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• Across a wide range of scales.
• Cased by various heterogeneity types.
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• Across a wide range of scales.
• Cases by various heterogeneity types.

Challenge: Numerical weather prediction models (NWP)

NWP grid size

Modeling 

              Agreed upon measure


• Represent the various heterogeneity types

• Practical to obtain 

• Practical to use




Heterogeneity Measure: Lacunarity

<latexit sha1_base64="Ayf9tagNIm08QVlQA1+G1KVc2yA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+q6t1fVmr1PI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC7VY1w</latexit>

B1



Heterogeneity Measure: Lacunarity

<latexit sha1_base64="Hn2r/UuWSQqtsAHu4XL1Uan3Yug=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjqxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6qPer/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrVindV8e4vy7V6HkcBTuEMLsCDa6jBHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gC82Y1x</latexit>

B2

Modeling 

              Agreed upon measure


• Represent the various heterogeneity types

• Practical to obtain 

• Practical to use


<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b



Lacunarity Results
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Energy Balance Closure Model:

LES PALM version 6 model

Domain: 12 km X 12 km 

CHEESEHEAD19 project


Sep 24 12:00 - 17:30

Resolution: 6m x 6m x 4m
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Missing dispersive flux
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Energy Balance Closure Model:



Final Remarks

Conclusions

• The Lacunarity scale Lc applies successfully in the EBC model.
• It provides a promising solution to some of the challenges in modeling surface heterogeneity. 

• Describes various heterogeneity types.
• Relatively easy to obtain.
• Practical to use.

Future work

• Apply the Lacunarity scale and the EBC model to observation data.
• Apply the model to Co2 and latent heat flux imbalance.
• Conduct a parametrization study to describe the relationship between surface heterogeneity scale and transport terms.


