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Prognostic TKE scheme in IFS:

KM/H – turbulence exchange coefficients for momentum and heat/moisture, L – turbulence length scale, Fy – stability 

dependency function, Cy, Ce – closure constants, N2 – Brunt–Väisälä frequency, S – wind shear, ADV – advection term, 

Ri – gradient Richardson number
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• Advantages of a prognostic TKE scheme:
• Regime-adaptive representation of the turbulent flow 
   (expected benefit at higher resolutions)
• Advection of turbulence intensity (TKE) 
• Improved representation of stable boundary layer
• Possibility of better interaction with other parameterization via TKE 

(length scale adjustment + additional source/sink terms)
• More degrees of freedom in the turbulence scheme

Thank you for your attention!
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• The original (Meteo-France) TKE scheme has been updated and 
recalibrated (CY49):

• The turbulence length scale reformulation
• The stability dependency functions updated
• Cloud-dependent stability parameter introduced
• Partial equilibrium computation of the TKE source terms
• Explicit inclusion of the advection term in the TKE solver
• Utilization of the Estimated Inversion Strength (EIS) index, 

friction velocity, and heat and moisture surface fluxes to 
identify the stratocumulus (StCu) regime

• Interaction with deep convection via length scale 
modification

• The modifications have significantly improved the scores compared to the original calibration of 

the TKE (wind in UTLS, LCC in Stratocumulus, …).

• The TKE scheme compared to the current operational configuration shows a mix of positive (10 

ff, geopotential) and negative (tropics) changes in forecast-only experiments.
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Prognostic TKE scheme in IFS:
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Prognostic TKE scheme in IFS:
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The stability dependence functions:
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The stability dependence functions:
Cloud cover dependence:
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The turbulence length scale:
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The turbulence length scale:
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• The turbulence length sale update (2):
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• Identification of stratocumulus regime via EIS>4, Bowen ratio<0.25, and negative 
sensible heat flux (snapshot):

The turbulence length scale:
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The turbulence length scale:

The EIS dependence:
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Partial equilibrium computation of the TKE source terms:
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Partial equilibrium computation of the TKE source terms:
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Combined summer and winter one-month period TCO399:
RMSE TKE scheme versus operational 
      

evaluated against their own analysis: evaluated against observation:

Tropics: degradation of 

T100(3%) and VW100 (2%) 

10ff improvement

2d degradation 

(1.5%) in Tropics

Spinup up to 2 days 

VW850 and T850 

improvement
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TKE scheme: PBL wind evaluation
W

inter, 10ff

• Surface RMSE vs obs. – TCO1279
   - improvement of 10ff (~1.5%), neutral scores for t2m, t2d, and tcc 

• Low level jet in stably stratified 
GABLS 4 case

LES referencesIFS Single column model
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TKE scheme : fog evaluation on TCO1279 
with hourly station data (Dec. 2022) Equitable threat score: TKE-control (Dec.2022)

Overall improvement in fog (visibility <1km) detection: 

Control TKE

POD 15.927 17.773

FAR 71.650 70.854

ETS 13.104 14.575

Thanks to Ivan Tsonevsky for data 

Control TKE scheme

Vi
si

bi
lit

y,
 

12
.9

.2
02

2 
6U

TC

Better fog detection

Less false alarm



© ECMWF March 3, 2025

• Evaluation:
• Overall large-scale scores show slight improvement at 

TCO399 compared to the operational setup
• Improvement in T, VW, and Z at 850 hPa and 700 hPa
• Tropics: a slight degradation at 100hPa of T (3%) and VW 

(1%), and TD (1.5%)
• Overall improvement in Europe
• Acceptable representation of StCu regions
• Low level jet (LLJ) representation improvement
• Fog representation improvement
• Interaction with deep convection

• The modifications have significantly improved the scores compared to the original calibration of 

the TKE (wind in UTLS, LCC in Stratocumulus, …).

• The TKE scheme compared to the current operational configuration shows a mix of positive (10 

ff, geopotential) and negative (tropics) changes in forecast-only experiments.
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TKE scheme : Interaction with deep convection
- Increase of turbulence length scale (L) in deep convection cloud (ALMAVX – maximal L in cloud)

Sensitivity to DC 

interaction (ALMAVX)

- additional transport

- more organization?

SCM case – TWPICE: cloud cover evolution:
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TKE scheme : precipitation in Tropics 
(TCO1279) Precipitation distribution:

Thanks to Tobias Becker 

Sensitivity to DC 

interaction (ALMAVX)
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TKE scheme : precipitation in Tropics (TCO1279)
Cluster size distribution:

Thanks to Tobias Becker 

Sensitivity to DC 

interaction (ALMAVX)
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Additional slides



Geopotential and relative tclw (comparet to domain mean) – Tco399

Waves in StCu region - Geopotential and relative tclw (compared to domain mean) – Tco399



Waves in StCu region - Geopotential and relative tclw (compared to domain mean) – Tco1279



Animation (1 hour time step) of tclw, relative tclw, and tcc – Tco399 vs Tco1279



Vertical cross-section along –21 deg latitude

- A Tco399 control experiment
- Color shades show clwc
- Black shading is the geopotential
- Blue line is tclw
- Arrows are wind vectors parallel 

to the cross section (vertical 
velocity is scaled by 50)

- Vertical coordinate is the model 
level

Vertical cross-section along –21 deg latitude



- A Tco399 control experiment
- Color shades show the departure 

of clwc to cross-section mean
- Black shading is the geopotential
- Blue line is tclw
- Arrows are relative wind vectors 

parallel to the cross-section 
(vertical velocity is scaled by 50, 
reference is cross-section mean 
wind vector)

- Vertical coordinate is the model 
level

Vertical cross-section along –21 deg latitude


