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Abstract
The impact of observations on analysis uncertanty forecast performance was investigated for
Austral Spring 2010 over the Southern polar areafdar different systems (NRL, GMAO,
ECMWF and Météo-France), at the time of the Coniesidield experiment. The largest multi
model variance in 500 hPa height analyses is fanitkde southern sub-Antarctic oceanic region,
where there are strong atmospheric dynamics, rapetast error growth, and fewer upper air
wind observation data to constrain the analysedetms of data impact the most important
observation components are shown to be AMSU, IASRRS, GPS-RO, radiosonde, surface and
atmospheric motion vector observations. For soundata, radiosondes and dropsondes, one can
note a large impact of temperature at low leveld anlarge impact of wind at high levels.
Observing system experiments using the Concordiegpsondes show a large impact of the
observations over the Antarctic plateau extendmlpwer latitudes with the forecast range, with
a large impact around 50 to 70° South. These exjeats indicate there is a potential benefit of
better using radiance data over land and sea-ideirarovative atmospheric motion vectors

obtained from a combination of various satellitedilt the current data gaps and improve NWP

in this region.
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1 Introduction

Because of the remoteness and harsh environmetiteopolar regions, and of Antarctica
especially, in situ atmospheric observations irs¢gheegions are relatively sparse. As a result,
compared with other regions of the globe, our kmalgk of the atmospheric state is particularly
limited. The Concordiasi project was an internaiocollaboration which gathered innovative
observations over Antarctica (Rabier et al. 2010yas a contribution to the THORPEX-IPY
projects (The Observing System Research and Pabditt Experiment International Polar Year
projects), with the main meteorological objective improve numerical weather prediction
systems (Rabier et al.,, 2013a). The additionalitin-sbservations provided by Concordiasi
constitute a reference dataset which was used pae in situ data with satellite retrievals
(Wang et al, 2013) and numerical forecasts (Cotal,&013) in order to document shortcomings
in models and data assimilation. This knowledge tteem be used to improve forecasting and
assimilation and lead to more accurate real-tinayaes as well as improved re-analyses.

The additional observations were mainly intendeddmplement routine observations, and to
match with satellite overpasses. In-situ atmosphebservations (surface observations and
upper-air profiles) are made routinely in Antaratibut mainly along the coast (15 sites over 17),
except for the Amundsen-Scott station at the S&atle (managed by the USA) and Concordia
on the plateau at Dome C (managed by Italy andd&)amas shown by the red dots in Figure 1.
Amundsen-Scott performs two radiosoundings per dag, Concordia provides a radiosounding
at 1200 UTC on most days. Concordia has the adgantd being under the swath of sun-
synchronous satellites several times a day. In 288 2009, the campaign was based on
radiosounding measurements made primarily at Caneaio study the meteorology of the
plateau in Antarctica and to provide a baselineclmmparison with satellite data. In 2010, the

Concordiasi project used a constellation of styatesic long-duration instrumented balloons.
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The French Centre National d'Etudes Spatiales (QN&tfiched 19 stratospheric balloons from
the station of McMurdo in September and Octobe02@&Inong the 19 balloons launched, 13 of
them were of the “driftsonde” type and released enttran 600 dropsondes, on demand, to
provide high-resolution vertical profiles of tematire, humidity, winds and pressure (Figure 1).
The driftsondes (balloons and release systems opsdndes) were developed through a
partnership between CNES (responsible for the ba#lp and the U. S. National Center for
Atmospheric Research (NCAR, responsible for th@slmodes and the gondolas, see Cohn et al,
2013). The drifting balloons followed the air amts in a quasi-Lagrangian way over the
Antarctic for several months, at an altitude of Kii. The release of dropsondes was mainly
targeted to coincide with satellite over-passes,levlsome dropsondes were devoted to
predictability studies and others were used todesdi GPS radio-occultations measured from
receivers on board the balloons (Haase et al. 2E\V&ntually, the dropsonde coverage was quite

uniform over the Southern polar area, as seenguar&il.

© 2013 AfriGIS (Pty) Ltd
Image U'S. Geological Survey

S10, NOAA, U.S! Navy, NGA, GEBCO,
US Deptiof State Geographer

Figure 1: Map of dropsonde released over Antarticaluring the concordiasi experiment (yellow squares).
Routine radiosonde observations are shown with redots.
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The goal of our study is to investigate the impzfgbolar observations (observations at latitudes
poleward of 60 degrees south) on the forecast tyuaher the Southern polar area, with a focus
on the assimilation of the additional dropsondesi¢thed during the 2010 Concordiasi campaign.
We focus on a period of interest during the 201@@aign from 27 September to 16 November
when most dropsondes were launched. Both the edilcalof the impact of observations using
the adjoint of a data assimilation system (e.gndland and Baker 2004), but also more classical
Observing System Experiments (OSE) in the contéx®Var (e.g., Rawlins et al. 2007) are
performed. Data impacts are investigated in theerigal weather prediction systems run by four
centres involved in the Concordiasi project: Mékgance (France), the Global Modeling and
Assimilation Office (GMAO, U.S.A.), the Naval Resel Laboratory (NRL, U.S.A.) and the
European Centre for Medium-Range Weather Fored&@SI$/IWF). Section 2 illustrates data
coverage and analysis differences in the Antaitéa. The data impact is shown with adjoint
sensitivity tools in section 3 and with observingstem experiments in section 4. Section 5

concludes this paper.

2 Observation coverage and analysis uncertainty ithe southern polar area

In order to understand the characteristics of dasamilation systems in the Southern polar area,
it is relevant to investigate what is the data lamlity and usage. In Figure 2, the observation
density is displayed for most observation typethenNRL system. One can notice the sparseness
of in-situ observations, in particular inside thatérctic continent. One can also notice a gap in
satellite-wind observation coverage in a zone aktenfrom about 50 to 70 degrees south, with
geostationary winds equatorward of 50°S, and MOBW8 AVHRR winds over the Antarctic
continent. This is also an area where the sateditkance usage is generally poor due to the

difficulty in using radiances over sea-ice. Howeveome developments have recently taken
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place in Météo-France to better characterize tregawiave sea-ice emissivity in order to be able
to assimilate AMSU-B/MHS data on this surface (Karket al, 2013), and the coverage is then

improved for this particular centre (see Figure 3).

5/15



No. All Surf Obs 146738 Sfe=10 hPa MNo. All Radiesonde Obs 346809
24 of 30-Day .ﬂi|5 Surfu:; Cl‘:\:'T 20511032[:[50_201 1091800 24 of JG—IJu:‘ Mandatory & Significont Levels , VT ECI‘I‘IGE-EDDD 2011081800
Sfe—10 hPa Min, Max: O, 3037 Meen: 33,7329 , SDEV: 145,736 I

in, Max: O, 7563 Mean: 79. ?262 SDEV: 620.9

Sfc—10 hPa MNo. Sat Wind Obs 505286 Sfe—10 hPa Ho. Sat Wind Obs 153848
24 of 30-Day ALL SSEC, ALL CHAN, VT 2011082000-2011091800 24 of 30-Day AL MODIS, ALL CHAN, VT_2011082000-2011091800
Min, Max: O, 1174 Mean: 116,158 , SDEV: 176.595 Min, Max: 0 , 440 Mean: 35.3674 , SDEV: 70.713

()

Mo, AMSU Ubs 3.50306a+08 All Satellites, All Chan MWo. MHS Obs 133108
All NOAA, All Chan Min, Max: 0, 19 Mean: B05.302 , SDEV: 445.438 23 of 30-Day VT 2011080600-2011100500
24 of 30— —Day VT 2011082000-2011091800 Min, Max: 1, 243 | Mean: 56.3063 , SDEV: 39.698

(= 3

Figure 2: Maps of observations density for (a) alburface observations, (b) radiosonde, (c) satwind
observations, (d) polar wind from MODIS, (e) AMSU-Aand (f) MHS observations used at NRL over 30 days
[20 Aug. to 18 Sept. 2011].
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Figure 3: AMSU-B/MHS observation density in the Mééo-France assimilation system.

The assimilation of all these observations prodacesysis increments, which represent the work
performed by the analysis to correct the a pritatesof the model and fit the observations. Figure
4 presents the root mean square error of incrementthe geopotential height at 500 hPa,
computed for two centres, ECMWF and Météo-Frantces tlear that the analysis is not much
influenced by observations over the Antarctic datelue to the lack of observations. The larger
increments are found in the surrounding oceansy @he larger for ECMWF than Météo-France
and the maximum value is not seen at the sametlaegi This highlights the region where
uncertainties in the forecast have to be reducedntbst by the available observations. For
ECMWEF, a cross section of analysis increments ésgmted in figure 5 along 110°E across the
area with maximum activity. The vertical structigleows an interesting feature, namely a 10
degree latitudinal offset of the maximum betweemndemid troposphere and upper troposphere -
lower stratosphere. The northward displacement@farea with large increments at lower levels
is mostly caused by the Antarctic continent reagHower latitudes in this region pushing out

low-level disturbances.
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(a) 500hPa, 20100930-20101116 (b)  Rus analysis increment: 500hPa, 2010083000-2010111618
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Figure 4: (a) ECMWF and (b) Météo-France root mearsquare of analysis increments for geopotential hetg
at 500 hPa averaged over the period ranging from ehSeptember to mid-November 2010. Unit is m.
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Figure 5: ECMWF cross section along 110°E betweerd4nd 90°S of analysis increments root mean square
for geopotential height averaged over the periodanging from end-September to mid-November 2010. The
vertical axis represents height in hPa and unit ofhe color scale is m. Note that levels below ~70@& south of
75°S should be discarded.

It is also relevant to examine systematic diffeemnin the atmospheric analyses produced by
different data assimilation systems. These anabjifierences represent an approximation to the
error in estimates of the true atmospheric statd,aae closely correlated with the distribution of
in-situ and satellite observations, and with atnhesge error growth rates (Langland et al. 2008).
The average “static-time variance” of analysed B8@ geopotential height for 27 Sept. to 16

Nov. 2010 is shown in Figure 5. For this quantigrge variance is found where there are
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frequent and relatively large differences betwdenfour analyses. If all 500 hPa height analyses
were identical at every time, the average statmetvariance would be zero. Note that Fig. 5 is
not a variance of 500hPa height over time. Her@titstime variance” indicates that the variance

is with respect to the mean of four analyses \atithe same time.

Static-time variance in 500 hPa height analyseduis to various factors, including differences

between analysis/forecast systems in observaticts®n, quality control, bias correction, data

assimilation methodology, and in the forecast medeat provide background forecasts for the
data assimilation procedure. In addition, analgsiferences may typically be larger in regions

with strong atmospheric dynamics and rapid erromgn, as found along the polar front jet, since

this can create larger spread between backgrouaddsts of the various forecast systems.

Mean Z500 variance ECMWF NOGAPS METFRANCE GEQOS5H5

10 20 30 40 50 60 70 80 90 100 ] 20

00UTC27Sept — 12UTC16Nov 2010 100 analyses

Figure 6: Average static-time variance of analyze800 hPa geopotential height for the four models, fo
analyses at 00UTC and 12UTC from 27Sept to 16 No®20. The average variance is calculated by produan
an average of the four separate analyses at eachadysis time (OOUTC and 12UTC daily) and taking the
variance of each model’'s analysis from the averagmalysis. These variances are then summed and dieid by
the number of analyses, to produce the average siatime variance plot. [There are 100 separate angbes
included from 27 Sept. to 16 Nov. 2010]. Units ana>.
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It is seen in Figure 6 that largest average statie-variance in analysed 500hPa height for this
time period is found in a zone extending from aldsuto 70 degrees south, similarly to the area
with large increments in Figure 4. This is a regioith a relative gap in satellite-wind

observation coverage, as discussed previously, sagect to strong atmospheric dynamics.
Figure 7 illustrates potential for error growth @dated with the atmospheric instability. It

represents the averaged intensity of singular veatomputed over the polar region for the
ECMWEF system during this period. It correspondshi areas where small perturbations of the

flow will grow the fastest in the short-range (Beazand Palmer, 1995).
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Figure 7: Averaged Singular Vectors for the ECMWF gstem [20 Sept.-12 Nov.].
Static-time variance in analysed 500hPa heighteisernlly lower over the Antarctic continent,

except for the region of Victoria Land, includinigetarea around Dome C and the Concordia
radiosonde station. Apparently, during this timeiquk the additional observation data provided
by Concordia radiosonde profiles were not suffitien number to offset large variance in

analysed 500hPa height caused by factors not sirefated to observation density. Such factors
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include relatively large uncertainty in backgroundecasts for data assimilation over this region,
due to the particular difficulty in forecasting thgtreme weather over the Antarctic plateau, with
strong thermal inversions and strong coupling whih snow-covered surface.

Differences in static-time variance of analysedd® height from one model system to another
can be quite large, as shown in Fig. 8. This isndicator of analysis reliability, since low static
time variance indicates that a particular heighalgsis product is consistently closer to the
average of the four separate analyses. In thisggrit is seen that the 500hPa height analyses of
ECMWEF (Fig 8b) and Météo-France systems (Fig8d)eh#we lowest average static-time
variance, while the variance of NRL (Fig 8c) and &M systems (Fig 8c) are considerably
larger. For each model the largest variance isdaenerally in the zone between 50°S and 70°S,
and regional maxima of variance within this latiubelt in the south Indian ocean and south
Pacific ocean. Given the similarity in locationtbé static-time variance pattern in each model, it
appears likely that this is accounted for by genpraperties of atmospheric dynamics and the
global observing system. That is, the largest statie variance in 500 hPa height analyses is
found in the southern sub-Antarctic oceanic regiarhere there are strong atmospheric
dynamics, rapid forecast error growth, and fewgreuir wind observation data to constrain the
analyses. The larger static-time variance in NRId &BMAO systems is essentially an
enhancement of the variance pattern seen in the\EINd Météo-France analyses, but implies
the NRL and GMAO 500hPa analyses are less reliaiee they consistently have greater

departures from a consensus (average) analysis.
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Figure 8: As in Fig. 6, except showing separatelyji¢ mean variance of analyzed 500 hPa geopotentiadight
for each mngzdel from the average analysed height fit a) GMAO, b) ECMWF, c) NRL, d) Météo-France.
Units are nr.

3 Data impact with the adjoint sensitivity tool

3.1 Model descriptions and impact calculation

The technique used to measure observation impathtisnstudy is based on variants of the
method proposed by Langland and Baker (2004).d$ tise adjoint of a data assimilation system

to estimate the impact of individual observationsaa energy-based measure of forecast error:

e=(x"-x")TP'CP(x" —x"), (1)

12/15



wherex is a 24-h forecast staté,is the verifying analysis correspondingqu C is a diagonal
matrix of weights that gives units of energy peitunass (Talagrand, 1981), P is a spatial
projection operator that measueesnly within a specified region of interest and fuperscript T
denotes the transpose operation.

For the NRL, the impacts shown here are derivethftbe operational run of its global data
assimilation system (NAVDAS-AR, Xu et al. 2005) afwdecast model (NOGAPS, Peng et al.
2004). NAVDAS-AR uses four-dimensional variationatsimilation (4D-Var) to produce
analyses at 00, 06, 12, 18 UTC, with observati@sinalated during 6 hour time windows using
an inner-loop resolution of T119L42. The NOGAP&fmst model and its adjoint are both run at
T319L42. Observation impact is measured using astrtotal energy norm evaluated over the

global domain from the surface to approximatelyHP#®in the form
&=(K"g,d), 2)
where K is the adjoint of the analysis scheme, d are thsewation-minus-background
departures (innovations) and g is a vector in megdate given by
g=M, P'CP(x; —x')+M,PTCP(x, —x"), 3)
where M| and M represent the adjoint of the forecast model evatlalong the forecast

trajectories initialized from the background andalgsis states, respectively. Equation (2)
provides a non-linear (essentially third-order) ragpmation ofde in terms of d (Errico 2007).
Météo-France has conducted two global simulatioite thhe 2010 version (cycle 36t1) of the
French global model, Action Research Small Scalgd&cale (ARPEGE) (Fourrié et al. 2006)
developed in collaboration with ECMWEF. It uses 4@r\and data are assimilated at 00, 06, 12,
18 UTC with 6 hour-time windows. Experiments weegfprmed on a period from September to

mid-November 2010 that covers the field campaigmroAtrol experiment without the additional
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observations from Concordiasi was run, as wellrasia which all additional observations from
Concordiasi were assimilated. The stretched gegnoétthe model was adapted to have a better
spatial resolution of about 10 km over the Antaretnd 60 km on the opposite side of the globe.
Observation impacts were computed at T107 resaluti@sed on a dry energy norm from the
surface to the top of the model using (2), witkeglaced by

g'=M]PTCP(x/ -x')+MP"CP(x! - x"), (4)
Note that (4) is similar to (3) except that theoanlj of the forecast model linearized about the
forecast started fromyxs applied to the error measure evaluated fofdahecast started fromyx
and vice versa. This corresponds to a second-@plgroximation ofée in terms of d (Errico
2007), but for the measure (1) provides essentinlysame accuracy as the third-order form (3)
(Gelaro et al. 2007).
The GMAO produced a global simulation and obseovatimpacts including Concordiasi
dropsonde observations using a reduced-resolutesion of the Goddard Earth Observing
System-5 (GEOS-5) atmospheric data assimilationtesys(Rienecker et al. 2007). The
background forecasts and analysis increments wegtuped at 0.5° resolution with 72 vertical
levels using the GEOS-5 forecast model and Gridp®tatistical Interpolation (GSI, Wu et al.
2002) analysis scheme, respectively. The GSI adjwes run at 0.5° resolution, while the
GEOS-5 adjoint model was run at 1° resolution. G& was run in a 3D-Var configuration with
a 6-hour update cycle. Observation impacts werepabed at 00 and 12 UTC (although
Concordiasi observations were assimilated in atlleg) based on a dry energy norm defined
poleward of 60° S and from the surface to 150 AP&. impacts were computed using a variant
of the third-order approximation (2) which takest@d account of the multiple outer loops used

to produce the forward analysis in GEOS-5, as ila®Geet al. (2010).
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At ECMWF, OSEs were performed to assess the asadygl forecast impact of the Concordiasi
campaign. In particular, the period chosen is fr@010/09/28 to 2010/11/16 in which a
maximum number of dropsondes were released. Theriexgnt were performed using the
operational IFS cycle 36R4 at the resolution T7@the model trajectory (and forecast) with
three inner loops at T159, T255, T255 for the wsialresolution. The reference experiment
contains all the operation data plus the dropsontesrvations.

The ECMWF operational forecast sensitivity adjoiathnique uses a third order sensitivity
gradient as Langland and Baker (2004) but on a di# lassimilation period. The sensitivity
gradients (3) are therefore valid at the startinggtof the 4D-Var assimilation window (0900 and
2100 UTC). The forecast sensitivity runs the madosgkctory at the T1279 resolution whilst the

linear system is solved at T255 resolution.

3.2 Influence of polar observations in different aalysis and forecast systems

Figure 9 represents the percentage in terms ofctietuof forecast error (total energy) of polar
observations, namely observations polarwards of l&ude. The total, which is different for
each centre as the computation of the sensitififpr@cast error to observation is not the same,
has been brought back to 100 %. This measure duescoount for the number of observations

except through the impact they infer.
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Figure 9: Normalised impact on the 24-hour forecasof different observation groups in the polar doman for
(a) GMAO, (b) NRL, (c) Météo-France and (d) ECMWF gstems in decreasing order.

The impact of the different observation groupsas distributed similarly for every system. For
GMAO, Météo-France and ECMWEF, in particular, 751 % of the total forecast error
reduction comes from 3 instruments, which are hetdame ones depending on the system. For
the NRL system, the impact comes from more observaburces and is more-evenly distributed
among 6 of them. AMVs in the NRL system have thigdat impact on forecast error reduction
in the south polar region due to the assimilatiba arger number of MODIS and AVHRR wind
data in this particular system and an elaborateppyeessing and data selection. This case
notwithstanding, microwave radiances of AMSU-A anftared radiances of IASI have a good
impact in all systems, representing around 60 %heftotal contribution (except for NRL, for

which it is 33%).
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The results obtained for each system reflect diffeassimilation strategies. Météo-France shows
detrimental impact of AMVs in this region, whichahd be investigated further (it is not
generally the case, for other areas and/or otheogs). AMSU-B microwave radiances account
for more than 13 % of total forecast error reductio the Météo-France system only. Efforts
have been made in recent years to assimilate mdiSWAA and AMSU-B radiances,
particularly over land and sea ice. This is why AMB impact is very important in this
particular case of polar observations. As explaimel{larbou et al (2013), the method involves
estimating emissivity from the surface sensitivaeasisations by inverting the radiative transfer
equation and assigning it to other sounding channel

For ECMWF and Météo-France, in-situ observatiormeiog from synop stations, ship and buoys
play an important part in improving forecasts, esgnting 4.8 and 12.2 % of the error reduction
respectively. This is also true in the NRL systelrere this group of observations explains nearly
8 % of the forecast error reduction. Measuremeragarby radiosondes contribute between 6 and
10 % to the total in all systems except in the ECM¥Ystem where they surprisingly contribute
only 1.3 %. In contrast, AIRS infrared data playiaportant part in ECMWF system as they
contribute more than 22 % of the total. This is tmy system where they have such a large
impact.

GPS radio-occultation measurements play a very iitapbrole in the GMAO system. In second
position when looking at the ranking, they conttébuearly 18 % of the total impact. Although
this value is less important in NRL (4.7 %) and E@WM (6.4%), this kind of observations have a
good impact. Météo-France is the only system lesgansive to these observations with only 2.3
% of the total impact. The explanation may lie e humber of data assimilated, as they were
vertically thinned to keep only one datum per modstical layer. This vertical thinning is not

applied in the other systems. Since then, some rgmeets have taken place to test the
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assimilation of GPSRO without any vertical thinninbhis processing, which multiplies the
number of assimilated observations by 5 and inered®ir impact, was subsequently
implemented in operations. SSMI/S data have aivelgt good impact in the NRL system

(8.4%), the only system that assimilated them is éxperiment.

3.3 Impact of the choice of domain for observationand norm definition

Depending on the model used, the calculation ofittygact of observations was performed by
calculating J on the whole globe or by limiting #rea of interest to the South pole, between 60
and 90 degrees southern latitude. In this sectieninvestigate how the choice of the total norm
affects the impact result of an observing systeon.tke ARPEGE model, the calculation of the
impact of observations on forecast error reductvas repeated using two different norms for the
cost function calculation, a polar norm on the baad, where J is calculated between 60 and 90
degrees south, and a global norm on the other headulated on the whole globe. This
additional computation was made on a shorter pegomidg from 8 to 31 October 2010. The

impact of polar observations in the two cases, tiveisame short period, is shown in Figure 10a.

Depending on the norm used, the absolute valuesnarehe same. However, the relative
influence of each observation group is similar ahtiost in the same order. This shows that
whichever the norm is used, the relative influeateach observation group is similar for polar
observations, which explains why we could compheeviarious systems in the previous section.
The differences obtained using the global normemdtof the polar norm can be interpreted as
the influence of polar observations that spread®ie their original area to the neighbouring
regions in 24 hours. In general, polar observat@se contribute to improve forecasts in other

areas.
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Conversely, we can show the influence of extraipoleservations on the reduction of forecast
error in the polar area. Figure 10b shows the &seerror reduction in the Météo-France system
computed only in the polar area but for all obseoves on one hand, and for polar observations
on the other hand. Here, the relative influenceaafh observation group is not the same because
the ocean surrounding the Antarctic area is demsebservations. Observations outside of the
polar area contribute to reducing the forecastrenrthis area, especially AMSU-A, IASI, synop,

and buoys (exhibiting the largest differences betwile two calculations in figure 10b).
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Figure 10: (a) Impact of polar observations (60S 90S) separated by observation groups when the cost
function J is computed on the globe (global norm)roon the polar area (polar norm). (b) Impact of pokar
observations (white) and global observations (grey)sing the polar norm (J computed over the polar aga
60S-90S only). Both are valid for Météo-France sysin. [8-31 Oct. 2010] in J.kg.

Although observations from outside the southermippbne have an impact on the 24-hour
forecast in the polar region, polar observatiorsthe most important to reduce the forecast error
in this region which justifies our choice to fodhss paper on these particular observations, south
of 60S, which we call “polar observations”.

To finish with, it seemed relevant to compare timpact of polar observations to the general
impact of global observations. In order to compéee global observing system to what we can
call the polar observing system, we show in Fidglitghe impact in the Météo-France system of

different observation systems computed with difféneorms: global norm computed for global
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observations and polar norm computed only betwedgrartd 90 degrees South for the polar

observations.

Impact Observation count
(a) il AMSU.A (b) Awsva e E——

e ———— ] 1AS| 1As1
 —— RAOB RaoB =2

| SATWIND saTWiIND [
[r— AIRCRAFT AIRCRAFT [
= BUOY BUOY
== GPSRO Gpsro @
— SYNOP synop &
= SEVRI seviRl =21
= ARS ARs [EE——
= HIRS HiRs [
 —] AMSU-8 Ausus =
= SSMIS ssms =2
= SCATT scatT [2
= PILOT piLoT [

DROP DROP
10 0 10 20 30 40 0 10000 20000 30000 40000 50000 60000 70000  8000O

‘DPaIar Obs. / Polar Norm @ Global Obs. / Global Norm‘ (x10° Jrkg)

Figure 11: (a) Impact of different observation groyps in Météo-France system for the polar observatianusing
the polar norm (in white) and global observations ging the global norm (in grey) computed in percentge and
(b) observation counts for each case.

In the global context (impact of global observatigystem computed with the global norm),
satellite observations have the largest impact, @rdribute for more than 68 % to the global
impact. This is not surprising as they representemiian 87 % of the total number of
observations assimilated in this experiment. Cotigeal observations play also an important
part and contribute to improve forecast skill. & Wwok more closely to the ranking, AMSU-A
contribute the most, followed by IASI, radiosond&d)Vs from geostationary or polar satellites,
aircraft, buoys, and radio-occultation data basethe global positioning system (GPSRO). This
is not a specific result for this assimilation gondecast system. Although the impact of any one
data type depends on the mix of other data tyhesetis a broad consensus amongst the global
numerical weather prediction (NWP) centres thatséh@bservation types are the biggest
contributors to forecast skill, as noted in thedFireport of the fifth WMO workshop on the
impact of various observing systems on numericalther prediction, 2012.

If we focus now on the Antarctic region, we can digferent features. In situ measurements are
rare due to the hostile environment for both mararal automatic systems. In this context,

satellite observations represent nearly 99 % ofdibgervations assimilated, and dominate the
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impact. IASI and AMSU-A still represent the mostpiantant contributors to the forecast error
reduction, but here, the influence of AMSU-B isatelely important. AMSU-B improve the
forecast in Météo-France system as some recentrgg®ghas been made in assimilating
observations over sea ice as discussed earlidgroddh measurement stations are not numerous
and observation numbers are low (0.17% and 0.44%heftotal respectively), synop and
radiosondes have a good impact. Most of these measats are made along the coast except for
Amundsen-Scott at the South Pole and ConcordiahenPlateau at Dome C. Drifting buoys
around Antarctica also have a good impact on impgthe forecast on the area. Dropsondes
improve the forecast skill. Their influence in thbal context is limited to 0.3%. In the polar
context, it represents nearly 2% of the total. Toe number of observations coming from
aircrafts explain their small influence here. Thdiances from the Seviri instrument onboard the
geostationary satellite Meteosat Second Gener@i3G) has little influence in polar regions as
they are not numerous below 60° South. There ardPh@®T, scatterometter and SSMI/S
observations assimilated in the Météo-France systetine region, mainly covered by land, sea
ice or snow and not much open sea. Surprisingly, VAMvhich are one of the biggest
contributors in the global context, degrade (slighthe Météo-France forecast in the polar
context during this study period. AIRS is not askited over sea ice, neither over land for the
moment (even though some stratospheric and uppgogpheric channels could be assimilated).
Considering HIRS observations over the South Pala dand), Météo-France system assimilates
data from only a single water vapour channel if alt@¢ude is less than 1500 meters. Over sea,
observations too far from the guess for one surfdwnnel are discarded. On the contrary,
GPSRO measurements are independent from the suyfaeecloud or particles in the air and so

bring a contribution commensurate with their number
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Figure 12: As Figure 11 but for NRL system.
Similarly, figure 12 shows observation impact résubtained in the NRL system. Here, in a

global context, AMVs have more impact than otheseshation types. This may be explained
largely by the greater number of AMV data assiretatCompared to other systems, more wind
observations are assimilated. Another explanatiay tre more-optimal assimilation of AMVs
using the NRL super observation procedure. In targlomain, AMVs wind data (MODIS) still
provide the largest forecast error reduction, fw#d by satellite radiances, including AMSU-A
and IASI, and in situ measurements such as radidesonland-surface observations and

dropsondes profiles.

3.4 Dropsonde impact in the southern polar region

During the 2010 campaign, an important effort wasdento evaluate the impact of dropsonde
observations. In this section, we detail the fosegaprovements that dropsondes brought as part
of the observing system. The impact of temperathrenidity and wind measurements are

investigated as well as the impact of the locatibthese data.
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Figure 13: Impact of dropsondes (left) and radiosode (right) data by parameter (U, V, T, Q) and layern(Hi,
Lo). The low layer (Lo) is for pressure larger than400 hPa and the high layer (Hi) is for pressure &s than 400
hPa in different systems : (a) and (b) GMAO, (c) ad (d) Météo-France, (e) and (f) ECMWF, (g) and (hNRL.
Negative values correspond to a reduction in foresaerror. Impact values on the abscissa have been
normalised so that the total impact of dropsondesral radiosondes is 100 J/kg for each centre.
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Although the dropsonde impact is relatively smalinpared to satellite data such as AMSU-A,
IASI or GPSRO, it is interesting to evaluate thepaut of this relatively uniform source of
atmospheric profiles in the region and to companeith the impact provided by radiosondes
over Antarctica. Figure 13 shows the dropsonde anfmx each measured parameter at low and
high levels (below and above 400hPa). For dropsomtidnigh levels, wind measurements have
the largest impact, whereas temperature measursrhaué a large impact at lower levels. This
is particularly evident in the Météo-France systewhere the influence of temperature
measurements collected from dropsondes in low deielnearly four times bigger than the
influence of the wind measurements. The impacteaiperature observations at high levels in
GMAO and NRL systems is quite small compared ta {m@vided by wind observations.
Humidity measurements have globally a smaller impaed a detrimental impact is seen at low
levels for dropsonde humidity in the Météo-Francedei and for radiosonde humidity in the
ECMWF model.

Technically, radiosonde and dropsonde are simdhay vertically sample the atmosphere, from
the bottom up for radiosondes and conversely fopsiondes. Radiosoundings are made routinely
at fixed stations whereas dropsondes are launchedemand, meaning that their location and
time are not fixed. For these two profiling method® can see similar features for each centre.
The impact of radiosondes at low levels in the Médtéance system is more evenly distributed
among temperature and wind measurements than dpsdndes. Temperature measurements at
high levels in NRL system have a bigger impact tfuairdropsondes.

Most radiosondes in Antarctica are launched aldreg doast, except for the Amundsen-Scott
station at the South pole and Concordia statidboate C. In contrast, dropsondes were deployed

in many different locations, some of them over$herounding oceans, others over the Antarctic
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continent. This allowed sampling of the atmosplaratitudes usually poorly covered by in situ
observations. One can notice that overall the tesainfirm the impact of radiosondes.

In order to further investigate the improvementugtat by dropsondes over Antarctica, impacts
of individual observations have been computed a&sdits have been gathered in three latitude
bands of 10 degrees each between 60 and 90° Sbhresult for each centre is shown in

Figure 14.
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Figure 14: Impact per observation of dropsonde datén different systems by latitude band 10 degreesiige.
Impacts are normalised for each system (GMAO, NRLMétéo-France and ECMWF) for the sum of 3
columns to be 100 % for each centre over the polarea (60-90S).

In the GMAO and Météo-France systems, individuaasbations have the largest impact when
located near the South Pole. For the ECMWF andNfiE system, observations located on a ring
between 60 and 70° South participate more in reduttie forecast error. The intermediate ring
between 70 and 80° South seems to be the locatenenobservations have the smallest impact
without being negligible. These differences mayekplained by several considerations. Weather
regimes are different depending on latitude. Betw66 and 70° South, more low-pressure
systems are active than southwards. These challgrigirecast areas may benefit from the

dropsondes as additional data to improve the aisal@@oser to the pole, the large impact of
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dropsondes may be explained by the lack of othé¢a.d@or the GMAO and Météo-France
systems, the domain used to compute the impadteobbservations is the Southern polar area,
which might explain the relatively larger values fbe higher latitudes. On the contrary, the
domain used to compute the impact of the obsematio the ECMWF and NRL systems is

global, which might explain the larger values foe tower latitude bands for these two systems.

4 Observing system experiments

At both ECMWF and Météo-France, observing systepearments were performed to document
further the impact of the Concordiasi dropsondegeiments with and without the dropsonde
data were run from the end of September to mid-Niex, when most of the 644 dropsondes
were available. The examination of analysis diffiees showed that, as anticipated from the
results described in the previous section, thete gtavide most of the impact in winds at higher
altitudes and temperature at lowest altitudes. Xammle is shown in Figure 15, for the analysis
temperature differences at 700 hPa, applied to Wbd&teo-France and ECMWEF, for both

averaged differences and standard-deviations ferdifices.
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Figure 15: Temperature (control - dropsonde denialdifference fields at 700 hPa for Météo-France (apean
analysis difference, (b) standard deviation analys difference and for ECMWF (c) mean analysis diffeence
for temperature and wind and (d) standard deviation

The changes to the analysis from the dropsondesdren the areas with large uncertainty of
analysed height (Fig. 6) or with large Singular ¥ecamplitude (Fig. 7). Also, ECMWEF has

larger analysis differences (Fig 15c), which issistent with Fig. 13. The average impact over
the Antarctic plateau is to lower the temperatureich is consistent with a compensation of the
model biases (Cohn et al, 2013, Rabier et al, 20I8e models are not cold enough over the

plateau and the dropsondes manage to correct foisdias. Inland Antarctica is also the place
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where the analysis differences have the largestdatd-deviations. This shows that at this

relatively low level, the dropsondes mainly intredulifferences over inland Antarctica.
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Figure 16: Météo-France temperature difference (camol-denial) fields at 700 hPa (a) RMS of 24h forezst

difference, (b) RMS of 48h forecast difference, ((RMS of 72h forecast difference, (d) RMS of 96h farcast
difference.

One can investigate how this analysis impact tedaslinto a forecast impact. The RMS of the
differences between the experiments with and wittioel dropsondes are plotted in Figure 16 for

the Météo-France experiment at forecast ranges fram 4 days. One can see how the initial
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differences grow in time to extend to lower latesd Although the largest forecast impact
remains over inland Antarctica, it is also sigrafit around 60 South for most of the forecast

ranges.

5 Conclusion

In this article, the impact of observations on gsigl uncertainty and forecast performance was
investigated for Austral Spring 2010 over the Seuthpolar area for four different systems
(NRL, GMAO, ECMWEF and Météo-France). The periodrdérest was chosen so as to coincide
with the main field observation campaign of the Gmdiasi project, providing more than 600
additional dropsonde atmospheric profiles over #Hrea. Examination of the observation
coverage and analysis differences between theckntres point out an area of poor data density
and maximum analysis uncertainty over the Soutleesan at latitudes ranging from 50 to 70°
South. This is also an area with large flow indtgbas shown by the singular vectors. The
impact of observations was then calculated with ddgint method and shows similarities
between the four systems. The most important ptagex AMSU, IASI, AIRS, GPS-RO, RAOB,
surface and AMV data. The exact ranking varies amoentres due to their data assimilation
system specifications. The NRL shows a particulastyong impact of AMV data, not
surprisingly as this centre uses more of thesacpdat observations than the other centres. The
Météo-France assimilation exhibits a large impdcAbBISU-B data, following some research
developments to be able to use these data ovecese@ompared to the global context, there is
generally more impact of satellite data and legsaich of conventional observations. This would
be slightly different over the Northern polar are&ere radiosondes and aircraft also play a more
prominent role (not shown). For sounding data dAetarctica, one can note a large impact of

temperature at low levels and a large impact ofdwiat high levels. In terms of impact by
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latitude band, both the area near to the pole hedatitudes around 60° South where dynamic
instability prevails show a large impact. Indeedys€rving System Experiments using the
Concordiasi dropsondes show a large impact of theemvations over the Antarctic plateau
extending to lower latitudes with the increasingef@ast range, with a large impact around 60°
South.

This study was primarily aimed at documenting datpact over the Southern polar area to
highlight the importance of certain data types poaht to the use of additional observations. In
particular, it seems that one should progressenuge of satellite data over snow and sea-ice to
better control temperature at low altitudes. Onaldalso think of exploiting the occasional
aircraft flying to Antarctica in order to fill thdata gap over the ocean. Another promising data
source is the AMVs provided by a combination of gjationary and polar-orbiting satellites,

which are precisely located in the “ring of uncery’ between 50 and 70° South.
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