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Computation of turbulent fluxes in TOUCANS: 

• TOUCANS – Third Order moments (TOMs) Unified Condensation 

Accounting and N-dependent Solver (for turbulence and diffusion) 

• Upper-air vertical turbulent fluxes: 

′ݓ′ݑ           = ெܭ− డ௨డ� +  (1)                                          �ܯܱܶ

′ݓ′ݒ           = ெܭ− డ௩డ� +  (2)                                          �ܯܱܶ

′�′ݓ           = ுܭ− డ�డ� + ுܭ ଵ� ைഊర �� �′ଶ +  (3)         �ܯܱܶ

ெܭ           = �ర� �ଷ ݂ሺܴ�ሻܮ ݁                   (4) 

ுܭ           = �ଷ �ర� �ೂ�య �ଷ ݂ሺܴ�ሻܮ ݁         (5) 

 

   ݂ ܴ� = �ଷ ܴ� − ܴ� ∙ �ଷ ∙ �ଷ ܴ�  



Computation of turbulent fluxes in TOUCANS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Prognostic TKE-equation: ௗ�ௗ௧ = −݃ డడ ܭ� డ�డ� + � + �� − ��య మ                               (6)                                      � = ′ݓ′ݑ− ��ݑ� − ′ݓ′ݒ ��ݒ� = ��                                      ெܵଶܭ = �݃ ′�′ݓ =  ெܰଶܭ

• Surface layer vertical turbulent fluxes:                ݓ′ݑ′ = �ଷ ܴ� ∙ ݂ ܴ� ∙  ଵ+ ��బ
ଶ ∙ ଶݑ + ଶݒ ∙  (7)           ݑ

′ݓ′ݒ                = �ଷ ܴ� ∙ ݂ ܴ� ∙  ଵ+ ��బ
ଶ ∙ ଶݑ + ଶݒ ∙  (8)           ݒ

′�′ݓ                = �ଷ ∙ �ଷ ܴ� ∙ ݂ ܴ� ∙  ଵ+ ��బ ∙ ଵ+ ��బℎ
ଶ ∙ ଶݑ + ଶݒ ∙ ∆�      (9) 

 



Basic schemes and emulations: 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Turbulence scheme depends on:  

 4 free parameters (�ଷ, �ఢ , � and ఒܱ) – basic properties 

 3 functional dependencies (P, Q and R) – shape of stability functions  

• Scheme realisations: 

 

 

 

 

 

Model I Model II eeQNSE eeEFB �ଷ 1.18 1.18 1.39 1.25 �ఢ 0.871 0.871 0.798 0.889 � 0.526 0.526 0.464 0.532 

ఒܱ 2/3 0.29 0.324 0.113 

P const. const. const. F(Ri) 

Q const. const. F(Ri) F(Ri) 

R const. F(Ri) F(Ri) F(Ri) 



Mixing length options: 

• Geleyn-Cedilnik (GC): ݈ீ = �
ଵ+ ഉ�ഊ భ+exp ሺ−ೌ ��ು��+್ሻ�+exp ሺ−ೌ ��ು��+್ሻ

                               (10) 

• Bougeault-Lacarrère (BL89):  ௩ܰଶ �′ − ��+�� ݀�′ = ݁ �                                       (11)  ௩ܰଶ � − �′��−�� ݀�′ = ݁ሺ�ሻ                                    (12) 

=ܮ      ݉�݊ ݈௨, ݈ௗ௪ =−்ܮ                      (13)          �−రఱ + ��−రఱଶ
−ఱర

              (14) 

=−ௌܮ       ݈௨ ∙ ݈ௗ௪        (15)                      ܮ−ெ�= ݉� ݔ ݈௨, ݈ௗ௪          (16) 

 



Mixing length options: 

• Deardorff (DE80): ܮே = ଶேమ                                                           (17) 

• Coded combinations: 

 

 

 

CGMIXELEN Ri > 0 Ri ≤ 0 

EL0 ீܮ ீܮ   

EL1 ܮ−்ை ܮ−்ை 

EL2 ܮ−்ை ݉�݊ ܮ−்ை ∙ ீܮ , −்ைܮ  

EL3 ݉�݊ ܮே , �௫ܮ ீܮ   

EL4 

ீܮ ∙ ଶீܮேܮ + ேଶܮ ீܮ   

EL5 ݉�݊ ܮ−்ை , ேܮ  −்ைܮ 

EL6 ܮ −ௌܮ ,   or  ܮ−ெ� ܮ −ௌܮ ,   or  ܮ−ெ� 

݈ = �య� ∙ ܮ = � ∙  (*)           ܮ



� → � conversion coefficient: 

• using the model II values from Table2. and (*):  ݈ = � ∙ ܮ ≈ ଵ6 ∙  (**)                                                       ܮ

SURFACE BIAS 
21.06.-05.07.2009. α ≈ 16 



� → � conversion coefficient: 

Temperature 

RMSE PROFILE 
21.06.-05.07.2009. 



� → � conversion coefficient: 

Relative humidity 

RMSE PROFILE 
21.06.-05.07.2009. 



� → � conversion coefficient: 

• This � seems to be to small. What happens if we increase it? 

 

SURFACE BIAS 
21.06.-05.07.2009. �=1 



� → � conversion coefficient: 

Temperature 

BIAS PROFILE 
21.06.-05.07.2009. 



� → � conversion coefficient: 

Temperature 

RMSE PROFILE 
21.06.-05.07.2009. 



� → � conversion coefficient: 

BIAS PROFILE 
21.06.-05.07.2009. 

Relative humidity 



� → � conversion coefficient: 

Relative humidity 

RMSE PROFILE 
21.06.-05.07.2009. 



Different formulations of BL89 length scale: 

Temperature 

STDE PROFILE 
21.06.-05.07.2009. 



Profiles of turbulent diffusion terms: 

Temperature Specific humidity 



Profiles of turbulent diffusion terms: 

U-wind V-wind 



Conclusion and plan for further work: 

• Setting ܮ → ݈ conversion factor for BL89 length scale to �=1 leads to 

significant decrease of BIAS over ீܮ, but high STDEV deteriorates RMSE. 

• Implementation of original BL89 length scale formulation leads to 

decrease of STDEV and RMSE for temperature (compared to ܮ−்ை). 

• Further work:  

 Check the rest of TOUCANS code 

 Limit the value of ܮ to the height of the computation level 

 Verification of prognostic TKE using available tower measurements 

like Cabauw or few Croatian towers 

 Implementation of TKE and TTE budget equations into DDH and 

verification of corresponding terms using tower data 

 

 



Thank you for your attention! 

Any questions? 
Suggestions? 


