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Executive Summary

In this study we continue 0 examine factors that are important

to heavy rainfall prediction over the Taiwan area onsing limited-area

models. Both the Central Weather Burean's Limited-Area Forecast
Systems (RFS and MFS) and the NCAR/Penn State mesoscale model

MM4 were used to simulate a heavy rainfall event that oceurred in

TAMEX TOP#]13. This project was carried out in collaboration with Dr,

Yueh-livan Hsu at the CWB. During the past year (from | July 1991

through 30 June 1992) several research activities were

accomplished:

a.

Lo

We performed a total of nine numerical experiments using the
MM4 model. The results of these experiments were presented

in this report.

. 3ome resulis of this project were presented in an International

conference {(Ninth Conference on Numerical Weather
Prediction). A reprint is enclosed (Hsu et al. 1991).

We invited Dr. Hsu to visit NCAR for a month {October 1991).
Dunng this month we worked with Dr. Hsu on the preparation
of conference presentation, the precipitation verification for
TAMEX I0OP#13, and the model diagnosis osing the interactive
graphic analysis package--SIGMA. A version of SIGMA package
was brought back by Dr. Hsu from NCAR to COWB.

We worked with Dr. Hsu on further numerical experiments
using the CWB models. The results of these experiments were
summarized in a paper presented at the 1992 Conference on

Weather Analysis and Forecasting (reprint attached).
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The key conclusions obtained from the nine numerical
experiments performed at NCAR can be summarized ac fallowing:

1. Increase the vertical resolution from 15 levels to 23 levels had
little impact on the results of 90-km, 45-km and 22.5-km
models. The main reason for the lack of impact was due to the
fact that most of the increase in vertical resolution took place
in the middle and upper troposphere. For the simulation of the
TAMEX IOP#13, it was the low-level frontal forcing and its
interaction with the topography that was crucial Ffor heavy
precipitation. We note that the impact, thongh not large,
increased with increased horizontal resolution. For numerical
weather prediction over Taiwan, an improvement in horizontal
resolution from 45-km to a grid size of at least 27.5 km is
crucial, The improvement in vertical resolution is not as
important. We recommend adding a few levels in the lower
troposphere for the CWB models.

2. Test of different precipitation parameterizations on a 22.5 km
model revealed considerable forecast sensitivity. Not only the
precipitation amount and precipitation distribution were
affected, the mesoscale pressure and wind fields were also
affected. Among the three precipitation parameterizations
tested, the Kuo scheme coupled with a simple nonconvective
precipitation  parameterization produced the best pressure and
wind field dismibution, while the Arakawa-Schubert scheme
produced better precipitation distribution and amount. The
Crell scheme combined with the more sophisticared explicit

moisture scheme gave the worst results. Although the Kuo-
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scheme appears to be quite adequate for this case, it is possible
that further tuning of the Arakawa-Schubert scheme and the
Grell scheme can improve their performance, Considerably
more testing i3 required before a definite conclusion can be
given.

. The removal of the Taiwan's orography produced significant
changes on the model simulation. A comparison of experiments
with and without the orography of Taiwan indicates that the
effect of the Cenmal Mountain Range was to: (1) split the Mei-
Yu front into eastern and western sections, (2} block the low-
level southwesterly monscon flow, (3) cause the middle-level
low 8, air to descend to the lee of the Central Mountain Range,
(4} enhance the temperature and 8. gradient of the Mei-Yu
front to the west of Taiwan, and (5) produce enhanced
precipitation on the wpwind side of the mountain by blocking
and lifting the warm, moist monsoon air. The impertance of the
CMR on the flow field, pressure field and precipitation
distribution again calls for the use of high resolution models for
numerical weather prediction in Taiwan. Only with high
horizontal resolution can the CMR be properly represented in
the model.

. The use of nonhydrostatic mesoscale model at a horizomtal
resolotion of 22.5 km produced moderate improvement in the
model simulation. The cold air damming along the China coast
and the meso-lows located off the northwestern c¢oast and
southeastern coast of Taiwan were all simulated with improved
dgccuracy. Also, the precipitation amount prodoced by the
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nonhydrostatic model was closer 1o the observed amount. More
significantly, our results indicate that it is feasible tw use
nonhydrostatic mesoscale model for numerical weather
prediction in Tarwan.

. Detailed model diagnoses were performed on the results of
E22.5L15 experiment. Vertical cross sections perpendicular to
the front indicates extreme shallowness of the cold air behind
the Mei-Yu front. The frontal slope was about 0.3/100. The
shallowness of the cold air might explain the difficulties
encountered by CWB's RFS and MFS in the simulation of the
Mei-Yu front and its movernent, in particalar if the lowest
three-levels were assumed to be well-mixed. The model
diagnosis also indicates thermally direct secondary circulation
across the Mei-Yuo front The heavy precipitation was found to
take place within the warm, moist southwesterly monsoon
flow, approximately 100 km ahead of the front. The model
resulis suggest that as the Mei-Yu front advanced southward,
the warm, moist monsoon air was forced to rise over west
central Taiwan (near Taichung), as it was blocked by the
Central Mountain Range to the east and the cold air to the
north. The pre-frontal nature of the simulated heavy
precipitation was consistent with the Doppler radar observation
of the TAMEX 10OP#13 pre-frontal squall line.
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L. Introduction

This report summarizes the work performed during the period
of July 1 1991 to June 30 1952 under the Central Weather Burean's
project, entitled “Study of Precipitation Forecast over the Taiwan
Area Using Limited Area Models.” The objective of this project is to
identify factors that are important to precipitation forecast over the
Taiwan area using a limited arca model. The TAMEX [OP#13 is used
as the test-bed case for model sensitivity experiments utilizing both
the CWB's Limited-Area Forecast Systems (RFS and MFS) and the
MNCAR/Penn State Mesoscale Model Version IV (MM4), A total of 7
numerical experiments using MM<4 and 4 experiments using CWB
maodels were performed in FY (fiscal year) 1991, These results were
described in Kuo (1991}, hereafter referred to as K1. The key
conclusions of K1 can be summarized as following:

a. Systematic errors were identified in both the RFS and MFS in
the prediction of the southward movement of the Mei-Yu front
These systematic errors were suspected to be related to the
PBL parameterizations (RFS and MFS assume the bottom three
levels to be well mixed, this might cause a significant
weakening of the shallow cold air behind the Mei-Yu front).

b. Experiments with MM4 showed that precipitation forecast was
highly sensitive to horizontal resolotion. With 15 vertical
levels, medels with horizontal resolution of 45 km and 0 km
were incapable of simulating heavy precipitadon occurred
during TOP#13, even though the movement of the Mei-Yu fromt

was properly simulated.
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c. The MM4 mode! with a grid resolotion of 22.5 km simulated
heavy precipitation over Taiwan, however, the timing was off
by about & hours.

The objectives of the second year's research are: (1) to study
the impact of vertical resolution, (2) to examine the sensitivity of
rainfall forecast to precipitation parameterization, (3) to analyze ail
the model results, {(4) to determine a control experiment, (3) to
diagnose the results of the control experiment in an effort to
understand the physical mechanisms associated with the heavy
precipitation. A total of nine nomerical experiments were performed
using the MM4 model. The results of these experiments are
described in this report. In collaboration with Dr. Kuo at NCAR, Dr.
Glory Hsu at the Cenmal Weather Burean also conducted several
experiments using the RFS and MFS. The results of these experiments

were described in Hsu et al. (1992), and therefore not repeated here.

2. Experiment Design

Table | summarizes the pumerical experiments performed
using the MM4 model. The first three experiments all have 23 levels
in the vertical, but with the horizontal resolution of %0 km, 45 km,
and 22.5 km, respectively. These three ecxperiments will be
compared with the 15 level experiments conducted in FY-1991 at thi
same horizontal resolution to assess the impact of vertical resolution.
The enhancement of vertical resolution occurs mostly in the upper
and middle troposphere. The sigma distribution of the 15, and 23

levals are shown in Table 2. The CWB models use 12 vertical levels.
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The second group of the experiments addresses the impact of
precipitation parameterization. These experiments all use a
horizontal grid resolution of 22.5 km and with 15 vertical levels.
Experiment E22.5L15 uses the Kuo (1974) scheme for subgrid scaie
precipitation parameterization, while E22.5AS8 uases a modified
Arakawa-Schubert (1974} scheme. Both experiments employ a
simple nonconvective precipitation parameterization to treat the
grid-resolvable scale rainfall (without explicit prediction of cloud
water and rain water). Experiment E22.5GE uses the Grell (1992)
scheme for subgrid scale precipitation and explicit moisture scheme
(Hsic et al. 1984) for resolvable-scale precipitation. The explicit
maoisture scheme includes prognostic equations for clond water and
rain water with relevant microphysical processes. Both the modified
Arakawa-Schubert scheme and the Greill scheme include convective
downdraft parameterization.

To understand the impact of Taiwan's topography on the
rainfall occurrence and distribution, we ran E45NT and E22.5NT with
the terrain height of Taiwan set to 1 m, keeping every else within
the domain the same as those of E45L15 and E22.5L15 (these two

experiments were discussed in Kl

3. Results of Sensitivity Experiments

a. The Impact of vertical resolution

Figure 1 shows the 36-h and 48-h predicton (valid at 0000
UTC and 1200 UTC 25 June 1987} of sea-level pressure and low-level
(sigma = 0.97) wind fields of E90L23. Comparison of these forecasts
with those of ESOL1S shows that the position of the East China Sea



cyclone, the position of the Mei-Yu front, and the splitting of the Mei-
Yu front as it encountered the Central Mountain Range (CMR) were
nearly the same berween these two experiments. The precipitation
forecast of E90L23 is shown in Fig. 2. Again, the rainfall distibution
was very similar to that of E'?I.}i_li.

A comparison between E435L23 (Figures 3 and 4) and E45L135
vielded similar reselts in the vicinity of Taiwan. Again, the
enhancement of vertical resolution (particularly in the upper-
troposphere) did not make a significant impact on the low-level flow
fields, the Mei-Yu front, and the related precipitation in the vicinity
of Taiwan (Fig. 4). However, we note that at hour 36, the East China
Sea cyclone was placed at 131°E, 29.59N (a location better matched
with the observation) in E45L23, while that in E450L15 it was located
at [289E, and 29°N. This cyclone was driven by an upper-level
baroclinic wave (Yeh et al. 1990). An improved vertical resolution
did improve the forecast for this cyclone.

With a faster eastward movement of the East China Sea cyclone
in E45L23, the pgeneral synoptic scale setring in the vicinity of Taiwan
was affected. Becanse E22.5L23 was driven by E45L23 in a one-way
interactive mode, these effects caused some differences in the
detailed mesoscale structure of pressure, wind and precipitation
forecast between E22.5L23 and E22.50L15. We note that the surge of
cold air along the southeastern China coast appeared to take place
slightly earlier in the 23-L model (Fig. 5) as compared with that of
the 15-L model (Fig. 7). By hour 48, the coastal nidging was slightly
stronger in the 15-L model. Generally speaking, the differences in
the pressure and wind distribution between these two experiments
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were not significant. However, some subtle differences in the model
precipitation forccast were noted. First, during the first 12-h peried,
the rainfall off the northwestern coast of Taiwan was slightly heavier
in the Z3-L. model and with an orieatation more consistent with the
satellite observations. Second, significant precipitation was predicied
off the Taichung coast between 0300 and 0600 UTC 25 June, which
represents the second precipitation episodes associated with the
[OP#13 (Jou and Deng 19%90). Three hours later, heavy precipitation
moved inland over Taichung. A similar sequence of events was also
predicted by the 13-L meodel, except it was delayed by 3 hours (Fig.
8). A comparison with the satellite observations indicates that the
timing of the 23-L model was more accurate, even though it still
lagged behind the observation by approximately 3 hours.

In summary, we find that the effect of vertical resolution
becomes increasingly important for models with higher horizontal
resolution. This implies that for the CWB models with 90-km and 45-
km resolution the impact of vertical resclution may not be as
dramatic. However, as the CWB models use smaller grid size, an
improvement in the vertical resolution will be important.

b. The impact of precipitation parameterization

The second group of sensitivity experiments examine the
impact of precipilation parameterization on rainfall prediction. Al
the experiments use a horizontal grid size of 22.5 km with 15
vertical levels,

The uwse of the modified Arakawa-Schubert scheme produced a
stronger East China Sea cyclone (994 mb versus 996 mb) at 0000
UTC 23 June (Figure 93). The low-level wind ficsld also indicates that
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the cold air surge near the scutheastern China coast moved faster
southward (Figure 9b), in line with the observation. By 1200 UTC 235
June (Figure 9c), the mesoscale pressure distribution near the
southeastern coast of China and in the vicinity of Taiwan was quite
different from that of E22.5L13 (the Kuo scheme). The cold surge in
E22.5A8 near the China ceast (Figure 9d) was not as well defined as
that in E22.5L15 (the Kuo scheme) at this tme. One possible reason
for the more complicated mesoscale prassure distribution associated
with the modified Arakawa-Schubert scheme might be related to the
parameterized cumulus downdrafts, It is possible that the
downdraft intensity {a tunable parameter in this scheme) was set too
sirong.

Substantial differences were found in the precipitation
forecasts between these two experiments. During the first 12-h
period (the first precipitation episode), most of the rainfall occurred
to the north and northwest of Taiwan for both experiments.
However, the rainfall amount was substantially larger for the
experiment using thes modified Arakawa-Schubert scheme (E22.5AS,
Figure 10). For example, the maximum 3-h accomulated rainfall
between 1800 UTC and 2100 UTC 24 June exceeded 25 mm in
E22.5AS, while that in E22.5L15 was a little over 5 mm. During the
3-h peried between 0000 UTC and 0300 UTC 25 Jume, EZ2.5A5
produced a line of precipitation to the north of Tarwan, which was
not found in E22.5L15 nor in the observaton. The occurrence of the
second precipitation episode started at 0600 UTC 25 June, similar to
that of E22.5L15. However, the rainfall distribution was somewhat

better than that of E22.5L15. Generally speaking, the use of the
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modified Arakawa-Schubert scheme produced slightly improved
precipitation forecast.

The wse of the Grell (1992) subgrid-scale cumulus
parameterization along with the explicit moisture scheme (E22.5GE)
did not produce better forecast than either the Kuc scheme
(E22.5L15) or the modified Arakawa-Schubert scheme (E22.35A8).
Figure 11 shows the 12-h (valid at 0000 UTC 25 June) and 24-h
(valid at 1200 UTC 25 June) forecast of sea-level pressure and
surface wind for E22.5GE. Generally speaking, the pressure
disrribution in E22.5GE was more similar to that of the Kuo scheme
than to the modified Arakawa-Schubert scheme. We note that the
cold surge was fairly intense at 0000 UTC 25 June in E22.5GE.
Northerly flow aleng the southeastern China coast reached as far
south as 22.39N, However, by 1200 UTC 25 June, the cold SUTEE Was
cut off by a region of southerly flow immediately to the west of
Taiwan. This rather unrealistic wind field distribution was not found
i either the Kuo scheme or the modified Arakawa-Schubert scheme.

The precipitation forecast of E22 5GE (Figure 12) was also
inferior to either the Kuo scheme or the modified Arakawa-Schubernt
scheme. The rainfall amount in E22.5GE was the lowest among the
three experiments. During the first 12-h period rainfall in the
vicinity of Taiwan rarely exceeded 5 mm, while in the second 12-h
period, only a few isolated points over the west coast of Taiwan
predicted rainfall more than 5 mm.

These experiments clearly indicate that the mesoscale
prediction of pressure, wind and precipitation distribution is highly
sensitive (0 precipitation parameterizatdon. Without further
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experimentation of these schemes on a large number of cases, and
without in-depth analysis of the performance of each scheme, it is
not possible to conclude one scheme being definitely better than the
other. Although, based on the testing performed up to this point, the
Kuo scheme appears to be guite adequate for the simulation of the
IOP#12 case. It is also pessible that with further adjustment and
tuning, the performance of the modified Arakawa-Schubert scheme
and the Grell scheme can be subsiantially improved (for example,
adjusting the downdrafll intensity).

c. The effects of orography

In an efforr to understand the impact of the Central Mountain
Range (CMR) on the Mei-Yu front and its associated precipitation
distribution, we performed Exps. E43NT and E22.5NT. In both
experiments we set the terrain height of Taiwan to 1 m, while
keeping everything else the same. The main purpose of E4SNT was to
provide lateral boundary cendidons for E22.5NT. Since the orography
of Taiwan was of a scale of 100 km x 300 km, the impact of
orography can be muoch better revealed in the 22.5 km model.
Therefore, ocur discussion will focus on the results of E22.5NT.

Figure 13 shows the sea-level pressure and surface winds wvalid
at 0000 UTC and 1200 UTC 235 June as predicted by E22.5NT.
Without the orography of Talwan, significant changes were found in
the mesoscale pressure distributon and the surface wind field, First
of the all, the mesoscale pressure ridge on the uopwind side of the
Central Mountain Range no longer existed in the no-terrain
experiment. The coastal ridging along the southeastern China coast

was still reproduced by the E22.5NT experiment. This is to be



expected because no modification was made 1o the orography of
China.

The split and deformation of the Mei-Yu front found in
EZ2.51.15, as revealed by the surface wind field, was missing in the
no-terrain experiment. Instead, a continuous shear line associated
with the Mei-Yu front was predicted at 0000 UTC 25 June. By 1200
UTC 25, an arc shaped Mei-Yu front was predicted to the west of
Taiwan in the no-terrain experiment. This is du¢ to the enhanced
cold air damming along the China coast.

We note that the Mei-Yu front moved slightly slower over
Taiwan than over the Pacific ocean. As a result, by 1200 UTC 25 June,
a slight frontal deformation was found along the east coast of Taiwan.
This was due to the differences in friction between land and ocean. It
15 important to recognize that even though the terrain height was
reduced, Taiwan was still represented as a land mass. A comparison
of this simuolation and the E22.5L15 simulation shows that the frontal
deformation caused by differential frictional effects was significantly
weaker than that cawsed by orography.

To illustrate further the impact of orography we compare the
the temperatore field at o = 0.97 for both experiments in Figure 14,
A major difference in the variation of frontal intensity was found
berween these two experiments, In the control experiment with the
CMR, the temperamre gradient was very large, 3°C (100 km)-!, for
the western segment of the Mei-Yu front (betwesn Taiwan and the
coast of China). In sharp contrast, the temperature gradient was
about 20C {100 km)-l in the eastern segment (to the east of Taiwan).
In the no-terrain experiment, the temperature gradient was much
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more homogeneous in the vicinity of Taiwan, =~2.5°C (100 km)-I,
except for the portion along the coast of China, where cold air
damming enhanced the frontal gradient., These differences show that
the effect of CMR was not only to deform the Mei-Yu front, but also
to block the southwesterly monsoon flow on the western side of
Tarwan, As a result the warm, moist monsoon air was brought
directly against the colder, drier air behind Mei-Yu front, causing
substantially enhanced frontal gradieat to the west of Taiwan. On the
contrary, the faster movement of the cold air along the eastern side
of CMR spread the cold air over a Jonger distance. Consequently, the
temperature gradient to the east of Taiwan was slightly weakened as
compared with the no-terrain experiment.

Figure 15 shows the corresponding equivalent temperature
fields for these two experiments. In addition to differsnces in frontal
gradient discussed earlier, a pocket of relatively low 8. air was founnd
over southeastern coast of Taiwan in the control experiment
{E22.5L15). This feature was not found in the no-terrain experiment.
From previous modeling studies utilizing MM4 on the TAMEX meso-
low cases, that this was found to be a conseguence of flow blocking
by the CMR. As the southwesterly monsoon air was blocked by the
CMR, low 8. air in the mid-troposphere descended into the lower
troposphere at the lee of the CMR. It should be commented that a
meso-low was observed in the TAMEX IQP#13 case over
southeastern coast of Taiwan. This is consistent with the model
simuolation presented here.

The precipitation distribution (Figure 10) was strongly affected
by the CMR. When the CMR was removed (E22.5NT), the Mei-Yu
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rainband cut through Taiwan with little meodification. Three-hour
rainfall exceeding 5 mm was predicted over the northern half of
Taiwan between 1500 UTC and 1800 UTC 24 June, which did not
occur in the control experiment. Also, a band of precipitation
exceeding 10 mm (3h)y] was predicted to cover central Taiwan
during the 3-h period ending at 0800 UTC 25 June. In contrast,
significant precipitation was predicted in the control experiment
along the west coast of Taiwan with a much higher intensity. For
example, nearly 40 mm of rain was predicted over Taichung in the
3-h period ending at 1200 UTC 25 June, which was not found in the
no-terrain  experiment.

In summary, we found that the Central Mountain Range
produced significant alteration of the Mei-Yu front, blocked the
southwesterly monscon flow and was responsible for the mesoscale
precipitation distribution. To fully realize the impact of Taiwan's
orography on weather sysiems over the region, a model with a
resolution on the order of 20 km is needed.

d. Nonhvdrostatic model simulation

The NCAR mesoscale modeling group recently developed a
nonhydrostatic version of MM4 which can be used for real data
simulation and prediction {Dudhia 1992). It is of interest to examine
the usefulness of this model in the simuolation of the TAMEX IOP#13.
For this purpose we performed a 22.5-km 23 level nonhvdrostatic
(NH) model integration (E22.3NH) with the same physical
parameterizations as those of EZ2.51.23. At a horizontal grid length of
225 km, we do not expect the nonhydrostatic effects to be
important. However, because the NH model includes predictive
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equation for pressure perturbation at each vertical level, the
pressure gradient force cam be caleulated much more accurately (the
usual pressure gradient force problems in sigma coordinate models
no longer exist).

Figure 17 shows the sea-level pressure and surface wind
forecasts of E22.3NH verifying at 0000 UTC and 1200 UTC 25 Tune.
Generally speaking, the results of E22.5NH are similar to those of
E22.5123. However, we note a few subtle differences. First, the cold
air damming along the southeastern coast of China appears to be
better simulated. A pressure trough (inverted trough) was located
over the Taiwan Strait, immediately to the east of the mesoscale
pressure ridge associated with the coid air damming, Most
interestingly, we see a meso-low over the Taiwan Strait at 0000 UTC
25 June, off the coast of Hsin-Chu, a location climatologically faversd
for meso-low formation. Ar 1200 UTC, another meso-low was
predicted off the southeastern coast of Taiwan. Neither of these two
meso-lows were clearly visible in the hydrostatic simulation of
E22.51.23.

The surface wind field indicates that the wind speed was
stronger along the southeastern coast of China and off the
southeastern coast of Taiwan in the nonhydrostatic simulation. These
results are consistent with the strong celd surge along the China coast
and the development of meso-lows.

The precipitation distribution (Figure 18) predicted by E22.5NH
was very similar to that of E22.50.23, except the precipitation amount

was larger for the NH model. The NH model pradicted rainfall amount
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exceeding 30 mm in several 3-h periods, which was consistent with
the observed rainfall intepsity.

Although the use of nonhydrostatic model with a 22.5-km gnd
did not produce dramatic differences from those of the hydrostaric
model, we do nots general improvements in the simulation. Perhaps,
the two most significant implications are: (1) it is feasible to perform
nonhydrostatic numerical weather prediction over Taiwan, and (2)
with a nonhydrostatic model a much higher horizontal resolutien can

be used for nomerical simulation and operational forecasts.

4. Model diagnosis

An important scientific question concerning the TAMEX TOP#13
is the physical mechanisms responsible for the cccurrence of heavy
rainfall. With a successful model simulation, detailed diagnosis can be
performed to gain insight into these physical processes. As discusssd
in K1, the EZ2.5L15 experiment simulated the deformation of the
Mei-Yu front, the cold air damming along the coasts of China and
Taiwan, and the heavy precipitation over Taiwan very well, although
the timing was off by approximately & hours, Although the model
simulation was not perfect, it is believed that the model reproduced
the physical processes involved in this event reasonably well. If
allowance is made for differ=nces in timing, the model results can
provide valuable information on the physical mechanisms associated
with this heavy rainfall event. In this section, we show some of the
model diagnoses based on the results of E21.35L15.

A total of chree verdeal cross sections were taken, one along

the sputheastern coast of China, the second along the west coast of
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Taiwan, and third catting across the Taiwan Strait and the Central
Mountain Range. The position of these cross sections are shown in
Figure 7. Figure 19 shows the cross section of horizontal wind,
relative humidity, $. and vertical circulations along the coast of China
at 12 h intervals. The horizontal wind show northerly and
northeasterly behind the front, and southerly and southwesterly
ahead (and above) the front. The cold air moved very rapidly along
the China coast, with a displacement of about 150 km in 12 h. The
southwesterly flow above the front was moeist, with relative
humidity exceeding 90%.

There were considerable differences in the 8. field across the
front, with 8. exceeding 370 K in the prefrontal boundary layer, and
Be below 340 K in the postfrontal air. The front was very shallow as
revealed both in the horizontal wind field and the B, field. The depth
of the cold air increased slowly from the surface to about 1500 m
over a 300 km distance (as shown in the cross section at 1200 UTC
25 June). The shailowness of the cold air might explain the
difficulties of the CWE models in handling the frontal interaction
with topography if the lowest three layers are well-mixed and (or)
the models have relanovely low vertcal resolution. The cross section
also shows a direct circulation across the fromt, with warm air rising
azhead and above the front and cold air sinking behind the fronmt.

The cross section along the west coast of Taiwan (Figure 20)
shows many differences from that of the southeastern coast of China.
The front moved about 100 km during the first 12 hours, and about
another 50 km in the next 12 hours. This is consistent with the
observation of enhanced southward advancement of cold air along
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the China coast and quasi-stagnation along the west coast of Taiwan.
It should be commented that the front had an ecast-west orientation
prior to i3 encounter with the orography of Taiwan.

The same kind of thermally direct vertical circulation
associated with the Mei-Yu front was also found in the cross section
along the west coast of Taiwan. The humidity was also high above
and ahead of the front. Most interestingly, at 1200 UTC 25 June, the
eross section cut through the region of heavy precipitation. A column
of saturated air with strong vertical velocity was located at the
middle of the cross section. The heavy precipitation occurred ahead
of the Mei-Yu front by approximately 100 km. This precipitation
systern was rooted within the boundary layer 6. of 370 K, and

curred entirely within the southwesterly monsoon air. This is
consistent with the pre-frontal sguall line observed by Doppler
radars in this case,

To understand better the environment of the squall line we
show in Figure 21 the cross section cutting through the Taiwan Strait
and the Central Mountain Range at 1200 UTC 25 June. The cross
section shows that the heavy precipitation took place on the upwind
side of the Cenwmal Mountain Range, ahead of (and to the southeast
of) the Mei-Yu front. From Figure 20 and 21, we can visualize that as
the Mei-Yu front advanced southward, the warm, moist
southwesterly monsoon air was squeezed by the cold air w the north
and the Central Mountain Range to the east, and was forced to rise on
the wpwind side of the mountain, causing heavy precipitaton. If the
Cenmal Mountain Range were not there, then the monscon air would
just flow eastward without ephanced lifting. Thus, the precipitation
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would be mainly produced by frontal lifting, and the precipitation
amount would be considerably less. This conceptwal model is

consistent with the resulis of the no-mountain experiment, E22Z.5NT.

5. Summary and Conclusions
During the past year, we performed a total of nine experiments
nsing the NCAR/Penn State mesoscale model MM4, with an interest
to examine factors important o heavy precipitation forecasis using a
limited-area model. The key results can be summarized as follows:
1. Increase the vertical resclution from 15 levels to 23 levels had
little impact on the results of 90-km, 45-km and 22.5-km
models. The main reason for the lack of impact was due to the
fact that most of the increase in vertical resolution took place
in the middle and upper troposphere. For the simulation of the
TAMEX [OP#13, it was the low-level frontal forcing and its
interaction with the topography that was crucial for heavy
precipitation. The increased vertical resolution, though
improved the simulation of uwpper-level systems, had no
significant impact on the forecast in the vicinity of Taiwan. The
impact of vertical resolution, though not large, increased with
increased horizontal resolution. With finer horizontal
resolution, more precipitadon occurs on the grid-resolvable
scale. The increased vertical resolution will influence the
development of grid point satwration and resolvable scale
precipitation. For numerical weather prediction over Taiwan,
an improvement in horizontal resolution from 45-km to a grid
gize of at least 22.5 km is crucial. The improvement in vertical
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resolution is not as important. We recommend adding a few
levels in the lower moposphere for the CWE models.

. Test of different precipitation parameterizations on a 22.5 km
model revealed considerable forecast sensidvity. Mot only the
precipitation amount and precipitation distribution were
affected, the mesoscale pressure and wind fields were also
affected. Among the three precipitation parameterizations
tested, the Kuo scheme coupled with a simple nonconvective
precipitation parameéterization produced the best pressure and
wind field distribution, while the Arakawa-Schubert scheme
produced better precipitation distribution and amount. The
Grell scheme combined with the more sophisticated explicit
moisture scheme gave the worst results. Although the EKuo-
scheme appears to be qaite adequate for this case, it is possible
that further tuning of the Arakawa-Schubert scheme and the
Grell scheme can improve their performance. Considerably
more testing 15 required before a definite conclusion can be
given,

. The removal of the Taiwan's orography produced significant
changes on the model simulation. A comparison of experiments
with and without the orography of Taiwan indicates that the
effect of the Central Mountain Range was to: (1) split the Mei-
Yu front into eastern and western sections, (2) block the low-
level southwesterly monsoon flow, (3) cause the middle-level
low 8. air to descend to the lee of the Central Mountain Range,
(4} enhance the temperature and 8, gradient of the Mei-Yu
front to the west of Taiwan, and (3} produce enhanced
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precipitation on the opwind side of the mountain by blocking
and lifting the warm, moist monsoon air. The importance of the
CMR on the flow field, pressure field and precipitation
distribution again calls for the use of high resclotion models for
numerical weather prediction in Taiwan. Only with high
horizontal resolution can the CMR be properly represented in
the model.

. The nse of nonhydrosiatic mesoscale model at a horizontal
resolucion of 22.5 km prodoced moderate improvement in the
model simulation. The cold air damming along the China coast
and the meso-lows located off the northwestern coast and
southeastern coast of Taiwan were all simulated with improved
accuracy. Also, the precipitation amount produced by the
nonhydrostatic model was closer to the observed amount. Mors
significantly, our results indicate that it is feasible o use
nonhydrostatic mesoscale model for numerical weather
pradiction in Taiwan.

. Detailed model diagnoses were performed on the results of
E22.5L15 experiment. Vertical cross sections perpendicular to
the front indicates extreme shallowness of the cold air behind
the Mei-Yu front. The frontal slope was about 0.3/100. The
shallowness of the cold air might explain the difficulties
encountered by CWB's RFS and MFS in the simulation of the
Mei-Yu front and its movement, in particular if the lowest
three-levels were assumed to be well-mixed. The model
diagnosis also indicates thermally direct secondary circulation
across the Mei-Yu front. The heavy precipitation was found to



take place within the warm, moist southwesterly monscon
flow, approximately 100 km ahead of the front. The model
results suggest that as the Mei-Yu front advanced southward,
the warm, moist monsoon air was forced o rise over west
central Taiwan (near Taichung), as it was blocked by the
Central Mountain Range to the east and the cold air to the
north. The pre-frontal nature of the simulated heavy
precipitation was consistent with the Doppler radar observation
of the TAMEX IOP#13 pre-frontal squall line.
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Tahle 1. Numerical experiments performed using the
NCAR/Penn State mesoscale model MM4,

Exp. Grnd Vertical Precip. Remarks

Name Size Level Physics

E90L23 90 km 23 Kug 23 level experiment
E450L23 45 km 23 Kuo 23 level experiment
E22.5L23 225 km 213 Kuo 23 level experiment
E22.5L15 225 km 15 Kuo contral experiment
E22.5A5 2235 km L5 A.-5. Arakawa-Schubert
EL25GE 2235 km I3 Grell with explicit scheme
E45NT 45 km 13 Kuo No Terrain

E225NT 223 km 15 Kuo No Terrain
E2258NH 225 km 23 Kuo Nonhydrostatic model

Table 2. Sigma distribaotion for 12, 15, and 23 level madels.
23 Levels:
1., .99, 98, 06, 93, B9, 85 R, 75, 7, 63, 6,
a3, .5, 45, .4, 35, 3, 25, .2, .15, .1, 0.05, 0.0

15 Levels:
1.,.99, 98 096 093 80 84 TR 7.6 5 4 3, 2 .1,00

12 Levels:
1., .95, .90, .80, .7, 6, .5, .4, 3, .2, .1, .05 0.0
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Figure Captions

Fig. 1. Sea-level pressure and ¢ = 0,995 wind for {a}. (b) 36-h, (c), (d)
43-h foreecasts of E9OL23 verifying at 0000 UTC 25 and 1200
25 June 1987, respectively.

Fig. 2. 24-h accumulated rainfall ending at 1200 UTC 25 June 1987
for EQ0L23,

Fig. 3. Sea-level pressure and ¢ = 0.995 wind for {(a), (b} 36-h, {(c), (d)
48-h forecasts of E45L23 verifying at 0000 UTC 25 and 1200
23 June 1987, respectively.

Fig. 4. 24-h accumulated rainfall ending at 1200 UTC 25 June 1987
for E45L23.

Fig. 5. Sea-level pressure and o = (0,995 wind for {a), (b) 12-h, {c), (d)
24-h forecasts of E22.5L23 verifying at 0000 UTC 25 and 1200
13 June 1987, respectively.

Fig. 6. 3-h accumulated total rainfall at 3-h intervals for E22.5L23
ending at (a) 1200 UTC 24, (b) 1800 UTC 24, (¢) 2100 UTC 24,
(d) 0000 UTC 25, (e) 0300 UTC 25, (f) 0600 UTC 25, (g) 0900
UTC 25, and (h) 1200 UTC 25 June 1987.

Fig. 7. Sea-level pressure and o = 0.995 wind for {a), (b} 12-h, (¢}, {d}
Z4-h forecasts of E22.5L15 (the Kuc scheme) verifying at 0000
UTC 25 and 1200 25 June 1987, respectively.

Fig. 8 3-h accumularted total rainfall at 3-h intervals for E22.5L15
{the Kuo scheme) ending at {2) 1200 UTC 24, (b} 1800 UTC 24,
(c) 2100 UTC 24, (d) 0000 UTC 25, (e) 0300 UTC 25, (f) 0600
UTC 25, {g) 0900 UTC 25, and (h} 1200 UTC 25 June 1987,
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Fig.

Fig.

Fig.

Fig.

Fig.

. 9. Sea-level pressure and o = 0.995 wind for (a}, {b) 12-h, {c), (d)

24-h forecasts of E22.5A5 (the Arakawa-Schubert scheme)
verifying at Q000 UTC 25 and 1200 25 June 1987, respectively.

.10 3-h accumulated total rainfall at 3-h intervals for E22.5A5

{the Arakawa-Schubert scheme) ending at (a) 1200 UTC 24, (b)
1800 UTC 24, (¢} 2100 UTC 24, {d) 0000 UTC 235, (e) 0300 UTC
25, (B) 0600 UTC 25, (g) 0900 UTC 25, and (h) 1200 UTC 25
June 1987.

11, Sea-level pressure and o = 0.993 wind for (a), (b) 12-h, (c),
{d} 24-h forecasis of E22.5GE (the Grell + Explicit scheme)
verifying at 0000 UTC 25 and 1200 235 June 1987, respectively.
12. 3-h accumulated total rainfall at 3-h intervals for E22.5GE
(the Grell + Explicit scheme) ending at {a} 1200 UTC 24, (b)
1800 UTC 24, (c) 2100 UTC 24, (d) 0000 UTC 25, (&) 0300 UTC
25, (f) 0600 UTC 25, (g) 0900 UTC 25, and (h) 1200 UTC 25
June 1987.

13. Sea-level pressure and ¢ = 0.995 wind for (a), (b) 12-h, (c},
{d) 24-h forecasts of E22.5NT verifying at 0000 UTC 25 and
1200 25 June 1987, respectively.

14, Temperature at ¢ = 0.97 for (a) E22.5L15 and (b) E22.5NT
experiments wverifying at 0000 UTC 25 June.

15. Equivalent potential temperature at o = 0.97 for (a) E22.5L15
and (b} E22.5NT experiments verifying at 0000 UTC 25 June.
16. 3-h accumuiated total rainfall at 3-h intervals for E22.5NT
ending at (a) 1200 UTC 24, (b) 1800 UTC 24, (e) 2100 UTC 24,
(d) 0000 UTC 25, (g) 0300 UTC 25, (fy 0600 UTC 23, (g) 0900
UTC 25, and (h) 1200 UTC 235 June 1987.
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Figz.

Fig.

Fig.

Fig.

17. Sea-level pressure and ¢ = 0.995 wind for {a), (b} 12-h, (c},
(d) 24-h forecasts of E22.5NH verifying at 0000 UTC 25 and
1200 25 June 1987, respectively,

18, 3-h accumulated total rainfall at 3-h intervals for E22.5NH
ending at (a) 1200 UTC 24, (b) 1800 UTC 24, (¢) 2100 UTC 24,
(d) 0000 UTC 25, (e) 0300 UTC 25, (f) 0600 UTC 25, (g) 0900
UTC 25, and (h) 1200 UTC 25 June 1987,

19. Cross section of horizontal wind and relative humidity {upper
panels) and equivalent poetential temperature and vertical
circulations (lower panels) of E22.5L15 for the cross section AR
(along the coast of China, shown in Fig. 7} verifying at {a) 1200
UTC 24, (b) 0000 UTC 25, and (c) 1200 UTC 25 June.

20. Cross section of horizontal wind and relative humidity (upper
panels) and equivalent potential temperature and vertical
circulations (lower panels) of E22.5L15 for the cross section CD
{along the west coast of Taiwan, shown in Fig. 7) verifying at
(a) 1200 UTC 24, (b) 0000 UTC 25, and () 1200 UTC 25 June.

21. Cross section of {a} horizontal wind and relative humidity and
{b) equivalent potential temperature and vertical circulations
of E22.5115 for the cross section EF {cutting through the
Taiwan Strait and the Central Mountain Range as shown in Fig.
T) verifying 1200 UTC 25 June,

—A3T



3¢ b

HoicM b I."Ir: o

i 2

]

S

=
¥ - ~ &
s - =

rrgarr I T rr e e

ST L I R =
-l ..._._..Llu_m & -
3 gty A T T A it = o

k3

e e g T

g e e L

e
e

R, L
13 11 1 ] !E§

i 5

b T T T T T B B B

J!f!;!fl
S 1..._1..%

MJJ.,__..__ L [

;
A

e Ty
= - A .ﬂ..% R
s . ) Bl N I b Sl B A
: - ¥ m f.r..,‘.__.ﬂL__.q_ "_um H.m -,_.._... w__ J...uuﬂn.uuuuu.,
- o Ml oy g i .__........ T T e e i i e T e
. % = 1 J._J_:.Jtl..ﬂn._._m A T S R S A
] = L.s.PJJIJJI]EHH £ WJJ - e e e e
J AR PR o fuu m RRRESERRRNIL
e A = L
3 i ”...”_n,...___ Hw«.,u..,......]ll[..,ﬂ.\ ﬁ ﬂ mx___..__.,..\ Jﬁ# .h.
Js e L ey LA ) ) B A J«W y 4
7 % 4 H NJJ“JJ]HHW ﬁﬁ—q+mq x;ﬁ.. i Ir“ ok |
b S e Ry ot R A =
ot JNHJIJHHE Faa et LN W H e
Y SCL T .____...5...1{._._.....,.__.,.1... \"“*
I L e, m“‘ I de
sy LA Y el AR v SELAE S ERI SRS
o TE - 1R . w-...,,. :
@1-_. : ._.r.....rln....lhuJ-.r,_uI ki .- ﬂ_ Aol JEfkak-A b !
= L
"

¥ E

el LT



-'|'H""'i'lll';l"l'1:lllll

A nE

U.'l.trril'_'ff.

Fils
s *i!"_lﬂ

= g |

: Vel
e T R |

o LY R

Bt

L
L
"-..'l-..‘-: L .

‘_,-'_.-".l_.-_r"r'l.ﬁ_o--.-r\-.-r,'!i.\_,l
it 5 ot

—~ 33—

J:___ --&T‘é’l

=1

dF B L i s gl Y T P

gy T
4

e
TR, T B
afﬁgfjﬁx3311

NE @
Fig. 1 Continued

s
~——
i
S
" T



SIGHA =1._ 333 TEMD AHT dum 1 BTS2 T~ 48 ABh  EAOOTH= @

0[]

lllml

B,

o :
e 85 3
et E s l': <
i et l.h\\! - =
AN 0 Dy o
L T

10F13 B0XM 23L {(Kus, HFIRPEL)
CINTOUH FACE  IR2G2E Fe EFAdy COMTIUR THTER™S. 9F 9 LI RE ET W " b1 ]

Fig. 2

— 35—



fren faan feus

s

m.u

=
G e G ahAan
s NI B o o S B g e P
s L NP o o S R
N IR o o B
.. B At Pl et
¥ e P g o o

=
L
=
!
=
-=-
=
=)
=
=
H
=
=

o

B 0 > S

b iy o ]

T e -

o e g =

B e T e S T B

iy ]

T .1.4-_#_
J..._”_.M Wk e

L

5 L =

Ly N R
<
o«
-
[ ok
U
B
Al
=

Ao L

L
ke

rIs
Ny e

v %
o I s -
s ey
L _1
i ST e Ty
e Y
ﬁw R oY o LR
I B T Y I SN A

3,
=
W -_— -
LA I i s gy PP P
e B ._...1..|.|.L.# N e
1L e i e J
P R e i I B
= A | jv i o = A W
b (1T v

] [ - LT L

T

s e

]
e Sl niwd RN NS RSN

e
o e,
i |
=y
s |

b

4

b o o i T

A
= £ 2
3 ] ]

— 335 —



-ﬁh

L AT

Lalmin i i e i
b B e

gt

-

LI TRAR AP

-
Jd
]
1}
%)
%
- -
=
E T
e
-

1
p
i
:i

4reha f2sl fRun

}

{a

ig. 3 Continued

= 2

.l-\'\-\,'%-h'h'h
e
[

153

Ha

Flynhany
LIRS B

ALY
Ja4 1

¥
g el |

T ey T T T e, Ty e

2

LEST
-

gt
T

T AT T

e
-
S

P T i
F

hee

B i



Flgns -1 ppm TEMD RHT {me k ST6E112- 40.23%  EHOOTH= A

3

LT

I0P13 45KM 23L (Hue, HIRPHL}

TOATIRA PRl apEiEd o 1w COATOA TRTERYaL 7 5, #ads ar|a ae= 1, 2iaa

Fig. 4

— 3 -



T 5w s feug ey BN

11
E FRL™ | L4 y

o gt e
Tl e e e
TR Ry iy

Ay

i b Sl T e !’ i'
L lz_a-g--.ﬂr--‘u-l: :a—.".‘r l"-"':l!::ﬂ.._n.ﬂ.--r I
B _hr.__m_ﬂ?r\.r\.-'!.- PR o o A D — 1 § i
..‘.-.a-a-:ﬂa--*a-.-.—.-..—.—.-:_"-':-"-"'-_._..h . SR
o i

2
] i S
i ot il o T A et A S T A
3 o e O e I P ot o o B0 ®
JdJ S SR P, SR ke o e T T R N R e |
- i At ], g L i L O o, T R R R
S o i R i I R
g1 N S R P e AT SR R I {h':l
LR S bl irte i C 2 S e o oW bl W ke e P B S S ES L LT
g B = T - d

— 350



11 Yeraf21n S Ut

=
o
-
- . s
FITITH 2! .__.“_..._ .._._.,__ .....u....:.ﬁ._ .,._,._,._. A bdiil]

SRR i i, B
T ; f rlﬂw 13 ,vﬁﬁu:.ﬁ_“.u”..
L e Epen T P R b & P

il 44 )

- L [ SRR e o ik o 4
e o S Y saqddnn
ﬂ!# Frnf_u._lrfr..l._l._l.r-_lJI.L-r.mr.mi..n_ YI22F R PR
..".._...._.r_lalrr_,l,l,lf e 1A F .t_._.;_..__....n
i e syt B S RS

R Wity B N R WAl .“_. gt i~

-.,.._......,._J.f_l,lrf._lr.lmi....:{.:..r..rh._.._..__._.._.1........_..... i L

.|.|._f,.n_|rrr._|_|r.._f...|]|.:_..,..,._.......__.._.__. Y e “._ R N

o) B e S ki1 o8

b P R et e i & o gl P "

b r-.rujl._l,l..l......rrrrr,.ll[ur..fuluu.;\..llfll..-..-L.I.,...rl_. , :u -
L ey bbb 1r.|fﬂ_,._.. os i3

= M...._..,......._....J.r._l,llzul...l.lll.l,l.rr_l.rf.pw ¥ ﬂu.;_ H

LA R [ J_,m_,,_‘.ﬂ oy

TiIRLS L .H TR N Y i
L L .f..._..“__ L L)

e mma 1) L 8 AL _TF__.___ ALK Lo -
e | L=t -~ Wk T i o e
i (L) r, m o L e

wh e .“__....‘“..n.._w._". o q..._.1_| N P P LR,

. Ferrreirrrgy ra m e TS

AR AN T Rt LY AL e
s ARt i L T ) m sl , R TRt

: FmrrrrfP LT ﬁ-. qnw [ R AR ALY A
.J......._...u.........._._.ﬂ._.i. § N...._ri.._ e e
R ..Nr Lhisnusy | s RSN LU
e N | .m Lonnni s i e ) 3
nl}\_.....\._....__.._......%. I L T | P o 4 ..”_ ]
R L “1 Vb _..._.n...._,.......r.. |;..L.|.}.|.......--H -y .J..J_“
naetya 000 D R RAE ERRERSTEA B Stmnt, - AR 84

BTSN’ ERLY R i e

A it f vt brtd FlFes BT H

=S ) _1.“_ _m i I s,
et B .T._. L,y .._. ...L..l.......:........r_ e O

T _".;FL.M.H_.. A I
N e S L # 5

e e e fIEALY |

a A i [ _— =

- Y St/ R

) A T N ) X W . .m-p

o !..-lk........-..............\k.._.“..._ﬂ..__”.... ._...Iu.ln.. ! ) £
) L

- Nttty T Syl o H -]
L B i L o ol | #.n

- b . AR AR R ETITEINLY ||

Ll
L}

Fig. 5 Continued

A4 -



-- :
]S Y |
s /._, o ke WA LT
£ ; “

1 __EEE._..._J”.H._._._._ UL LU e P AR AL L AL L



()

e JO

L

3
EEEFEEE&EEEE%.E_

i g:.ﬂﬂiﬂﬂ:@dﬁﬂ!dﬂﬂﬂ.ﬁ:ﬂ:g Homp
: P
; i £k

s

@Wn

- !
hmF___t__r_._._._.-._..._.E...F.-_E._._.En.-E_ E.b.__uM.E-FEE‘._.EEEE-EF.L.EmC_._.' 1

SELILLRIS LRI I LRI LI R ".
"B .HM

A
A3

L,
7 R

o0

._n_-.___.m._uq_.-._._.ﬂu_. LARIRCIRTATRRRRLAEIR TR ﬂErEE-:_EﬁH:E..

i __rwm% A r\mﬁﬁw

P e
=

ST TE T I T YA Y ETATICT R AT L TS TV (VR TTY AE TR 4 ."_a._.._._._:u.._:
{

K

.......:44:.._._41_._._._._..::.21_..._._.“._._._.:.._
el
i

o

£, 0

7

et

Fig. 6 Continued

- 347 —



23 res firn Slend P2 b

E
S

_E.eﬁlﬁl k] 1 4
e
L
NP RT T REARER:
RN R SRR AR A e e
. i AESEET
bebd o 0 T e i g P
o -‘*“““i‘\‘n{?'-."n‘ﬁ‘i"i"‘""" R Nt
SRR RN N A AN T e e e
pa Bl R R R T R e ha e
e R s R b v T N
TR e TR RN, W Ty g R TR Ty S e ] 1
oy g Ty T T, " g i, iy oy Ty i A e g
S e T T ey ey e

E-E = !
A P R CIRY ¥ e 8 |
,‘:-‘iarr -".-rpn—::::.—:d‘H—.—r\_l—ﬂ: E't'!' '?.
e o
.H_,_n..-ur: =% _.,_.-\.J"-"-"Iu-l-"_,_,--.-i % } L X
o= B Sl el gt vl S R S e
e ek W o M T U RS iy
E e iy ey g o
R s Pt B o P, | R =
-, { Sk g iy st L =]
B s P apal s 2 SRR s AL b o0
e b :nlh“"f:-' e A rrmnm-.-":'_},'i_':-ium.a-wa..w
-= by e B
e O g g FERERYNS 3
Rt g i | NN LS L T e EE R o LV
manba b AL E R R R P, il
i B | e :l-_:l..J !l i E hy R
e b e - et
B b '\':"\ FAd s by ks AAT

I B R O i i T PR N R

R I A N R R |
i e ¥
R TR el Ay : oo B
+

k.

'I'rl.l.-ir




zj.r's::.r"!s"- Sewd

Y e

oy
SR
by g e
""'"""“';_"’1"1_'

o
.

i

Py o T i
iy i A e

-
| VT
T
§ 4 -3 = -
L i g N ]"”" """""'f'-f-ujjj
_--. o S G S | fJJFJMW'W"‘"J—’JJ
-'"-"-" s S o —"J-'jJJJ.n'.'.n'.ﬂ'-“i'v’f'f“-"""'"_'_'“““.'.' e
a0 B s wecier et S i Y
i s L W RN R T e
o' atiit ko, e A g T Y | "
= : o ot g I S P R [1}
b il ORI vt il ol s e s d ] B 4 o e ] | Ll A 1 e il 3
Bl =) 133 I, 7

Fig. ¥ Continued

B P



— =

[RIR T} |r|r---||-III-I|IIIIIIlIJI.IIIHIIIILIIIEP"IIIIIIIII mn [RLIL RIN]

E oyt ——

o 7 ——

e "

! 1
Uf;ﬂllllzllkilulltllumﬂIUUWMIU;IIJL‘WJHLIMMLILUJ

' (TR TR
B g fire froe i .
T : [
i L]
| T e o g .

(a) :

BN o

lllllll

BT

. 'A"r";’"""""“""lu-l-l-l-luum.u mmml:;-dﬂm“'"'

THFTTE O MN T ET AT T 18 Yo s e eSS e
| 1
|

ﬁlbl‘ln/l:ll_l: IE;IIII.IJHlllll.||.IuIIlJlI.lJlJlJnﬂlljl#.{‘illlm'nuﬂummmmuumuﬂu. 1

. o

LIRINERTIDINYRINT VY RIRINE TR FRENE

(¢t}



El
Fig. 8 Continued

— 3ddi -



2lorke Aisn fag

L =T

I ]
e ‘_,"“",-_i,"‘r:::. T
S l'a-u-r".‘ q{*‘ )

E,_ P LT gPh k) .\_\_.'::,. LJ:
“""""rl'"fﬁﬁﬁ'.:"}.;:._r £ JT"
=AM e T L e

-t

T e N e P P
B S s N
oyl il i o 4 q;l

.

ey g e Ty e
—“-‘a'-..'.{. O Tl
¥

; o e
{ WW«-.-&,;JJ«
Ao A P N o

B i i el e N (PP
ol o Ll gt {l_r-:_|_.,|_.l—||—.':".?'-.-'_-' LR

e T
id o T |
7 ]

Fig. & Continued



L2.5eh /Tl fas

y’/ E .

. [t g et

B aim
S e

I Ry
Fars e
e

B - Er[PFreIr P
r -El:\..“.\l" I o T Hﬂ::m "' I'|! frr [T T R e G
S P A o et e e fre [TEK§$aey i
= s — e - .I'I"II[F[rrI‘;_I..{\_n_.\_- n z
- —».I—|"-""‘ rl#-l’r’l'f_._l...,-_ﬂr,‘..w_.‘_h_\‘ prta T T O LW LT R
.,_I__,-‘.:';r ..-.d-:.l"_..,\_‘_‘mv_r.rd_ . _|_.|..-_r'Fl;r1 LA B
:inel f fptulitiec e i B L 1 L et S L]
Ba—rPRI-CSRITTN Arha AT i A R R
-1"':.-' i*\"'l."-":"'"""\--w'ﬂﬁr--'ﬂ-: L A R R R A
e !'H._:_,..:.-'r'a"'"k."h'ﬁﬁ'\‘\"" F L L SN S S

gl LS AT L t'}?‘ﬁt““tt"qth
i R i 5 T =
:’"‘—e.wxut'.ﬂawwlaui = ?ﬂﬂ': s
_H""‘\;;-'"\-."-n- Ly gy _||l|'"!1 F o ""‘I,_ s
el ial m i R R R S e a R NN it g T NELF
LI 0% ds] bhgngn T ] o o
;I,rj e T % _“-_" i R T ] '
] o I B I e e R L O A
R N B I L g
bz S
F4011 *u'v'-'.rfh-ffr‘-*-*‘n‘i--—*?.u.-'..-';ﬁjgm
Ty s i 1-'..'-.1 .I'-.."?E:; - ,__:':_: T S T

R e a at | {d
=

Myl ! i
S A

] o Lt e s

i

— MK -



o




—{I5g -~

penunuoy (T "B14




2r.5km gL foeT
1

- * L

d 132 &, n
T 1 gt 7 T T i T o
LRI o d e L =y * s
S | '|.'|.% !;.ll:...""""-" ,r"; :: i & H:'I-\,'\-.--H-"‘"_-"i' —— e i =
ot W N PR {\\hm i pole o e,
= 3 [} L s e
T ]JJJ | \ %",_"*1 by e
r :rj AT YA e e g R e o 'y
Il IJ l\ '{ '\,:'\-\.1-\.'--'-1- - Y A e e A g
=l hkl&{h"'\-x!- Y t!:::'“r"\"-\."-"-'ﬁ—' : FABEE R e
A i et b B oy g = 5
- "'-"1"‘-"'.!'. '3."'\-"-l|_l-|‘~|‘-:.}\1 'll::::.:lq.l'\-h_l-hl-.-nw.-"'
""1'\-}"5 '|'I"§-'."|"‘l'“|"|i"|“\-'\\"«-"|"\- 1
S e T T, s T T, B e P8 iy
- ﬁ1h'ﬁ|::ﬂ--\'h'\|xﬁ\lﬁmh-u—n,q,1ﬂ,q_,q_ﬂ, -
T T TS S ey R iy oy Ty T,
e T T o

el oy iy oy
— 4 ..1_....1--":—.—.-.1,...\'.1,_@-1%

s "
A A A S P o P e
.l'.-"-l','J!,“JJJ-*.U;#MJ,?J_.E‘;J__-_-_|_||1,-‘.-_\_M_,-_!_I
"'f"-"ﬂ'u"ul'-’-ﬂ'.".-'l"i.-'f-'-r’-"-'-"—'#.-',r_|J|i_ e
J'J’J"I.'IIJ'J'.'U'..-'E—-’_W':'E '!.','._-,
T e
P g i ‘H‘-L-'
& JA Y i

(k]



i P T R

113 T

=

iE . i i i —,
Lo 7T ATl I R JERAFEATI RN L N A AL+ 3 1T L]
' ; : i o ot
3 1 BIESAL TR R LY i ﬁ
S A =T 5 ;
RIS PE AR R IAR, SRR S e s
s P
N RN e T I s u
Hl-t'. J'.r}j !.1 pe et b P SR S LR mmr e
N TR R R LR R i L
e e e e e
31-."\11-1-'\-1-\.\1 . T o oy P oy 1 5y s By iy e B b} FrErrreertr
iy ey e il TS AL EF E LT
R e . FEIEIETIT D
Y e R E L
:::1_L.\\:HN"—H-HMM-H#-WHH . _._-"'i"' -l'-'j".FT'HFIIr:.I"l'
S el etyuana e ol 5 | “IH{ [duled
——— 3 64
A e e e it rﬁf Lffleead
i g S e n A e AR E T
_h'_|.—.nd-...-l-.J-..l" .l".."fﬁh‘_..n.ﬂ- p———— _._a-."."i'. LA T e s
o A i, fr s magieom o i N N S iy By iy
S Rt b i reat PR £ g e LW S
i b iy e Py T o Ty |.-.-. by E'-u-.a'-u-u-u-_-ht..t..
I T Ty e o i e e e S e B B Y 0 IEI'! I R T
B Ty By LY | L R e
o oy = e, B P e B e T I i 1 N
f= == [ — '\-"'\-|"'|"‘|1l}|"|"'l- ) }E'\,H‘L_L_I\_L% ]
e Ewmu Tl e o G
il ’r"”““*t':.:-.n'.'mu‘- 148 Pikceaes =
Pty "l'l-'l'l'l'l".."l-"l“"""‘l"l"l-: g .
R T e e e T T T T B e e o %l I 1 ___" »)
e Dl e i i B T T B T B e B -!_::':L o -""-"‘-""‘-""-""-"""""'l_.l
i T T e e T e T T T e T o ot R
B ALY 'erv. u«r‘“h.{ il-l'-i" LA o R e e
ERTE RN 1 S f U E At el A i
B PR ] ._"'!.'!.'!.'I:l'!L'l'l'l_IIII.lIII_._I.lll__I_.lIl it i b
: SHEL LR RN 4 ;JW"-‘IF“—'—'AH;’._LM-ﬁJ Wk
"'“"'\-":."l'\'l'lt"."."i‘l't.l'.l:‘..l'.llr" N et
R RN R N B T L LR o i )
= W % %y CH T T e o o o e
2 s LN

Y o o o o g |:.-|_'t}
-
[EEETTIT) lwlbd
er

Fig. 11 Continued

— 352 —



T ST TR AT mnﬁm-jﬁhmmmﬂmﬂlrrfﬂ_ﬁn:mﬁ?ﬁ
in) '

12 ri::HIll'lrll'L ll.f’,-;”;

=
o
=
| mﬂm“
o
i
|

et T T TR T

o
LA



AT T TR |I-|1nnrrrrrm?'|'~'lrrlmr-|=|mlﬂ'l1ll'lﬂﬂ'!!Tﬂ“'l'ﬂ‘l'l1ﬂ_'Hl nmrmnmnmnmmmnnmﬂmfmm:mmhm-mr-rmng_mm e
- s

= HI.
(el 1)
aaskaefirt fGeE

— r;;i‘:_

panuniueny gl "B




21 7km 5 fale Tewr Ll
AR = TTTH =2 __.-. e lll l"ﬂé
189 - !qE

IL e I". i .

s .:_

g
a
Sk = o

: ]
R EE g
L%i{\%l "I::—.-!—-"-"'-J.r
YN

WY

A%

WS

%

i T 2

T e T B

Ty TR

? ot 8 P i [ —
: S e .-".u-_.:::.-u-ﬂ

L E TR A N
:E A .r;_" ﬁ—hﬂ-‘-'.-i-zr

iy
"_‘-'\1.'\-\.;"-\.'&'&"\'\-"‘1-‘__"'\1.1

R R L

Y AAE 174

R T 2 Sl il ol T ol o BNl o g g o e
B ettt i i i P S T
B i g0 0 0 e Ll
i b Bt o st I ot

s e R O B G i
5 ol B i W L T sl Jrfid

L R . - R {h}



21 Fim ArL M Tawr
E

i

&
R;

= PR R THEH |'..l - Y -' [; l..-.upr Fapej =
LI T T T T I R T e T B : s e b w
AN R R R R R R ~.-a-~—'""*"*"j:"‘-=
AR AR T TR R R R R i - e e iy - ¥
R A L e
AR Pitreriiiatiag A e et SN o e e
BT AT s A A SRt e
= 3% - H J
'53'15..‘.*-.‘!'-.%{]-*-.\w*-aﬁ*-n*--\.-r-.-.w.-a.ﬁ-r, _l.l'r,.?l-':"-""-"'
T e e o e A R A v
B e T L e i e e e i i, o B
SR B e falialalty 7 .':-." rers r
R e S EFE &
R Ay g S — L 3
oy g e T e L 1 ﬁ
n o e IFETTTSr
e S iy R = L
g mAR T e ol g o 1
-"'..1_.,.._...-w-rr.-' a2 ,_.:',‘,..,__'__,,_" r I'; ; i ki
:;_,I..-h;ﬁ-'-.ﬂ.-.-'\-.-" x —‘.-.-"'-‘-H-HWJ-HH: iy .a-.-lr_E I:é.:.'\.\.'w.
o e v o _._
= :;:',..ﬂ ~ _-.-IET-##.HJ-'::‘. :lr ":::r':-irf; LY :w.ﬁ?:: 2
S T, g T e N ol :!\"'\‘\\_'\‘_'\-LII\_-\_&
= _‘ﬂli'l-_\._.n-‘.ﬂ.-‘u-_l_'-ﬂ-.".ﬂ'a—ﬂ.\‘l ‘}%fff [ AL L NN
= e = e e e I T
it o L M oo
t FUTE LN i e
1 S LR S S S .
Aeaet T a
e b

.du-a-.-.;-_,-_.-‘_,_.-_l.-_'-

"'-" -"-'-.-'-.-

] oA
e I _,.___._..“l.
el -'—-'ﬁ-rw.-'_.-'_.rvr,\_..i

: """"""""-I"-"-i'-\.l"u"_l'_._.'_l'
_E'__.- FA S AL AR

g
Fig. 13 Continued




Fig. 14

— 357 —









3
Fig. 16 Continued

o= 30l -



m}ﬁj.fk::;":uftun i . 12 b
_I_"'WE

N
2y

'_

n T T

T

|
™

plipaiindeieeeny

1

!

L
bk s i disisiiels

:

i
|

""‘ 7 {a)
AL raanll =] Sl &l ull s Ty i L [1]
A © 1 s
A
L L:_] - = ak
T : T : T e T T
T A A Y e I I L e ey T -1
iL :-ll-":':-';::::';'!.l!l..l" Iilllg:ll'_:a:"_t: S T e P T T e e
=
bRt et i L B Rt AR L L DA A e s |t
L B O T O o ol W FPE A P o
LB g R e e AL St T A i S .
s S AL T R L e el -‘f;”,""",FFF”. Pt N
O e T LRI L R S S F AR AR S A, i i
Rk R MRS FEEErRmFErFEe o
R T I b T T i e it 11 FErrFEEFFEE P e L ]
e i I ! d % n
A N NIIITSSIEA I LATTEr cerrOEE [ F it pifae
E o B, P, "o o g Y i iy i
R e TEERETYT
} [ e P o N 1T VR

i

- —_——— [
::“_“__,F:l.-?" :IE_.._“_.._ e o | "_.'
M T T I R R

o
st S
e

_h___.i.._-._-.._._.__.__._-..J'.a-.a-.d.-..-___._-..-'l T ¥

b
o b A AT rf E :ﬁ._,
N e P g —— - — " T i 3
::.ﬂ.-l.-..-.-r.q.ﬂ.o-l.,-.-.nﬂ-‘ﬂd‘d‘_::._\_,_.-if' FTITSs c:?—t'-—-\-
_'..-.nmL.._r.-.n.n.n.r_r-’".-’-’-'..__._._.,".\‘ .J"."""!'\.'|.'-\."-\.'\--I----I--l\E
et iy a ey A A AN T R LR ‘E_ll.-.'l
-..—..i..,,.-...d.da_-_._'._.d.-'f.‘-_.___‘_'_' T ArFET o
--...,'....-.-....\_,\_hhx-ﬂ'_.,.,,_.tﬂ-_,-u : -....,..-ilF:
o R I el et
i T W I Y ] 'I"'p'.il _':,
:"'"""‘-_'l-"'l'l-"-"\"a'illllnrrl F Lt
H"""‘-"‘l-:‘\"‘h'\'l-'h-'b-"r'l.l.ll.l'.ll
B T T T S T T R T e I
T ny TR
i Wk bl F A e
TLl B T
o o o A o o o ot
A
. o) J



e
T T T T T T
AR Ly e

B T T R R e
e e e e e e Ty Ty e e

qrﬁﬁhﬂ;ﬁddﬁnqdrﬂ_
e e -t i -
BBl T Al L T
b -“54 i g T B
=

e ) R




ris Elh i

RL AL

el emerereem

BV
R



— 14 —

panunjuen g1 Hig

E

LI TR R T ey H P TR F R TR IR 110 g}
I

N rkmf2ag feut

Il}ﬁ-'huu:url 1R gy e i dn e




It L | | I-_,___ll lL_ Il._ | T

L__;'Il__ g i 'l__. A, L R (O
o I._Iilll,_'l_ 'I]_'J_I".: h_ I|:_M“I5|.ll_ | ", T S |
I-'—..-L_._ l'-uL I:;.. L_,i."._.\_. B 'u_an b ?Il“-..;_::L— TPy T
%M@ %hhkpﬁhguﬁhp
v T T
b b JLLLME}LLugpp
1§ g "% . oY N TR W W v
S 0 7 ool S O W WO i o Y
T T R . S T R, W
Z T 8 “‘1__ M

1 1 i
f\ﬁ"m—"auf#wq_'-l'_'_l'i_'l'_'_\_ﬁ_w. I'."'-._FI‘-'"‘—-\.:-""H
Al

Ly

/ / S |
qv%jjﬁfﬁkﬁggwww

4 VRS WS
e

yih GBS AR T T e

||I~.

]
\

- L o N il e o o s e ]
i jjii...lll_!!.l!3

Py
A
£ L AN A T
P SV e
;L S T
mo I _,-'"'_ ?_h,?"-a-f_‘__-?-" e
r s ?:?F.H;}H&}i-
e
e AT H_I:hl
—— i “—u‘.-,q_H{:: et _L,!_

M&aE -

ulurla iGN coviREL = F]H 14

A 5 -



L4
e [ |/. -
Job PRESOA K]
LJ L;;L,f-‘ b R L """'"*r;f_l{"%
: j,-*f I’E:/% . &—,-"c:?-—v.."___,gﬁ_f ,,-“'...--
Lﬂ-lf:,-‘ JML’W}P"W

s ';LL%‘JW

::%r }Hbuf“fwvwﬁf

i w"w"wfh”w’;"vf’wwgu
] ":.._ fWJJJngg

¥
%ffiiwjj;j\j

f 5&'\\!\‘. III I[ ||_|- q-'f,' e S _,.-fr
__'_,\\ Sy ¥ i ~T
F # '._;‘ ll:|l". .:'-'"—-I |i._‘-llf-?ll'/-lr?ffh-_-"‘£m
\‘.' f/‘/f“ff’ =l et “"K:
hP/ ;’/r— 77“-—&'.&%##:\_\._
WAy / ~ * —~j~wh¢’,;1>\
=V = > S~ A=y
7

— 2 i
W SRS
S AL
- SN
N :%_,, L

<
IIII:'
g
D
.-""r £

Wt
¢ Lt f/f:

N WAL
4
b
e . Pl VIET
T ubds
s
)
(Riz] BT . - - . .E';]H_ ]9

_— )
LEPE T2 SWM DOMMIL

A B Continuoed
Jhte -



AL
1Y |

AT

36T

g Continued



[
=

o ol ol e 5 o Y e

-]

o

I.fl S L TR TR O TN I S S S
o S S O W I ¥ S A
T WL W T, ' S T R W
l'r |2
NN S | W N R
U W PO " e S W O
ek LLEEL I

kAL A s |
Eﬁtﬁtpg e e
1 S N O, 0 S O, S O "'—‘E-«}-'L-

L7 e Rl b T .
J {4 > A\

z'l'l? —"'Ir"‘:!—#w** Al W
. A

—_—

B

c - - D

| |II 1 S l!l :'I( 7 ii i'r Ii'll _'L_F__-i-' f,_/_/'

R i a2 T s
rl'|| "I III..-r .-\9’_:}/"{ II.r "1‘ "' I‘f/f’,,/: /
'r;’,i',l"'"""fj“l'{f"‘-r‘l"Q
LA g
’ -",'.FI-'" o ,"I / J|II ~Fiear = T
AR N

|
; - .




I Y i

17._‘_

-'I-—,I':-L'l—-k.!r'm_..r"....-

Y,

M gy g
P"Fﬂuwvv

S
A ™™ ET"V

govrd pf

]
AR

3 I‘\'r%ﬁiﬂ__l_{}q_gn_gu# :b,.b,::

| - -W\-""’xf’"

Ve aeres
. — Mﬁﬁ%hv o .
Nt

N

Fig. 20



Fig. 20
] - Continued




b A G G LG L o ST N W S
NN %Lugu‘fﬁyﬁqhbﬁq

4|
LA ey
L#ﬂﬁhﬁbﬁqqﬁuﬁbb
\ 2 -,

-gv%huugﬁgyaﬁu
S

[

A
S1s
Y

N A ot

g i e

Il'. | S .I'—I’i h""lan.--'\u.-:f l"-—"llll—" .Ia_l'I'I_‘J"-::

7mt$4wbg%ﬂ%%bLM@L

h_b:rw,'n@ni’l__‘_\ / wlﬁ,ﬂ“’ﬂ?ﬁ/_u}_—l
) .r"‘,':'a--""r




