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Analyses and Modeling of local Weather over Taiwan
and the Adjacent Oceans
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2. Results of the project for the current year (2" year):

During the first year, the focus was on the diagnosis of the island-
scale airflow and weather including the effects of island-induced circulation
on the rainfall, cloudiness and circulations over the island and the adjacent
coastal areas. Our analyses have focused on the Mei-Yu, summer, and the autumn
seasons using the data from 1998-2002. The analyses were completed and were
reported to CWB last year. The progress of the project during this year is
summarized below:

a. Give a seminar at CWB on June 10, 2005:
“Island induced circulations over the Island of Hawaii during HaRP”
The seminar is based on a manuscript (Yang et al., 2005) that has been

accepted for publication by the Monthly Weather Review. The ABSTRACT of the
seminar is given below:

Abstract



The MM5/LSM (Chen and Duhia 2001) is used to simulate the diurnal
island-scale circulations over the island of Hawaii during the Hawaiian Rain
Band Project (HaRP, 11 July - 24 August 1990). The model is initialized with
the NCEP/NCAR reanalysis data. The 307 resolution (1 km) vegetation type,
soil type, and vegetation fraction from the US Geological Survey (USGS) Land
Use Land Cover level Il data for Hawaii and the soil survey of the island of
Hawaii were used. Because of the low resolution of the NCAR/NCEP reanalysis
(2.50x2.50), the soil moisture cannot be generated from the reanalysis data
for the Hawaiian island chain. Furthermore, the soil moisture depends on the
local weather conditions in the past. To solve this problem, MM5/LSM was run
for two months prior to the HaRP period with the initial soil moisture
specified according to the soil type. During this two-month period, the soil
moistures and soil temperatures are updated daily from the 24-h forecast of
the previous day. The soil moistures and soil temperatures after two-month
simulations are used to initialize LSM for our HaRP simulations.

The diurnal variations of the land-sea thermal contrast at the land
surface and the
planetary boundary layer at Hilo, the evolution of the diurnal circulation
cells on the windward side, the thermally driven diurnal winds, and the wake
circulations on the lee side are well simulated. The simulated diurnal
variations in rainfall are also in good agreement with observations.

Sensitivity tests show that with better surface conditions in the model
coupled with
OSU-LSM, the simulated thermal forcing over land is improved. The improvements
in
simulated ground temperature, land-sea thermal contrast and mixing ratio lead
to better
simulation of the strength of land/sea breezes over island.

b. Preliminary findings:

The primary task during the second year is to work with CWB staff to
diagnose the performance of the CWB regional models in simulating island
induced circulations during the diurnal cycle. From our on-going work on the
diurnal cycles of the island induced circulations and airflow, it is apparent
that adequate resolution of the island terrain, proper treatment of the land
surface properties with an advanced land surface model is need to properly
simulate the island induced circulations and afternoon rain showers in the
subtropics.



The current NFS at CWB has three nested domains:

Domain 1 : 221 x 127 x 30 with a 45 km horizontal resolution
Domain 2: 181 x 193 x 30 with a 15 km horizontal resolution
Domain 3: 91 x 121 x 30 with a 5 km horizontal resolution
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Figure 1  The surface analyses for Domain 3 of the NFS system during July-
August 2003 (a) 0800LST; (b) 1400LST; (c) 2000LST; (d) 0200 LST.



Figure 1 shows the surface winds for Domain 3 of the NFS system during
July-August 2003. From these figures, it is apparent that the analyzed
surface winds over land are weaker than over the ocean especially at night.
The surface winds upstream off the southwestern coast of Taiwan are weaker
with more significant flow deceleration during the nighttime, especially in
the early morning, than during the daytime. Along the northwestern coast,
the southwesterly flow along the western coast is the strongest after midnight
(Fig. 1c). However, the main deficiency in the analyses is the lack of
thermally diurnal driven land/sea-breeze circulations over the island. During
the summer months, our analyses from the surface data last year show
pronounced land/sea-breeze circulations with significant diurnal variations in
winds (Figs. 2, 5, 8), rainfall (Figs. 3, 6, 9) and high cloud cover (Figs. 4,
7, 10) during the warm season (May-October) especially during the summer
months (Figs 5, 6 7). It is apparent that the island-induced local
circulations are not properly resolved by the NFS analyses during the summer.
This problem also exists for other seasons as well (not shown).

Since the diurnal local circulations are not included in the initial
conditions of the NFS system, it is clear that to realistic simulate the
island flow response and diurnal variations of island-scale weather under

different synoptic flow would require proper treatment of land surface forcing
during the diurnal cycle.
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Figure 2. Mean (1997-2002) winds and wind steadiness at select times during
the summer. Half barbs are 0.5 m s, full barbs are 1.0 m s', and
pennants are 5.0 m s'. Terrain contour is 1000 meters.



Figure 3. Hourly rainfall frequencies (%) for selected times during the summer
for 1997-2002. 1000-meter terrain contour is drawn.
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Figure 4. Frequencies (%) of brightness temperatures below 235 K during
the summer for 1997-2002. Terrain contour is 1000 meters.
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Figure 5. Mean (1997-2002) winds and wind steadiness at select times during
the Mei-Yu. Half barbs are 0.5 m s', full barbs are 1.0 m s', and pennants are
5.0 m s'. Terrain contour is 1000 meters. Wind steadiness is also plotted.
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Figure 6. Hourly rainfall frequencies (%) for selected times during the Mei-Yu
for 1997-2002. 1000-meter terrain contour is drawn.
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Frequencies (%) of brightness temperatures below 235 K during the

Mei-Yu for 1997-2002. Terrain contour is 1000 meters.
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Figure 8. Same as Fig. 2, but for autumn.
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Figure 9. Same as Fig. 3, but for autumn.
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Figure 10. Same as Fig. 4, but for autumn.




The surface parameterization in NFS is based on similarity theory (Louis,
1979, 1982)

and the TKE boundary layer scheme (Businger, 1973) is used. Surface roughness,
wetness, soil temperature and planetary albedo are prescribed. A careful
examination of the surface parameters used by NFS suggest that there is room
for improvements for the lower land surface conditions used in operational NFS
that would result in better forecasts of the island induced circulations and
the location and rainfall amount from afternoon rain showers during the warm
season (May-October) over Taiwan. Furthermore, the surface fluxes estimated
are rather crude and could be improved with an advanced surface model such as
NOAH that is implemented in MM5/WRF (F. Chen and Duhia 2001) and NCEP Regional
Spectral Model (Zhang et al. 2005a,b).

A comparison of the surface winds from QuickScat with NFS analyses seems
to suggest the winds within the Taiwan Strait in NFS analyses are weaker than
QuikScat winds (Fig. 11), especially in the morning pass (Fig. 11b). Note
that QuikScat winds have a 0.25° resolution where as NFS has a 5-km resolution.
We would expect stronger winds within the Strait with better resolution. It
is apparent that inclusion of QuikScat winds in the NFS data would improve the
analyses of the surface winds in the open ocean. More comparison and
statistics between the NFS and QuiScat winds will be given in another CWB
report by Mr. Huang (2005) who is visiting us for a five-month period (August-
December).
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Fig. 1la Mean surface winds during Julyv-August 2003 from QuikScat data at

1800 LST
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Fig. 11b Same as Fig. 2a but for 0600 LST



Since CWB plans to shift the model basis to WRF, it is decided that
instead of finding ways to improve the land surface process and surface lower
boundary conditions used in current operational NFS, we will diagnose the
performance of the experimental WRF model runs at CWB using the observational
data collected at CWB during the summer months.  The USGS vegetation fraction,
land use and soil type used by MM5/WRF over the Taiwan area seem to be
reasonable as stated in our mid-term report.

According to my collaborator at CWB, Dr. S.-C. Lin, for current CWB
experimental WRF runs, the option 1 boundary layer physics (YSU scheme) and
the option 1 land surface physics (thermal diffusion scheme) with 5 soil
layers are employed. Model sensitivity tests with different land surface
models (e.g., NOAH LSM), boundary layer schemes and initial soil conditions
will be needed in the future (Yang et al., 2005).

CWB has tested the WRF model for the Taiwan area and the high
resolution WRF model data during July-August 2005 are available for future
collaboration. We also have archived all the surface data over Taiwan during
sumer 2005 to compare with model results.

Archiving of global model output that is used to drive the 5-km
WRF model was also requested during this two months period and be made
available to this project. The global model output will be needed in the
future for model sensitivity tests.

In addition to summer 2005, we also have collected surface wind,
rainfall, temperature, dew point, surface pressure data from all stations
during May-October for 2003, 2004 and 2005.
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