Arctic OSE studies by using the AFES-LETKF data assimilation system (ALEDAS2)
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Sum mary » Ensemble predictions using AFES with the same ../ SRS e AT e
® Ensemble-based data assimilation system for global atmospheric data has been developed configurations as ALEDAS2 were then conducted =/
and experimental reanalysis dataset generated by the system has been archived from using the CTL and OSE reanalyses as initial .
2008. values when AC12 started to develop (00 UTC 3 ¢~
® Observing-system researches especially for Arctic radiosonde observations by using the Aug). »
data assimilation system are introduced here. - The CTL prediction reproduced the formation of ¢
® Ve have been developing the data assimilation system to increase the ensemble members AC12, but the OSE shows a significantly weaker .|
and to implement a diagnostic technique to estimate forecast sensitivity to observations. one (Fig. 5), indicating that the improved L Cmemmems N
_ reproduction of then upper tropospheric circulation || — g =N
1. Introduction due to the Polarstern radiosonde was 0UTGAE 43 6 7
. indispensable for the prediction. Fig 5 Time evolutions of SLP [hPa] of AC12 for
Ensemble AFES (AGCM) [ ETKE ADPUP(A)bSGrva’[IOHS . Ono et al. (2016) used the prediction data for an  Predictions from CTL (red) and OSE (blue). Light and
@@@@@@@ " | . ed del and found that th thin lines indicate temporal evolutions of all 63 ensemble
Y G P\ G & & Observation (PREPBUFR) i ' ’ ice-otean coupied model and found that the members and the thick lines indicate the ensemble
@@@@@@@ B\ improved prediction also has large impact on means of minimum SLP at AC12 centers of the
NGV NV N LY NP LY - precisely forecasting sea-ice distribution along the ensemble members. Time evolutions in CTL reanalysis
e Northern Sea Route during the period. (black) are also shown. After Yamazaki et al. (2015).
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@@ @@@@@ oS A, o C a L | RSeS| | Fig 6: (a) SLP and sea ice concentration on 21 Sep 2013 in ERA Interim and AMSR-2, (b
== A : ,. ] ' : speeds (CTL-OSE), and predicted Z500 (shading) with SLP (contour) in (c) the CTL and

d) OSE at 21 Sep (5.5 forecast day). The
Fig 1: Schematics of ALEDAS2. ARCROSE stations are indicated by dots. After Inoue et al. (2015).

. An ensemble data assimilation system, ALEDAS? is composed of the Atmospheric GCM * The impact of the additional observations during Sep 2013 obtained by a special radiosonde
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for the Earth Simulator (AFES) and the local ensemble transform Kalman filter (LETKF) observing network as part of the Arctic Research Collaboration for Radiosonde Observing

(Fig. 1; Enomoto et al. 2013) System Experiment (ARCROSE) on the predictability of weather and sea-ice patterns was
 AFES-LETKF experimental ensemble reanalysis 2 (ALERA2) generated by ALEDAS2 has evaluatea throu_gh an OSE §tudy. _ .

been archived from 2008 to early 2016 (Table 1). * Forecast experiments initialized by CTL and OSE fields were conducted and it was revealed

that additional Arctic radiosonde observations improved reproduction of the upper
tropospheric and surface anticyclones and were useful for predicting a persistent strong
wind event (Fig. 6).

« Currently, three streams have been conducted as ALERAZ2. Dataset of stream 2008 and
2010 can be available from http://www.jamstec.go.jp/esc/research/oreda/products/index.html.

Table 1: The configuration of ALERAZ2.

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 Resolution : 10)(1{111131;;183 P 3 Rece nt development Of ALEDASZ
streamZO(;éAug 0 . Ensemble size 63+1 Recently, we have c_jeveloping and improving ALEDAS?2 more useful for ob§erving_-system
an Covarianace localization 0=400 km / 0.4 Inp researches to contribute to constructing optimal observation networks and improving forecasts.
Streamz010™ Mar 2016) Spread inflation 10% (fixed) 1) Increasing ensemble members in ALEDAS2
stream?2013 Observations NCEP PREPBUFR « Atestis conducting to increase ensemble members in ALEDAS?2 to 255 (M255) with the
| | | | Boundary conditions OISST daily v4° same configurations as the current ALEDAS2 (M63).
Fig 2: Streams in ALERAZ. DA window 6 h * Increasing the members improves reproduction of global fields (Fig. 7), and extends spread
more larger than M63.

« Since ALERAZ2 shows very similar global and synoptic fields with other reliable reanalyses, 201506 SLP[Pa] MB3 oo O7ION oLP S07OOR SLP 0790

it can be treated as a reanalysis representative of the real atmosphere. (@) . [ Y ) (b) FBE e IRA= ol
- We have been conducted some observing system experiment (OSE) studies by using o LR I u - ‘

ALEDAS2. In the study, we compare ALERAZ2 as the control reanalysis (CTL) with an OSE o QA y A 138»% AT TR | | b 4 A

which is a reanalysis generated by a data assimilation system within which specific W e L3 7 _2: oo | P R MWM I d I AR i

observations are added or excluded, and evaluate the impact of the observations. = ' | | b P L
» Targets of the OSE studies are from tropical to Arctic regions (e.g., Inoue et al. 2013; = . 00!

Hattori et al. 2016), but we here mainly introduce the studies for Arctic observations and 201506 SLP[Pa] M255 o SLP 30-60S

atmospheric phenomena there. Gl 2N IR 7]
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2. Arctic OSE studies Mool W = il
1) Case of the ‘great’ Arctic cyclone in August 2012 (Yamazaki et al. 2015) ) = Sf= B ; & I o LM W
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* The Arctic cyclone which occurred in early August 2012 (AC12) is given the adjective ‘great Fig 7: (a) Averaged difference against JRA-55 (Kobayashi et al. 2015) and fields in SLP [Pa] during Jun 2015 for (upper) M63 and
because its surface central pressure was the lowest of any Arctic cyclone during August (bottom) M255. (b) Time sequences of RMSE of M255 (red) and M63 (black) against JRA-55 in SLP [Pa] during Jan-Jul 2015 in (left)
since records began in 1979 (Simmonds and Rudeva 2012). tropics, (middle) midlatitudes, and (right) polar latitudes. Note that forecast-analysis cycle in the M255 system started from 3 Jan 2015

« The trough in the upper troposphere near the surface AC12 affects the development of by using arbitrary ALERAZ fields.

AC12. => Importance of reproducibility of the upper tropospheric circulations. 2) Ensemble Forecast Sensitivity to Observations (EFSO)

oo 1=t & PV_Ave.0-30E,70-80N (CTL-0SE) A novel diagnostic technique, EFSO (Ota et al. 2013; Hotta 2014), to quantify how much each
observation has improved or degraded the forecast is implemented to the current ALEDAS2.
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Fig 3: Locations of radiosonde observations performed by the Polarstern (red dots) during
13-29 July 2012 with SLP and sea ice concentration on 6 August 2012 (After Yamazaki et
al. 2015).

RilE | W . Fig9:(a) Time series of the estimated total 6-hour forecast error reduction (blue, [J/kg]). Black
203 2015 2015 2005 Wigygp0ns s 215 25 line shows the actual forecast error reduction verified against the own analysis. (b) Estimated

« Just before and during the AC12’s lifetime, the German R/V ‘ Z 200 Fig 8: Time series of estimated error  average 6-hour forecast error reduction [J/kg] contributed from each observation types. (b,
Polarstern took twice-daily radiosonde observations near —— reduction [J/kg] by (upper) the upper) for the total error reduction and (b, bottom) for error reduction per observation. (d)
- Fig 4: (Upper) Vertical distributions of Polarstern radiosondes (Section 2.1)  Estimated average error reduction [J/kg] of a single radiosonde profile. Reductions in (b) and
Svalbard (Fig. 3). . o temperature differences (shading, [*C]) and (bottom) the Arctic radiosonde  (c) are averaged during 30 Dec 2015 to 31 Jan 2016.
* Inoue et al. (2013) found that radiosonde observations in the petween the CTL and OSE and dynamical | | observations (Section 2.2).
Arctic region improves reproducibility of the upper tropopause [PVU] inthe CTL, averaged over| | . Estimated error reductions for the cases in Section 2 show consistent vertical distributions in
tropospheric circulations over there. the Polarstern observation area (within the

_ _ yellow box in Fig. 3). (Bottom) Average their time series with results of the OSE studies (Fig. 8).
> The observation by Folarstern would contribute to differences (shad.ing.) and fields inthe cTL | | Estimated error reduction has close to the value of the actual error reduction (Fig. 9).

forecasting AC127 (contours) in 2300 (m) between CTLand || * Impact of each observation types, variables, and locations can be estimated separately.
OSE during 1-4 Aug. After Yamazaki et al.
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