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Early warnings of extreme thunderstorms over Lake Victoria 

 

Wim Thiery 

(Photo: Tomaz Kunst / Shutterstock) 
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The African Great Lakes 

(source: NASA) 
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Motivation and objectives 

(severe-wx.pbworks.com) 
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Motivation and objectives 

clear lake imprint on thunderstorm occurrence (Thiery et al., 2017 ERL) 

(severe-wx.pbworks.com) 

23/10/2017 
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Motivation and objectives 

Impact on climate? future climate change? 

(www.cnn.com) 

(W. Thiery; Lake Kivu) 

storm prediction? 

23/10/2017 



Impact of the AGL on the present and 

future climate? 
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observations 
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Convective mass flux density at cloud base height 

[kg m-2 s-1] 
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(Thiery et al., 2015 J Clim) 
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Climate change: extreme precipitation 

23/10/2017 

(Thiery et al., 2016 Nature Comm.) 
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Afternoon controls 

(Thiery et al., 2016 Nature Comm.) 



Towards an early warning system? 
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 Logistic regression 

 Binary predictant: 

 ‘nighttime lake OTs > 99th percentile’ 

 Predictor: 

 ‘afternoon land OTs’ 

 ‘nighttime lake OTs’ (i.e. persistence forecast) 

 Model parameters 

 Lead time = 7h 

 Aggregation time = 6h 

  night = 22-09 UTC; day = 10-15 UTC 

 Land pixel selection = square 
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Methods: proof of concept 
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Towards an early warning system 

Log. Reg.: “tonight there will be an 
extreme event” (X% threshold prob.) 

Issue warning 

23/10/2017 

(Thiery et al., 2017 ERL) 

Assess skill 
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Results: Proof of concept storm predictability 

(Thiery et al., 2017 ERL) 
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Methods: optimization 

AUC 
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Results: optimization 

(Thiery et al., 2017 ERL) 
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Wim Thiery, Georgiy Kirillin, Victor Stepanenko & Dmitrii Mironov 
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Towards FLake2.0 
Added value for lake, weather and climate modelling 

 

Wim Thiery 

(Photo: Tomaz Kunst / Shutterstock) 
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FLake1.0 

(Mironov, 2008) 
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 Ice on/ice off dates 
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Issues 

(Semmler et al., 2012; see also 
Stepanenko et al.,2014 GMD) 
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 Ice on/ice off dates 

 An inconvenient attractor 
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Issues 

(Thiery et al.,2014 GMD) 
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 Ice on/ice off dates 

 An inconvenient attractor 

 Thermodynamics only  

 No GHGs 
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Issues 

(Borges et al., 2015 Nat Geo) 
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 Ice on/ice off dates 

 An inconvenient attractor 

 Thermodynamics only  

 No GHGs 

 No Water Balance 
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Issues 

(Vanderkelen et al., in prep.) 
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 Ice on/ice off dates 

 An inconvenient attractor 

 Thermodynamics only  

 No GHGs 

 No Water Balance 

 Deep lakes 

 Freshwater only 
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Issues 

(Thiery et al.,2014 GMD) 
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1. thermocline 
[Georgiy] 

2. GHG module 
[Victor] 

3. data assimilation 
[Dmitrii] 

4. water balance? 
[Wim] 

5. snow? 

 [Dmitrii] 
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Towards FLake2.0 
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1. Thermocline representation: the idea 

Cθ=Cθ
max 

Cθ=Cθ
min 
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1. Thermocline representation: testing on data 
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2. GHG  module: simple methane model 

 Stationary equations (dC/dt=0) in the 

mixed layer, thermocline and sediments 

 Diffusive gas exchange at the water-

atmosphere interface  

  (Heiskanen et al., 2014) 

 Analytical solution  

  computationally very simple model 

 Input variables: h, u*, w*, T_bot, T_ML 
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2. GHG  module: validation 

 Lake Seida 

 Thermokarst lake 

 S = 0.9 ha 

 Depth = 1.1 – 2.6 m 

 No vegetation 

 Observations: UEF  

 (Lind et al., 2009; Marushchak et al., 2016) 

 CH4: floating chambers & subsurface gas 

collectors 
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2. GHG  module: CH4 concentration and fluxes (Jul – Aug 2007) 

 
FLake Obs & LAKE (Guseva et al., 2016) 

 

Surface CH4 

concentration 

Bubble flux 

Surface 

diffusion flux 
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3. Data assimilation: decision tree 

cice_obs =  

         ‘ice’                             ‘noice’                              ‘nodata’ 

There is ice in the 
forecast  do nothing  

 

No ice in the forecast 
  create new ice   

 

No observational data 
on θs are assimilated if 
ice is present  

There is ice in the 
forecast  remove ice   

 

Nudge θs data if 
available (<W> and 
<Wθ> should be 
provided, a negative 
<Wθ> indicates no 
data) 

Nudge θs data if 
available (<W> and 
<Wθ> are provided)  

 

Do nothing if there 
are no θs data (<Wθ> 
is negative) 
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3. Data assimilation: test on Valkea-Kotinen 

Nudging No Nudging 
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 Surface layer stratification 

 Hypolimnion 

 Equation of state dependence on salinity 

 Precipitation effects on temperature 

 Charnock parameter dependency on fetch 

 Horizontal circulation 
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Outlook: what will still be missing 



Thanks! Questions? 
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