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Objective of better representation of Lake BalatonObjective of better representation of Lake Balaton  

Wave heightWave height  

High resolution wind field High resolution wind field 

(meso(meso--gamma scale)gamma scale)  

EvaporationEvaporation  

To predict potentially dangerous phenomena by short range / nowcasting modelTo predict potentially dangerous phenomena by short range / nowcasting model  
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Objective of better representation of Lake BalatonObjective of better representation of Lake Balaton  

Evaporation Evaporation   

(Surface / Lake model in WRF)(Surface / Lake model in WRF)  

ISSUESISSUES  

To predict potentially dangerous phenomena by short range / nowcasting modelTo predict potentially dangerous phenomena by short range / nowcasting model  

Wave parametrizationWave parametrization  

WRF downscalingWRF downscaling  



WRF downscalingWRF downscaling  

DDownscaling practicesownscaling practices  

Mother domainMother domain  
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Lateral boundary conditions should not be Lateral boundary conditions should not be 

overrelaxedoverrelaxed  

Dynamical diffusion may not be enoughDynamical diffusion may not be enough  

Use more accurate surface dataUse more accurate surface data  
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Dx=500 mDx=500 m  



WRF downscalingWRF downscaling  

DDownscaling practicesownscaling practices  

Mother domainMother domain  

NestNest  Dx=2,5 kmDx=2,5 km  

Dx=500 mDx=500 m  

Dx=500 mDx=500 m  

Lateral boundary conditions should not be Lateral boundary conditions should not be 

overrelaxedoverrelaxed  

Use 6th order diffusion termUse 6th order diffusion term  

Use more accurate surface dataUse more accurate surface data  

85 km85 km  

45 km45 km  

Vertical velocity at 925 hPa / 10 m windVertical velocity at 925 hPa / 10 m wind  

Dx=500 mDx=500 m  



Lake processes in WRF modelLake processes in WRF model  

OneOne--dimensional water and energy balance model dimensional water and energy balance model 

(Hostetler et al., 1993; 1994)(Hostetler et al., 1993; 1994)  

Vertical layers: 10 in lake, 10 in soil, 5 in snow on ice (if present)Vertical layers: 10 in lake, 10 in soil, 5 in snow on ice (if present)  

  

Surface heat and water fluxes are calculated assuming a freely varying Surface heat and water fluxes are calculated assuming a freely varying 

(infinitesimal skin) surface temperature, with aerodynamic resistances (infinitesimal skin) surface temperature, with aerodynamic resistances 

computed as for nonvegetated surfaces.computed as for nonvegetated surfaces.  

lake profil initialization is importantlake profil initialization is important  

  

CLMCLM--based lake model based lake model   

since the WRF version 3.6, taken from CLM version 4.5 (Subin et al., 2012., Oleson et al., 2013.) with some since the WRF version 3.6, taken from CLM version 4.5 (Subin et al., 2012., Oleson et al., 2013.) with some 

modifications by Gu et al., 2015.modifications by Gu et al., 2015.  

only a few parameters might have an important role : LST, ice temperature/ snow depthonly a few parameters might have an important role : LST, ice temperature/ snow depth  

  

Lake temperature for each layer is computed based on a CrankLake temperature for each layer is computed based on a Crank--Nicholson Nicholson 

thermal diffusion solutionthermal diffusion solution  

Energy transfer between lake layers Energy transfer between lake layers --> dt, molecular (constant), eddy diffusion> dt, molecular (constant), eddy diffusion  

  

General remarks:General remarks:  

  
In short range NWPIn short range NWP  

Evaporation shows a particular sensitivity to lake surface propertiesEvaporation shows a particular sensitivity to lake surface properties  

  



Case studiesCase studies  

2013.07.03.2013.07.03.  

Lake circulation, weak wind Lake circulation, weak wind 

conditionsconditions  

2011.08.07.2011.08.07.  

Warm advection, SW wind Warm advection, SW wind 

vs. lake circulationvs. lake circulation  

2013.07.19.2013.07.19.--20.20.  

Early morning cold advection at mesoEarly morning cold advection at meso--

beta scalebeta scale  



Lake circulation 1. (night / day)Lake circulation 1. (night / day)  

Nighttime regimeNighttime regime  

Daytime regimeDaytime regime  

Weak / moderate Weak / moderate 

SE windSE wind  

Orography forced Orography forced 

downdraft at downdraft at 

lowest levelslowest levels  

Convergence over Convergence over 

the peninsulathe peninsula  



Lake circulation 2. (transition period, aspects of PBL)Lake circulation 2. (transition period, aspects of PBL)  

Lake breeze front at coastline or over landLake breeze front at coastline or over land  

DaytimeDaytime  

EveningEvening  

SE wind extends over lake due to change of SE wind extends over lake due to change of 

the PBL regimethe PBL regime  



Lake circulation (sensitivity)Lake circulation (sensitivity)  

Constant LST over all integration periodConstant LST over all integration period  

LST calculated by lake modelLST calculated by lake model  

21 21 °°CC  

24 24 °°CC  

25 25 °°CC  

21 21 °°CC  



Warm advection (SW wind extending over lake)Warm advection (SW wind extending over lake)  

Constant LST over full integration periodConstant LST over full integration period  

LST calculated by lake parametrizationLST calculated by lake parametrization  08 UTC08 UTC  07 UTC07 UTC  

Small difference in LST, … 

27 27 °°CC  

27 27 °°CC  

27 27 °°CC  

28 28 °°CC  



Warm advection (SW wind extending over lake)Warm advection (SW wind extending over lake)  

Constant LST over full integration periodConstant LST over full integration period  

LST calculated by lake parametrizationLST calculated by lake parametrization  08 UTC08 UTC  07 UTC07 UTC  

…big difference in wind field. 



Warm advection, SW windWarm advection, SW wind  

Constant LST over full integration periodConstant LST over full integration period  

LST calculated by lake parametrizationLST calculated by lake parametrization  

27 27 °°CC  

30 30 °°CC  

30 30 °°CC  

27 27 °°CC  



Weak cold advection at late eveningWeak cold advection at late evening  

Big difference in LST, smaller difference in wind field.Big difference in LST, smaller difference in wind field.  

Constant LST over full integration periodConstant LST over full integration period  

LST updated at every hours (values correspond LST updated at every hours (values correspond 

nearly to land surface skin temperature)nearly to land surface skin temperature)  

27 27 °°CC  

21 21 °°CC  

27 27 °°CC  

21 21 °°CC  



Wave parametrization methodWave parametrization method  

Waves on surface of still waterWaves on surface of still water  

Surface tensionsSurface tensions  

Water depthWater depth  

Fetch lenght (coastline caracteristics)Fetch lenght (coastline caracteristics)  

Shallow waterShallow water  

UU  

HH  

FF  

U ~ H ~ FU ~ H ~ F  

Statistical assumption:Statistical assumption:  

HHss  significant wave heightsignificant wave height  

uuAA  windwind--stress factor derived from wind speed stress factor derived from wind speed   

near water surface (=0,71*unear water surface (=0,71*u1,231,23))  h water depthh water depth  

F fetch lenghtF fetch lenght  

In shallow waterIn shallow water  

  wave action does not decrease with depthwave action does not decrease with depth  

Simplified method to describe Simplified method to describe 

waveswaves  
==  Individual wave characteristicsIndividual wave characteristics  

No developmentNo development  

FetchFetch--limited and durationlimited and duration--limited conditionslimited conditions  

Detailed description: Shore Detailed description: Shore 

Protection Manual, 1984. Vol. Protection Manual, 1984. Vol. 

III.III.  



Wave parametrization methodWave parametrization method  

significant wave heightsignificant wave height  

Neglected interactionsNeglected interactions  

Average height of the oneAverage height of the one--third highest wavesthird highest waves  

at given place and timeat given place and time  

(Munk, 1944.)(Munk, 1944.)  
==  



Input: lake Input: lake depthdepth  databasedatabase  

First step of work: Preparation of coastline and lake depth data on 200 m resolution gridFirst step of work: Preparation of coastline and lake depth data on 200 m resolution grid  



Input: wind fieldsInput: wind fields  

MeasurementsMeasurements  

The third parameter, fetch lenght The third parameter, fetch lenght can be calculatedcan be calculated  

downscalingdownscaling  
~ 1 km resolution ~ 1 km resolution 

wind fieldwind field  

Nesting at 900 m Nesting at 900 m 

resolutionresolution  

MEANDER (nowcasting system, analysis MEANDER (nowcasting system, analysis 

fields at every 10 minutes)fields at every 10 minutes)  

downscalingdownscaling  WRF model runsWRF model runs  



Objective validationObjective validation  

Measurements betweenMeasurements between  
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Objective validationObjective validation  

Mért és számított hullámmagasság a meghajtási úthossz függvényében
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Objective validationObjective validation  

If F is largeIf F is large  

Validation of the formula based on measurements of wave heights on Validation of the formula based on measurements of wave heights on 

Great LakesGreat Lakes  

Balaton is more shallow (~ 3 m)Balaton is more shallow (~ 3 m)  

PLACE OF PLACE OF 

OBSERVATIONOBSERVATION  

Fetch lenght to Fetch lenght to 

north windnorth wind  

Fetch lenght to Fetch lenght to 

northwest windnorthwest wind  

Original constants 0,283 0,530 0,750 

Modified constants 0,260 0,510 0,710 



Objective validationObjective validation  
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SummarySummary  

 The main objective of the short range weather modelling at Lake Balaton The main objective of the short range weather modelling at Lake Balaton 

mainly consist of predicting dangerous phenomena over lakemainly consist of predicting dangerous phenomena over lake  

  

  

 Case dependent, but generally weak sensitivity to LST in wind fieldsCase dependent, but generally weak sensitivity to LST in wind fields  

 The applied wave model is The applied wave model is   

simple in point of calculation costs simple in point of calculation costs   

such as effective in making of warnings and special forecastssuch as effective in making of warnings and special forecasts  

 Correlation between Correlation between calculatedcalculated  wave height and wind speed / fetch lenght wave height and wind speed / fetch lenght   

is similar to the is similar to the   

correlation between correlation between observedobserved  wave height and wind speed / fetch lenghtwave height and wind speed / fetch lenght  

 Downscaling method works well at ~500 m resolution applying special Downscaling method works well at ~500 m resolution applying special 

dynamical, physical (and numerical) model settingsdynamical, physical (and numerical) model settings  



ThankThank  youyou  forfor  youryour  attentionattention!!  



Lake circulation Lake circulation ––  downscalingdownscaling  

correspond tocorrespond to  

Motions on small Motions on small 

scalescale  

circulation at larger circulation at larger 

scale.scale.  

(not instabilities)(not instabilities)  

AA  

BB  

AA  

AA  

BB  

BB  

1 km1 km  

2 km2 km  

3 km3 km  

1 km1 km  

2 km2 km  

3 km3 km  

DX = 500 mDX = 500 m  

DX = 2500 mDX = 2500 m  

L 
LakeLake  

LakeLake  



Effects on water level due to wind along lake axisEffects on water level due to wind along lake axis  

SW windSW wind  

N/NE windN/NE wind  

Differences in water level between the southDifferences in water level between the south--west and northwest and north--east end of the Lakeeast end of the Lake  

03 April 201503 April 2015  153 cm153 cm  

90 cm90 cm  

06 April 201506 April 2015  

107 cm107 cm  

132 cm132 cm  

NORTHEASTERLY POINTNORTHEASTERLY POINT  

SOUTHWESTERLY POINTSOUTHWESTERLY POINT  

153 cm153 cm  

90 cm90 cm  

132 cm132 cm  

107 cm107 cm  



Subjective validationSubjective validation  

Homogeneous wind speed and directionHomogeneous wind speed and direction  

SWSW  

NWNW  

NENE  

SESE  

WAVE WAVE 
HEIGHT [cm]HEIGHT [cm]  

((8 m/s8 m/s  mean wind speed)mean wind speed)  



Cold advection at mesoCold advection at meso--beta scalebeta scale  

27 27 °°CC  

21 21 °°CC  

Local increase of wind speed in Local increase of wind speed in 

west basin of Balatonwest basin of Balaton  

27 27 °°CC  

21 21 °°CC  


