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1. INTRODUCTION

A two-year 1987-1988 integration of SSiB forced
with ISLSCP Initiative I surface data (as part of the
Global Soil Wetness Project, GSWP, evaluation and
intercomparison) produced generally realistic land
surface fluxes and hydrology. Nevertheless, the eval-
uation also helped to identify some of the deficiencies
of the current version of the Simplified Simple Bio-
sphere (SSiB) Model (Xue et al., 1991), as reported
by Mocko and Sud (1998). The simulated snowmelt
was delayed in most regions, along with excessive
runoff and lack of an spring soil moisture re-charge.
The SSiB model had previously been noted to have
a problem producing accurate soil moisture as com-
pared to observations in the Russian snowmelt re-
gion (Robock et al., 1995; Xue et al., 1997). Simi-
larly, various GSWP implementations of SSiB found
deficiencies in this region of the simulated soil mois-
ture and runoff as compared to other non-5SiB land-
surface models (LSMs).

The origin of these deficiencies was: 1) excessive
cooling of the snow and ground, and 2) deep frozen
soil disallowing snowmelt infiltration. The problem
was most severe in regions that experience very cold
winters. In SSiB, snow was treated as a unified layer
with the first soil layer, causing soil and snow to cool
together in the winter months, as opposed to snow
cover acting as an insulator. In the spring season,
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a large amount of heat was required to thaw a hard
frozen snow plus deep soil layers, delaying snowmelt
and causing meltwater to become runoff over the
frozen soil rather than infiltrate into it. The need
for a separate thermal regime of snow in a LSM for
a General Circulation Model (GCM) was shown by
Verseghy (1991).

2. NEW SSiB SNOW-PHYSICS SCHEME

A new snow-physics scheme was written by Sud
and Mocko (1999) to solve the above problem. The
snow layer is separated from the soil, with its own
energy budget and temperature. Solar energy at
the top of the snowpack not reflected by the snow is
either absorbed by the snow or transmitted to the
ground. An exponential transmittance function, as
a function of snow depth, partitions the energy to
the snow or ground. Surface fluxes occur at the top
of the snow, while transfer of thermal energy be-
tween the snow layer and the ground is achieved by
conduction through the snow and ground layers and
by radiation through a small air gap between the two
layers. Snowmelt can occur by: i) the conduction of
heat from the ground, ii) warm precipitation falling
on the snowpack, and iii) fluxes (especially of sensi-
ble heat and net radiation) at the top of the snow
causing the snow temperature to be above freezing.
All of this allows the ground to remain insulated
under a deep snowpack, conserving soil heat during
winter. In turn, the warmer ground leads to earlier
snow melting and ground thawing, larger snowmelt
infiltration, and reduced runoff.
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Figure 1: Time-series of area averaged values of
a) available water (mm) and b) runoff (mm/day)
for the Russia snowmelt region for the new (thick
dashed) and old (thick solid) snow-physics schemes
in SSiB, and for observations (thin).

The GSWP simulation (forced with ISLSCP
data) was again performed, only with SSiB now us-
ing the new snow-physics scheme. Comparison to
observations as seen in Fig. 1 in the Russia snowmelt
region of both simulated soil moisture and runoff
shows a significant improvement in the performance
of new scheme in SSiB as compared to the old. The
soil moisture now exhibits a strong spring re-charge.

In the Northern Hemisphere, the new snow-
physics scheme in SSiB caused snowmelt to occur
earlier in the season and in better agreement with
observations from satellite, as shown in Fig. 2. Al-
though much of the delay in the model of snowmelt
is reduced, some still remained. In addition, the ear-
lier melt, together with a warmer soil allowing the

melt to infiltrate, produced wetter and warmer soil
conditions in the spring as shown in Fig. 3.
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Figure 2: Difference in weeks of snowmelt date of a)
old and b) new snow-physics schemes in SSiB mi-
nus snowmelt date observations from satellite. Only
points with a peak of 100 mm in snow cover during
the winter are shown.

3. JJA GCM SIMULATIONS

The 1 June conditions for both the new and
old snow-physics schemes in SSiB produced by the
GSWP-style simulations were used as initial soil
moisture (ISM) data. An ensemble of 90-day JJA
simulations for 1987 and 1988 were performed with
the GEOS II GCM using both the new ISM/snow-
physics scheme in SSiB (NSGCM) and the old
ISM/snow-physics scheme (OSGCM).
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Figure 3: Difference in 1 June conditions of a)
ground temperature (C) and b) root zone soil wet-
ness (0-1) for new minus old snow-physics schemes
in SSiB.

NSGCM produced higher precipitation (as
observed) in northern regions that have large
snowmelt, as shown by Mocko et al. (1999). NS-
GCM also produced more realistic land surface hy-
drology in many snowmelt regions. A statistical sig-
nificance test (Fig. 4) shows in the top two panels the
increase of precipitation and evapotranspiration the
new ISM/snow-physics has made. The bottom two
panels show that NSGCM also slightly increases the
interannual variability of precipitation in both the
central U.S. and northern India.

4. CONCLUSION AND FUTURE WORK

The new snow-physics scheme in SSiB more ac-
curately simulates snowmelt, ground temperatures,
precipitation, soil moisture, and runoff in areas with
cold winters and deep snowpack. Further develop-
ment of the snow-physics scheme continues in an
effort to better simulate the heat conduction and
absorption in the snowpack. This is likely to fur-
ther improve the snowmelt timing and runoff. Early
studies have found that the sub-grid distribution of
snow is also important, as well as the time-varying
density of the snowpack. A temperature profile in
the snowpack can also cause earlier snowmelt, as so-
lar radiation is absorbed mostly in the upper section
of the snow.

Handling the runoff versus infiltration of
snowmelt is also important. In some basins, the
new snow-physics scheme has produced an over-
correction and now runoff is too low. These basins
are generally areas with a high standard deviation
of topography. The addition of some snowmelt
to surface runoff as a function of topography vari-
ance helps to reduce this over-correction. This is
discussed in an accompanying paper by Sud and
Mocko.

Acknowledgments. The continued support of our
modeling research by Kenneth Bergman of NASA
Headquarters is vital for our research. Thanks
are also due to Greg Walker, Paul Dirmeyer, and
Y. K. Xue for helpful discussions about SSiB.

REFERENCES

Mocko, D. M., and Y. C. Sud, 1998: Comparison
of a land-surface model (SSiB) to three param-
eterizations of evapotranspiration - a study
based on ISLSCP Initiative I data. Earth In-
teractions, 2, 40 pp.

Mocko, D. M., G. K. Walker, and Y. C. Sud, 1999:
New snow-physics to complement SSiB. Part
IT: Effect on surface fluxes, precipitation, and
hydrology of GEOS II GCM. J. Meteor. Soc.
Japan, accepted.

Robock, A., K. Y. Vinnikov, C. A. Schlosser,
N. A. Speranskaya, and Y. Xue, 1995: Use
of midlatitude soil moisture and meteorologi-
cal observations to validate soil moisture sim-

ulations with biosphere and bucket models. J.
Climate, 8, 15-35.



NSGCM-0SGCM 1987+1988 Precipitation

3 e

60€ 1208 180180 120W 50W

Figure 4: Student’s t-test value of effect of (top) NSGCM minus OSGCM on evapotranspiration and pre-
cipitation and (bottom) 1988-1987 precipitation for NSGCM and OSGCM. Shaded areas indicated £95%
statistical significance. Dashed lines and light shadings are negative, solid lines and dark shadings are
positive.
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