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Abstract

e Surface-layer parameters crucial for calculating fluxes
of momentum, heat and water vapor in the
atmospheric boundary layer (ABL) are derived from
vertical profiles of wind velocity, temperature and
humidity for the ARM North Slope of Alaska (NSA) site
in Barrow.

e Parameters include the friction velocity (ux), the
temperature (©x) and humidity scales (qx), the
roughness length (zo), and the zero-displacement (d).

e Surface and meteorological tower measurements from
instrumentation with sensors at 2, 10, 20 and 40
meters are used for derivation of turbulent fluxes by
means of statistical methods.

e Seasonal changes of surface layer parameters result
from different thermal stratification of the ABL. These
changes have been partly neglected in the past
causing inaccurate formulation of vertical fluxes.

e Fluxes of heat and momentum are compared with data
from Weather Research Forecast (WRF) model runs.
Discrepancies in derived fluxes have the potential to
serve for improved model parameterization and better
understanding of ABL fluxes at this site in the future.

Basic Equations for Flux-Profile Relationships
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iz) wind velocity at height z
I friction velocity
K von Kérman constant
d zero plane displacement
=30 +d height of lower boundary level r
20 roughness length
& normalized height (Obukhov number) {(z-d)/L}
m hq indices for momentum, heat, specific humidity

* Flux variables:

T momentum flux vector

density of air

RURT X, Y, Z components of wind vector
fluctuation of the potential temperature
fluctuation of specific humidity

Sees®

Reynold’s mean applied
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Micrometeorological Flux Equations
- —_—2 ———2\7 =
Momentum: T=|7|= ( pu"w' +pv"w' )2 =pu’ =const.

Sensible Heat: H=c,,pw'@"=-c, pu. ©, =const.

Water Vapor: E=L pw'q"=-L, pu.q.=const.

* for variable explanation see previous column

Figure 1: ARM Meteorological
Tower in Barrow. The used 4
sampling heights are at 2, 10,
20, and 40 meters.
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Figure 2: Typical vertical profiles of wind speed (U), potential
temperature (0©) and specific humidity (q). The dots represent the
measured values.
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Figure 3: Integral similarity functions for momentum and sensible
heat obtained from different local stability functions and plotted
against the Obukhov number ¢, = zp/L

os July 1, 2007 © July 1, 2007
N o I~
8 o 3
- N;
€
£ 06 =
S os i
0‘04 05 06 o 07 08 08 20 0 20 40 60 80 100 120 140 160
u.inms’ (case 1) HinWm? (case 1)
w July 1, 2007
o // Figure 4:Comparison of
T e preliminary derived fluxes
g, . o for momentum, sensible
S 0 // . heat, and water vapor using
z Businger-Dyer-Pandolfo
-20
uEJ . versus Carl-Tarbell-Panofsky
-30

parameterization schemes.

10 20 30 Ag 50 60 70
EinWm™ (case 1)

References

Businger, J.A., Wyngaard, J.C., Izumi, Y., and Bradley, E.F. 1971. Flux-profile relationships in the
atmospheric surface layer. J. Atmos. Sci. 28, 181-189.

Carl, D.M., Tarbell, T.C., and Panofsky, H.A. 1973. Profiles of wind and temperature from towers
over homogeneous terrain. J. Atmos. Sci. 30, 788-794

Dyer, A.J. 1974. A review of flux-profile relationships. Boundary-Layer Meteorol. 7, 363-372.

Kramm, G., 1989: The estimation of the surface layer parameters from wind velocity, temperature
and humidity profiles by least squares methods. Boundary-Layer Meteorol. 48, 315-327.

Kramm, G., 2004: Sodar data and scintillometer data obtained from the UPOS project “Optical
Turbulence” and applied to study the turbulence structure in the atmospheric surface layer.
Report of the Geophysical Institute, 89 pp.

Kramm, G., Herbert, F., 2008: Similarity hypotheses for the atmospheric surface layer expressed
by dimensional x invariants analysis - a review (in preparation).

Pandolfo, J. 1966. Wind and temperature profiles for a constant flux boundary layer in lapse
conditions with a variable eddy conductivity to eddy viscosity ratio. J. Atmos. Sci. 23, 495-502.



