Norwegian
Meteorological
v Institute

The 4" International Symposium on
Data Assimilation

23-27 February 2015
Conference location: RIKEN AICS, Kobe, Japan

Climatological Structure Functions in
HARMONIE data assimilation

Jelena Bojarova on behalf of the HIRLAM Team

ARy Z

Higm: 4 L&/ = HARMONIE



The Basic Problem

An Attack:

‘HARMONIE DA with 3h RUC does not help to improve
HARMONIE forecast. Why? Either the information content from
A previous observations is not captured by the system or the

(unrealistic) small scale structures overwhelm the analysis
increment already after 3 hours?”

H

A disappointed DA scientists, Gert-Jan Marseille

A quick reaction:

“In my view the problem is not related to small scale feature
that the HARMONIE model cannot handle in the data
assimilation, but related to systematic errors in the physics
that make data assimilation difficult or impossible.”

A brave senior mathematician, Nils Gustafsson



In any case, the evidence is here :
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The truth lies always somewhere in between, doesn't it ?...
What is wrong essentially
— 1) structure functions?

— 2) unrealistic small scale structures?
\ . .
' — 3) systematic errors (model biases) ?




12 h accumulated rainfall

Verification of the HARMONIE .
2.5km forecasts for extreme wi

event
(from Xiaohua Yang (DMI|) &
Lisa Bengtsson et al (SMHI) )
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The HARMONIE AROME is capable in
many cases to predict convective
precipitation events (severe high impact
weather events);

Stochastic nature of the convective
phenomena should be taken into account
both for verification and in post-processing
( timing and location uncertainty);

The quality of the short-term forecasts in
the operational runs is not satisfactory :
coupling strategy and data assimilation
to be blamed



What to do ? => First of all, try to simulate and understand

what happens (more exactly what goes wrong) during the data
assimilation process in HARMONIE AROME 2.5

| : . : -
Lmﬂ> Ens. Member 1 . Forecast AROME 2.5
Random 1, B1/2 on LBC BRI
Control Vi < 3 B B
Vector "~.. .
,I.A ;
control ForencastAROME 2.5
ot IR
w221/ o A
Random \,;"" B a4 LI
Control ' | /
vector relax Ens. Member 2 | Forecast AROME 2.5
EC1C
on LBC I : :

Schema: generation of perturbations with the structure of B-
matrix covariance.



A typical analysis
(12 — 25 August 2

increment in the experiment
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-> Surface pressure is too high and we are not able to correct it...



Evolution of
two random
perturbations
with structure
of B-matrix
covariance
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Evolution of
two random
perturbations
with structure
of B-matrix
covariance
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Evolution of
two random
perturbations
with structure
of B-matrix
covariance

Forecast length:
+05h
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Evolution of perturbation with structure of B-matrix covariance

Forecast length +00h
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Small scales features :
noise or realistic small-scale variability?

Surface pressure HARMONIE AROME fields look very
L R T —_, noisy. Transformation to the pressure
levels, transformation to the physical
quantities, change of add small scale

noise: Why? =>

=>» Physics-numerics interactions?

=>» Unbalance of non-hydrostatic part of
the flow (pressure departure, vertical
divergence) ?

=> Inconsistent the GFL fields due to
hydrostatic DA increment (liquid_water,
solid_water, rain, snow, graupel) ?

Or numerical truncation ?



What structure functions say

Percentage of explained surface pressure variance

Percentage of explained temperature variance
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(from Nils Gustafsson SMHI)

The preliminary results using cubic grid truncation (Mariano
Hortal implementation) show encouraging results : increased
numerical stability of the scheme and longer time stepping in

the semi-lagrangian forward propagation. Processes are

resolved in the grid-point space and smoothed in the spectral

space.



Scales for the deterministic analysis update
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Despite of small scale noise HARMONIE AROME is able to
model realistically processes on meso-scales!
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Processes on scales below 12-15 km should be interpreted with
care ! (Resolved convection : AROME 500m?)
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Impact of the climatological background
error statistics

Assimilation of radar data
(summer experiment)

Verification against
Radiosonde wind at 925hPa (~750m)
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Observing network (with radar data/without radar data) perturbed on
convective scales + varying physics parameterization + 12h model

integration
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Temperature (control)
(12 08 2008)

+ homogeneity
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Average in time (25 cases)
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HARMONIE AROME 4DVAR Prototype

Satellite image

Flow-dependent structure functions
even with a very crude TL/AD model
helps!

The Fog over sea problem is
significantly reduced with HARMONIE
AROME 4DVAR assimilation

Cloud mask HarRUC Har4DV
initialisatior

Harmonie [40VAR]: par ?1:sfc:0
at 2014030512+ 000, validtime 2014030512

|||||

From Jan Barkmeyer & Sibbo var der Veen (KNM|)

Magnus Lindskog (SMHI)

=>More on AROME 4DVAR : see Pierre Brousseau presentation



Flow-dependent stru
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What can we learn from this experiment:

1) We cannot come much further forward without flow-

dependent structure functions!=> homogeneity and isotropy
assumption about the forecast error statistics do not hold for the convective
scale phenomena;

2) Small scales structures and noise is a dangerous

combination => Go for “cubic grid” truncations, possibly low-resolution
orography; We need to rethink about initialisation on convective scales

3) Near linear regime of development is valid for certain
phenomena up to 3-4h because the advection seems to

dominate => hope for 4ADVAR HARMONIE! More high resolution
observations.

4) Ensembles have big potential for data assimilation on
convective scales (processes driven by surface and PBL

conditions) => Go for Ensemble Variational techniques using convection
permitting ensembles

=>More on EnVar : see Thibaut Montmerle presentation
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