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1. High Resolution Ensemble Kalman Filter System
( HR-EnKF)
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Features of the system

Sequential processing of batches of observations
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Partitioning the ensemble (to deal with the underestimation
of the error structure) x> =x"+K(y—-Hx")
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Localization strategy

Horizontal Correlations of initial

perturbations (80 members1)
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Temperature (degree) 850hPa

Perturbations are:
Homogeneous & Isotropic

Sampling errors

l

With limited members:
Localization is needed
to filter out the noise



Model configuration:

RegGEML15 forecast (Sundqgvist condensation scheme)
12 UTC 00 UTC 12 UTC 18 UTC

T

IC + LBC
*LAMlS forecast (Milbrandt and Yau double moment scheme)

Archive output :
T+30 1. Control run
(Deterministic)

. Initial guess
Spin-up * 18 UTC LAM2.5 forecast for HR_EnKF
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2. Performance of the HR-EnKF system
Single Observation test
(Analysis step)

TT (Termperature)
Mivean: 0.872576 hy - Enquette: E2ZAVGETREPALL - Intervalle: 1 * 1.0e+00 deg ©

s | Initial guess at
Lo | I 2010 July/22/0000 UTC
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Ensemble mean:
= | Temperature (degree)

N Innovation (O-B): 1.0 deg
O, :1deg
Oy, from HPHT : 0.57 deg

1

Given single observation :
temperature at

N\ grid point (150,150)
around 850hPa
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Analysis step
Xa =Xt =K(z-X¢)
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Flow dependent single observation test

Analysis step —» Forecast step — Analysis step Innovation : 1.0 degree
(single obs) (30-min) (single obs) ~ O, : 1degree

HFLAPTY  0.861861 hy 0% 0*V20100722. 003000+ [E2AVG ANPALL-E2AVGTRPALL

TTHA-FT* 0830169 hy 0% 0*20100722.003000* [E2AVO ANPALL-EZAVGTEPALL

Temperature analysis increment



Temperature increment vertical cross-section
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3. Results of the HR_EnKF

3.1 The performance of ensemble predictions

Current set-up

e Initial perturbations: U, V, T, HU, TG and PO
Do not consider the model errors

 No perturbations in hydrometeor variables
e Cycling hydrometeor variables

 No radar data



Global EnKF >use of different cloud physics parameterizations

Fix the Microphysical scheme with HR_EnKF
Milbrandt and Yau, 2005 (double moment scheme)

number concentration and mixing ratio

QB ( cloud mixing ratio )
QL (rain mixing ratio )
QN ( snow mixing ratio )
QI (ice mixing ratio )

QJ (graupel mixing ratio )

QH ( hail mixing ratio )




Radar observations (reflectivity)
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Precipitation of ensemble members

Control run
(deterministic forecast)




3.2 Flow dependent background error
at convective scale

 The forecasting error structure are not fully known
at cloud-resolving scale.

* By using climatology statistic from synoptic may
not represent the structure at convective scale.

* HR-EnKF = Ensemble forecasts -
Investigate the forecasting errors at convective scale
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00-min Forecast Error Correlations (800mb)

Horizontal auto correlation functions of U
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15-min Forecast Error Correlations (800mb)

Horizontal auto correlation functions of U Horizontal auto correlation functions of V

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
-0.10
-0.20
-0.30
-0.40
-0.50

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
-0.10
-0.20
-0.30
-0.40
-0.50




30-min Forecast Error Correlations (800mb)
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Initial perturbation in vertical

Vertical background error correlation -- UU
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Error correlation in vertical (30-min forecast)
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Vertical cross section of TPHY
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Error correlation of TT profile
( Ensemble Forecasts)
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4. HR_EnKF system with radar data

0. 5 6
MeGill Radar -y :10° ~10 2010 July 22 0000 UTC
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Summer case: July /21/2010 (ggz) Summer case: July /09/2010 (ggy)
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Winter case:; Dec./ 12/ 2010
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Issue with very dense observations

Use all observed radial wind

elevation angle NO. : 2
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Why we need data thinning procedure

. Observation error structure, R, is unknown and the error of
radar data is correlated (actively studied in radar groups)

Batch 1

. Batching process will cause problems region |
with radar data -
L PP l‘sinn 2

* patching process is valid when e

observations are uncorrelated q o

*number of batches will increase the Batch 2
errors due to the ensemble size

Lt



Data thinning procedure in observation space

A\

. =
s L

O Data remained after data thinning

N

O Data removed after data thinning

Remove more data in low level and
near radar center



2-km thinning

4-km thinning
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With current case study: 2010/ July/ 22/ 0000 UTC

Radial wind Total # of observations | percentage
(VR)
All data 48533 100%
Data thinning 10034 21%
(2-km)
Data thinning 2100 ~5%

(4-km)




The need of the computer resource between
global and high resolution EnKF

Test under the super computer: zeta/ saiph

Grid pixels Variables Number | Max. # of CPS for
of EnKE | obs analysis step
Global 400 x 200x58 U, V, 192 900 160
EnKF T ,HU,
TG and PO
300 x 300x58 U, V, 80 1000 |160
HR T ,HU,
EnKF TG and PO
—
Data thinning ~5%

(4-km)

2100




Verification of real data;:

assimilating radial wind with
One batch and one region
as the reference

Data thinning (4km)
# of observa}tions: 616
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Comparison with different batches number (1v.s.6)

UU*A* 0883425 hy 0% 0*V20100722 000000*EZA VG ANPALL
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5. Summary

The EnKF system has been modified from global to local area

The ensemble forecasts present the uncertainty of the weather systems
The results from ensemble forecasts (errors) showed strong
flow-dependency and revealed the importance of physical

processes over precipitation areas

Currently, McGill radar group provides us with 15-20 cases to study

To assimilate radar observations (radial wind), data thinning is
necessary for the current system.

(global solver may be needed for very dense data in the future!)

Verification of assimilating radial wind is done by using one batch



Future works

« Quality control in HR_EnKF with radar data:
background check, bias remove ...etc

« Complete the forward model of radial wind
X
V, =u Xvd
I I
« The impact of assimilating radial wind data with cycling

Process.



Mercli
Thank you !

Questions ?
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