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(1)                (1)                Elbe - FloodingElbe - Flooding

nn 3 LM runs with different convection schemes3 LM runs with different convection schemes
–– Tiedtke (operational)Tiedtke (operational)
–– Kain-Fritsch (option)Kain-Fritsch (option)
–– Bechtold (new option)Bechtold (new option)

AimsAims

nn What is the effect of different convection schemes on the forecast?What is the effect of different convection schemes on the forecast?
nn Which systematic patterns are typical of each scheme?Which systematic patterns are typical of each scheme?
nn What can we learn for improving convection schemes?What can we learn for improving convection schemes?



Operational Model Operational Model 
                DomainDomain

Region of major Region of major 
rainfallrainfall

LM - Model SetupLM - Model Setup

§§ 48h  48h forecastforecast  withwith  thethe LM  (11.08.02  00UTC – 12.08.02  24UTC) LM  (11.08.02  00UTC – 12.08.02  24UTC)
§§ LM  LM withwith::
§§ Operational Setup (325x325x35  Operational Setup (325x325x35 gridpointsgridpoints))
§§ 7km horizontal  7km horizontal resolutionresolution
§§  Analysis and Analysis and boundaryboundary condition  condition fromfrom DWD DWD
§§  gridscalegridscale  prognosticprognostic  precipitationprecipitation  schemescheme  withwith  cloundclound  iceice



Main characteristics of the different convection schemesMain characteristics of the different convection schemes

Trigger criterium:Trigger criterium:
Updraft source layer ~Updraft source layer ~
60hPa60hPa
Temperature incrementTemperature increment

Trigger criterium:Trigger criterium:
Updraft source layer ~Updraft source layer ~
60hPa60hPa
Temperature incrementTemperature increment

Trigger criterium:Trigger criterium:
Updraft source layer ~ modelUpdraft source layer ~ model
layer thicknesslayer thickness
Temperature incrementTemperature increment

Entrainment/DetrainmentEntrainment/Detrainment
by turbulent mixingby turbulent mixing

Entrainment/DetrainmentEntrainment/Detrainment
by turbulent mixing,by turbulent mixing,
Minimum entrainmentMinimum entrainment
raterate

Entrainment/Detrainment byEntrainment/Detrainment by
turbulent mixing andturbulent mixing and
organized infloworganized inflow

CAPE-ClosureCAPE-ClosureCAPE-ClosureCAPE-Closure
(enhance mass-flux until(enhance mass-flux until
90% of initial CAPE is90% of initial CAPE is
removed during anremoved during an
adjustment periode)adjustment periode)

Moisture-convergence-Moisture-convergence-
closureclosure
(moisture balance at cloud(moisture balance at cloud
base)base)

BechtoldBechtoldKain-FritschKain-FritschTiedtkeTiedtke
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Basics about working-mechanism of theBasics about working-mechanism of the
Bechtold-schemeBechtold-scheme

••  DDT: DDT: Top of Top of DowndraftDowndraft
            Detrainment            Detrainment  LayerLayer

••  LFS: LFS: Level of Level of freefree  sinkingsinking
••    ETL: ETL: EquilibriumEquilibrium
            Temperature            Temperature Level Level
•• BAS:  BAS: Cloud Base LevelCloud Base Level
••  TOP: TOP: Cloud Top LevelCloud Top Level



Daily Daily coursecourse of  of hourlyhourly  convectiveconvective  precipitationprecipitation  withwith  maximummaximum  
in in thethe  earlyearly  afternoonafternoon



BechtoldBechtold and  and TiedtkeTiedtke  produceproduce  similarsimilar  amountsamounts of  of convectiveconvective  
gridscalegridscale and total  and total precipitationprecipitation



Kain-FritschKain-Fritsch  producesproduces  leastleast  amountamount of  of convectiveconvective  precipitationprecipitation



Animation of precipitation rates in the target regionAnimation of precipitation rates in the target region

Heavy Heavy rainfallrainfall at at
MountainMountain  sitesite

LowLow  precipitation precipitation 
ratesrates  butbut  spread spread 
overover a large  a large regionregion

Convective Convective 
crecipiatincrecipiatin at at
backsidebackside of front of front



heavy rainfall inheavy rainfall in
mountains beforemountains before
front arrivesfront arrives

••  TiedtkeTiedtke produces large amount produces large amount
   of (convective) precipitation in    of (convective) precipitation in 
   mountains due to moisture    mountains due to moisture 
   convergence closure   convergence closure

••    BechtoldBechtold +  + Kain-FritschKain-Fritsch only act  only act 
   when front arrives   when front arrives

Precipitation in mountainous regionPrecipitation in mountainous region
of Erzgebirgeof Erzgebirge

LowLow  precipitationprecipitation  beforebefore
front front arrivesarrives

Heavy Heavy rainfallrainfall
beforebefore front front
arrivesarrives



Effect on 10m wind fieldEffect on 10m wind field



Summary of Elbe-caseSummary of Elbe-case

nn Tiedtke: Tiedtke: Predicts much precipitation in mountainous regions, Predicts much precipitation in mountainous regions, 
precipitation pattern is scattered and has strong maximaprecipitation pattern is scattered and has strong maxima

nn Bechtold: Bechtold: Predicts precipitation in connection with the backside of thePredicts precipitation in connection with the backside of the
front, but in other regions predicted precipitation rates arefront, but in other regions predicted precipitation rates are
small and spread over too large areassmall and spread over too large areas

nn Kain-Fritsch: Total precipitation rates are small but once activated it Kain-Fritsch: Total precipitation rates are small but once activated it 
produces large amount of precipitation, total convective produces large amount of precipitation, total convective 

precipitation is least of all schemes – triggering refuses precipitation is least of all schemes – triggering refuses 
convection too much?convection too much?

nn All convection schemes are most active in early afternoon.All convection schemes are most active in early afternoon.

nn Further work: Comparison with observationsFurther work: Comparison with observations
 Closer Closer look at single processes (triggering, subsidence,  look at single processes (triggering, subsidence, 

 en/detrainment en/detrainment))
 Effect Effect of convection schemes on moisture field and  wind of convection schemes on moisture field and  wind
 field field

   Other Other case studies case studies



(2)              (2)              IdealizedIdealized  CaseCase

nn Model Model domaindomain  consistconsist of 2/3  of 2/3 seasea and 1/3 land and 1/3 land
(100x36x35 (100x36x35 gridpointsgridpoints, , dtdt =40) =40)

      seasea  breezebreeze will  will developdevelop

nn No No radiationradiation and  and CoriolisCoriolis force force

nn PeriodicPeriodic  boundaryboundary  conditionsconditions

nn GroundGround  temperaturetemperature  variiesvariies  sinusoidallysinusoidally at  at eacheach  gridgrid point point

nn StableStable  initialinitial  soundingsounding  forfor  initializationinitialization of  of temeraturetemerature- and - and humidityhumidity  profileprofile

nn 18h 18h forecastforecast, 3 LM , 3 LM runsruns  withwith  TiedtkeTiedtke  schemescheme, , Kain-FritschKain-Fritsch  schemescheme and and
BechtoldBechtold  schemescheme

LandLandseasea seasea

u,vu,vModel SetupModel Setup



PrecipitationPrecipitation rate (mm/h)  rate (mm/h) afterafter 9h of 9h of
forecastforecast
ColouredColoured: : convectiveconvective  precipitationprecipitation
ContouredContoured: : gridscalegridscale  precipitationprecipitation
ArrowsArrows: 10m wind : 10m wind fieldfield

••  seasea--breezebreeze has  has developeddeveloped at  at easteast  coastcoast



PrecipitationPrecipitation rate (mm/h)  rate (mm/h) afterafter 13h of 13h of
forecastforecast
ColouredColoured: : convectiveconvective  precipitationprecipitation
ContouredContoured: : gridscalegridscale  prcipitationprcipitation
ArrowsArrows: 10m wind : 10m wind fieldfield



Domain Domain averagedaveraged  hourlyhourly  precipitationprecipitation rate rate

ConvectiveConvective  precipitationprecipitation GridscaleGridscale  precipitationprecipitation

••    BechtoldBechtold:  :  activatesactivates  firstfirst
            gridscalegridscale  precipitationprecipitation at end of  at end of forecastforecast

••    TiedtkeTiedtke: : producesproduces  largestlargest  amountsamounts of  of convectiveconvective  precipitationprecipitation  afterafter 5-8  5-8 hourshours of  of forecastforecast
                                  nearlynearly no  no gridscalegridscale  precipitationprecipitation
••    Kain-FritschKain-Fritsch:  least :  least amountamount of  of convectiveconvective  precipationprecipation
                          (                          (relativelyrelatively) large ) large amountamount of  of gridscalegridscale  pricipitationpricipitation
                                                    activatesactivates last last
                                                    nearlynearly no  no precipitationprecipitation  afterafter 15h of  15h of forecastforecast



Time and west-Time and west-easteast  variationvariation of of
convectiveconvective  precipitationprecipitation
((averagedaveraged  overover  latitudelatitude))

••  BechtoldBechtold: at : at thethe  beginningbeginning  onlyonly  precipitationprecipitation
  at   at costcost  lineslines, , laterlater  precipprecip. . regionsregions  movemove to to
    easteast  coastcoast

••  Kain-FritschKain-Fritsch: : mainmain  precipitationprecipitation  regionregion
    alongalong  easteast  coastcoast

••  TiedtkeTiedtke: light : light precipitationprecipitation  overover  wholewhole land, land,
      butbut  strongstrong  precipprecip. at . at westwest  coastcoast



ConclusionsConclusions

nn PrecipiationPrecipiation  patternspatterns  producedproduced  byby  schemesschemes  areare  veryvery different different
•• Variation in : Variation in : spacialspacial  distributiondistribution

        time time distributiondistribution
    amount    amount of  of precipitationprecipitation

nn BechtoldBechtold  tendstends to  to activateactivate  firstfirst and  and Kain-FritschKain-Fritsch  lastlast

nn TiedtkeTiedtke  showsshows  tendencytendency to  to produceproduce  singlesingle  pointspoints  withwith  strongstrong  precipitationprecipitation
and and BechotldBechotld  showsshows  tendencytendency to  to procuceprocuce  largerlarger  areasareas  withwith  lightlight
precipitationprecipitation

nn LM LM withwith Kain-Fritsch has  Kain-Fritsch has largestlargest  amountamount of  of gridscalegridscale  precipitationprecipitation

ØØ TiedtkeTiedtke  doesdoes NOT  NOT predictpredict  seasea--breezebreeze  correctlycorrectly

ØØ BechtoldBechtold: qualitative good : qualitative good resultsresults
                                          potential potential WeaknessWeakness: : TriggerTrigger--criteriumcriterium


