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taken during free-field propagation and the model validated 
only from approximately 10 to 100 m from the highway in 
perpendicular distance. Validation efforts could be done to 
extend these limits. 

These results must also be presented with a word of caution. 
Although the data base is considered the best developed for 
short-range traffic noise propagation concurrently with weather 
data, data have been taken at only a single location. More 
measurements are needed at additional sites to validate and 
refine this analysis. 

CONCLUSIONS 

Specific findings and conclusions reported in this paper are 
as follows: 

• Atmospheric phenomena may affect traffic noise levels 
even very close to the roadway; 

• The components of the wind speed parallel and vertical 
to the highway may become important at approximately 120 
m from the highway, a distance typically associated with 
second-row receivers; 

• Deviations in noise levels due to refraction were mea­
sured to be 7. 7 dB at 122 m from the centerline of the highway, 
4.3 dB at 61 m from the centerline, and 6.6 dB at only 38.1 
m from the centerline; 

• Turbulent scattering of noise from skywaves appears to 
be a prominent mechanism in increasing noise levels above 
that expected close to the earth's plane near the roadway; 

• At very close distances to the highway, the angle formed 
by the receiver location and highway is more important than 
the elevation of the receiver; 

• Ray bending due to wind shear and temperature lapse 
rates does not appear to be as important as turbulent scat­
tering very near the roadway; 

•For distances beyond 38.1 m from the roadway, similar 
refractive excess attenuations appear to occur at equal heights 
above the ground plane; 

• Regression analysis shows that negative and positive per­
pendicular components of the wind should be modeled sep­
arately for increased accuracy; 

• Temperature lapse rates do not exert significant influence 
on refractive excess attenuations within 61 m of the roadway, 
but become important with increased distance such as beyond 
122 m; 

• Strong inversions do not appear to significantly affect 
refractive excess attenuations within 122 m of the roadway 
near the earth's plane but become significant with height; 

• Turbulence appears to have an effect comparable to that 
of the combined wind and temperature parameters within 122 
m of the roadway; and, 

• A combination of all three vector component standard 
deviations of wind speed, Richardson number, lapse rate, and 
wind speeds perpendicular to the roadway appear to form an 
effective model with very good correlation results. 

DIRECTIONS FOR FUTURE RESEARCH 

Atmospheric effects on traffic noise propagation have not 
been well researched. While this research effort has added to 
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the topic, much more research is needed. In general, three 
important areas of research are needed-more measure­
ments, more theoretical development, and better character­
ization of the turbulence close to roadways. 

The data base created by the measurements for this project 
is the most detailed known for traffic noise and concurrent 
meteorology very near roadways. However, the data are for 
a single site and probably contain some site bias. Additionally, 
the data are for a flat open area and do not include the effects 
of diffraction that are important to the development of noise 
walls. Multisite measurements are needed to validate and 
refine this initial work. The model developed is based on 
statistical methods. Much more work is needed to incorporate 
theory into the prediction process. Another area of future 
research relates to a basic meteorological science. Better 
methods that apply to air pollution prediction as well as traffic 
noise are needed to characterize turbulence along roadways. 

After validation, the results of the derived mathematical 
models (Equations 4 and 5) could be used to correct results 
from prediction models such as ST AMINA. To accomplish 
this, excess attenuation would have to be determined using 
Equations 4 and 5 and results subtracted from the predicted 
results of the model used. The weather data collection effort 
would add some cost to the overall project, including costs 
for equipment, labor, and time. Cost from project to project 
would vary, but would be small when compared to the cost 
of an ineffective barrier. Accordingly, the additional cost would 
be well worthwhile to help ensure proper design. 
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APPENDIX 

RICHARDSON NUMBER 

Ri = (g/TA){('y - f)/((du/dZ)2]} 

where 

g = gravitational acceleration, 
u = average wind speed, 
'Y = existing (or true) lapse rate, 

(A-1) 
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r = adiabatic lapse rate, 
TA = absolute ambient temperature, and 
Z - height between measured locations. 

TATARSKl'S REFRACTIVE INDEX FUNCTION 

where 

T0 = absolute temperature, 
c0 = phase velocity, 

( Cv)2 = mechanical turbulence structure, and 
(CT)2 = thermal structure function. 

The mechanical turbulence structure is given by 

The thermal structure function is defined as 

In these equations, 

(A-2) 

(A-3) 

(A-4) 

V1 , V2 = fluctuating wind velocities at two points separated 
by a distance r, and 

T1 , T2 = fluctuating temperatures at two points separated 
by a distance r. 
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