
Spatial Climatology 
of the Wind Environment in the 

Central Great Valley of Eastern Tennessee

KR Birdwell, PhD Candidate
University of Tennessee / UT-Battelle

Oak Ridge National Laboratory



Complex Terrain Meteorology and 
Emergency Response

Complex terrain introduces a spatial-meteorological challenge for those
who would characterize the effects of weather and climate on safety and
security.

Although a variety of diagnostic and prognostic techniques are currently
In use to quantify risks from meteorological conditions and associated 
pollutants, the accuracy of model estimates remains limited by a number
of factors including:

(1) Accuracy of flow data at fine spatial scales
(2) Inadequate quantification of wind field frequency distributions and 

correlation with ambient meteorology.
(3)   A limited assessment of local meteorological conditions affected by

complex terrain and landscape features.



Statistical Techniques and Data Preparation

Quality assured data set (30 wind measurement points + ambient met)

Complete Linkage (Farthest Neighbor) Cluster Analysis

Post-cluster distance measure analysis (7 to 15 Classes)

Calculation of 30-dimensional centroids and distances from centers

Centroid refinement based on reduced data set (outliers excluded)

Elimination of redundant or statistically non-robust centers

Seeded K-Means cluster analysis (refined Complete Linkage seeds)

Synoptic analysis and adjustment of classes based on synoptics or
ambient meteorology.



Statistical Analysis Description



Statistical Findings / Pitfalls

Technique did a good job of separating the majority of wind classes.

An average of 10 significant classes were determined per month 
(range of 8 to 12 with lower numbers in winter and higher in summer)

There was some confusion between Forced Channeling – Down Valley,
Along Valley (Thermal) Down, and Pressure Driven Channeling – Down
classes.  There was also some confusion between Forced Channeling –
Up Valley flow and Along Valley (Thermal) – Up Flow.

These were separable with ambient meteorological information
(synoptics, ambient solar radiation, stability, additional tower data).

Cophenet “explanatory” values ranged from 55-70% with an increase
of 5-15% after removal of outliers.

K-Means analysis “on average” realigned around 30% of the Complete
Linkage clustered hours.



Wind Field Patterns – Vertically Coupled



Wind Field Patterns – Vertically Coupled



Wind Field Patterns – Forced Channeling Up



Wind Field Patterns – Forced Channeling Down



Wind Field Patterns – Forced Channeling



Wind Field Patterns – Pressure Driven



Wind Field Patterns – Pressure Driven



Wind Field Patterns – Thermal Up Valley



Wind Field Patterns – Thermal Down Valley



Wind Field Patterns – Thermal / FCH Mix



Wind Field Patterns – Mountain Breezes



Wind Field Patterns – Smoky Mt. Breeze



Wind Field Patterns – Frontal Activity
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Summary Statistics

2009 Vertically Coupled Flow NW-NE
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2009 Along Valley Flow (Thermal) - Down Valley

0.0

5.0

10.0

15.0

20.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

P
er

ce
nt

Great Valley
Lower Valley
Central Valley
Upper Valley



Summary Statistics

2009 Vertically Coupled Flow NW-NE

0.0

10.0

20.0

30.0

40.0

50.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

Pe
rc

en
t

Great Valley
Lower Valley
Central Valley
Upper Valley

2009 Vertically Coupled Flow ENE-S

0.0
2.0
4.0
6.0
8.0

10.0
12.0
14.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

P
er

ce
nt

Great Valley
Lower Valley
Central Valley
Upper Valley

2009 Along Valley Flow (Thermal) - Up Valley

0.0
2.0
4.0
6.0
8.0

10.0
12.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

Pe
rc

en
t Great Valley

Lower Valley

Central Valley
Upper Valley

2009 Along Valley Flow (Thermal) - Down Valley

0.0

5.0

10.0

15.0

20.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

P
er

ce
nt

Great Valley
Lower Valley
Central Valley
Upper Valley

2009 Mountain Breeze Activity (Thermal)

0.0

5.0

10.0

15.0

20.0

25.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

P
er

ce
nt

Great Valley
Lower Valley
Central Valley
Upper Valley



Summary Statistics

2009 Vertically Coupled Flow NW-NE

0.0

10.0

20.0

30.0

40.0

50.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

Pe
rc

en
t

Great Valley
Lower Valley
Central Valley
Upper Valley

2009 Vertically Coupled Flow ENE-S

0.0
2.0
4.0
6.0
8.0

10.0
12.0
14.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

P
er

ce
nt

Great Valley
Lower Valley
Central Valley
Upper Valley

2009 Along Valley Flow (Thermal) - Up Valley

0.0
2.0
4.0
6.0
8.0

10.0
12.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

Pe
rc

en
t Great Valley

Lower Valley

Central Valley
Upper Valley

2009 Along Valley Flow (Thermal) - Down Valley

0.0

5.0

10.0

15.0

20.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

P
er

ce
nt

Great Valley
Lower Valley
Central Valley
Upper Valley

2009 Mountain Breeze Activity (Thermal)

0.0

5.0

10.0

15.0

20.0

25.0

1 2 3 4 5 6 7 8 9 10 11 12

Month

P
er

ce
nt

Great Valley
Lower Valley
Central Valley
Upper Valley



Summary Statistics

2009 Pressure Driven Channeling - Down Valley
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Summary Statistics
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2009 Oak Ridge Reservation Complex Local Terrain Flows 
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Future Plans

Perform a local Ridge-and-Valley analysis to determine the frequency and
distribution of local flow (sub-Ridge-and-Valley) regimes as well as the
climatology of wind reversals.

Perform selected monthly analyses for prior year data to investigate year-
to-year variability.

Use the statistically determined wind classes to perform dispersion   
analysis in order to better understand the relationships between 
the dispersion / pollutant environment and wind class frequencies.

Work with NOAA toward the determining the accuracy and performance
of the WRF model in complex terrain environments such as the
Great Valley of East Tennessee.
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