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The SCM approach

SCM
« Transparent / flexible

 Cheap

What about the forcings?

 Go with uncertainty

 Nudging towards some “true” state

» Alternative: assimilate observations! - enKF

Motivation

 Improve the ability to compare SCM results with
observations

« Compare different parameterizations

« Compare results of SGP with Cabauw, The
Netherlands




Ensemble Kalman Filter (enKF)

 Weighted average between model and observations
« Based on statistics of ensemble of model realizations
e Model covariances evolve in time

3 ensemble members advancing in time

analysis prior
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Source: Data Assimilation Research Testbed (NCAR)



SCM details and enKF implementation

« ECMWHF, REF version vs. TKE

« Monthly runs ARMSGP Central Facility with coupled soil/vegetation scheme

(here: 1999)

* Assimilated variables (hourly):
— Surface observations of u, v, T and q,
— Soil moisture and soil temperature of ERAiInterim
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- Initial profiles drawn from Gaussian distribution with
correlations derived from climatology
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Localization and large-scale forcings

e A localization function* constrains the
impact of the enKF to the lowest kms
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enKF

Nudging

 In the upper part of the domain
relaxation to the forcings is applied
(t = 6h):
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Height (m)

- Geostrophic wind and subsidence 2500
from ERAiInterim

- Dynamic tendencies from ARM
variational analysis
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* 5th order polynomial by Gaspari and Cohn (1999)



1999 results for cloud cover

e Model underestimates cloud
cover

e REF better than TKE

 Runs with enKF generate higher
cloud cover

e EnKF retains differences
between model branches

Modeled Total Cloud (-)
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Example: modeled and observed total
cloud cover at the ARM site. Monthly

averages for 1999.
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Total Cloud Fraction based on MMCR/MPL (-)
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Southern Great Plains versus Cabauw (NL)

* Rms error profiles of temperature and relative humidity for 12 LT
« Atmospheric soundings serve as a reference
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Comparison with wind profiler observations
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Blue = REF
Red = TKE
Diamonds= ARMSGP radiosondes



EnKF improves mixed layer
representation

EnKF retains differences
between model branches

Cloud cover is
underestimated (REF better

Nocturnal jet is
underestimated (TKE better

Comparable results were
obtained for Cabauw (NLD)
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1. Method

An endF uses the statishics of an ensemble
of model realizations as a procy for the
miodel covariance matrle, & welghted
average bebwnen modsl and sbaereations
provides a mest probable estimate of the
state of the atmosphers,

We assimilate surface ohservations of wind
{u,w), temperature, and speciic humidity
abtalned fram the ARM Central Facliy site
Inta the SCM of the ECMWE model. The
mindal iz run for a lang periad of time te
bullc up statistical significance {see poster
by Road Neggers). Az large-seale farcing we
use a comblnabion of ERAInterm and the
ARM variational analysis procuct.

2. Results

2.1 Thermodynal

State

A comparisen of three months af SCM
simuiations with 1800 LT stmespheric
soundings demanstrates that emplaying an
enkF glves a gignificant Improvement of
the represenmtian of tempersture and
Fumidty profiles in the corsective
Bauncary layer (Figure A} Differences
betwoen the twe modsd branches ars
small.
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#ram the ARM CMBE database (maonthly
averages over 1390):
* The models underestimate closd
cnver.
= The runs with enkF gererte higher
cloud caver,
= The ankF retaing the differences
betwesn the modsl branches.
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‘Consequences far the representation of the
summertime noctumal lv-level fot are
shown in Figure C. It presents averaged
mndngraphs ot 200 m abowe the surace,
Addtionally, Figure O glves rms profies far
an0o LT
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A comparisan with observations from the
915 MHz wind profiler shows that:

* TKE caphares the wind dyramics much
bestter than REF, but differences with
chservations remain {complexty of
the fardngs may play a rokeh.

* The Impact of the enkF is negligible.
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Initial conditions

» Create perturbed profiles of u, v, T, Q, Ten: Gekins 1s» ds fOr each
ensemble member with realistic correlations

Monthly correlations are derived from 3-year driverfile archive
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Initial conditions

 Generate random perturbation matrix with correct correlations
(derived from driverfile climatology).

« Specify stdevs: c,= 6,=1m/s, 61=01gi,=07s—1K, c,=0.59/kg,
Gqskin:GqS:O.Ozm‘?’/mS.

o Calculate profiles
1. E.g. for every ensemble member:
T(z,ens#) = 3D(z2) +
RM(T(z),ens#) * std(T) *
max(0 ; 1-z/4000)




Motivation

* Increase statistical significance of SCM studies

« Compare different parameterizations

 Improve the ability to compare SCM results with observations
« Compare results of SGP with Cabauw, The Netherlands
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Southern Great Plains Cabauw
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