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Implementation of the LM (version 3.18)Implementation of the LM (version 3.18)

•• ΔΔh = 11 kmh = 11 km
•• 35 vertical levels35 vertical levels
•• ECMWF analysesECMWF analyses
•• TiedtkeTiedtke’’ss cumulus cumulus 

parameterizationparameterization
•• Prognostic variables:Prognostic variables:

–– rain waterrain water
–– iceice
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SLMSLM

•• ΔΔh = 2.8 kmh = 2.8 km
•• 35 vertical levels35 vertical levels
•• Explicit precipitationExplicit precipitation
•• Prognostic variables:Prognostic variables:

–– rain waterrain water
–– iceice
–– graupelsgraupels
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Radar dataRadar data
•• BrdyBrdy, , SkalkySkalky

CC--bandband
•• Resolution 1km x 1kmResolution 1km x 1km
•• ΔΔt=10 min.t=10 min.
•• ZZ--R  R  αα=200, =200, ββ=1.6=1.6

•• CAPPI 2km (ground CAPPI 2km (ground 
precipitation)precipitation)

•• CAPPI at 1, 1.5, 2, CAPPI at 1, 1.5, 2, ……,,
14 km14 km
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Assimilation of radar reflectivityAssimilation of radar reflectivity

WVC:     Correction of WVC:     Correction of qqVV is based on the difference is based on the difference 
D = D = ““model precipitationmodel precipitation”” –– ““observed precipitationobserved precipitation””
unitunit:   [kg/kg]:   [kg/kg]
((FalkovichFalkovich et al., 2000) and (Sokol and et al., 2000) and (Sokol and RezacovaRezacova, 2006), 2006)

IF( D > 0 )IF( D > 0 )
qqv,kv,k

newnew = = qqv,kv,k + DIF+ DIF
DIF = DIF = w(zw(z)*MIN( )*MIN( αα*D, *D, δδ))
δδ = = MAX(MAX(εε++ * * qqss

vv,,kk(T(Tkk) ) –– qqvv,,kk, 0) , 0) 
ELSEELSE

qqv,kv,k
newnew = = qqv,kv,k -- DIFDIF

δδ = = MAX(qMAX(qv,kv,k -- εε-- * * qqss
vv,,kk(T(Tkk) , 0) ) , 0) 

εε++, , εε--, , αα …… constants, constants, k k …… vertical index, z vertical index, z …… elevationelevation
w(zw(z) is weighting function) is weighting function



Types of assimilation methodsTypes of assimilation methods

• WVC 2D 
D = D = ““model model precprec..”” –– ““observed observed precprec..””

at the ground
• WVC 3D 

D = D = ““model model precprec..”” –– ““observed observed precprec..””
at single model levels

• WVC VIL (3D)
D = D = ““model VILmodel VIL”” –– ““observed VILobserved VIL””

VIL – vertically integrated water vapour content
• LHN (2D)



Case studiesCase studies
•• Six convective storms from the CRSix convective storms from the CR

(10 June 2004 14UTC, 13 July 2002 14UTC, 15 July 2002 15UTC,
23 May 2005 14UTC, 26 May 2003 12UTC, 30 May 2005 14UTC)

•• Duration approx. 3 hr, [T,T+3]Duration approx. 3 hr, [T,T+3]
•• Local stormsLocal storms
•• Observed precipitationObserved precipitation

by rain gauges: 50 by rain gauges: 50 –– 170 mm170 mm
•• The centres of the eventsThe centres of the events

(g(g11,g,g22) ) –– max. max. precipprecip. [T,T+3]. [T,T+3]

•• Only radar data are Only radar data are 
assimilated and used in the verificationassimilated and used in the verification

•• Radar underestimates precipitationRadar underestimates precipitation
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Verification Verification -- evaluationevaluation

•• Event orientedEvent oriented

•• 3h precipitation [T,T+3]3h precipitation [T,T+3]

•• Methods of verificationsMethods of verifications
–– ““by eyeby eye””
–– ““objective evaluationobjective evaluation”” (using subjective criterions)(using subjective criterions)



(i)  Verification  (i)  Verification  ““by eyeby eye””
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10 June 2004 - Observed precipitation T=14 UTC
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Forecasted 
precipitation 
with 
assimilation

15 July 2002 - Observed precipitation  T=15 UTC
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Forecasted 
precipitation 
with 
assimilation

13 July 2002 - Observed precipitation T=14 UTC
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Forecasted 
precipitation 
with 
assimilation

26 May 2003 - Observed precipitation T=12 UTC
[T,T+3][T-1,T] LM

LHN WVC 2D

WVC 3D WVC VIL

2D

3D

0
0 .5
2
1 0
2 0
3 0
5 0

0
0 .5
2
1 0
2 0
3 0
5 0

0
0 .5
2
1 0
2 0
3 0
5 0

100 km



Forecasted 
precipitation 
with 
assimilation

30 May 2005 - Observed precipitation T=14 UTC
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Forecasted 
precipitation 
with 
assimilation

23 May 2005 - Observed precipitation T=14 UTC
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(ii)   (ii)   ““Objective approachObjective approach””



SRMSESRMSE

Verification method
• Observed {oi} and forecasted {fi} grid 

values from squares h x h are compared:
o1 ≤ o2 ≤ …
f1 ≤ f2 ≤ …
RMSE(o,f)

2. Observed values are from the fixed 
squared in the centre (g1,g2)

3. Forecasted values are from various 
squares (r1,r2)

4. SRMSE = min { RMSE(o,f) }
abs(r1–g1)≤20, abs(r2–g2)≤20h 20 (56km)

20

Assumptions:
The storm position as well as the structure are not 

expected to be forecasted accurately.
But we want: 
a) The forecasted storm should be close to the 

observed one.
b) Distribution of precipitation values should be similar.



SRMSE 28km x 28kmSRMSE 28km x 28km
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SRMSESRMSE
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b)  h=56.0 km

S
R

M
S

E

Date

 

 

10/06/04 13/07/02 15/07/02 23/05/05 26/05/03 30/05/05
-15
-14
-13
-12
-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

c)  h=84.0 km
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Maximum in squares h=28, 56, 84, 112, 140 kmMaximum in squares h=28, 56, 84, 112, 140 km
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ConclusionsConclusions
•• The assimilation significantly improves the forecast.The assimilation significantly improves the forecast.
•• 2D methods:2D methods:

–– LHN and CWV methods are comparable when LM LHN and CWV methods are comparable when LM 
forecast is goodforecast is good

–– If LM does not forecast precipitation and observed If LM does not forecast precipitation and observed 
precipitation during the assimilation period is small precipitation during the assimilation period is small 
then the LHN has problems to develop precipitation. then the LHN has problems to develop precipitation. 

•• 2D versus 3D methods:2D versus 3D methods:
–– Preliminary resultsPreliminary results
–– VIL is not goodVIL is not good
–– WVC 3D seems slightly betterWVC 3D seems slightly better

•• The forecast is successful if first indications of the storm The forecast is successful if first indications of the storm 
are observed by radars. are observed by radars. 

•• Nowcasting of precipitationNowcasting of precipitation



Thank youThank you
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