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Introduction
Thisstudy is an evaluation of the ability of the Pennsylvania
State University/National Center for Atmospheric Research
(NCAR) mesoscale model (MM4) to determine surface
fluxes to see if measured fluxes should be assimilated into
model runs.

Fluxes were compared from a high-resolution (5 km grid
spacing) MM4 run during one day of the Winter Icing and
Storms Programs/Atmospheric Radiation Measurement
(WISP/ARM) experiment (over NE Colorado in winter
1991) with direct flux measurements made from a tower
over a representative site by a three-dimensional sonic
anemometer and fast response temperature and humidity
sensors. This tower was part of the NCAR Atmosphere-
Surface Turbulent Exchange Research (ASTER) facility.
Also, mean values were compared to check whether any
differences were due to the model parameterization or
model variables.

phi_m(Ri_b<O) = -1.86 Ri_b In(z/za) -1.07[Ri_b In (zlza)]A2 (Ri_b>O) = [-5 Ri_b In(zlza)]/[1.1 -5 Ri_b]

phi_h(Ri_b<O) = -3.23 Ri_b In(z/za) -1.99 [Ri_b In (z/za)]A2 (Ri_b>O) = [-5 Ri_b In(z/za)]/[1.1-5Ri_b]

The ASTER site was assigned the land-use category of
"Range-Grassland" for which the following values for
parameters are used:

zo Surface roughness height 10 cm

zl Molecular layer depth 1 cm

M Moisture availability 0.3

Finally, the following values for constants were used:

k Von Karman constant 0.4

Pr Prandtl number 1

K_a Molecular diffusivity 2.4x10A_5 mA2/s

ResultsModel Parameterization
Variables which are used by the model parameterization
were compared to separate the effect of the data and the
parameterization in the flux calculation. Since the lowest
model level was for a height of 36 m, and the highest
ASTER tower was at 10m, higher data from remote
sensors are also shown.

The parameterization for the friction velocity u., which is
proportional to the square root of the momentum flux,
depends primarily on wind speed. For the WISP/ARM
experiment, the wind comparison (Figure 1) appears
reasonable. The model wind speed generally falls between

The "high-resolution" Blackadar parameterization in MM4
was used. This parameterization uses flux-profile
relationships applied to values at a single height, z:

u* = [kU]/[ln(zlzo) -phi_m]

T* = [k(T -To)]t1ln(zlzo) -phi_h]

q* = {Mk[q-~s(To)]}/{ln((Ku_*z/K_a) + z/zl)-phi_h}

Ri_b = [g2(T -To)]fTUI\2

(a) NCAR is sponsored by the National Science Foundation.
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