
John J. Cassano, Melissa A. Nigro
University of Colorado

Jonathan Wille, David Bromwich
Ohio State University

Matthew A. Lazzara
University of Wisconsin



Overview
 Use 2 years (Feb 2011 – Jan 

2013) of atmospheric surface 
layer observations from Tall 
Tower AWS to evaluate AMPS 
forecasts

 Assess inversion strength vs. 
wind speed

 Classify observed and 
modeled temperature profiles 
using self-organizing map 
(SOM) technique

 Use SOM to evaluate AMPS 
performance for different 
temperature profile regimes



Inversion Strength vs. Wind Speed
• TT: Black lines
• AMPS: Colored lines

• Median inversion strength 
is stronger in AMPS than 
obs for all wind speeds

• This suggests either too 
weak vertical mixing in 
AMPS or a negative 
radiation bias at the 
surface

• 10th percentile: AMPS more 
unstable than obs for weak 
winds. This is consistent 
with too weak vertical 
mixing under surface 
heating conditions

• 90th percentile: AMPS has 
weaker inversion than obs
for light winds. This 
suggests mixing is too 
strong in these cases



AMPS Inversion Strength Frequency Bias

• AMPS strongly 
underestimates 
frequency of near 
neutral (slightly 
unstable to slightly 
stable) cases. These are 
the most commonly 
observed inversion 
strengths at Tall Tower

• AMPS overestimates 
frequency of most 
unstable cases

• AMPS overestimates 
frequency of moderate 
inversion cases

• AMPS underestimates 
frequency of strongest 
inversion cases



Potential Temperature SOM

• SOM used to 
identify the range 
of potential 
temperature 
profiles in over 
100,000 10 minute 
observations

• Left – stratified
• Right – well mixed
• Bottom – stronger 

stability
• Top – weaker 

stability



TT AWS Annual Pattern Frequency
• Right two columns: 

Well mixed to weakly 
stable profiles are the 
most commonly 
observed profile type 

• Top center: Moderate 
inversions are next 
most commonly 
observed profile type

• Bottom left: Inversions 
> 9 K observed 6.7% of 
the time



AMPS Annual Pattern Frequency
• Bottom center: Moderate 

inversions are
the most commonly 
simulated profile type

• Right two columns: 
Well mixed to weakly 
stable profiles are the 
next most common 
profile type 

• Bottom left: Inversions 
> 9 K are simulated 3.4% 
of the time



AMPS Annual Pattern Frequency Bias

• AMPS simulates moderate 
stability patterns (bottom center 
and left center)more often than 
observed

• AMPS simulates unstable 
pattern (top right) much more 
than observed

• AMPS simulates fewer weakly 
stable patterns (right two 
columns). 

• AMPS under-simulates the 
strongest inversion patterns 
(bottom left)



Comparison of Potential Temperature Profiles

• TT AWS – black
• AMPS – red

• Compare AMPS 
forecasts to all TT 
profiles that map to 
each SOM pattern

• AMPS profiles 
slightly more stable 
than observed 
profiles for well 
mixed to weak 
inversion cases

• AMPS 
underestimates 
inversion strength 
for the stronger 
inversion patterns



AMPS Vertical Potential Temperature Difference Bias
• Potential temperature 

difference between 
29.75 m and 0.85 m

• Right three columns: 
AMPS is more stable 
than observations except 
for unstable (top right) 
pattern

• Left two columns: AMPS 
has weaker inversions 
than observations



Comparison of Wind Speed Profiles
• TT AWS – black
• AMPS – red

• AMPS wind speed is 
similar to obs at top 
of TT for most 
patterns except those 
in bottom left and 
bottom center of 
SOM

• This suggests that the 
large-scale PGF is 
reasonably captured 
for most patterns

• Overestimation of 
wind speed for 
patterns in bottom 
left and bottom 
center indicates that 
AMPS overestimates 
the PGF for these 
patterns



Comparison of Wind Speed Profiles
• TT AWS – black
• AMPS – red

• AMPS wind speed at 
bottom of TT is 
similar to or slightly 
weaker than observed 
in the right two 
columns of  the SOM

• AMPS overestimates 
wind speed at bottom 
of TT for most other 
patterns

• This will result in 
overly strong 
mechanical mixing

• Note: The mixing 
errors diagnosed here 
have a different 
source than those 
shown for inversion 
strength vs wind 
speed plot



AMPS Lowest Tower Level Wind Speed Bias
• AMPS underestimates 

wind speed for the well 
mixed / weak inversion 
patterns in right two 
columns

• AMPS wind speeds are 
faster than observed for all 
other  inversion patterns 
(left four columns)

• AMPS overestimation of 
wind speed increases as the 
inversion strength 
increases



AMPS Wind Speed and Inversion Strength Bias
• Negative wind speed bias for patterns in the 

right two columns of the SOM will result in 
too weak mechanical mixing

• This is consistent with stronger stability in 
AMPS for the weakly stable profiles in these 
columns as well as the greater instability in the 
unstable (top right) pattern

• Positive wind speed bias on left side of SOM 
will result in overly strong mechanical mixing

• This is consistent with underestimation of 
inversion strength in left two columns

• For the middle two columns wind speed bias is 
positive but many patterns are too stable

• This suggests that a negative radiation bias 
may also be influencing stability errors in 
AMPS

AMPS wind speed bias

AMPS inversion strength bias



Conclusions
 Data from Tall Tower AWS provides a unique dataset for evaluating AMPS 

ability to simulate surface layer profiles

 Median inversion strength stronger in AMPS than obs for all wind speeds
 This suggests mixing in AMPS is too weak or negative radiation bias in AMPS

 AMPS strongly underestimates the frequency of near neutral patterns, 
overestimates the frequency of most unstable and moderately stable patterns, 
and underestimates the frequency of the strongest inversions

 Large-scale PGF is accurate for all but the strongest inversion patterns

 Near surface wind speed underestimated for near neutral patterns 
 This results in overly weak mechanical mixing and overly strong inversion strength

 Near surface wind speed is overestimated for more stable patterns
 This results in excess mechanical mixing and weaker inversion strength in AMPS

 Careful analysis of TT obs allowed us to assess processes responsible for 
stability errors in AMPS
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