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ABSTRACT
The present study examines the influence of an assimilation SST product on simulated monthly precipitation. The high-resolution SST structures located close to the oceanic front and coastal areas are important
in regional atmospheric simulations over semienclosed marginal seas such as the Japan Sea. Two simulations
are conducted using assimilation and interpolation SST products (experiments R and N, respectively), for
January 2005. The surface heat fluxes and PBL height in experiment R are lower than those in experiment N
in coastal areas and the cold tongue. A decrease of 4 K in SST leads to decreases of 120 W m22 in surface
sensible and latent fluxes and 300 m in PBL height. The precipitation in experiment R is less than that in
experiment N for the sea area except at 388N, 1378E. The cold tongue in the central Japan Sea acts to reduce
moisture supply via the latent heat flux, resulting in low precipitation in coastal areas. The fact that the
difference between observed and modeled precipitation in experiment R is 21% less than that in experiment
N demonstrates that the assimilation of SST data leads to improved regional atmospheric simulations of
monthly precipitation.

1. Introduction
Several research groups have processed sea surface
temperature (SST) data obtained using satellite-borne
infrared (IR) and microwave sensors (e.g., Reynolds and
Smith 1994; Kilpatrick et al. 2001; Guan and Kawamura
2004; Donlon et al. 2007) for use as sea surface boundary conditions in regional atmospheric simulations;
however, cloud cover is problematic in terms of obtaining high-resolution IR data. In addition, microwave
imagers with a wide field of view are unable to overcome
the problem of missing data that arises in coastal areas
because of the influence of the temperature of coastal
land, although such imagers observe SST in all weather
conditions except rain. To overcome the problem of
missing data, temporal and spatial optimal interpolation
is often used for daily SST estimates. This interpolation
smoothes high-resolution SST structures such as mesoscale oceanic eddies, potentially having a strong influence on high-resolution atmospheric simulations.
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The above problems are encountered in marginal seas
such as the Japan Sea. In this semienclosed basin, frontal
waves and warm-core rings are always observed in a
similar manner to that in the open ocean; however, the
impacts of these mesoscale oceanic dynamics on wintertime atmospheric simulations in marginal sea areas
are not yet fully understood because the widespread and
continuous formation of clouds makes it difficult to estimate high-resolution SST distributions over the wintertime sea.
The coastal meteorology of the Japan Sea is important
in terms of the Asian wintertime monsoon and heavy
snowfall events that lead to natural disasters. The
Tsushima Warm Current provides a rich supply of water
vapor and heat to the wintertime monsoon over the
Japan Sea. Based on ship-borne acoustic Doppler current profiler (ADCP) observations in the Tsushima Strait
between the Korean Peninsula and Kyushu Island, Japan
(around 348N, 1288E), Hirose and Fukudome (2006)
found that the inlet flow volume of the warm current into
the Japan Sea controls coastal precipitation via SST;
however, the influence of high-resolution SST on precipitation in coastal areas is not yet understood.
In general, large-scale oceanic phenomena show seasonal variations, whereas small-scale phenomena such
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as mesoscale eddies show slow variations at the time
scales of weeks or months. It is possible that variations
in high-resolution SST have a strong influence on longterm mesoscale simulations in terms of atmospheric
forcing. Chen et al. (2001) investigated the influence of
the Advanced Very High Resolution Radiometer
(AVHRR) SST on atmospheric forcing in the Japan
Sea, and for the first time demonstrated the significance
of high-resolution SST in terms of weather simulations
conducted for the Japan Sea area; however, SST detected by infrared AVHRR is compromised by cloud
cover, and data are commonly missing for the cloudy
winter season. In undertaking long-term mesoscale
simulations, it is essential to take into account the
weekly- and monthly-scale variations in high-resolution
SST that are difficult to detect by satellite IR measurements under the cloudy weather conditions of the
Japan Sea. In particular, the persistent high-resolution
SST structure that results from mesoscale oceanic eddies
is expected to have an impact on simulations of local
weather.
The mesoscale oceanic eddies are detected by sea
surface height (SSH) anomalies in the Japan Sea
(Morimoto and Yanagi 2001). Because SSH is closely
related to SST via the vertical mixing process in winter,
the mesoscale eddies should also be observable via
satellite SST measurements; however, it is difficult to
detect mesoscale SST structures in the wintertime Japan
Sea because of data missing in IR measurements and
the low resolution (large field of view) of low-frequency
microwave measurements. Furthermore, spatiotemporal
interpolation processes act to smooth the high-resolution
SST distributions. To overcome this problem, Hirose
et al. (2007) proposed the assimilation of both SSH and
SST data using an ocean general circulation model
(OGCM) that is able to estimate the SST and SSH
structures arising from mesoscale oceanic eddies. It has
recently become possible to obtain the surface temperature of the Japan Sea by entering satellite measurements into an eddy-resolving ocean circulation model
(e.g., Manda et al. 2005; Hirose et al. 2007). Yamamoto
and Hirose (2007, 2008) used high-resolution SST obtained from the ocean assimilation model to simulate
a developing cyclone and cold-air outbreak over the
Japan Sea, and reported that the difference between the
assimilation and interpolation SST products affected
their simulations; however, the long-term (monthly)
impacts of assimilation SST have yet to be investigated.
In the present study, we apply the assimilation SST
product to a long-term mesoscale simulation. As mentioned above, high-resolution SST is expected to play a
crucial role in regional weather simulations. In particular, simulations of precipitation are expected to be im-

proved by taking into account the high-resolution SST
distribution obtained from the OGCM assimilation of
satellite measurements. We conducted two simulations,
using interpolation and assimilation SST data, for January 2005. In this season, the surface temperature is
high in the semi enclosed Japan Sea because of the high
inflow of the Tsushima Warm Current through the
Tsushima Strait. We focus on monthly mean meteorological elements, and, based on comparative simulations
using the two SSTs, examine the influence of assimilating the Japan Sea temperature using an OGCM on
the monthly mean atmospheric structure.

2. Data and model
New Generation Sea Surface Temperature for Open
Ocean version 1.0 (NGSST; provided by Tohoku University, Japan), obtained using infrared and microwave
radiometers, is used as the interpolation SST data. This
product, which can be utilized as a daily digital map with
a grid size of 0.058, is produced using an optimal interpolation scheme that employs a Gaussian-weighted
correlation function (Carter and Robinson 1987; Guan
and Kawamura 2004) with decorrelation scales of 200 km
in latitude–longitude and 5 days in time.
The assimilation SST data, with a 1/128 resolution in
latitude–longitude, is obtained by integrating satellite
measurements (sea surface temperature and height)
into the Japan Sea ocean model of the Research Institute for Applied Mechanics (RIAM), Kyushu University, Japan (this assimilation SST data is hereafter
termed RIAMSST). This product, which is obtained by
nudging with a relaxation time of 3 days for SST and an
approximate Kalman filter for SSH (Hirose et al. 2007),
provides daily high-resolution SST data for the cloudy
Japan Sea area and is consistent with mesoscale oceanic
eddies detected by satellite altimeter observations.
In the present study, we examine the influences of
the two different SSTs (RIAMSST and NGSST) on
monthly atmospheric simulations over the Japan Sea for
January 2005. In doing this, we employ the fifth-generation
Pennsylvania State University–National Center for Atmospheric Research (PSU–NCAR) Mesoscale Model
(MM5, version 3; Dudhia 1993; Grell et al. 1995), with
23 sigma layers (with boundaries between layers at s 5
1.00, 0.99, 0.98, 0.96, 0.93, 0.89, 0.85, 0.80, 0.75, 0.70, 0.65,
0.60, 0.55, 0.50, 0.45, 0.40, 0.35, 0.30, 0.25, 0.20, 0.15, 0.10,
0.05, and 0.00). The two experiments are hereafter
termed experiments N and R for the NGSST and
RIAMSST cases, respectively. The initial (0000 UTC
1 January 2005) and boundary conditions are calculated
from the National Centers for Environmental Prediction (NCEP) global tropospheric analyses (ds083.0) and
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FIG. 1. Horizontal distributions of monthly mean values of (a) NGSST and (b) RIAMSST (K).

NCEP automated data processing (ADP) global upperair observation subsets (ds353.4). The mother domain,
with a central latitude of 358N and longitude of 1358E,
consists of a 103 3 121 horizontal grid with a resolution
of 30 km, and the two-way nested domain, consisting of
a 130 3 130 grid with 10-km resolution, is located in the
Japan Sea area. NGSST and RIAMSST are given each
day for experiments N and R, respectively, in the area
of the Japan Sea that covers 32.968–53.128N, 126.468–
142.468E; for both experiments, weekly National Oceanic and Atmospheric Administration (NOAA) optimum interpolation SST (Reynolds and Smith 1994) is
used in other areas. Atmospheric radiation is calculated
by choosing the cloud–radiation option, and a five-layer
soil model based on the vertical diffusion equation is
used in calculating the land surface temperature. An
explicit moisture scheme that includes simple ice, the
Medium-Range Forecast (MRF) planetary boundary
layer (PBL) scheme, and the Grell cumulus parameterization are applied to the simulation.
In the mother domain, 3D grid nudging is applied to
horizontal wind, temperature, and mixing ratios, which
are corrected every 12 h with nudging coefficients of
2.5 3 1024 s21, 2.5 3 1024 s21, and 1.0 3 1025 s21,
respectively. Although the nudging is not applied to the
inner Japan Sea domain, the meteorological elements
nudged in the mother domain interact with the inner
domain via two-way nesting. Accordingly, because nudging prevents chaotic error growth in the outer and inner
domains, we can realistically simulate atmospheric
phenomena in the Japan Sea area. Because the validities of the nudged meteorological elements depend on
the reference fields calculated from NCEP global tropospheric analyses and the ADP global upper-air ob-

servation data, we focus on the precipitation and its
relevant physical quantities, to which the nudging is not
applied. In short, under the appropriately nudged atmospheric condition, we investigate the impact of persistent high-resolution SST structure on monthly precipitation.

3. Results
Figure 1 shows the monthly mean NGSST (used in
experiment N) and RIAMSST (used in experiment R).
Significant differences are apparent between the two
sets of monthly mean SSTs. NGSST is smoothed using
optimal interpolation to address the problem of missing
high-resolution IR data. Because the interpolated SST
front extends to the coast, the steepest SST gradient is
found near the coast. The mesoscale oceanic eddies are
not observed in NGSST, but the frontal eddies are apparent in RIAMSST. The mesoscale oceanic eddies
detected from satellite altimeter observations are realized in the high-resolution RIAMSST. The southeastdirected cold tongue is located around 398N, 1378E.
To assess the validity of our long-term simulations, we
examine the cases described by Yamamoto and Hirose
(2007, 2008), who conducted 48-h forecasting for an
extratropical cyclone and a cold-air outbreak. For the
developing Japan Sea cyclone at 0000 UTC 20 January
2005, the horizontal flow in experiment R is almost the
same as that in experiment N, as it is improved by the
nudging in the mother domain in experiment N. However, the central sea level pressure in experiment N (996
hPa) is lower than that in the weather map (1000 hPa),
whereas the pressure in experiment R (999 hPa) is consistent with that in the map. We observe large differences
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FIG. 2. Horizontal distributions of vertically integrated cloud water contents (mm) at (top) 0000 UTC 20 Jan 2005 and
(bottom) 0000 UTC 21 Jan 2005.

in the vertically integrated cloud water amounts between the two simulations (Figs. 2a,b). The cloud-free
band at 388N and the cloud-free region near 418N, 1388E
are reproduced in experiment R. For the cold-air outbreak at 0000 UTC 21 January 2005, the local cloud
formation highlighted by the gray circle in Fig. 2d is
reproduced in experiment R, but not in experiment N
(Fig. 2c). Although the results of experiment N were
improved by nudging in comparison with the results of
Yamamoto and Hirose (2007, 2008), the results of experiment R are superior to those of experiment N.
For the simulated monthly mean sea surface wind at
10-m height in experiment N (Fig. 3a) and experiment R
(Fig. 3d), northwesterly flows are predominant, with
their convergence being located near the east coast of
the Korean Peninsula. The sea surface winds in the two
simulations are similar to that obtained from the Quick

Scatterometer (QuikSCAT), although the simulated
wind speed is ;2 m s21 less than the QuikSCAT wind
speed. Monthly mean sensible and latent heat fluxes in
experiment R are shown in Figs. 3e and 3f, respectively.
Mesoscale distributions of the heat fluxes with horizontal scales of ;200 km are evident in experiment R,
but not in experiment N (Figs. 3b,c). These distributions
are determined by the high-resolution SST due to mesoscale oceanic eddies in experiment R. In the cold SST
tongue at 398N, 1378E, the surface sensible and latent
heat fluxes are small along the northwesterly flow (Figs.
3e,f). Because only a small amount of water vapor is
supplied from the sea along the band of small surface
flux, precipitation is expected to be low in this area.
Figure 4 shows the horizontal distribution of the
monthly radar Automated Meteorological Data Acquisition System (AMeDAS) precipitation estimated
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FIG. 3. Horizontal distributions of monthly mean values of (a),(d) surface wind vector (m s21); (b),(e) surface sensible heat flux (W m22);
and (c),(f) surface latent heat flux (W m22). Results of experiments (a)–(c) N and (d)–(f) R.

from radar and hyetometer observations. Large precipitation is observed along coastal areas. An area with less
than 150 mm precipitation near 38.58N, 1388E (arrow in
Fig. 4), corresponds to low surface flux associated with
the cold SST tongue.
Figure 5 shows the horizontal distributions of monthly
precipitation simulated in experiments N and R. Consistent with observations, heavy precipitation is located
in the coastal area, associated with the upwelling of
moist winds along the mountains. This large amount of
water vapor is supplied by the large surface latent heat
flux that exists over the area of the Tsushima Warm
Current. The precipitation in experiment N is somewhat
higher than that in experiment R over a large part of the
sea area. The low precipitation area of less than 150 mm
located near 398N, 1398E, located somewhat north of
the observed area, is simulated in experiment R but not
in experiment N. The low precipitation in experiment R
arises from the small amount of evaporation that occurs
in the band of low latent heat flux associated with the
cold SST tongue along the northeasterly wind.
Figure 6 shows the latitudinal distributions of precipitation at 138.3338 and 137.58E. The modeled precipitations in Fig. 6a agree well with the observed data
in the area of heavy snowfall (378N, 138.3338E), but are

100 mm larger than the radar estimates in the sea area
of .408N. In the high mountains near 36.58N, 137.58E
(elevations of .600 m in Fig. 6c), the simulated precipitations are significantly higher than the radar-AMeDAS

FIG. 4. Horizontal distribution of monthly radar-AMeDAS
precipitation (mm) estimated based on both radar and hyetometer
observations. The arrow indicates the low-precipitation area around
38.58N, 1388E.
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FIG. 5. Horizontal distributions of monthly precipitation (mm) simulated in experiments (a) N and (b) R.

estimates (Fig. 6b). Differences between the observed
and simulated values are apparent in the sea area and at
high elevations where the hyetometer observations required to correct radar precipitation are unavailable.
The large differences described above are mainly (or at
least in part) caused by the absence of hyetometer
corrections in these areas. Thus, we cannot determine
whether radar precipitation estimates without hyetometer correction are accurate in sea areas and at high
elevations. In the present study, the model results
should be compared with in situ hyetometer observations
(rather than radar estimates) made at the AMeDAS sites
in order to quantitatively evaluate precipitation in the
two simulations.
Figure 7 shows a scatterplot of the simulated and
observed monthly precipitation at those AMeDAS sites
located in areas of heavy snowfall (the coastal area of
368–418N, 1368–1418E). For many sites, the model pre-

dictions exceed observed values. The root-mean-squared
difference with in situ hyetometer observation is 120 mm
in experiment R and 152 mm in experiment N, indicating that experiment R is in better agreement with the
observations than experiment N. The use of the assimilation SST data (experiment R) therefore leads to improvements in the simulation of monthly precipitation
in the coastal area.
The sensitivity of the monthly precipitation error to
the initial condition is provided in Table 1. Although the
initial time is changed, the errors in experiments N and
R are almost the same as those in the standard simulation (1 January 2005); this occurs because the 3D grid
nudging in the mother domain prevents chaotic error
growth. In all cases, experiment R is in better agreement
with the observations than experiment N.
To evaluate the contribution of the OGCM assimilation to improving the simulation results, we consider

FIG. 6. Latitudinal distributions of (a) monthly precipitation (mm) at 138.3338E, (b) monthly precipitation at 137.58E, and (c) elevation at
137.58E. The dashed lines, solid lines, and gray squares represent experiment N, experiment R, and radar-AMeDAS, respectively.
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TABLE 1. Root-mean-squared errors of monthly averaged precipitation for Jan 2005 in the heavy snowfall area as predicted in
experiments N and R.
Initial time (0000 UTC)

Expt N (mm)

Expt R (mm)

1 Jan 2005
31 Dec 2004
29 Dec 2004
27 Dec 2004
25 Dec 2004

151.6
152.1
152.7
152.3
152.3

119.6
121.1
120.2
120.3
120.1

the mesoscale eddies) represents the persistent mesoscale eddies. RIAMSST is 4 K lower than NGSST at
39.58N, 1378E. This low SST area corresponds to the
southeast-directed cold tongue associated with oceanic
frontal eddies. A difference in SST between the two
simulations is also evident along the coast of the Korean
Peninsula. The effects of coastal upwelling and mesoscale oceanic eddies are taken into account in RIAMSST
via the OGCM assimilation, whereas NGSST is smoothed
using the optimal interpolation technique. Accordingly,
RIAMSST is lower than NGSST near the coast.
Figure 9 shows the difference in the monthly mean
surface wind between experiments R and N. A difference of about 0.5 m s21 is observed around the coastal
sea area of , 1328E and the cold tongue at 398N, 1378E.
A decrease in SST results in a decrease in the strength of
the surface wind. For strong surface winds (;10 m s21),
changes in the speed of the surface wind have no affect
upon the sea surface heat fluxes. Thus, the degree of the
difference in the surface heat fluxes over the eastern Japan
Sea is sensitive to SST rather than surface wind speed.

FIG. 7. (a) Locations of AMeDAS observation sites in the heavy
snowfall area and (b) scatterplot of modeled and observed
monthly precipitation (mm) in experiment N and experiment R.

the monthly differences between experiments R and N,
as expressed by subtracting the monthly value in experiment N from that in experiment R. The monthly
mean difference in SST (RIAMSST minus NGSST)
is shown in Fig. 8. The deviation of assimilation SST
(RIAMSST, the existence of the mesoscale oceanic
eddies) from interpolation SST (NGSST, the absence of

FIG. 8. Horizontal distribution of the monthly mean SST difference (K), as calculated by subtracting NGSST from RIAMSST.
The solid and dashed contours indicate positive and negative
values, respectively.
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FIG. 9. Horizontal distribution of the difference in monthly
mean surface winds (m s21) between experiments R and N. The
solid and dashed contours indicate positive and negative values,
respectively.

Figure 10 shows the differences between experiments
R and N in terms of the monthly mean surface sensible
and latent heat fluxes and PBL height. These distributions are remarkably similar to the distribution of SST
differences (RIAMSST minus NGSST) shown in Fig. 8.
A decrease of 4 K in SST leads to decreases of 120 W m22
in the sensible and latent heat fluxes and 300 m in the
PBL height near 398N, 1388E.
Figure 11 shows the differences between experiments
R and N in terms of monthly mean sea level pressure,
precipitable water, and accumulated precipitation. Two
maxima in the sea level pressure difference are located
near 368N, 1328E and 398N, 1398E. The vectors of the
difference between surface winds are divergent and
clockwise in the area around 368N, 1328E, and divergent
around 398N, 1398E. The column amount of water vapor
(i.e., precipitable water) in experiment R is smaller than
that in experiment N over a large part of the sea area.
Two minima in precipitable water difference are located
near the maxima of sea level pressure difference. Precipitation in experiment R is smaller than that in experiment N for all of the sea area except 37.58N, 1378E.
In particular, reduced precipitation is dominant in the
coastal area of 388N, 1408E because of low evaporation
(i.e., low latent heat flux) in the upstream sea area
where the cold tongue is located. This finding indicates
the significant influence of mesoscale oceanic eddies
upon monthly precipitation.
In the present simulations, the model results are insensitive to the initial conditions, because nudging prevents chaotic error growth. Although the nudging is not
applied to the precipitation, the monthly precipitations are

FIG. 10. Horizontal distributions of the differences in the
monthly mean surface (a) sensible and (b) latent heat fluxes
(W m22) and (c) PBL heights (m) between experiments R and N.
The solid and dashed contours indicate positive and negative
values, respectively.
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FIG. 12. Horizontal distributions of the ensemble average of the
monthly precipitation difference (mm) between experiments R
and N for five nudging runs in Table 1. Statistically significant areas
exceeding the 95% confidence level are indicated by color shading.

FIG. 11. Horizontal distributions of the differences in (a) the
monthly mean sea level pressure (hPa), (b) precipitable water
(mm), and (c) monthly precipitation (mm) between experiments R
and N. The vectors represent the differences in monthly mean
surface wind (m s21).

also hardly influenced by the different initial conditions.
The ensemble average of the precipitation differences
for five nudging runs (Table 1) is exactly similar to those
for each case, and large parts of the domain satisfy the
significance level of 95% (Fig. 12). Thus, the abovementioned precipitation difference caused by the two
SSTs is statistically significant and not obtained by
chance in this study.
Figure 13 shows the vertical distributions of monthly
mean wind speed, potential temperature, water vapor
mixing ratio, and cloud water mixing ratio in experiment N (dashed lines) and experiment R (solid lines) at
39.58N, 137.08E, where a large difference in SST of ;4 K
is found. These differences in Fig. 13 arise because of
the different SST conditions in the two simulations. The
location at 39.58N, 137.08E is chosen as the representative point in examining the influence of the two SSTs on
the atmosphere over the cold tongue, where large differences in the surface sensible and latent heat fluxes
are located (Figs. 10a,b). The wind speed is vertically
uniform in the mixing layer below the sigma level of
0.825 (;1.4 km in height), but it increases with height
above this level. The static stability defined by the vertical gradient in potential temperature is low in the
mixing layer compared with the overlying layer. The
water vapor mixing ratio is about 0.003 near the surface,
gradually decreasing with height. The cloud water mixing
ratio is highest at the top of the mixing layer.
The wind speed in the mixing layer is ;0.5 m s21
lower in experiment R than in experiment N; above the
mixing layer, the wind speed is slightly higher in experiment R. This finding is probably associated with
weakened downward turbulent momentum transport
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FIG. 13. Vertical distributions of monthly mean values of (a) wind speed (m s21), (b) potential temperature (K), (c)
water vapor mixing ratio (kg kg21), and (d) cloud water mixing ratio (kg kg21) in experiments N (dashed lines) and R
(solid lines) at 39.58N, 137.08E, where the difference between the two SSTs is greater than 4 K.

over the area of cold sea. The potential temperature and
vapor mixing ratio near the surface in experiment R are
1 K and 0.0001 lower than those in experiment N, respectively; these differences decrease slowly with height.
The amount of cloud water near the top of the mixing
layer is small in experiment R relative to that in experiment N. The low SST in experiment R and associ-

ated weak wind lead to low potential temperature and
small amounts of water vapor via the surface sensible
and latent heat fluxes. Moreover, the amount of cloud
water in the lower troposphere is low over the low SST
area. The small amounts of water vapor and cloud water
are transported southeastward, resulting in low precipitation near the downstream coastal area.
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4. Conclusions
The present study examines the influence of assimilation SST product on monthly regional simulations of
precipitation. High-resolution SST structures located
near the oceanic front and coastal areas are important
factors in the monthly simulations. In particular, the
southeast-directed cold tongue at around 398N, 1378E
acts to weaken the surface heat fluxes and precipitation
in the Japan Sea.
The horizontal distributions of the differences in the
surface heat fluxes and PBL height in experiments R
and N are similar to those between assimilation and
interpolation SST data (RIAMSST and NGSST, respectively). The surface heat fluxes and PBL height for
experiment R are lower than those for experiment N in
the area of the cold tongue and coastal areas. A decrease of 4 K in SST leads to decreases of 120 W m22 in
surface sensible and latent fluxes and 300 m in PBL
height. The monthly mean sea level pressure in experiment R is slightly higher than that in experiment N near
368N, 1328E and 398N, 1398E, while the monthly mean
precipitable water is slightly lower than that in experiment N. The cold tongue, along which the northwesterly
blows, acts to weaken the latent heat flux, resulting in
low precipitation in the downstream coastal area. Persistent mesoscale oceanic eddies such as the cold tongue
play a crucial role as a moisture source, thereby influencing simulations of local precipitation.
The two different SSTs influence the vertical structures of monthly mean meteorological elements in the
lower troposphere. Low SST leads to decreased wind
speed, potential temperature, and water vapor near the
surface, and a decrease in the amount of cloud water in
the lower troposphere. The decreases in water vapor
and cloud water lead in turn to low precipitation in
coastal areas.
Monthly precipitation in both simulations is somewhat higher than that recorded by in situ AMeDAS
observations. The precipitation in experiment R is lower
than that in experiment N for all coastal areas except
;388N, 1378E. Given that the difference between the
observed and modeled precipitations in experiment R is
21% less than that in experiment N, we conclude that
the assimilation SST data provides for improved simulations of monthly precipitation compared with interpolation SST data.
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