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ABSTRACT

The fifth-generation Pennsylvania State University/NCAR Mesoscale Model Version 3 (MM5V3) was
used to simulate extreme heavy rainfall events over the Yangtze River Basin in June 1999. The effects
of model’s horizontal and vertical resolution on the extreme climate events were investigated in detail. In
principle, the model was able to characterize the spatial distribution of monthly heavy precipitation. The
results indicated that the increase in horizontal resolution could reduce the bias of the modeled heavy rain
and reasonably simulate the change of daily precipitation during the study period. A finer vertical resolution
led to obviously improve rainfall simulations with smaller biases, and hence, better resolve heavy rainfall
events. The increase in both horizontal and vertical resolution could produce better predictions of heavy
rainfall events. Not only the rainfall simulation altered in the cases of different horizontal and vertical grid
spacing, but also other meteorological fields demonstrated diverse variations in terms of resolution change
in the model. An evident improvement in the simulated sea level pressure resulted from the increase of
horizontal resolution, but the simulation was insensitive to vertical grid spacing. The increase in vertical
resolution could enhance the simulation of surface temperature as well as atmospheric circulation at low
levels, while the simulation of circulation at middle and upper levels were found to be much less dependent
on changing resolution. In addition, cumulus parameterization schemes showed high sensitivity to horizontal
resolution. Different convective schemes exhibited large discrepancies in rainfall simulations with regards to
changing resolution. The percentage of convective precipitation in the Grell scheme increased with increasing
horizontal resolution. In contrast, the Kain-Fritsch scheme caused a reduced ratio of convective precipitation
to total rainfall accumulations corresponding to increasing horizontal resolution.
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Since regional climate change has significant im-
pacts on the development of economy and society,
more and more countries and scientists pay increasing
attention on the research of regional climate change
and variability. Currently, the simulation of regional
climate change mainly relies on the regional climate
model (RCM), which is a high-resolution and limited-
area model and is nested into the global circulation
model (GCM) for simulating and predicting regional
climate change. Early studies (e.g., Giorgi et al., 1993
a, b; Leung et al., 2003; Wang et al., 2004) have docu-
mented the development, state-of-the-art models, and
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applications of the RCM as well as the prospect of
the RCM. An important objective of the developing
RCM is to capture the characteristics in regional cli-
mate change using higher resolutions than the GCM.
With increasing of computing resources and great de-
mand of assessing regional climate change, the resolu-
tion of the RCM gradually increases in applications.
Nowadays, the horizontal resolution of the RCM is
usually about 50 km. Higher-resolution models have
been investigated as well (Christensen et al., 1998; Le-
ung et al., 2003a, b).

Increasing the resolution improves model simula-
tions and predictions in numerical weather predica-
tions (Kalnay et al., 1998; Colle et al., 2000), because
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a high-resolution model can better represent the atmo-
spheric dynamics and mesoscale forcing, and data as-
similation in the model may take in high-resolution ob-
servations. However, the impacts of the resolution on
climate predictions are not conclusive and show large
uncertainties. Some experiments in long-term climate
modeling demonstrated a good effect of increasing res-
olution on the simulation of large-scale atmospheric
circulation, while other studies showed a reverse effect
on the GCM simulation. For example, Giorgi et al.
(1994) studied the effects of different horizontal res-
olutions on simulating precipitation using the NCAR
RegCM2 model. They found that large-scale average
precipitation is extremely sensitive to the horizontal
resolution, while precipitation intensity and frequency,
surface sensible heat flux and latent heat flux, and wa-
ter energy balance show high sensitivity to the hori-
zontal resolution; on the other hand, the impacts of
physical parameterization schemes play more impor-
tant role on the precipitation simulation than chang-
Zhao and Luo (1999) indicated

that the precipitation distribution with a finer verti-

ing the resolution.

cal resolution is better than that with a coarse vertical
resolution for the climate simulation in East Asia, but
the simulations with finer vertical resolutions tend to
cause spurious extreme precipitation cells. Leung and
Qian (2003) applied two nesting methods to investi-
gate the effects of different resolutions on long-term
regional climate simulation. Their studies showed that
higher-resolution models improve winter precipitation
simulation along coastal areas and valleys, while high-
resolution modeling improves the precipitation distri-
bution and regional averaged precipitation accumula-
tions in summer. In a summary, increasing resolution
can improve the model ability of simulating regional
climate to some extent.

An effective method to assess the impacts of the
resolution on climate simulation is to compare the
RCM simulations at different resolutions driven by the
large-scale climate model. Giorgi et al. (1994) studied
regional climate simulation by changing the resolution
from 200 to 50 km. Denis et al. (2002) suggested
that the ratio of the resolution between the large-scale

forcing model and the RCM should not surpass 12, in
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order to retrieve sufficient information on regional cli-
mate scales. Because the resolution of the large-scale
NCEP/NCAR reanalysis data is about 250 km, it is
difficult to simulate regional climate at a finer scale of
20 km or higher resolutions using the NCEP/NCAR
data to drive the RCM. Most current experiments for
the resolution’s effects on regional climate used rel-
atively coarse resolution (about 50 km or coarser).
Some simulations applied the nesting techniques to
conduct such experiments. In addition, there are lim-
ited studies about the impacts of the horizontal resolu-
tion on complex terrain and land surface processes in
regional climate in East Asia. This paper adopts the
higher-resolution (1° x 1°) NCEP FNL data to drive
the PSU/NCAR MM5V3 with varied resolutions (90-
15 km). The impacts of the resolution on simulating
extreme climate events in China are analyzed, with
the emphasis on the change in precipitation and at-
mospheric circulation due to changing the resolution.
This work may facilitate applications of the higher-
resolution RCM in the future.

2. Model configuration and data

The model ability of simulating extreme events
is a critical indicator of the RCM. Extreme rainfall
events are one of the most severe short-term climate
disasters in China, such as the tremendous loss of
life and property caused by rainfall extremes over the
Yangtze-Huaihe River Basin and Yangtze River Basin
in 1954, 1991, 1998, and 1999. Therefore, studying
the impacts of the resolution on short-term climate
simulation, especially extreme climate events (such as
rainfall), possesses a significant meaning.

To verify the resolution’s impacts on extreme re-
gional climate events, the PSU/NCAR MM5V3 was
used in several experiments to simulate extreme rain-
fall events over the Yangtze River Basin in June 1999.
Previous studies showed that the MM5V3 is able to
perform regional climate simulation (Tang et al., 2003;
Liu, 2003; Liang et al., 2001). The MM5V3 contains
better physical packages, and is coupled with radiation
and land surface processes that are very critical for

simulating short-term climate. The physical schemes
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include the Grell (GR) or Kain-Fritecsh (KF) cumu-
lus parameterization, mixed ice phase process, CCM2
radiation scheme, NOAH land surface processes, and
MRF boundary layer parameterization. The study do-
main is centered at 30°N, 105°E, covering an area of
2700 kmx2700 km (Fig.1). Initial and boundary con-
ditions are provided by the NCEP final analyses (FNL,
http://dss.ucar.edu/datasets/ds083.2). The NCEP
FNL, available every 12 h, are at 1°x1° horizontal res-
olution and 21 vertical levels with a top pressure of 100
hPa. Weekly average sea surface temperature from the
NCEP Reynolds data (Reynolds and Marsico, 1993)
provided sea surface temperature in the model. Ex-
treme rainfall events over the Yangtze-Huaihe River
Basin in June 1999 were simulated by selecting sev-
eral horizontal resolutions of 90, 60, 30, and 15 km

and vertical resolutions of 23 and 14 sigma levels (Ta-
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The integration of the models was accomplished
on the Blue-Light high-performance Linux cluster (Su
et al., 2002) at the Global Change Research Center of

Nanjing University.
3. Results

3.1 Precipitation

During the summer of 1999, extreme floods oc-
curred again over the Yangtze River Basin after 1998.
Since 22 June 1999, extreme rainfall events continued
over 10 days over the lower Yangtze River Basin. The
extreme precipitation band located at the border be-
tween Hunan and Hubei Provinces, crossed the Dabie
Mountains, and extended to the Yangtze River Estu-
ary. Over the northeastern part of the south Yangtze

River Basin, total precipitation accumulations reached
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Fig.1. Model domain and topography with 90-km (a) and 15-km (b) resolutions.
Table 1. Experiments configurations with different resolutions
Experiment Horizontal Topography Convective Vertical
resolution resolution scheme level
GR-90-L23 90 307 Grell 23
GR-60-L23 60 30’ Grell 23
GR-30-L23 30 10’ Grell 23
GR-15-L.23 15 5/ Grell 23
GR-90-L14 90 30’ Grell 14
GR-60-L14 60 307 Grell 14
GR-30-L14 30 10’ Grell 14
GR-15-L14 15 5 Grell 14
KF-90-L23 90 30" Kain-Fritsh 23
KF-60-1.23 60 30’ Kain-Fritsh 23
KF-30-L23 30 10’ Kain-Fritsh 23
KF-15-L23 15 5/ Kain-Fritsh 23
KF-90-L14 90 30/ Kain-Fritsh 14
KF-60-L14 60 307 Kain-Fritsh 14
KF-30-L14 30 10’ Kain-Fritsh 14
KF-15-L14 15 5/ Kain-Fritsh 14
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amount during the same period over the year, and
average daily intensity of extreme heavy rainfall sur-
passed 100 mm. Precipitation amounts in many cities,
such as Shanghai, Anqging, Suzhou, and Hangzhou
reached the highest historical value during the same
period since 1949. Severe floods and urban flood disas-
ters happened in South Jiangsu and Anhui Provinces,
North Zhejiang Province, and some parts of Shang-
hai City and Hubei Province, Hunan and Jiangxi
Provinces as well as other regions. This caused
tremendous damages to local economy and great losses
of human life. Observed precipitation and surface
temperature were provided by the data center of the
National Meteorological Center. The precipitation
data included daily precipitation accumulations over
700 ground stations. Observed total precipitation ac-
cumulations in June 1999 (Fig.2) show that an ex-
treme heavy precipitation band with a magnitude of
over 600 mm situates at the south of the middle
and lower Yangtze River Basin, which extends from
North Jiangxi Province, across South Anhui Province,
Jiangsu Province, and to the Yangtze River Estuary.
The extreme precipitation center exceeds 1000 mm in
South Anhui Province.

Figure 3 shows the total precipitation over the
middle and lower Yangtze River Basin in June 1999 us-
ing the Grell cumulus parameterization with different
horizontal and vertical resolutions. Simulations with

various horizontal and vertical resolutions provide a
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major precipitation band along 28°-32°N, while ex-
treme precipitation centers and locations vary. First,
precipitation accumulations with 14 vertical levels but
different horizontal resolutions are plotted in the left
of Fig.3. The simulation with 90-km horizontal res-
olution exhibits weaker intensity for extreme rainfall
events over this area and a major precipitation band
to the east. The 60-km runs show reasonable spatial
precipitation distribution over the study period and
domain, e.g., the extreme rainfall center at 600 mm is
well simulated, although the intensive center in South
Anhui Province slightly shifts to the east. For the 30-
km runs, the distribution of the 400-mm precipitation
is comparable with the observations, while the 600-
mm extremes have smaller spatial extent to the south
and a dominated center over the ocean east of 122°E.
At 15-km resolution, the areas of 600-mm extreme pre-
cipitation are similar to the observed distribution and
extreme precipitation centers are dominated in partial
Anhui Province, south of the Yangtze River, while the
400-mm precipitation distribution has smaller extent.
Second, the simulations with a finer vertical resolution
of 23 levels (the right column in Fig.3) are compared
with the simulations of 14 vertical levels. The 90-km
runs with 23 vertical levels show a similar precipita-
tion distribution as that with 14 levels, such as a heavy
rainfall center over the ocean east of 122°E, but weaker
precipitation amounts in Wuhan region of the middle
Yangtze River Basin. At 60-km resolution, the rainfall
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Fig.2. Observed monthly precipitation (unit: mm) in June 1999 (cross symbols:
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observation stations).
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intensity decreases, the 400-mm precipitation region
shifts northward, and the extent of the 600-mm ex-
tremes decreases with a northward shift, compared
Ref-
erenced to the observation, the 30-km experiments

with the simulations using 14 vertical levels.

demonstrate an enlarged region exceeding 600 mm

with more accurate locations of extremes, and capture
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the extreme center at 30°N, 116°E with a slight west-
ward displacement. At 15-km resolution, the extent
of the 400- and 600-mm precipitation thresholds is im-
proved compared with ones using 14 vertical levels, but
the intensity of the 600-mm extremes decreases and
the extremes’ location becomes worse. Last, the pre-

cipitation extent has not shown a consistent increase

]

200 400

800 1000

Fig.3. Simulated monthly precipitation (unit: mm) in June 1999 with different resolutions by the Grell

cumulus parameterization (left column: 14 levels, and right column: 23 levels; resolutions from top to

bottom: 90, 60, 30, and 15 km).
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with increasing horizontal resolution, such as the 400-
mm precipitation extent occasionally decreases, while
the local extreme intensity generally increases. More-
over, heavy rainfall events to a small extent outside the
extreme precipitation band increase, which mainly re-
sult from exemplified local effects of topography and
land surface processes by increasing horizontal resolu-
tion.

To further analyze the effects of the resolution
on the rainfall simulation, daily variation of precipi-
tation (Fig.4) is computed for the extreme precipita-
tion region (28°-32°N, 114°-122°E, the inner domain
of Fig.1). The observed daily variation of precipitation
shows that there are three intensive periods over the
middle and lower Yangtze River Basin, i.e., 8-11, 16-
18, and 22-30 June 1999. All simulations with varied
horizontal and vertical resolutions are able to simu-
late the daily variation over this region and the three
intensive periods, but with different daily intensities.
Generally, the first intensive period is overestimated
by all experiments, although the 15- and 30-km runs
exhibit less wet biases. The second intensive period
is underestimated by the experiments, except for the
15-km simulations. The third intensive period is well
simulated by all experiments.

Table 2 gives the differences of the simulated and
observed daily mean precipitation accumulations over
the extreme region (Fig.1) during the three intensive

periods in June 1999, as well as corresponding ratios
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Fig.4. Observed and simulated daily vari-
ation of precipitation (unit: mm) in June
1999 for the selected domain (28°-32°N, 114°-
122°E).

of the convective rainfall in the total rainfall. The GR-
15-L23 (the Grell scheme, 15-km horizontal resolution
and 23 vertical levels) scheme shows the smallest dis-
crepancies between the simulations and observations
for the three intensive periods. This suggests that
the model ability of simulating precipitation increases
with increasing resolution. The monthly precipitation
resembles the observations for the GR-60-L14 scheme,
however, it is caused by an overestimation of the first
intensive period using this scheme that compensates
the underestimation for the second and third periods.
Table 2 shows improved results by increasing horizon-
tal resolution from 90 to 15 km and increasing percent-
ages of the convective rainfall with a higher vertical

resolution.

Table 2. The differences of the observed and simulated daily mean precipitation accumulations and the three

intensive periods (unit: mm dfl) and the ratios of convective precipitation in the total precipitation

GR-15-L14 GR-30-L14 GR-60-L14 GR-90-L14 GR-15-L23 GR-30-L23 GR-60-L23 GR-90-L23

Monthly Difference —1.76 —0.71 1.02
precipitation Ratio 74% 2% 66%
Difference 3.03 11.41 19.65
Period I
Ratio 82% 78% 65%
Difference —9.44 —14.08 —15.89
Period 11
Ratio 81% 79% 2%
Difference —3.74 —4.08 —1.99
Period IIT
Ratio 1% 68% 67%

—1.96 —1.32 —1.33 —2.44 —3.18
69% 87% 86% 86% 8%
11.49 2.67 10.70 5.80 7.27
73% 91% 88% 87% 89%
—18.08 —5.06 —-12.03 —15.59 —16.79
8% 89% 90% 93% 95%
—7.85 —3.74 —5.64 —5.62 —10.01
68% 86% 85% 85% 85%

3.2 Surface temperature

Continuous extreme precipitation processes

caused lower local temperature in June 1999 over the
Yangtze River Basin. The observed monthly surface

temperature (Fig.5) shows that the high temperature
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Fig.5. Monthly mean surface air temperature during June 1999 (unit: °C) for the observation (a), and
simulations with the resolutions of 60 km and 14 levels (b), 60 km and 23 levels (c), 15 km and 14 levels

(d), and 15 km and 23 levels (e).

is dominated in North and South China and the re-
gion with lower temperature of 24°C locates over the
Yangtze River Basin. The simulations with different
resolutions show major temperature distributions and
underestimate surface temperature in South China.
Experiments with a lower vertical resolution overes-
timate surface temperature in North China with an

enlarged extent, and surface temperature is improved

by increasing vertical levels over the region, such as en-
hanced results of the 60-km runs with 23 vertical lev-
els than that with 14 levels. Similarly, the 15-km runs
provide much better results in Sichuan and Shaanxi
Provinces with a higher vertical resolution than the
lower one. All runs at different horizontal scales char-
acterize the general distribution with higher tem-

perature over North and South China, and lower
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temperature over the Yangtze River Basin, such as the
well simulated 24°C isopleths. The increase in hori-
zontal resolution improves the temperature distribu-
tion reflecting terrain variation, e.g., the extent of the
lower temperature of 22°C is not well depicted by the
60-km simulations, while such detailed features of the
lower temperature is better represented by the 15-km

runs.
3.3 Atmospheric circulation

Verification metrics of weather forecasts include
the bias, root mean square error (RMSE), and corre-
lation coefficient (COR).

The bias is defined as:

SleM — 69
bias = N

The RMSE is defined as:

(A = dP)?\ 12
€rms = (#) .

The COR is defined as:
D@ = M) (6P — ¢O)
R — K2
[ S (6N = 32 (60 — 602

7 i

}1/27

where ¢M is the model forecast, ¢? is the observation,
and N is the number of the total events.

Figure 6 shows the difference of the simu-
lated monthly mean sea level pressure (SLP) and
the NCAR/NCEP reanalysis data. The simulated
monthly mean SLP exhibits an overestimation over
most regions in China, with a magnitude of about 1
hPa. Increasing vertical resolution shows few impacts
on the simulation of monthly mean SLP, while increas-
ing horizontal resolution improves the simulation and
reduces the region having a difference of about 1 hPa.
Table 3 clearly shows that the bias and RMSE de-
crease when the horizontal resolution changes from 90
to 30 km. However, the bias and RMSE increase at 15-
km resolution. This increase perhaps results from the
coarse resolution (1° x 1°) NCAR FNL data, which is

unable to better represent the impacts of terrain and
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land surface processes on the change of SLP. At the
low level of 700 hPa, the increase in vertical resolu-
tion reduces the bias of simulated geopotential height,
temperature, and wind fields, and therefore improves
the simulation of atmospheric variables at lower levels.
By contrast, increasing horizontal resolution cannot
reduce the bias and RMSE for atmospheric variables
at lower levels. For the simulation of 500-hPa geopo-
tential height, increasing vertical resolution always re-
duces the bias and RMSE, while the bias increases
with increasing horizontal resolution. For the temper-
ature simulation at the middle level of 500 hPa, the
simulations with finer horizontal resolutions possess
smaller biases with a high vertical resolution, while
the biases increase with increasing horizontal resolu-
tion by using a lower vertical resolution.

Generally, when the vertical resolution increases,
middle and low vertical levels in the model increase,
which improve the model ability of simulating climate
at lower atmospheric levels. The simulating synoptic
characteristics at middle and high levels more depend
on the atmospheric circulation, and are insensitive to
the change of vertical resolution. The increase in hor-
izontal resolution mainly improves the representation
of climate impact factors, such as topography and land
surface properties, and therefore better simulates syn-
optic characteristics on smaller scales. On the other
hand, the biases may increase with increasing horizon-
tal resolution. Therefore, the increase in horizontal
resolution has not shown consistent improvements in
simulations. For example, the simulation of precipi-
tation, temperature, and atmospheric circulation with
15-km resolution does not consistently outperform the
simulation with 30-km resolution. Several reasons are
speculated for such inconsistency. First, the coarse
resolution (1° x 1°) of the NCEP FNL dataset, which
are used to drive the model, affects the simulation at
high resolutions due to lack of detail mesoscale weather
information. Second, the verification data of precipita-
tion and temperature have coarser resolutions than the
NCEP FNL data, and thereby reduce the effectiveness
of verifying model results at high resolutions. Last, the

selection of cumulus parameterization schemes with a
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Fig.6. Differences of the observed and simulated mean sea level pressure (unit: hPa) at the resolutions of
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Table 3. Biases (BIASs), root mean square errors (RMSEs), and correlation coefficients (CORs) of sea level pressure
(SLP); geopotential height (H) and temperature (T) at 500 and 700 hPa; and wind (U, V) at 200 and 700 hPa between

observation and simulation (unit: SLP: hPa; temperature: °C; geopotential height: gpm; wind: m sfl)

SLP H500 T500 U200

BIAS RMSE COR BIAS RMSE COR BIAS RMSE COR BIAS RMSE COR
GR-15-L14 0.76 0.96 0.91 —6.78 8.14 0.99 0.12 0.21 0.99 —0.80 1.58 0.99
GR-30-L14 0.61 0.78 0.94 —8.08 9.39 0.99 0.07 0.18 0.99 —0.81 1.66 0.99
GR-60-L14 0.69 0.81 0.95 —7.53 8.96 0.99 0.10 0.17 0.99 —0.87 1.88 0.99
GR-90-L14 0.88 0.98 0.94 —4.51 6.34 0.99 —0.05 0.17 0.99 —0.84 2.29 0.99
GR-15-L23 0.89 1.04 0.92 —6.91 7.98 0.99 —0.04 0.17 0.99 —0.43 1.09 0.99
GR-30-L23 0.80 0.92 0.94 —7.56 8.45 0.99 —0.10 0.19 0.99 —0.51 1.14 0.99
GR-60-L23 0.96 1.04 0.95 —6.74 7.75 0.99 —0.18 0.27 0.99 —0.39 1.51 0.99
GR-90-L23 1.09 1.17 0.93 —4.80 6.51 0.99 -0.21 0.28 0.99 —0.28 2.07 0.99

H700 T700 U700 V700

BIAS RMSE COR BIAS RMSE COR BIAS RMSE COR BIAS RMSE COR
GR-15-L14 —2.72 3.80 0.98 —0.28 0.51 0.97 0.02 1.01 0.94 0.35 0.96 0.90
GR-30-L14 —3.58 4.56 0.98 —0.35 0.55 0.97 0.06 1.07 0.93 0.44 1.02 0.90
GR-60-L14 —-3.02 4.19 0.98 —0.38 0.58 0.97 0.10 1.01 0.94 0.39 1.07 0.88
GR-90-L14 —0.04 3.15 0.98 —-0.27 0.48 0.97 0.07 1.05 0.93 0.13 0.99 0.87
GR-15-L23 —1.96 3.20 0.99 —0.30 0.46 0.98 —0.03 0.95 0.95 0.32 0.87 0.92
GR-30-L23 —2.49 3.29 0.99 —-0.30 0.47 0.98 0.02 0.87 0.96 0.42 0.83 0.93
GR-60-L23 —1.47 2.62 0.99 —0.33 0.52 0.97 0.04 0.85 0.96 0.38 0.89 0.92
GR-90-L23 0.10 2.99 0.98 —-0.27 0.47 0.97 0.03 0.99 0.94 0.10 0.94 0.88

fine resolution of 15 km needs further investigations.

3.4 Impacts on parameterization schemes

Previous experiments (Reynolds and Marsico,

1993) show that the simulation by different cumulus

parameterization schemes varies and the increase of

resolution affects the model results. In order to assess

the impacts of different resolutions on cumulus param-
eterization schemes, both Kain-Fritsch (KF) and Grell
(GR) schemes at varied resolutions are examined. The
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model results with 60- and 15-km resolutions show
that the simulation by the KF scheme captures heavy
precipitation over the lower Yangtze River Basin in
June 1999 and improves the intensity comparable to
the observations when the horizontal resolution in-
Similar to the Grell scheme, Table
4 shows monthly mean precipitation, the differences

creases (Fig.7).

of the simulation and observations during the three
intensive precipitation periods, and the ratios of the
convective precipitation in the total precipitation by
the KF scheme. The KF scheme also overestimates the
first intensive period, and underestimates the second
and third intensive precipitation periods. In contrast
to the KF scheme, the Grell scheme shows increasing
percentages with increasing vertical resolution. This
indicates that the vertical resolution has different im-

VOL.21

pacts on different cumulus parameterization schemes.
4. Conclusions and discussions

Impacts of changing horizontal and vertical res-
olution on intensive Meiyu events were analyzed
through simulating extreme precipitation events by
the NCAR MM5V3 over the Yangtze-Huaihe River
Basin in June 1999. Several issues are generalized in
the analyses as follows:

(1) The MM5V3 was able to simulate the distribu-
tion of extreme rainfall events for short-term climate
change and daily variability. The model error of the
precipitation simulation decreased by increasing hori-
zontal resolution and the daily precipitation variability
was more close to truth. Generally, the model ability

to simulate extreme precipitation was improved.

Table 4. Same as Table 2, but for the Kain-Fritsch cumulus convective parameterization

KF-15-L14 KF-30-L14 KF-60-L14 KF-90-L14 KF-15-L23 KF-30-L23 KF-60-L23 KF-90-L23

Monthly Difference —1.35 —2.02 —1.53
preciptiaiton Ratio 79% 79% 82%
Difference 10.6 13.89 13.18
Period 1
Ratio 84% 87% 88%
Difference —3.13 —11.27 —14.42
Period 11
Ratio 88% 81% 74%
Difference —9.39 —10.44 —-7.07
Period IIT
Ratio 76% 76% 81%

—1.98 —-1.75 —2.12 —4.13 —3.40
84% 2% 5% 8% 79%
7.52 6.27 9.45 8.41 7.01
90% 82% 83% 85% 86%

—16.35 —6.47 —8.28 —12.99 —13.98
81% 75% 4% 62% 2%
—5.28 —7.18 —9.07 —13.38 —10.01
83% 69% 71% 6% 8%

2

108 112 116 120

108 112 116 120

200 400

600 800 1000

Fig.7. Simulated monthly precipitation over the middle and lower Yangtze River Basin in June 1999 with

different resolutions by the Kain-Fristch cumulus convective parameterization (unit: mm).
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With increasing horizontal resolution, the effects of
orographic forcing and other local dynamics enhanced
and localized extreme cells increased. The increase in
vertical resolution showed consistent improvements in
modeling extreme precipitation events with decreased
erTors.

(2) The models could well capture the character-
istics of surface temperature, while surface tempera-
ture was lower than the observations in South China.
Increasing both vertical and horizontal resolution im-
proved the model simulation in surface temperature.
Models with finer horizontal resolutions represented
better topography, and thereby the change of local
surface temperature was improved.

(3) In general, the simulation of surface sea level
pressures was improved by increasing horizontal reso-
lution, while the increase in vertical resolution could
not advance the simulation. The increase in vertical
resolution improved the physical processes and the
The atmo-

spheric circulation at middle and high levels was not

atmospheric circulation at lower levels.

sensitive to the change of vertical resolution.

(4) The distribution of extreme rainfall events by
different cumulus parameterization schemes showed
similar results. The ratios of convective precipitation
varied with the change of horizontal resolution. The
ratios by using the Grell scheme increased with in-
creasing horizontal resolution, while the Kain-Fritsch
scheme showed opposite changes.

In summary, increasing both horizontal and ver-
tical resolution can improve the model ability to sim-
ulate extreme precipitation events as well as the at-
mospheric circulation at low levels. However, detailed
analyses on the impacts of high resolution are asso-
ciated with higher-resolution observation data. For
this reason, local intensive weather forecasts by oro-
graphic forcing have not been examined, considering
the limitation of available observation datasets. Due
to limited computing resources, only one short-term
extreme event was analyzed in detail. More extreme
events need to be investigated in the future, in order
to better understand the effects of the resolution on

short-term climate change.
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