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ABSTRACT
The current Florida State University (FSU) climate model is upgraded by coupling the National Center
for Atmospheric Research (NCAR) Community Land Model Version 2 (CLM2) as its land component in
order to make a better simulation of surface air temperature and precipitation on the seasonal time scale,
which is important for crop model application. Climatological and seasonal simulations with the FSU
climate model coupled to the CLM2 (hereafter FSUCLM) are compared to those of the control (the FSU
model with the original simple land surface treatment). The current version of the FSU model is known to
have a cold bias in the temperature field and a wet bias in precipitation. The implementation of FSUCLM
has reduced or eliminated this bias due to reduced latent heat flux and increased sensible heat flux. The role
of the land model in seasonal simulations is shown to be more important during summertime than wintertime. An additional experiment that assimilates atmospheric forcings produces improved land-model initial
conditions, which in turn reduces the biases further. The impact of various deep convective parameterizations is examined as well to further assess model performance. The land scheme plays a more important role
than the convective scheme in simulations of surface air temperature. However, each convective scheme
shows its own advantage over different geophysical locations in precipitation simulations.

1. Introduction
Many meteorological institutes around the world
possess their own numerical models to predict and
study the weather and climate system. To make a better
forecast and understand the chaotic nature of the atmospheric system, they have been continuously developing their models mainly by incorporating cutting
edge knowledge in physics, that is, advanced physical
parameterizations, but still within the Newtonian paradigm in dynamics. To catch up with this trend, the
Florida State University (FSU) science team has also
introduced several improved physical processes to the
FSU numerical model for weather and climate studies
during the last few decades.
The FSU model has recently been updated by introducing new physical parameterizations as well as ocean
models (Cocke 1998; Cocke and LaRow 2000). In spite
of overall substantial improvements, introducing new
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physics resulted in a strong wet bias and cold surface
temperature bias. It was initially believed that these
biases were most likely related to the convective
scheme and the land surface treatment in the FSU
model. In this connection, several state-of-the-art cumulus parameterizations were introduced and tested in
seasonal precipitation forecasts (Shin et al. 2003). In
their study, it was found that, although there are benefits from each convective scheme, the wet bias problem was neither reduced much nor eliminated. The wet
bias (including cold bias) was mainly due to strong latent heat and weak sensible heat fluxes from the currently employed simple land scheme. Rather than tuning physics to the old land scheme, the authors decided
that an advanced sophisticated land model should be
incorporated in order to obtain better fluxes from land
to atmosphere. Among many available advanced land
surface models, the authors chose the National Center
for Atmospheric Research (NCAR) Community Land
Model Version 2 (CLM2) as our replacement since this
model is known to warm surface air temperature and to
decrease precipitation amount by reducing latent heat
flux and increasing sensible heat flux (Bonan et al.
2002; Zeng et al. 2002; Dai et al. 2003). However, it
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FIG. 1. A schematic diagram showing the coupling of the CLM2 to the FSU model.

should be noted that these biases may be model dependent. Therefore, there is no guarantee that the inclusion
of this land model will result in the anticipated improvements in seasonal air temperature and precipitation.
This paper describes the inclusion of the CLM2 in the
FSU model system and focuses its role in seasonal
simulations of surface air temperature and precipitation. This coupling work is actually motivated by our
currently ongoing multidisciplinary project, involving
downscaling for crop model application, between the
Center for Ocean–Atmospheric Prediction Studies at
FSU and the Agriculture and Biological Engineering
Department at the University of Florida. Crop yields in
a crop model depend largely on atmospheric input data,
such as surface air temperature, precipitation, and
shortwave radiation at the surface. Hence, good seasonal predictions of these variables are crucial to the
successful simulation of crop yields. Surface solar radiation shows reasonable agreement with observation
in our previous experiments. The analysis of surface
solar radiation is not shown in this paper since the impact of the new land model on surface solar radiation is
moderately small in the seasonal average sense. The
authors are expecting that the FSU climate model
coupled to the CLM2 (FSUCLM) in this study will help
to provide more realistic surface air temperature and
precipitation fields for crop model application.
The paper is organized as follows. Section 2 briefly
describes land surface models coupled to the FSU climate model and coupling strategy. Experimental design
is discussed in section 3, and results are shown in section 4. Conclusions and future work follow in section 5.

2. Land surface models and coupling strategy
The original FSU simplified land surface scheme includes a three-layer soil temperature model based on
the force–restore method. Surface characteristics are
determined from the U.S. Geological Survey (USGS)
24-category land use and land cover survey. Seasonally
varying climatological values for soil moisture, land albedo, and surface roughness are prescribed based on
the USGS data. The original land parameterization in
the FSU model estimates surface fluxes of momentum,
heat, and moisture via similarity theory. Surface temperature is obtained by the surface energy balance
coupled to the similarity theory.
A brief description of the CLM2 is provided here.
The surface is represented by five main land types (glacier, lake, wetland, urban, and vegetated) in each grid
cell. The vegetated fraction of the grid cell is further
divided into patches of up to 4 of 16 possible plant
functional types, each with its own leaf and stem area
index and canopy height. The soil texture dataset allows vertical profiles of sand and clay. There are 10
layers for soil temperature and soil water with explicit
treatment of liquid water and ice (see Bonan et al. 2002
for details).
A schematic diagram showing the coupling of the
CLM2 to the FSU model is given in Fig. 1. The FSU
atmospheric model provides 1-h-averaged total incident solar radiation (direct beam and diffuse for visible
and near-infrared wave bands), precipitation, lowest
model-level temperature (T ), lowest horizontal wind
components (u and ), specific humidity (q), pressure
( p), and height above surface (h) to the CLM2. The
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land model is sequentially run at every hour to calculate
surface temperature (Tg) and to provide latent and sensible heat fluxes, surface wind stress, upward longwave
radiation, and surface albedo (direct and diffuse for
visible and near-infrared wave bands). In these preliminary experiments, the CLM2 is coupled to the FSU
climate model at 1-h intervals. The atmospheric forcings are averaged over the 1-h interval prior to being
passed to the land model. The resultant fluxes produced by the land model are then held fixed until the
subsequent call to the land model. The choice of the 1-h
interval was based partly on computational efficiency
and partly to use a time step that is not too short compared to what the CLM2 has been tested within other
models. The authors did find that coupling the CLM2 at
every time step of the model resulted in what appeared
to be an unstable computational mode. This mode appears to be a leapfrog-type instability, perhaps due to a
synchronization problem between the time filtered atmospheric input variables and the time tendencies generated by the land model, though this needs to be investigated further. Since the authors intend to use the
CLM2 in the FSU model at very high resolutions in
future experiments, some coupling interval will need to
be decided based on computational efficiency and veracity of the simulations.

(MIT) (Emanuel and Zivkovic-Rothman 1999): buoyancy-sorting hypothesis, mixing hypothesis, and a stochastic coalescence model. For brevity, the details of
these cumulus convection schemes are not given in this
paper. The integrations commence on 1 January 1987.
The initial land model condition is the same as those of
Bonan et al. (2002). Only the last 5 years of the simulations (i.e., for the period 1992–96) are analyzed to
allow a 5-yr spinup of soil water and temperature for
the FSUCLM run.

b. Seasonal integrations
Seasonal integrations of summer (May–August) and
wintertime (November–February) are carried out next
with each land model for the 10-yr period (1987–96).
The NCEP convective scheme was employed in these
simulations since this scheme is currently the default in
the FSU climate model, and has been tested more
thoroughly. The last three months of each integration
are analyzed. Land-model initial conditions for the
FSUCLM are obtained from the above final year of
10-yr spinup climatological simulations (1 May 1996 for
summer and 1 November 1996 for winter). Each seasonal integration differs from each other in the atmospheric initial conditions and sea surface temperatures.

c. Assimilation experiment
3. Experiment design
Three experimental setups are devised as follows to
study the role of the new land model in seasonal simulations of surface air temperature and precipitation. All
simulations use observed weekly sea surface temperatures (Reynolds et al. 2002) for the experiment period.

a. Climatological integrations
Climatological simulations of 10-yr length (1987–96)
are first performed with each land model and four convective schemes coupled to the FSU climate model at a
resolution of T63 (⬃1.86°) with 17 vertical levels. Two
land models that we use are the original FSU land
surface scheme (control, hereafter FSUc) and the
CLM2. The four convective schemes are 1) the National Centers for Environmental Prediction (NCEP)
Simplified Arakawa–Schubert (SAS) (Pan and Wu
1994): moisture flux, only one cloud type; 2) the NCAR
Zhang–McFarlane (1995; ZM): a plume ensemble approach similar to the original Arakawa–Schubert (AS)
but with three significant assumptions; 3) the Naval Research Laboratory (NRL) Relaxed Arakawa–Schubert
(RAS) (Rosmond 1992): different handling of detrainment; and 4) the Massachusetts Institute of Technology

Assimilation of land surface data remains a challenging problem, not the least of which is the lack of a
global in situ observational network for soil moisture
and other subsurface variables (Fennessy and Shukla
1999). Furthermore, while a number of land data assimilation systems are under development, retrospective land surface reanalyses are not likely to be available soon (Dirmeyer et al. 2004). Even if such land
reanalyses were available, it would still present potential problems to adapt them to another land model such
as the CLM2, including spinup effects in the land model
itself [although some solutions have been proposed; see
Dirmeyer et al. (2004)]. Thus there are essentially two
practical options for assimilating data into the land surface model: 1) force the land model with an atmospheric model or 2) force the land model with meteorological reanalyses for the upper boundary condition.
The latter approach presents at least a couple difficulties. First, the spunup land model using reanalyses may
not be in proper balance with the coupled model, yielding further spinup problems when running climate
simulations. Second, the reanalyses are generally of
coarse temporal resolution, at least 6 h or longer, and
thus may not fully capture the diurnal cycle.
The authors thus chose to initialize the land model
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using option 1) via an indirect assimilation procedure.
The coupled land–atmospheric model underwent an
approximately 10-yr sequence of 1-day integrations
(from 1 June 1986 to 1 December 1996) where the atmospheric model was initialized each day with observed European Centre for Medium-Range Weather
Forecasts (ECMWF) analyses. The land model was initialized daily with the 1-day integration from the previous run. The assumption here is that the atmospheric
model does not drift much from observation during the
1-day integration, and thus provides reasonable nearsurface fields and proper diurnal cycle variation. Prior
to the start of this assimilation procedure, a 10-yr climatology spinup run was performed. Using these land
model initial conditions for a particular model integration starting date, seasonal simulations are carried out
for the same period of 10 yr. This experiment is hereafter called the FSUCLMa.

expected, the role of the land model is more important
during summertime than wintertime. The strong cold
bias is dominant over all land in the FSUc run during
the boreal summer season (Fig. 2c). This cold bias is
dramatically reduced or eliminated in the FSUCLM
(Fig. 2d) and, in fact, a warm bias has been introduced,
in particular in the United States. There still exists the
cold bias over the Eurasia continent similar to the winter season.
The surface temperature biases are more clearly seen
in Figs. 3 for winter (Fig. 3a) and summer (Fig. 3b)
seasons. Regional area averaging values of temperature
biases are shown over different geophysical locations.
The selected locations cover the whole global land, following Bonan et al. (2002). During DJF, the FSUCLM
temperatures are closer to the observed ones than those
of FSUc except over northern Europe and Siberia. The
reason for this has already been explained above. During JJA, the FSUCLM produces improved surface
4. Results
temperature distribution over most regions. This result
is due to the reduced latent heat flux and increased
a. Climatological simulations
sensible heat flux in the FSUCLM simulation (see
Figure 2 shows 5-yr-averaged (1992–96) surface (2 m) Table 1).
air temperature differences between the simulations
To quantify the above results, skill scores in terms of
(FSUc and FSUCLM) and the Willmott and Matsuura rmse for surface air temperature over the global Trop(2002) observations for winter [December–February ics (45°S–45°N) are computed in Table 2. Scores
(DJF); Figs. 2a,b] and for summer [June–August are displayed by the two land models (FSUc and
(JJA); Figs. 2c,d] from the climatological run. While FSUCLM) and four different convective schemes for
positive values (⬎ 2 K) are shaded light, negative val- winter (DJF) and summer (JJA). The lowest rmse for
ues (⬍ ⫺2 K) are shaded dark. Simulations using the each season is written in bold numerals. The FSUCLM
NCEP convective scheme only are shown here. Since always produces a lower rmse than the FSUc. The best
the impact of different convective schemes on surface scores are achieved by the combination of the NCEP
air temperature is moderately small, other simulations convective scheme and the FSUCLM for DJF (4.08)
using different convective schemes are not shown in and the NCAR and the FSUCLM for JJA (4.27). The
this figure. Surface air temperature bias distributions smallest impact of inclusion of the new land model is
are very similar to each other, but there are slightly found in the MIT scheme. The MIT scheme provides
detectable differences in bias magnitudes among the the lowest rmse in the control run. However, the introconvective schemes. For the boreal winter season, the duction of the CLM2 to the FSU model with the NCEP
control run (FSUc; Fig. 2a) shows a prominent cold bias scheme (NCAR scheme) performs better for winter
in the Tropics and Southern Hemisphere (SH) and (summer) season. Although there is a recognizable (alslightly warm bias in the northern high latitudes. The most 1°C) difference among the convective schemes,
cold bias in the Tropics and SH is reduced or eliminated the inclusion of the CLM2 has more impact on overall
and even becomes a warm bias in some local regions in skill scores. It is hard to say which convective scheme is
the FSUCLM (Fig. 2b). However, a strong cold bias more suited for surface temperature simulations with
appears over the Eurasia continent. This appears to be this statistic. It is however concluded that the land
a land initialization problem since, as we shall see in the scheme plays a much more important role than the connext section, the bias is substantially reduced when us- vective scheme, at least in simulations of surface air
ing a longer spinup time with assimilation. We note that temperature.
this region contains significant land-ice coverage, which
Similar to Fig. 3, 5-yr-averaged (1992–96) precipitamight require a longer spinup time. If the model spinup tion differences between the simulations (FSUc and
time is long enough (probably 60 years), the land con- FSUCLM) and the Willmott and Matsuura (2002) obdition (soil temperature and soil moisture) will be bet- servations for DJF (Fig. 4a) and JJA (Fig. 4b) are
ter described over this area. Meanwhile, as commonly shown in Fig. 4. The global average precipitation
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(5-yr mean, 1992–96) using the NCEP convective scheme. Values greater than 2 K are shaded light. Values smaller than ⫺2 K are shaded dark.
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FIG. 3. Surface (2 m) air temperature bias over different geophysical locations for (a) DJF and (b) JJA. Regional
area averaging is performed based on Fig. 2. The regions examined are global land, NH, SH, the global Tropics
(45°S–45°N), Alaska and northwestern Canada (50°–70°N, 170°–110°W), northern Europe (55°–70°N, 5°–60°W),
western Siberia (50°–70°N, 60°–90°E), eastern Siberia (50°–70°N, 90°–140°E), the western United States (30°–
50°N, 130°–110°W), central United States (30°–50°N, 110°–90°W), the eastern United States (30°–50°N, 90°–
70°W), central Europe (40°–55°N, 10°W–40°E), Central America (10°–25°N, 110°–80°W), the Amazon (10°S–0°,
70°–50°W), the Congo (10°S–5°N, 10°–30°E), India (10°–30°N, 70°–90°E), the Sahara and Arabia (10°–30°N,
20°W–50°E), southern South America (60°–25°S, 80°–50°W), South Africa (35°–10°S, 10°–40°E), and Australia
(40°–10°S, 110°–160°E).

amount of the FSUCLM is larger than that of the FSUc
during the winter season in this case. This is due to too
much precipitation occurring over the Congo. Except
for this region, the FSUCLM precipitation amount over
different regions is closer to the observation. For summertime, the FSUCLM produced better precipitation
amount over most regions. This is due to a better land
model specification during summertime.
It is commonly believed that the simulation of pre-

cipitation field is much more sensitive to the convective
scheme than the land model. However, it should be
recognized that the land model plays a basic role in
producing latent heat fluxes (evaporation), which eventually control the precipitation amount. Figure 5 illustrates the summer season (JJA) precipitation difference
distributions with four different convective schemes.
Each convective scheme has its own advantage over
different locales. A strong wet bias is noticeable over
TABLE 2. Surface (2 m) air temperature rmse (45°N–45°S).

TABLE 1. Five-year-averaged (1992–96) latent and sensible heat
fluxes over the global land. Units: W m⫺2.

DJF

Heat flux

FSUc
FSUCLM

Latent

Sensible

63.5
32.8

9.5
33.3

NCEP
NCAR
NRL
MIT

JJA

FSUc

FSUCLM

FSUc

FSUCLM

6.16
5.98
5.70
5.38

4.08
4.12
4.34
4.77

6.28
6.12
5.93
5.59

4.33
4.27
4.51
4.73
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FIG. 4. As in Fig. 3, but for precipitation.

the Eurasian continent in the FSUc. This problem is
noticeably reduced by the new land model (FSUCLM),
which includes advanced biogeophysical parameterizations in modulating latent heat fluxes.
To determine which convective scheme performs
more skillfully for precipitation distribution and intensity, the so-called equitable threat score (ETS) is employed. The definition of ETS is given in Schaefer
(1990). The ETS scores the forecast purely on its ability
to predict rain existence above a specified threshold
value. The higher the value, the more skillful the model
is for a particular threshold value. The score can vary
from a small negative number to 1.0, where 1.0 represents a perfect forecast. In Table 3, ETSs for 5-yraveraged (1992–96) precipitation over the global Tropics are shown in terms of two threshold values (⬎ 0.25
and ⬎ 2.5 mm day⫺1), four convective schemes, and
two land models for DJF and JJA. The highest scores
are written in bold numerals for each category. All of
the FSUCLM simulations give higher scores than the
FSUc simulations. This is because the new land model
(CLM2) plays a crucial role in modulating evaporation
from land to atmosphere, that is, reducing latent heat
flux (see Table 1). As a threshold value increases from

0.25 to 2.5 mm day⫺1, higher scores are seen. However,
the scores are decreased for very high threshold values
(extreme events, e.g., 10 mm day⫺1, not shown here).
During DJF, the NCEP convective scheme produces
the highest score for the lower threshold value (⬎ 0.25
mm day⫺1) and the NCAR scheme for the higher
threshold value (⬎ 2.5 mm day⫺1). Meanwhile, during
JJA, the NRL scheme gives the best scores for both
thresholds. Overall, the NRL scheme has a higher skill
for precipitation than other schemes, at least in the
current simulations. Selecting the best convective
scheme in the FSU climate model requires more experiments and ensemble forecasting techniques. The
NCEP convective scheme is currently employed as the
default in the FSU climate model system. Although the
scores are slightly lower or equivalent compared to others, this scheme will be employed in the following seasonal simulations.

b. Seasonal simulations
As evident from the climatological simulations, the
FSU climate model with CLM2 improves the simulations of both surface air temperature and precipitation
compared to the control (FSUc). The FSUCLM re-
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FIG. 5. Precipitation difference between models (FSUc and FSUCLM) and Willmott and Matsuura (2002) observations for JJA of
climatological run (5-yr mean, 1992–96) using four different convective schemes.
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JJA

FSUc

FSUCLM

FSUc

FSUCLM

⬎ 0.25 mm d

NCEP
NCAR
NRL
MIT

0.246
0.258
0.317
0.196

0.417
0.397
0.410
0.357

0.151
0.129
0.142
0.135

0.251
0.271
0.347
0.221

⬎ 2.5 mm d⫺1

NCEP
NCAR
NRL
MIT

0.495
0.494
0.476
0.402

0.528
0.547
0.491
0.430

0.364
0.369
0.413
0.423

0.463
0.501
0.545
0.527

duced much of the cold bias noted in the FSUc run. The
wet bias in the FSUc was reduced as well, especially
over Eurasia during the JJA. In this subsection, the
authors will examine the predictability of the FSU climate system in the seasonal simulations of surface air
temperature and precipitation.
The pattern of temperature bias distribution is very
similar to the climatological run (Fig. 2), even in the
seasonal simulations. It is therefore not shown here.
Figure 6 shows seasonal surface (2 m) air temperature
difference between the models (FSUc, FSUCLM, and
FSUCLMa) and Willmott and Matsuura (2002) observations over the global land from 1987 to 1996. Here
the FSUCLMa is the simulation with the ECMWF daily
assimilation mentioned in section 3. The winter bias is
smaller than the summer bias in the FSUc run. The
FSU model coupled to the CLM2 has less bias than the
FSUc in both seasons except the 1993/94 DJF. The assimilation impact is clearly shown in every summer, but
not in every winter simulation. The FSUCLMa bias is
slightly smaller than the FSUCLM bias during the summer season. This is due to the improved land-model
initial condition for the FSUCLMa. As the assimilation

period increases, temperature biases are more reduced
in the FSUCLMa than in the FSUCLM even during the
winter season. If a longer assimilation is introduced, the
bias might be further decreased.
In Fig. 7, temperature differences between the
FSUCLMa and the FSUCLM for DJF (Fig. 7a) and
JJA (Fig. 7b) 1996 are shown to demonstrate the impact of the assimilation. While positive values (⬎ 2 K)
are shaded light, negative values (⬍ ⫺2 K) are shaded
dark. During 1996 DJF, several differences are detected
in several locations all over the Northern Hemisphere
landmass. There is no difference over the Southern
Hemisphere outside of ⫾2°C. The cold temperature
biases in northern Europe, Southeast Asia, and the
southeast United States shown in the FSUCLM simulation (see Fig. 2b) are reduced in the FSUCLMa. Although the FSUCLMa introduces a colder bias over
northern Africa and southern Europe, the FSUCLMa
is about 0.2° closer to the observation than the FSUCLM over the global land. Meanwhile, during 1996
JJA, the FSUCLMa is warmer than the FSUCLM in
the Siberian region. That is, the cold bias over this region (see Fig. 2d) is reduced due to the assimilation and
partly due to a longer time spinup. This reduces the
FSUCLM cold bias over the global land by approximately 0.7°.
Similar to the climatological run (Figs. 5a,b), the
FSUc shows a strong wet bias in the precipitation field
and less bias is achieved in the FSUCLM in this seasonal simulation. Slightly different precipitation bias
distribution is shown by the FSUCLMa (not shown
here). It is not easy to say which precipitation simulation is better directly from these kinds of distribution
maps. Hence, ETSs for precipitation (45°S–45°N over
land) are again computed for every single season from
1987 to 1996 in Fig. 8. Two threshold values are em-

FIG. 6. Seasonal surface (2 m) air temperature difference between models (FSUc, FSUCLM, and FSUCLMa)
and Willmott and Matsuura (2002) observations over the global land from 1987 to 1996.
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ployed as before. For a 0.25 mm day⫺1 threshold value,
the FSUc shows lower scores during summer season
and relatively higher scores during the winter season.
The scores of both the FSUCLM and the FSUCLMa
are higher than those of the FSUc. The FSUCLMa
shows slightly higher scores for most seasons as the
assimilation time increases. However, it is difficult to
conclude that the FSUCLMa is more skillful than the
FSUCLM. Not much impact of the assimilation is
found in the precipitation field compared to the surface
temperature. Overall scores for the 2.5 mm day⫺1
threshold value (Fig. 8b) are higher than those for the
0.25 mm day⫺1 threshold value. The impact of the
land model is still higher during summer than winter.
This result is similar to the climatological run. The
FSUc simulation is sometimes better than the FSU
model coupled to CLM2 for some seasons in this
threshold value (three seasons for this study). There are
almost no differences between the FSUCLM and the
FSUCLMa. Another physical process, such as the convective scheme, might be more important than the land
scheme for higher threshold precipitation value simulations.

5. Conclusions and future work
This paper described seasonal surface air temperature and precipitation fields in simulations by the recently upgraded FSU climate model. The main upgrade
made in this paper was the inclusion of the NCAR
CLM2 as the land parameterization. Climatological and
seasonal simulations were performed with the FSU atmospheric model coupled to the previously used FSU
land scheme (FSUc) and the CLM2 (FSUCLM). Four
convective schemes were employed as well to further
assess their impact on surface air temperature and precipitation.
In the climatological runs, the FSUCLM experiment
improved the simulations of both surface air temperature and precipitation compared to the FSUc in spite of
the fact that the 5-yr analysis is too short to assess the
statistical significance of these changes in temperature
and precipitation. The FSUCLM reduced much of the
surface temperature cold bias noted in the FSUc run.
Although there were recognizable differences among
convective schemes, the inclusion of the CLM2 showed
more impact in the simulation of surface air temperature. It was difficult to conclude which convective
scheme is better for surface temperature simulations.
The wet bias in the FSUc was reduced as well, especially over the Eurasia continent during the JJA. The
CLM2 played a crucial role in modulating the evaporation (reduced latent heat flux) over that region. Four
convective schemes employed showed their own advan-

Unauthenticated | Downloaded 01/09/23 12:29 PM UTC

15 AUGUST 2005

3227

SHIN ET AL.

FIG. 8. ETS (45°S–45°N over land) for seasonal precipitation from 1987 to 1996. Threshold values are
(a) ⬎ 0.25 and (b) ⬎ 2.5 mm day⫺1.

tage over different geophysical locations. The role of
the land model was found to be more important during
the summer than winter season.
Similar to the climatological simulations, the FSUc
showed a strong cold and wet bias and much less bias
was obtained in the FSUCLM in the seasonal simulations. One more experiment was done with the
ECMWF daily assimilation (FSUCLMa) in order to
produce an improved land-model initial condition. As
the assimilation period increases, the temperature biases become smaller and smaller in the FSUCLMa than
in the FSUCLM due to the better land-model initial
condition. Not much impact of the assimilation was
found in the precipitation field compared to the surface
temperature, although the FSUCLMa showed slightly
higher scores for most seasons as the assimilation time
increases.
The coupled model (FSUCLM) will be used in our
ongoing project, downscaled for crop models. Since
the current simulations were carried out using the
FSU global climate model at a very low resolution

(⬃200 km), downscaling the parameters for a particular
station may result in inaccurate results, in other words,
unsatisfactory fields for the crop model application. In
this connection, the CLM2 has to be coupled to the
FSU regional climate model to allow more accurate
representation of the station data. The regional model
will be placed over the southeast United States and run
at 20-km resolution, roughly resolving the county level.
To be precise, an attempt will be made to integrate
outputs from the FSU regional climate model with agricultural models to forecast maize yield in the southeast United States using the Crop Environment Resource Synthesis (CERES) maize crop model (Ritchie
et al. 1998). This work will be presented in a future
publication.
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