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Abstract:
This study presents a spectrally integrated solar albedo model for thin composite layers of snow, ice
and water on roads. The model is intended to support micro-scale thermal mapping models for
forecasting highway pavement temperatures and surface conditions.

The snow-on-slab albedo (SOSA) model estimates the temporal road albedo by modeling surface
conditions on highways that strongly affect solar albedo. Snow grain size, impurity concentration and
optical mass were found to be important factors. These three factors were highly influenced by traffic
and winter maintenance operations.

SOSA is composed of two components (1) a computation albedo routine CAR and (2) a pavement
snow conditions routine SCR. CAR calculates visible, near infrared and solar albedos (0.3 - 5 /μm)
from 7 physically based parameters: snow grain radius (&,mu;m), carbon soot concentration (mass
fraction), mass cross-section (g/cm2), zenith cosine, atmospheric pressure (millibar), underlying
surface albedo, diffuse fraction, surface downflux and atmospheric transmittance. SCR models the
optical mass of water, ice, snow and sand, light absorbing impurities and the optical grain size. Inputs
to SCR are meteorological parameters, surface energy fluxes and traffic parameters.

The optically equivalent grain size required in the model was 1/10th the observed grain size, partially
due to the measurement protocol, which classified parficle size by the longest dimension. Optical radii
ranged from 50- 150 μm. The sanding materials were the principle light absorbing impurity. Carbon
residue from vehicle exhaust and tire residue was insignificant. The sanding material was composed
primarily of basalt and granite and had ~0.07% the optical influence of carbon soot in the model. The
0.07% normalization factor is related to the ratio of the imaginary indices of refraction between carbon
soot and the bulk sanding material.

Despite erratic and quickly changing surface conditions, SOSA proved effective in calculating albedo.
SOSA had an overall standard deviation of 0.15 from observed albedos for the entire road and
shoulder. The accuracy of the model improved when it was restricted to calculate albedos inside the
lanes only. The standard deviation decreased to 0.11. As a result SOSA estimated surface temperatures
accurately over a 24hr period. Surface temperature standard deviations were less than 1.7°C from
measured values. 
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