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Gaps in the Arctic observations

Conventional observations of different types (assimilated by ECMWF on 15 April 2015)
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Jung et al. (2016, BAMS)

“The polar regions are among the most sparsely observed parts of the globe by conventional observing systems.”



Year Of Polar Prediction (YOPP)

An extended period of coordinated intensive
observational and modelling activities, in order to
improve prediction capabilities for the polar regions
and beyond, on a wide range of time scales from
hours to seasons

A key element of the WWRP-PPP
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Radiosonde upper air observations on IBRV Araon

(2015) August 2 ~ August 20 (Only for the leg-1 period of Arctic cruise)

— Frequency
e Twice daily (00, 12 UTC)
e 4-times daily (00, 06, 12, 18 UTC) around the ice camp period (18 UTC 11 Aug.
~12 UTC 14 Aug.)

— Total number of launch: 50

(2016) August 5 ~ September 9

— Frequency
e Leg 1 (5Aug ~ 21 Aug): Twice daily (00, 12 UTC) — regular, 4-times daily (00,
06, 12, 18 UTC) around the ice camp period, and 8-times daily during the ice
camp period (00 UTC 14 Aug. ~ 06 UTC 15 Aug.)
e Leg 2 (26 Aug ~ 9 Sep): Twice daily in August, 4-times daily in September with
two days of 3-hourly obs (4-5 Sep)

— Total number of launch: 89

(2017) August 7 ~ September 13

— Frequency
* Mostly keep 4-times daily (00, 06, 12, 18 UTC)

— Total number of launch: 136
— GTS broadcasting

(2018) Early August ~ Mid-September (Special Observing Period, SOP)



Weather prediction KPOPS(KOPRI POlar Prediction System)

KPOPS-Weather
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< KPOPS-Weather >

- Arctic prediction system based on Polar WRF (v3.7.1)
- Arctic-Eurasia regional prediction and forecasts during ARAON cruise




Intense Arctic cyclone in mid-August 2016
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Figure 1. The Arctic cyclone was analyzed with a central pressure of 968 mb at 06Z (2:00 am EDT) Tuesday,
August 16, 2016. The central pressure had risen to 971 mb by 12Z (8:00 am EDT). Image credit: tropicaltidbits.com.

OOZ August 16, 2016

%f"’; amég

F‘igure 2. Surface ..analvses over the Arctic D(:eaﬁ show the Great Arctic C;'clnne of 2012 at its deepest [left, at
06Z August 6, 2012] juxtaposed with the current cyclone [right, as of 00Z Tuesday, August 16, 2016). The initial
Image credit: Environment Canada.



Intense Arctic cyclone in mid-August 2016

Yamagami et al. (2017): Extreme Arctic cyclone in August 2016

The cyclonic Arctic was maintained for more than 1 month. Baroclinic instability and
mergings with cyclones are suggested as the main cause.
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Intense Arctic cyclone in mid-August 2016

MSLP(shading), Cyclone track(gray), ARAON track(red)
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Representation in the ERA-Interim reanalysis

T2m, MSLP PT850, H850 PT300, H500 Shear, MSLP PV300, PT300
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Polar WRF simulation

45°E

Model

- Polar WRF (PWRFV3.7.1)

- Spatial resolution: 27 km

- Initial data: NCEP GFS forecasts (0.5°)
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Physics Options (ASR Physics, Bromwich et al., 2016) e
- Goddard scheme

- RRTMG shortwave and longwave radiation
- MYNN surface-layer

- Noah LSM

- MYNN 2.5 level TKE PBL scheme

- Kain-Fritsch cumulus e
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Initial condition ensemble simulations
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Figure: Track & Intensity
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Data Assimilation of Arctic Radiosonde Sounding
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Results: Central Pressure

Intensity of Cyclone (hPa)
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August (green), and forecast with 3-day cycling assimilation windows from 10 to 13
August (blue).



Results: Forecast Increments of MSLP

Increments (DA_13 - DA_NO)
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Results: Forecast Increments of GPH300

Increments (DA_13 - DA_NO) -
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Results: Forecast Increments of MSLP

Intensity of Cyclone (hPa)
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Results: Forecast Increments of PV300

PV300 (shading) & PT300 {contour) & UV300

Intensity of Cyclone (hPa)
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Conclusions

e We perform WRF forecasts of the mid-August intense cyclone’s life cycle
with the initial and boundary conditions from the NCEP GFS forecast fields.

— The intensification phase is simulated in all experiments

e For an experimental purpose, we test the assimilation impact of the extra
Araon sounding data using the WRF-3DVAR.

— Three model experiments: DA_NO, DA_10 (Single_DA), DA_13 (Cycling_DA).

— DA_NO and Single_DA simulated the cyclone’s life cycle in a very similar way,
whereas Cycling_ DA shows a notable discrepancy on the simulation of the
weakening phase from 16 August. In Cycling_DA, the weakening rate is even
more rapid, compared with the reanalysis data.

— An anticylonic increment generated by the cycling sounding data assimilation
grows and spreads to the central Arctic Ocean and excessively affects the
cyclone weakening while it passes around the International Dateline, located
at the closest distance from the Araon.



Ongoing works

More data assimilation experiments...

- Effect of an individual observation under the same initial condition
- Sensitivity experiments: initial condition & assimilation intervals

/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 /10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20
ERA_INTERIM F=oeefmmreee et e m e e ERA_INTERIM F=oeefmmreee et e m e e ERA_INTERIM ’»m‘----------------
DA at 081000 > FCST at 081100 ¢-# > DA_NO o
DA at 081100 P FCST at 081200 oo » \ ‘

DA at 081200

FCST at 081300 e > OBS

v

DA at 081300 & FCST at 081400 L = DA_6-hourly »




Supplementary Materials



Araon cruise track
Ice Cover (shading) & MSLP (contour) & UV 10m
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Simulated arctic cyclone at 00OUTC 16 August and
the location of Araon radiosonde



Analysis Increments with pseudo single observation test
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Results: Forecast Increments of MSLP

Increments (DA_13 — DA_12)
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Results: Forecast Increments of GPH300

Increments (DA_13 - DA_12)
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Physics Configuration

Effect of sea ice update P1: CBHAR set

P2 : ASR set
P3 : Antarctic set
P4 : WRF default set
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