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Abstract

In this paper, $5iB’s development and some of its major parameterizations in the model are briefly reviewed. The soil
moisture parameterizations, which are a key element in the model, are comprehensively described.

The sensitivity study shows that hydraulic conductivity at saturation, B parameter, and wilting point have a profound
impact on the simulation of soil moisture, but with different features. Both hydraulic conductivity at saturation and B
parameter influence the soil moisture simulation by changing the soil hydraulic conductivity and the field capacity. The
changes in equilibrium soil water ¢content in this study are consistent with the changes in field capacity. The wilting point

affects the soil moisture through vegetation transpiration.

Through these sensitivity studies, improvements in modeling the soil moisture content of HAPEX-Mobilhy data are
made. The soil moisture simulations at six Russian sites are also re-examined. After applying the results from the sensitivity
studies of the HAPEX—Mobilhy data, the soil moisture simulation of the Russian data is significantly improved.

1. Introduction

The SSiB biosphere model (Xue et al., 1991) used
in this study is a simplified version of the Simple
Biosphere Model (SiB) (Sellers et al.,, 1986). The
vegetation—soil layer affects the radiative transfer at
the surface, the partitioning of surface energy into
sensible heat flux and latent heat flux. SSiB is
intended to realistically simulate the biophysical ex-
change processes. The biophysical controls on these
exchange processes are mutually consistent by mod-
eling the vegetation explicitly. The biosphere model
is linked to a general circulation modet (GCM) of
the atmosphere through fluxes of radiation, sensible
and latent heat, and momentum. A coupled biosphere
model-GCM has been shown to be an improvement

over the ‘“‘bucket” model for simulations of the
hydrologic cycle and the surface energy partition
(Sato et al., 1989),

To apply the coupled biosphere model-GCM for
extended-range prediction and climate studies, we
reduced vegetation and soil parameters from SiB.
The values of many of the parameters are scarce for
different biomes in different parts of the world.
Large number of parameters with only approxi-
mately known values would make the sensitivity
testing and model validation difficuli. Our studies
found some vegetation and soil parameters have little
effects in the long term GCM simulations. We also
used one canopy layer in the SSiB. The multilayer
model is more realistic and might be easier to com-
pare with the observations over a single site, but it
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requires more parameters and computer time, and it
IS not easy to connect its parameters with the satellite
observation. A systematic bias in simulated African
climate using a coupled SiB-GCM might be due to
the difficulty in adequately simulating the interac-
tions between different vegetation layers and be-
tween the sotl and ground vegetation cover
(Miyakoda, pers. comm.).

The basic prognostic equations of SSiB and some
of its parameterizations will be presented in section
2. 351B has been implemented in the Center for
Ocean-Land—Atmosphere Studies (COLA) GCM
and other GCMs and regional models. Using the
coupled biosphere—atmosphere model, sensitivity
studies have been conducted to test the roles of the
desertification in the Sahel on the African drought
(Xue and Shukla, 1993a; Xue and Shukla, 1993b),
the impact of the desertification over the Inner-
Mongeiian grassland on the East Asian summer
monsaon (Xue, 1995), and the influence of the sea-
sonal variations of crop parameters on the U.S,
summer weather prediction (Xue et al.,, 1996b; Fen-
nessy and Xue, 1994). These studies show that
changes in the energy budget and hydrological cycle
at the surface have a significant impact on regional
climate simulations, and that land surface degrada-
tton 1n some areas may be responsible for the decadal
climate anomaly over the region. To more realisti-
cally assess such an impact, validation and calibra-
tion studies of the biosphere model using observed
data are necessary.

581B’s development is based upon observational
data from the Amazonian rainforest (Xue et al.,
1991). Since then, a number of observational data
from different sites and vegetation types are avail-
able and have been used to validate and evaluate this
model, which include data from the Anglo-Brazilian
Amazonian Climate Observation Study (ABRACOS)
—a field experiment over Amazon deforestation site
(Xue et al., 1996a); from the Sahelian Energy Bal-
ance experiment (SEBEX)—a field experiment over
the semi-arid area (Xue and Allen, 1995); from the
First ISLSCP field experiment (FIFE) in Kansas
(Chen et al., 1996); from the Russian hydrological
measurements {Robock et al., 1995; Schlosser, 1995),
and from the Cabauw experiment on a grassland site
in the Netherlands (Chen et al., 1993).

In this study, the observational data from

HAPEX-Mobilhy is used to validate and evaluate
the model simulations. The results presented by other
papers in this special issue show that SSiB is able to
produce realistic simulations of surface fluxes. How-
ever, the simulations of the soi1l moisture need to be
improved (Shao and Henderson-Sellers, 1996-this
issue; Mahfouf et al., 1996-this issue). In this paper,
we briefly introduce SSiB in section 2. The sensitiv-
ity of the model results to soil properties and the
improvement of the model simulations using the
HAPEX data are discussed in section 3. Based on
these sensitivity studies, the soil moisture simula-
tions using the Russian data are also improved.
These results are presented in section 4. The sum-
mary 18 given in Section 3.

2. Simplified SiB model (SSiB)

$81B has three soil layers and one canopy layer,
and eight prognostic variables: soil wetness in the
three soil layers; temperatures at the canopy, ground
surface and deep soil layers; water stored on the
canopy; snow stored on the ground (Fig. 1). The
governing equation for canopy temperature T, is
based on energy conservation equation.

aT,
© Ot

C =R —H, —AE, (1)
where C, R ., H,, and AE_ are heat capacity of
canopy, net radiation, sensible heat, and latent heat
fluxes at the canopy level, respectively. The force-re-
store method 15 used to predict the time variation of
the ground temperature 7.

T 2w
C _=Rngs_Hgs_’l‘Egs_ - (Tés_?-::l)

gs 3t
(2)

where 7 is the day length, C, the effective heat
capacity of soil, 7, the temperature for deep soil, and
Riesr g, and AE  are net radiation, sensible heat,
and latent heat fluxes at the ground, respectively,

The equation for deep soil temperature 7} is

LTy 2mCy (T~ T)

-7, V3657 (3)
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The governing equation for the canopy interception freezing of water, respectively. In the three sail
water store M_ is based on water conservation, layers, water movement is described by the finite-
M. difference approximation to the diffusion equations
—=P-D-E_, (4)

at a4, l
where P, D, and E_  are the precipitation, water 5t = D, [P + 0 ™ By _blEdc] (6)
drainage rate, and evaporation from the wetted por-
tions of the vegetation canopy. The governing equa- d, !
tion for snow depth M, is ar D_z[_ Qi + @y — b Ey. ] (7)
oM
—E—— =P -5 +W, (5) a8, |

?;=F[_QZ3_Q3_b3Ed:] (8)

where £, §_, and W, are snow fall , snow melt, and 3

ATMOSPHERIC SURFACE LAYER

Lmta ‘

'\\\.\.'\1.'\. q_-\."'\.
L A
R T e T
am Tty T
R |\,,'|'

L RE I
,

SOIL

Fig. 1. Schematic diagram of SSiB. The transfer pathways for latent and sensible heat flux are shown on the lefi- and right-hand sides of the
diagram, respectively. 7, and 7, and ¢, and ¢, are the air temperatures and specific humidily at reference height and within the Canopy air
space, respectively, T, and 7, are the canopy and the soil temperatures, respectively; ¢*(7.) and #(T,) are the specific humidity at
saturation at the canopy and [he ground, respectively; », the aerodynamic resistance belween canopy air 5pace and reference height; », the
bulk boundary layer resistance; r, the buik stomatal resistance; r, aerodynamic resistance between canopy air space and ground; reoit the
bare soil surface resistance. A, and F, are the sensible heat flux from canopy and ground, respectively. E, and E, are the latent heat flux
from canopy and ground, respectively. f, is the o function to adjust bare soil evaporation.
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where the @, 8,, 65, D, D,, and D, are the
volumetric soil water content and soil thickness of
the top, middle, and lower soil layers, respectively.
E4. 1s the transpiration rate. E,  is the evaporation
from bare soil. b (i = 1,2,3) is the fraction factor and
depends on the root distribution. @, ; is the transfer
of water between ith and jth layers and is defined to

be positive upward as

o
— +1

Qlﬂj= ~k az

(9)

where & is the hydraulic conductivity, ¢ is the soil
water potential, and z is the thickness between two
so1l layers. Numerous parameterizations for the soil
water retention and hydraulic conductivity functions
have been developed over the decades (Van
Genuchten, 1980; Brooks and Corey, 1964; Gardner,
1958; Clapp and Hornberger, 1978; Cosby et al.,
1984; Ek and Cuenca, 1994). The soil water poten-
tial in this model is taken from the empirical rela-
tionship of Clapp and Hornberger (1978),

g\-"
v-il 7] (10)

where 6, is the volumetric soil water content at
saturation; the B parameter is an empirical constant
dependent on the soil type. The relationship between
¥ and B are displayed in Fig. 2a. The drainage of
water out of the bottom layer is

Qy=ky*sinx+ Q, (11)

The first term of the right hand side of the Eq. (11) is
contributed by gravity only, with no diffusive trans-
port occurring, as modeled by Sellers et al, (1986). x
1s the mean slope angle and set to larger than 3° and
k3 1s the hydraulic conductivity at the third layer, 0,
Is the base flow runoff and proportional to the soil
wetness in the lower soil layer, @, = K_*(6,/8,).
¢, 1s the volumetric soil water content at the third
soil layer. This term is suggested by Liston et al.
(1994) to account for the GCM grid-box spatial
variation of the soil moisture. The empirical constant
K. s derived from large river basins, The hydraulic
conductivity at layer i, k., is

k= k(0,677 (12)

14 4
12 4
— 10 _,-—O‘-'—"&
o g
E.r § 1 - i 2
e =" _{
—
bl & PR S o o0
% ) b  — S L— ;r— i ' —A
_.J D : : T
=9
k] C

== = j
E -13 j-;: = ks __.: ——
S ik N — =0
LN —20 o
O -asd
-0 4
-15. C
-40 : : . .
—B -7 - B w5 -4 -3 -/
LOG(Ks)

Fig. 2. Relationship between (a) logarithm of absolute soil water
potential and B parameter; (b) logarithm of hydraulic conductivity
and B parameter; (c) logarithm of hydraulic conductivity and
hydraulic conductivity at saturation, Symbols C: 8 = 0.05; @:
6=01; 0: 8=0.15 m:8=0.2;, +: § =0.3. No symbol: § =
(.45. The soil water potential at saturation is — 0.3 and g, 1s D.45.
In (b) k, is 4e—6. In {¢) the B is 5.

where &, is the hydraulic conductivity at saturation.
Fig. 2b,c shows the relationship between k&, and k.
and B based on Eq. 12. The logarithm of & reduces
linearly as B increases. Hydraulic conductivity
changes more dramatically with B in the dry soil
than in the wet soil: and has larger variation with soil
moisture when B is large. We will discuss these
figures further in the next section.

The parameterization of the stomatal resistance,
r., In 581B was based on the work of Jarvis (1976).
Three stress terms are included in this scheme which
describe the dependence of stomatal resistance to
atmospheric temperature, soil water potential, anc
vapor pressure deficit. Different from the traditiona
approach in which the leaf water potential was usec
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to calculated the stomatal resistance (Federer, 1979),
soil moisture is used to control stomatal resistance in
SS1B. Using leaf water potential makes the computa-
tion very complex and a large number of parameters
are required. Evidence (Blackman and Davies, 1985,
Wetzel and Chang, 1987) indicates that stomatal
response to water supply i1s not controlled by the
plant’s internal water potential. Instead, 1t appears
that roots *‘sense’’ the soil moisture supply and
directly transmit chemical messages {(cytokinin) to
the guard cells to keep stomata open. Thus, stomatal
closure occurs in direct response to soil moisture and
ts not delayed while a plant’s internal water supply 1s
squandered. The equation of the adjustment factor
) for soil water potential is

F(¥)=1-EXP{-C[C ~In(— )]} (13)

where C, depends on the vegetation type and C, is a
constant, which is obtained using the wilting point.
The stomata completely close at the wiling point in
the model. C, 15 a slope factor. A large €, means
that the f(y)} changes from O to 1 very fast when
soil water content varies from wilting point to the
point stomata start to close. Note that in table 1 of
Xue et al. (1991) the values of C, and C, should be
interchanged.
The equation for transpiration from canopy is:

_{a(T.) —q,)
- r. +ry

E,

(1—w) (14)

where the ¢(7.) and g, are the saturated specific
humidity at canopy temperature and specific humid-
ity at the canopy air space, respectively, r, is the
bulk boundary layer resistance and r_ is the stomatal
resistance. w, 1s the wetness fraction of canopy. Bare
soil evaporation in the model 18

o La(T) —al] |

5

(1-V,) (15)

Fourt + £

where the ¢(T,) is the saturated specific humidity at
the surface temperature 7., and V, is the vegetation
cover. The resistance to the transfer of water vapor
from the upper soil layer to the canopy air space
includes aerodynamic resistance ry and soil surface
resistance r, . (Fig. 1). The results of Camillo and

Gurney (1986) were used to curve-fit a simple rela-

' « " . 3 .
tionship between soil surface resistance and soil
moisture at the first layer,

0 0.0027
rsurf= 101840 * (1 _ (EL) ) (16)

The relative humidity of the air at the soil surface is

i 2
r.R

fi=e ™ (17)
when g *(7,) > g,. Otherwise, it equals 1. g is
acceleration of gravity and R is the gas constant for
water vapor. The parameterizations of the resistance
between the reference height and top of the canopy
were based upon the similarity theory. A linear
relationship between Richardson number and aerody-
namic resistance was developed to parameterize the
acrodynamic resistance.

3. Model sensitivity to soil properties

Studies have shown that soil properties can have a
substantial impact on SSiB’s simulations {e.g., Xue
et al., 1996a,b). In this study, the HAPEX-Mobilhy
data were used to examine the effects of soil propet-
ties on the annual cycle simulation of soil moisture,
evaporation and sensible heat flux, which have never
been investigated in our previous studies due to the
limitation in duration and content of the data sets.
The observed location i1s a soya crop field with
contferous forest at Caumont, France. Soya plants
start to grow In May and harvest at the end of
September. The soil type at Caumont 15 loam. The
vegetation and soil parameters used for the SSiB
simulations were provided by this Workshop and
will be discussed in detail later.

The results of Soil Workshop Experiment 13,
which was a control experiment for the Sotl Work-
shop, show that SSiB is able to produce reasonable
simulations of the heat fluxes (Shao and Henderson-
Sellers, 1996-this issue: Mahfouf et al., 1996-this
issue). But the simulated total soil water content was
too high during the spring and too low during the
summer (Fig. 3a). To understand the causes, we
performed several sensitivity studies to examing the
model’s responses to the vanations of soil properties.
In this paper, we present the sensitivity of the model
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simulation to the parameterization of the soil hy-
draulic properties (k, and B) and the sensitivity to
the wilting point. Another soil parameter, soil water
potential at sawration i, has little effect on the
simulation when we changed it within a reasonable
range. Its impact will not be discussed in this paper.
In this study we changed one parameter at a time,
and integrated the model for several years by repeat-
ing the one year of forcing. The results presented
here are from the integrations during the second
year, when the model simulation had reached equi-
librium conditions, Table 1 lists the values of soil
parameters used for Experiments A, B, and C, which
changed soil hydraulic conductivity at saturation %_,
B parameter, and wilting point, C, respectively, The
changes for each parameter are within the normal
range of soil property variations. For comparison, the
soil parameters for experiment 13 are also listed in
the table.

The results from Experiment A, B, and C are
shown in Fig. 3a-c, respectively. Higher hydraulic
conductivity at saturation produces larger hydraulic
conductivity, which may cause larger drainage, then
reduces the total soil water content in the soil layer.
In fact, high hydraulic conductivity can also increase
the surface infiltration, then the soil moisture. The
infiltration rate at the land surface is not directly
calculated in SSiB, but rather is treated as a residual
of the precipitation and surface evaporation and sur-
face runoff. The hydraulic conductivity still influ-
ences the infiltration rate indirectly through the soil
water diffusion equations. The simulations in this
study show that higher total runoff associated with
the higher hydraulic conductivity is dominate. It
reduces soil moisture, then evaporation. The annual
soil moisture profiles with different ks have the

Haopex soil water content (mm)
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Fig. 3. Daily averages of total soil water {mm) in the top 1.6 m.
(a) Experiment A, Open circle: observation; solid line: K, = de —
6; Dashed line: K, = 4e — 4; dotted line: K, = 4e — 2. (b) Experi-
ment B. Solid line: B = 6; dashed line: B = 8; dotted line: B = 10.
(c) Experiment C. Solid line: C, = 4.96; dashed line: C, = 3.34;
dotted line: C, = 2,10,

same phases but the amplitude differs significantly
especially during the fall and late spring (Fig. 3a).
The changes in the hydraulic conductivity modify
the partition between the total runoff and evapora-
tion. The sum of total runoff and evaporation are

Table 1
Soil parameters used in the experiments
k, (m/s) B parameter & ® b (m)

Experiment A 4e-2,4e-3,4e-4,4¢-5,4e-6 9 4.97 —
Experiment B 4e-5 5,6,7,89,10,11 4.97 —0.3
Experiment C de-5 8 3.06,3.63,3.93,4,.26,4.6,4.97,5.77 ® - 0.3
Experiment D 4e-5 8 4.60 —4L3
Exper:imenl 13 4e-6 5.96 4.97 —-0.3

Thcsc values are in correspondence with the volumetric soil moisture: 0.21, 0.19, 0.18, 0,17, 0.16, 0.15, 0.13, respectively,

C 1s the logarithm of soil water potential for wilting point (Eq. 13).
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Fig. 4. Calculated accumulative gvaporation { + ), mean total soil
water content (x), and accumulative runoff plus drainage (O)
versus (a) logarithm of K,; (b) B parameter; {¢) C,.

balanced by the precipitation on an annual basis. In
this paper total runoff includes drainage. Actually,
the total runoff is mainly caused by the drainage. For
example, the total runoff is 217 mm in Experiment
13, while the drainage alone is 216 mm. Fig. 4a
shows the dependence of accumulated evaporation,
accumulated total runoff, and annual mean total soil
water content to 4, in Experiment A. They vary
lincarly with logarithm of £..

Although the response of soil moisture content to
B parameter is similar to £, (Figs. 3a,b and 4ab),
the responses of evaporation and total runoff to B
parameter are quite different from the response to k..
The roles of the B parameter in the model are
complex. The B parameter has several mechanisms
in this model to influence the surface evaporation,

For a given sotl wetness, the absolute value of soil
suction is increased for an increase in the B parame-
ter (Fig. 2a), which makes the bare-soil evaporation
more difficult (Egs. 10, 15 and 17). However, higher
B reduces the soil hydraulic conductivity (Fig. 2b),
which would reduce the total runoff and may in-
crease the evaporation. These two effects compen-
sate each other. The results shown in Fig. 3b reveals
that in this study the modification on the bare soil
evaporation by B parameter is dominate. The evapo-
ration 15 reduced with higher value of B. But this
change 15 not very large.

Both &, and B influence the soil maoisture simula-
tion by changing the soil hydraulic conductivity and
the field capacity. There is no explicit field capacity
in SSiB. But through Clapp and Hornberger (1978)
parametenzation, we may find the relation between
SSiB parameters and field capacity. Several empin-
cal methods have been used to evaluate the field
capacity. In one method Eq. 12 is used to estimate
the field capacity (Hillel, 1982; Wetzel and Chang,
1987). The field capacity is the water content at
which internal drainage nearly ceases. With gravity
alone, vertical drainage occurs at a rate equal to the
hydraulic conductivity. We may estimate the field
capacity by using the Egs. 11 and 12 if we know &_,
B, and 6, and assign a drainage value considered
negligible {e.g. 0.1 mm /day). When k_ increases or
B decreases, the field capacity should be reduced
based on the Eq. 12. The arrows in Fig. 2b,c display
the directions towards decreasing field capacity. In
our sensitivity studies, we find that the changes in
equiibrium total soil water content are consistent
with the changes in the empirically estimated field
capacity,

We also conducted Experiment C to test the
sensitivity to parameter C, in the soil moisture
response function (Eq. 13). There is another parame-
ter, C,, in Eq. 13. Since the model is not very
sensitive to the parameter C, of Eq. 13, we only
change the wilting point C, in the sensitivity studies,
Unlike the &, and parameter B, which directly influ-
ence the soil water processes, the parameter C,,
which 18 the logarithm of water potential at the
wilting point, affects the soil water through vegeta-
tion transpiration. The results in Experiment C show
a small effect on the annual mean simulation of total
soll moisture, total runoff, and evaporation, but has
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profound impact on the simulation during the grow-
ing season when the soil water content is drying out.
Fig. 3¢ and 4¢ show that a lower wilting point
(higher C|) produces more evaporation and less total
runoff. The relative small effect may be due to the
relative wet soil in this experiment, Although the soil
moisture never reached the wilting level prescribed
by €, to cut the transpiration off completely, C,
influences soil moisture by affecting evaporation
through C,’s relation to soil-water stress (Eq. 13).
Based on the sensitivity experiments discussed
above, we chose the values £, =4e — 5, B = 8, and
C, = 4.6 (equivalent 1o volumetric soil water content
of 0.16) to conduct another simulation, hereafter
referred to Experiment D. We increased the wilting
pomt to improve the dry season simulation. The
larger k, and B are a compromise to reduce the
unrealistic peak in the spring without damaging the
simulation in other periods. The simulated total soil
water content is improved substantially during the
summer dry period and spring (Fig. 5). The soil
water content became higher during the dry season
and lower during the later spring. Since the simu-

lated total soil moisture is wetter during summer, the
so1l layer in the top 50 cm is also wetter. The
simulation over the growing season is improved
significantly in experiment D. Table 2 lists the re-
sults for first 120 days, the growing season, and the
annual total. All the results for Experiment 13 are
presented in other two papers of this special issue
{(Shac and Henderson-Sellers, 1996-this issue: Mah-
fouf et al,, 1996-this issue). Since these two papers
had different starting dates on the growing season,
we list the results based on two different definitions.

The results of Experiment D and Experiment 13
during the intensive observing period have no differ-
ences and are not shown in Table 2. The annual total
runoft and evaporation are more close to the mea-
surement from two watersheds (Shao and Hendet-
son-Sellers, 1996-this issue, fig. 30). The changes in
annual mean soil water content are trivial, but the
seasonal variations become more realistic. By and
large, Experiment D produces more total runoff and
less evaporation compared to Experiment 13. In
S51B, the water diffusion is the only mechanism to
transfer water between soil layers, and the effects of

Hapex soil water content (mm)
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Fig. 5, Daily averages of total soil water (mm); (a) in the top 1.6 m; (b) in the top 0.5 m. Solid line: Experiment D; dashed line: Experiment

13; open circles; observations.
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holes, cracks, and compaction in soil are ignored.
We have to tune the soil parameters to incorporate
these factors.

Although the overall performance is improved by
using the new data set, the unrealistic peak in simu-
lated total water content during April and May is not
completely removed. The difference between simu-
lated and observed soil moisture at the beginning of
the growing season is still large. The soill water
content at the second layer during the summer 15 too
high compared to observation (Fig. 5b). These prob-
lems need to be solved in future studies.

4. Improvement on the Russian data simulation
Based upon the sensitivity studies discussed

above, we reanalyzed Robock et al. (1995) Russian
data simulation and conducted a few further experi-

Ogurisovo (54.9N 83.0E)

h

il
-
|

—
e

=
L

=
i

Soil water content (cm) in top 1m

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Kostroma (57.8N 41.0E)

i~
L =
1

G

— — — D ] 2
L v n 4] it L b |
[ | 1 A i 1L 'y

L) o 12
L 1 [

Soil water content (¢m} in top 1m

L)

FEB MAR APR MAY JUN JUL AUG SEP 0CT NOYV DEC

ments. There are two major problems in the previous
SSiB simulations of the Russian data: (1) failure to
produce the spring snow melt peak of soil moisture,
and (2) while the simulated phase of annual cycles of
soll moisture are similar to the observed, the magni-
tude of the seascnal variations and the annual mean
value differs substantially for some stations. The first
problem was caused by improperly partitioning all
the snow melt into runoff. Since then, an improve-
ment has been made. In the new snow sub-model,
the partitioning of snow melt into runoft and infiltra-
tion is based upon both surface and deep soil temper-
atures (Sellers et al,, 1995).

To understand the second problem, we show the
simulations using the original snow sub-model for
Ogurtsovo and Kostroma in Fig. 6a,b, and Fig. 6¢.d,
respectively. In these experiments, the model was
integrated from 1978 for 6 years. The first year’s
results were discarded due to the influence of initial

Dgurtsove {54.9N B3.0E)}
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Fig. 6. Results of simulated soil moisture as compared to abservations for (a} Ogurtsovo station in top 1 m; (b) Ogurtsovo station in top 0.5
m; (¢} Kostroma station in top | m; (d)} Kostroma station in top 0.5 m. Open circles: observations; open squares: new results; filled circles:

pld results.
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soil moisture, The results shown are 5 year means as
done in Robock et al, In both stations, the simulated
annual means of soil water content in the original
tests are quite different from observation and there
were no peaks of soil moisture during the spring.
However, the simulated phases of seasonal cycles are
very similar to the observation. As discussed in the
fast section, these discrepancies may be caused by
the erroneous assignments of the soil properties, &,
B, and wilting point. In the station simulations of
Robock et al., the standard GCM soil properties for
grassland vegetation were used for all six Russian
sites due to the lack of data available.

In the last section, we investigated the relation-
ship between the annual cycle of the soil moisture
and the soil properties, in particular the hydraulic
conductivity, B, and wilting point. We understand
that the improper specification of these parameters
may shift the annual cycle of soil moisture up and
down. This problem occurred in our previous Rus-
silan data simulation. In the new integrations, we
adjust the soil conductivity at saturation, B parame-
ter, and C, in light of the results presented in the last

Table 2
Comparisons of simulated results from Exp. 13 and Exp. D

Time period 1-120

Observation Simulation
Exp. 13 Exp. D

Soil moisture change (mm) —20 —144  —79
Runoff (simulation minus — 137 — 76
observation) {mm)

Time period 120274

Observation  Simulation
Exp. 13 Exp.D

Soil water, day 120 {mm) 497 605 571
Total evaporation (mm) 375 464 397

Time period 148-274

Observation Simulation
Exp. 13 Exp. D

Soil water, day 148 (mm) 508 537 504
Total evaporation (mm) 320 377 310

Time period 1-365

Observation  Simulation

Exp. 13 Exp.D

Evaporation (mm) 639 579
Total runoff (mm) 21T 276
Mean total soil 434 430 438

water content {mm)

Table 3
Soil properties for the Russian data and simulated RMS errors
Stations k, B C, RMS*(l mlaver/
50 ¢cm layer)
Old New
Khabarovsk  0.000000 11.12 48 138/89 11.5/79
Kostroma 0.000001 11.]J2 48 7.9/63 2.2/340
Ogurtsove  0,000001 11.12 64 2.7/3.1 1.3/1.0
Tulun (.00002 11,12 38 32/28 1.7/1.4
Uralsk Qoco0z 712 64 1.7/1.7 1.1/0.9

Yershov 0.0002 712 64 26/18 22/18

* Units are cm. &, is 0.00002; B is 7.12: and C, is 5.8 in the
original tests.

section. In this paper, we will not discuss the Rus-
sian data set simulation in detail. Instead, we will
only examine the impact of the selection of soil
property values on the soil water content simulation.
Similar to the HAPEX-Mobilhy experiment, the se-
lection of the values for these parameters are still in
a reasonable range, i.e. they are within the range we
used for GCM simulations.

The results from new snow sub-model and new
parameters are shown in Fig. 6. The improvements
are significant. There are clear soil moisture peaks in
the spring. Soil water content increases substantially,
It 1s close to the observation, but is still lower than
observed during the winter. The variations of soil
moisture content during the summer are more smooth.
The results in other stations are also improved (not
shown). Table 3 lists the soil conductivity at satura-
tion, B parameter and C, used for the new simula-
tions, which varies with each station.

Tabie 3 shows that the Root-Mean-Square errors
(RMS) of five year mean soil water content are
greatly reduced, The observational error is about |
cm for 1 m soil layer. In most stations, the reduction
of the RMS errors is about 30-50%. The adequate
soil parameter values are crucial for the simulation
of a single site. The mean value of new soil conduc-
tivities is lower and new B parameter is higher than
what we used in the GCM, The differences between
k, at each station can be one or two orders of
magnitude, but are consistent with observations
(Wetzel and Chang, 1987; Peck et al., 1977). We
also note that, similar to the HAPEX—-Mobilhy ex-
periment, despite the tuning of the soil properties,
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the model is still not able to precisely reproduce the
observed soil moisture. The differences in
Khabarovsk station are still quite large.

5. Summary

In this paper, we have briefly reviewed SSiB’s
development and some of the major parameteriza-
tions in the model. The parameterizations for the soil
sub-model are described more comprehensively since
this is very much related to the sensifivity study
described in this paper.

The sensitivity study shows that £, B, and wilt-
ing point have a profound impact on the model
simulation, but with different features. Both hy-
draulic conductivity at saturation and B parameter
influence the soil moisture simulation by changing
the soi1l hydraulic conductivity and the field capacity.
The changes in equilibrium soil water content in this
study are consistent with the changes in field capac-
ity. However, the results in this study may be model
dependent. For example, the effects of B parameter
on the evaporation may be different for a model
using different parameterization to calculate the bare
soil evaporation.

The results of this study have revealed two causes
of error in SSiB’s test simulations (both the HAPEX
and Russian simulations): the snowmelt partitioning
parameterization and improper soil parameter speci-
fication, The springmelt problem of the Russian
simulations is primarily due to the improper parti-
tioning of snowmelt into infiltration and runoff.
Moreover, from results presented in this paper, we
find it 1s crucial to have adequate soil parameter
values in the model to obtain realistic results in each
station. The different Russian stations need to have
different hydraulic conductivity values. The mean
value of new soil conductivities is lower and new B
parameter 15 greater than what we used in the GCM.

Since there are thousands of grid points in a GCM
or a regional model, it is practically impossible to
calibrate every grid point. In fact, using a single
station as a representation for whole grid box is also
questionable as we see from the Russian data experi-
ment. Further study should be conducted to improve
the soil model, to investigate the scaling problem, to
develop an objective method of scaling from a single

site to a larger scale, and to assess the impact of the
lack of soil and vegetation property information on
the model simulations.
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