warming around June asso
iatedwith the build up of the strong winter-time surfa
eout�ow.Closer examination of the time series data alsohighlighted the relatively good performan
e of thedown-s
aling pro
ess. Figure 3 shows a time-series

Figure 3: Time series plot of polarLAPS data andCasey observational data for the period 1 May to1 O
tober 2005. Solid bla
k lines are polarLAPS 9 mdata, thin grey line Casey observational data and thindashed line the polarLAPS 140 m wind speed.plot of three hourly data from the grid point 
los-est to Casey Station (66o 17' S, 110o 31.4' E). Modeldata from the 0.9988 sigma level (~9 m) are shown inbla
k, and Casey observations in grey. Wind speeddata from the polarLAPS 0.9820 sigma level (~140 m)are shown as a dotted line. Temperatures mat
hvery well, and the pro�le of pressure also mat
hesvery well, but with an obvious bias resulting from themodel grid point being at an elevation of 234 m andthe station barometer at a height of 42.3 m. Closeinspe
tion of the wind speed time series shows the po-larLAPS 
limate runs pi
ked the majority of strong



wind or storm events, although under-estimated theirstrength. The polarLAPS winds from 140 m bet-ter 
aptured the storm events although slightly over-estimated wind speeds between events. The wind di-re
tion re
ord is somewhat di�
ult to interpret, al-though the model has bias towards east to northeast-erly �ow and appears not to 
apture the southerlyevents that are evident in the observational re
ord.The anomalies in the modelled winds are best 
om-pared through the use of wind speed and dire
tionfrequen
y analyses. Figure 4a shows the frequen
yanalysis from the polarLAPS 9 m winds, with Fig-ure 4b the analysis from the observational data. Fig-ure 4
 is the polarLAPS 140 m frequen
y analysis.The bi-modal nature of the Casey 10 m wind is quiteapparent in Figure 4b with a predominan
e of light(~5 ms-1) northeasterly and south to southeasterly�ow. The polarLAPS prevailing 9 m �ow is a lighteast to northeasterly. Storm events at Casey havea prevailing dire
tion around 85o true, where as thepolarLAPS storms at both 9 m and 140 m are fromaround 95o true. The reasoning behind the biasesneeds further investigation but it would appear thatthe spe
i�ed fri
tion within the polarLAPS dynam-i
s has been set too high, resulting in a retardationof the modelled surfa
e �ow and an in
rease in thedown-slope dire
tion of the wind.4 Summary and Con
lusionsEleven years of polarLAPS runs have been performedto provide atmospheri
 for
ing data for a sea-i
e fore-
asting system under development. However, thesedata provide a unique resour
e for weather fore
ast-ers operating in the Antar
ti
 in as mu
h as a model
limatology is now available for data sparse lo
ationsa
ross the Antar
ti
 
ontinent and Southern O
ean.The 
limatology is not perfe
t, with a very rudimen-tary down-s
aling pro
ess employed, but 
areful anal-ysis of the model output 
an be used to highlightmodel de�
ien
ies that in turn 
an bene�t the inter-pretation of the 
limatology. At present the 
lima-tology is quite short but this prototype system sug-gests that down-s
aling is a worthwhile pro
ess anda modern NWP system 
oupled to a modern global Figure 4: Wind speed and dire
tion frequen
y anal-yses for a) polarLAPS 9 m data, b) Casey surfa
e(10 m) observations and 
) polarLAPS 140 m data.



reanalysis dataset may o�er mu
h in providing a highresolution long term Antar
ti
 
limate dataset.5 Referen
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