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Plant- and Soil-Parameter-Caused Uncertainty of Predicted Surface Fluxes
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ABSTRACT

e

Simulated surface fluxes depend on one or more empirical plant or soil parameters that have a standard
deviation (std dev). Thus, simulated fluxes will have a stochastic error (or std dev) resulting from the
parameters’ std dev. Gaussian error propagation (GEP) principles are used to calculate the std dev for
fluxes predicted by the hydro-thermodynamic soil-vegetation scheme to identify prediction limitations due
to stochastic errors, parameterization weaknesses, and critical parameters, and to prioritize which param-
eters to measure with higher accuracy.

Relative errors of net radiation, sensible, latent, and ground heat flux, on average, are 7%, 10%, 6%, and
26%, respectively. The analysis identified the parameterization of thermal conductivity as the dominant
influence on the std dev of ground heat flux. For net radiation, critical parameters are vegetation fraction
and ground emissivity; for sensible and latent heat fluxes, vegetation fraction. Minimum stomatal resistance
and leaf area index dominate the std dev of stomatal resistance for most vegetation and soil types. The
empirical parameters with the highest relative error are not necessarily the greatest contributors to the std
dev of the predicted flux. Based on the analysis high priority should be given to measurements of vegetation
fraction, ground emissivity, minimum stomatal resistance, leaf area index in general, and the permanent
wilting point and field capacity for clay and clay loam. Moreover, further specification of clay-type soils and
tundra-type vegetation may improve the accuracy of the lower boundary condition in Arctic numerical
weather prediction. Since GEP showed itself able to identify critical parameters and (parts of) parameter-
izations, GEP analysis could form a basis for parameterization intercomparisons and for parameter deter-

e

mination aimed at improving models.

1. Imtroduction

Recent studies showed that major failures in numeri-
cal weather prediction (NWP) occur close to the sur-
face (e.g., Hamill and Colucci 1997), the only natural
boundary condition in NWP models. These failures
may result from inaccurately predicting the fluxes of
heat, water vapor, and matter at the surface—atmo-
sphere interface. Systematic errors due to initial condi-
tions, for instance, have been addressed by ensemble
modeling techniques or sensitivity studies (e.g., Tracton
and Kalnay 1993; Toth et al. 2001). Besides incorrect
initial soil conditions, the parameterizations used in
land surface models (LSMs) to describe the surface
fluxes may cause systematic errors. Such systematic er-

Corresponding author address: Nicole Molders, Geophysical In-
stitute, University of Alaska Fairbanks, 903 Koyukuk Dr., P.O.
Box 757320, Fairbanks, AK 99775-7320.

E-mail: molders@gi.alaska.edu

© 2005 American Meteorological Society

rors have been examined by comparing results from
different LSMs. In this context, the great achievements
of the Project for Intercomparison of Land Surface Pa-
rameterization Schemes (PILPS) must be mentioned
(e.g., Henderson-Sellers et al. 1995; Shao and Hender-
son-Sellers 1996; Chen et al. 1997; Schlosser et al. 2000;
Slater et al. 2001; Luo et al. 2003).

PILPS also showed that LSMs strongly differ in ac-
curacy due to empirical parameters (e.g., physiological,
phenological, thermal, hydraulic, radiative, etc.) used to
represent different vegetation and soil types (e.g., Wil-
son et al. 1987; Dorman and Sellers 1989). The wide
possible parameter range causes a high variability in
predicted state variables, energy, and water fluxes (e.g.,
Avissar 1991; Pollard and Thompson 1995; Molders
2001) with implications for the structure of the atmo-
spheric boundary layer (e.g., Avissar and Pielke 1989).
For example, density of upward shortwave radiation
will differ if the albedo value is taken as 0.15 or 0.2.
Consequently slightly different temperature conditions
and sensible, latent, and ground heat flux densities will







