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 Description of experience (with pictures!) 

Research Project and Results 

 Background theory 

 Use of observations from tall tower in Germany to 
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International Experience:  the Basics 
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 2-3 months working at a research 

center/university/national lab in another country 

 Basic expenses paid (accommodations, food, 

transportation) 

 Working as a visiting researcher (i.e., not 

necessarily hired by the host institute) 

 Need collectively to define a research project/goal 

commensurate with length of stay and mutually 

beneficial 
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WHERE is Iowa?! 
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WHAT is Iowa? 

17 

• Corn and soybeans 

• Ethanol & other biofuels 
• Wind energy 

• 5178 MW, 3216 turbines 

• 3rd in US for capacity 

• 1rst in US for %energy, 27.5% 

• Iowa State University 
• 33,241 students 

• Engineering & agricultural roots 

• Award-winning campus beauty 

• Wind energy research & education 
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Wind Energy Science Engineering and Policy (WESEP)   

PhD Program that is interdisciplinary 

Research and course work in: 

• Meteorology 

• Aerospace Engineering 

• Electrical Engineering 

• Industrial Engineering 

• Mechanical Engineering 

• Material Science 

• Statistics 

• Government Policy 

• Economics 

• Communications & 

Journalism 



International Experience:  Challenges 
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 Plan for several months to identify and set-up an 

opportunity (Dr. McCalley can help) 

 Finding housing 

 Language is generally not a problem  

 Expect some level of culture-shock 



International Experience:  Benefits 

Wind Energy Science Engineering and Policy (WESEP)   

 Work and interact with collaborators overseas on 

a project related to your research 

 Expand your network of professionals 

 Promote collaboration between ISU and 

international researchers and research centers 

 Experience a new culture, learn another language 

 Learn about yourself 
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Thank you …  

 

WESEP/NSF IGERT grant, 

 Dr. McCalley, Dr. Takle, and Dr. 

Gallus 
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Evaluation of the MYNN PBL Scheme 

Closure Constants for Low-Level Jet 

Events in a Stable Boundary Layer 

MYNN = Mellor, Yamada, Nakanishi, Niino 

 
Mellor (1973) 

Mellor & Yamada (1974, 1982) 

Nakanishi (2000, 2001) 

Nakanishi & Niino (2004, 2006) 
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Impact of Wind Ramp on Wind Power 

 

Wind Ramp:  Change in power > 50% wind 
power capacity within 1-2 hours 

 

 

Figure taken from 

Ferreira et al. (2010) 
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WRF Forecast of Wind Ramp Case 
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Accuracy of NWP Forecasts  

 Probability of forecast of a ramp event one 

day ahead is 30-35%  (Greaves 2009; Deppe et al. 2013)  

 Operational NWS 6-hour wind forecasts 

RMS error 3-4 m/s  (Benjamin et al. 2013) 
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NWP Community has called for 

focused research on: 
 PBL Schemes  (Schreck et al. 2008; Storm and Basu 2010;  

Deppe et al. 2013) 

 Especially related to the SBL  (Fernando and Weil 

2010;  Grisogono 2010;  Hu et al. 2013) 
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Limitations of research to date 
 
 Bulk of research has involved the evaluation of 

existing PBL schemes and not modification to the 
model itself 

 PBL schemes have been developed as a “one size 
fits all” approach 

 PBL schemes have, for the most part, been tuned 
for neutral cases (i.e., not directly for the SBL) 
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Limitations of research to date 
 
 Bulk of research has involved the evaluation of existing PBL 

schemes and not modification to the model itself 

 PBL schemes have been developed as a “one size fits all” 
approach 

 PBL schemes have, for the most part, been tuned for neutral 
cases (i.e., not directly for the SBL) 

 

 Leaves room for unique research in improving PBL 
schemes: 

 Digging into the scheme to seek means for 
improvement 

 Specifically for the stable boundary layer (SBL) and 
wind ramp/LLJ events 

 

 
 

 

 

 

 

www.clker.com 
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MYNN Scheme Improvement for LLJ:   

Revisit Closure Constants 

What are closure constants? 

 

Need to reference MYNN basic theory … 
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MYNN:  Basic Theory 

 Reynolds-Averaged Navier-Stokes Eqs. 

 Neglected molecular viscosity 

 First-order eq. with a second-order term  



MYNN: Basic Theory 

 Reynolds-Averaged 

 Neglected molecular viscosity 

 First-order eq. with a second-order term  



MYNN Scheme:  Solving for 

turbulent fluxes  

Time-tendency 

                         

Energy redistribution 

Dissipation Buoyancy  

Diffusion Shear production 

     

𝑢𝑖𝑢𝑗 
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MYNN Scheme:  Solving for 

turbulent fluxes  

Time-tendency 

                         

Energy redistribution 

Dissipation Buoyancy  

Diffusion Shear production 

     

𝑢𝑖𝑢𝑗 

Appx. 
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Dissipation Approximation  
                         

Momentum 

Dissipation 

(2 ∗ 𝑇𝐾𝐸)3/2

𝑚𝑖𝑥𝑖𝑛𝑔 𝑙𝑒𝑛𝑔𝑡ℎ
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𝑇𝐾𝐸 =
1

2
( 𝑢2 + 𝑣2 + 𝑤2) 

Mixing length = f( stability, height above the surface)* 

*Mellor and Yamada (1984),  Nakanishi (2001) 
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Dissipation Approximation 
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Dissipation Approximation 
                         

Momentum 

Dissipation 

 in MYNN scheme (WRF version 3.5.1) 

𝑇𝐾𝐸3/2

𝑚𝑖𝑥𝑖𝑛𝑔 𝑙𝑒𝑛𝑔𝑡ℎ
 

𝐵1 = 24.0 

Heat 

Dissipation 

 in MYNN scheme (WRF version 3.5.1) 

𝑇𝐾𝐸1/2θ2

𝑚𝑖𝑥𝑖𝑛𝑔 𝑙𝑒𝑛𝑔𝑡ℎ
 

𝐵2 = 15.0 

(Based on study of near-neutral cases by Nakanishi 2001) 
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Dissipation Approximation 
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Should B1 and B2 remain the same for all cases? 



Calculate closure constants for the 

stable BL in context of LLJ cases 

                               

Start with prognostic equation for TKE 
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Calculate closure constants for the 

stable BL in context of LLJ cases 

                               

Start with prognostic equation for TKE 

Wind Energy Science Engineering and Policy (WESEP)   

Time-tendency TKE vert. flux 

Buoyancy Shear Dissipation 



Determining Closure Constants 

                               

Neglect first two terms*  
(Level 2.0 of 1.5 order TKE closure scheme) 

Time-tendency TKE vert. flux 

Buoyancy Shear Dissipation 
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*Nakanishi (2001) 



Determining Closure Constants 

                               

Using explicit values of turbulence fluxes 
from large eddy simulations of LLJ cases 

𝐵1 =
2 ∗ 𝑇𝐾E 3/2/𝐿

g
θ0

𝑤θ + 𝑢𝑤
𝜕𝑈
𝜕𝑧

 

𝑤θ 𝑢𝑤 𝑇𝐾𝐸 
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First Step:  Select Wind LLJ Cases 
 
 Tall tower near Hamburg, Germany 

◦ Wind speed and dir.  (cup anemometer and 

wind vane) and  

◦ 3D wind measurements (sonic 

anemometer),  

◦ Temp., RH at  

◦ Obsv. heights: 10, 50, 110, 175 [m] 

◦ 1-min.  avg. data 

◦ variances,  covariances (since 2004) 
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Brummer, B., Lange, I., Konow, H., 2006:   Atmospheric boundary layer measurements at the 

280 m high Hamburg weather mast 1995–2011: mean annual and diurnal cycles.  

Meteorologische Zeitschrift, 21, No. 4, 319-335  

 



First step:  Select LLJ Cases 

Using Hamburg tower data 2010-2012 
(roughly 1,000 days) 

Looking for LLJ cases: 

 Wind ramp > 4 m/s in 1-hr. 

 Stable BL, preferably nocturnal  

 No influence of front 

 No influence of nearby convection 

 No cases with BL wind out of west 

(eliminate impact of city of Hamburg) 
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Select LLJ Cases from Hamburg data 
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Velocity                     Wind Direction          Temperature 

Blue – 175m 

Green – 110m 

Red – 50m 

Aqua – 10m 
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Example Case:    09/05/2010 
Hamburg Tower Observations  
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Velocity [m/s] TKE [m2/s2] 
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Buoyancy Shear Dissipation 
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LES Simulation of a LLJ case 
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 WRF-LES model 

◦ Initialized using a vertical profile of wind 

velocity and pot. temp.  
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 WRF-LES model 

◦ Initialized using a vertical profile of wind 

velocity and pot. temp.  

 

 

 
 

 

 

 

 

 

Initialize LES Model 



LES Simulation of a LLJ case 

 WRF-LES model 

◦ Horizontally homogeneous 

◦ 4m grid resolution (dx, dy, dz) 

◦ Domain 400m x 400m x 1300m 

◦ Run for 2 hours to allow for stable 

solution 
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Observations 
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Results 

Velocity TKE TKE 
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Results 

Velocity TKE TKE 



Calculate Closure Constants 
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𝐵1 =
𝑇𝐾E 3/2/𝐿

g
θ0

𝑤θ + 𝑢𝑤
𝜕𝑈
𝜕𝑧

 

𝐵2 =
𝑇𝐾E 1/2𝜃2/𝐿

𝑤θ
𝜕Θ
𝜕𝑧

 

LES results provide explicit values for variance and 

covariance values: 

𝑤θ 𝑢𝑤 𝑇𝐾𝐸 



Calculate Closure Constants 
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Example Case:    09/05/2010 
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Calculate Closure Constants 

Wind Energy Science Engineering and Policy (WESEP)   

0

50

100

150

200

250

300

-75 -50 -25 0 25 50 75 100

H
ei

gh
t 

[m
] 

B1 

B1 Calculated Using LES Data 

 4/15/10 9/5/2010 5/20/12

𝐵1 =
𝑇𝐾E 3/2/𝐿

g
θ0

𝑤θ + 𝑢𝑤
𝜕𝑈
𝜕𝑧

 



Calculate Closure Constants 
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Dissipation Term Sensitivity Tests 
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Calculate Closure Constants 
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Sensitivity Tests 

Percentage change in wind velocity at 100m as 

compared to control. 
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MYNN Scheme:  Solving for 

turbulent fluxes  

Time-tendency 

                         

Energy redistribution 

Dissipation Buoyancy  

Diffusion Shear production 
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Energy Redistribution Approximation 
                         

Buoyancy term TKE-Mean shear 

term 

Energy redistribution 

Covariance-Mean 

shear term 

Covariance term 

(Adapted from Mellor 1973,  Mellor & Yamada 1974, 1982,  Nakanishi 2001) 
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Calculate Closure Constants 
                               

Wind Energy Science Engineering and Policy (WESEP)   



Summary and Future Work 

 Summary 

◦ For LLJ cases in a SBL, the B1 parameter varies 
by vertical extent and has a value about half than 
currently prescribed in the MYNN scheme 

◦ The B2 parameter adheres closer to what is 
prescribed currently in MYNN except for near-
neutral lapse rates 

  Future Work 

◦ Consider larger set of LLJ test cases 

◦ Derive values for remaining closure constants 
(C1-C3, A1, A2) as appropriate for LLJ cases 
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