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ABSTRACT

Soil moisture observations in sites with natural vegetation were made for several decades in the former Soviet
Union at hundreds of stations. In this paper, the authors use data from six of these stations from different
climatic regimes, along with ancillary meteorological and actinometric data, to demonstrate a method to validate
soil moisture simulations with biosphere and bucket models. Some early and current general circulation models
(GCMs) use bucket models for soil hydrology calculations. More recently, the Simple Biosphere Model (SiB)
was developed to incorporate the effects of vegetation on fluxes of moisture, momentum, and energy at the
earth’s surface into soil hydrology models. Until now, the bucket and SiB have been verified by comparison
with actual soil moisture data only on a limited basis. In this study, a Simplified SiB (SSiB) soil hydrology
model and a 15-cm bucket model are forced by observed meteorological and actinometric data every 3 h for
6-yr simulations at the six stations. The model calculations of soil moisture are compared to observations of
soil moisture, literally “ground truth,” snow cover, surface albedo, and net radiation, and with each other.

For three of the stations, the SSiB and 15-cm bucket models produce good simulations of seasonal cycles
and interannual variations of soil moisture. For the other three stations, there are large errors in the simulations
by both models. Inconsistencies in specification of field capacity may be partly responsible. There is no evidence
that the SSiB simulations are superior in simulating soil moisture variations. In fact, the models are quite similar
since SSiB implicitly has a bucket embedded in it. One of the main differences between the models is in the
treatment of runoff due to melting snow in the spring—SSiB incorrectly puts all the snowmelt into runoff.
While producing similar soil moisture simulations, the models produce very different surface latent and sensible
heat fluxes, which would have large effects on GCM simulations.
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1. Introduction

Soil moisture is one of the most important com-
ponents of the climate system. Crucial questions about
the future climate predicted for a world made warmer
by enhanced greenhouse gases, such as summer drying
of midcontinent agricultural regions, depend on de-
tailed knowledge of the interactions of soil moisture
with the climate. Climate models, however, use prim-
itive parameterizations and have inadequate data with
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which to improve the parameterizations or to compare
to simulations (Gleick 1989). The summer drying
phenomenon (e.g., Manabe et al. 1981; Wilson and
Mitchell 1987), for example, is a combination of the
processes involving soil moisture, precipitation, time
of snowmelt in the spring, partitioning of snowmelt
into the soil or runoff, water table variations, and po-
tential evaporation due to warmer temperatures. To
determine whether midcontinental drying is a robust
prediction, soil moisture must be properly simulated.

Soil moisture anomalies serve the same function for
land that sea surface temperature anomalies serve for
the ocean, providing a storage and forcing that is longer
than the timescale of the atmosphere. Delworth and
Manabe (1988, 1989) have shown how soil moisture
interactions can produce redder spectra of many me-
teorological and hydrological variables in a GCM sim-
ulation. These simulations were done with a simple






