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Weather forecasts experienced a quiet revolution

Anomaly correlation geopotentlal height 500hPa — NH/SH (ECWMF)
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Weather forecasts experienced a quiet revolution — and so did modern reanalysis

Much better representation of Sudden Stratospheric Warming events,
due to changes in the Semi-Langrangian scheme (Diamantakis, 2014)
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Europe’s eyes on Earth
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Yet, forecast skill remains lower in the Arctic

Anomaly correlation geopotential height 500hPa, 5 days ahead
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Challenges related to:

physical processes, wide range of scales, coupling
use of observations

data assimilation techniques

ensemble prediction
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Modelling challenges — one example : Arctic air mass transformation

SHEBA observations

cloudy state

Surface net LW (Wm?)
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= Stable boundary layers

= Mixed phase clouds

= Atmosphere-sea ice coupling
= Seaice

= Snow over sea-ice

= Wide range of scales

Pithan et al. (2018, 2016)



Challenges in data assimilation techniques

Ensemble Data Assimilation Ensemble Forecast

A
sl We know observations and models are not perfect:
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N e = an optimal analysis
2. As long as initial condition and model uncertainty are
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ensemble forecast
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Challenges in data assimilation techniques Advanced prediction in

polar regions and beyond
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In lower-troposphere & upper-stratosphere, the adjustments observations can make to

S ECMWF the short-range forecasts in the Arctic during the assimilation are now limited
J. Farnan
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Challenges in the use of observations Advanced prediction in
‘ Summer 2016 Winter 2017/2018 | polar regions and beyond
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Challenges in the use of observations Advanced prediction in
polar regions and beyond
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YOPP Modelling & Forecasting Datasets

Data availability and further information
Y 20" -
> ECMWF http://polarprediction.net



http://polarprediction.net/
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Advanced prediction in
polar regions and beyond

YOPP Modelling & Forecasting Datasets

Example application:
Contrasting mean tendencies in different regions

(a) Arctic: Sea ice-free ocean (DJF) (b) Arctic: Sea ice-covered ocean (DJF)
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YOPPsiteMIP - YOPP supersite Model Inter-comparison Project

* Process based forecast evaluation at YOPP supersites: fixed and floating, range of surface & climate types
* IASOA/NOAA producing Merged Observatory Data Files (MODFs) for YOPP SOPs, hosted by MetNo
* Modelling contributions from ECMWF, UK Met Office, Russian Hydromet, ECCC, Met No., Univ. Stockholm.

< ECMWF
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Example of diagnostic analysis at the Sodankyla supersite (Finland) Advanced prediction in

polar regions and beyond

e
\J@ L /\f N
20 ] Temperatu re
‘ = profile for
E Jan-Feb 2017
<
.% 20 1
T Obs
101 Single layer snow
Multi layer snow
0 e @
—ZILO —IB —|6 —|4 —I2 (IJ

100 A
g 50 A
" o
L 0
o
% =50
E 100
(@)
[
T 150

=200 : : . : : :

-10 —8 —6 -4 -2 0

Temp (C)

Targeted diagnostics & model evaluation
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Coupled (atm/ocean/sea-ice) modelling and process understanding

Novel atmosphere-
snow-sea ice-ocean
observations
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Specific dynamic & thermodynamics coupling
challenges in NWP

= |nitialization

= Temporal and spatial scales

YGPP

YEAR OF
* .* POLAR

The Internatlonal Arctlc



3
% YEAR OF
* ¥  POLAR

¥ PREDICTION

Arctic Winter SOP Extra Observations
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Model comparison for the first YOPP SOP
(Feb-March 2018)
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Temperature when forecasts and observed calm winds ( < 2m/s)
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Observing System Experiments (OSESs) APPLICATE.eu

Advanced prediction in
polar regions and beyond

Remove (satellite and conventional) observations at lat>60N and lat<-60N:

@ NOAA-15 (33140) NOAA-18 (8196 A NOAA-19 (110475) MET OP-A {98850)
~ AQUA (61853) METOP-B {81000)
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3 months winter (including
" YOPP 15t SOP)

" 3 months summer

Analyse the increase in forecast error when observations are removed from the Arctic
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H. Lawrence et al., in preparation



Degraded forecast skill in the North Pole and Northern Mid-latitudes
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Advanced prediction in
polar regions and beyond
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Impact on the midlatitudes & Arctic — midlatitude linkages APPLICATE.eu

Advanced prediction in
polar regions and beyond
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Specific challenges in the Arctic:

Coupled model errors are large & the range of scales to cover is wide;

The Arctic is sparse in term of conventional observations but very rich in terms of satellite observations;
Satellite observations are more difficult to use (i.e. radiative transfer modelling);

Background error representation in data assimilation systems.

Concerted effort in YOPP in:

= enhanced coupled modelling;

» data assimilation methods (including initialization of new components & coupled data assimilation) ;
» effective use of observations in the numerical weather prediction systems.

= Artic-mid-latitude linkages
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