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A DIAGNOSTIC STUDY OF MOISTURE FLUXES
DURING AVE-SESAME V  (20-21 May 1979)

Hsiv-Wu Chang*

- ABSTRACT

The moisture fluxes and budgets of the fifth case of the Atmospheric
Variability Experiment — Severe Environmental Storms and Mesoscale
Experiment (AVE-SESAME V, 20-21 May, 1979) were studied. The data
in this period were taken every 1.5 or 3h intervals with an average station

spacing of 75 km. A 15x13 grid using Barnes (1964) objective analysis

method with grid length of 25 km and vertical interval of 50 mb was
processed, and the calculated results showed a good relationship when
compared with radar summary charts.

When storms occurred there was horizontal mmsture flux conver-
gence in the lower troposphere. The moisture convergent areas were con-
sistent with convective areas with a maximum value of -15 kg-m™
10, In the middle and higher troposphere, the horizontal moisture con-
vergence was weaker or change to divergent areas. The vertical moisture
flux divergent term was opposed. There were vertical moisture flux
divergence in the lower troposphere, and vertical moisture flux conver-
gence in the middle or higher troposphere during the storm period. These
two terms worked together to provide the maximum concentration of
moisture in the lower layer, and transported it upward into the middle
and upper layers in the convective areas. The maximum vertical moisture
transport occurred at 800 mb level. In the moisture budgets, there were
moisture sinks in the storm period, and moisture sources in pre-storm
period. The areas of maximum moisture sinks were consistent with
maxjmum convective areas. The moisture sinks were due to the precipita-
tion and condensation.

I. INTRODUCTION

Statement of the probiems

The moisture distribution in the atmosphere is very impoftant, because it controls

*Section Chief of the Meteorological Satellite Ground Station.,Central Weather Bureau, R.O.C.



the initiation and maintenance of convective storms. For a convective storm to develop,
a large quantity of moijsture must be available in the lower layers. Usually this require-
ment is fulfilled by the presence of low-level moisture convergence. The distribution of
moisture is also quite variable, especially in the regions where storms are taking place,
since the convective activity will modify the moisture distribution.

The time and space scales associated With mid-latitude convective systems are
usually less than a few hours and hundred kilometers, respectively. However, the con-
vectional upper air observations are taken every 12 hours with average spacing of about
400 kilometers. The resolution of these data is too coarse in both space and time to
resolve convective systems properly. However, the data collected during the 1979
Atmospheric Variability Experiment — Severe Environment Storms and Mesoscale Ex-
periment (AVE-SESAME) (Hill et al.,, 1979) have a much finer resolution. It allows
researchers to study some aspects of storm-environment interactions. The study descri-
bed here concerns the moisture budget of the areas of thunderstorms that occurred
duing the fifth AVE-SESAME period (20-21 May, 1979). The data in this period were
taken every 1.5 or 3h intervals with an average station spacing of 75 km, The moisture
budget will lead us to a better understanding of the structure and internal dynamics of
the organized convective system.

b. Previous studies

Moisture budgets are useful in investigating characteristics of storms. Spar (1953)
used a moisture budget for quantitative precipitation forecasting. The method was
found useful in locating regions of large expected rainfall, but forecast amount failed to
verify. Bradbury (1957} computed water budgets for three kinds of storms. She used the
mean observed wind and mixing ratio in layers of 100 mb thickness. The result indi-
cated a fair agreement between the computed and observed amounts of precipitation.

Bonner (1966) showed that the development and maintenance of severe storms are
influenced by transports of momentum; heat and moisture by eddies in the atmospheric
boundary layer. Hudson (1971) found that well defined axes of horizoutal mositure
convergence generally accompany development of strong cumulus convection. Lin and
Hwang (1974) found that the turbulent mixing of water vapor in the subcloud layers
played an important role in determining the vertical moisture distribution of the up-
draft. .

Fitsch ef al. (19 76) showed that the synoptic scale moisture budgets would under-
estimate precipitations of the convective parameterization, They studied an Oklahoma
squall line and found that the synoptic scale moisture convergence was much smaller
than the rate of consumption of water vapor by mesoscale systems. The mesoscale
. systems can generate substantially larger moisture fluxes into convective clouds than
that indicated by the synoptic scale moisture convergence.

Maddox (1980, 1981) indicated that increasing of low-level moisture in the genesis
region of Mesoscale Convective Complex (MCC) was obvious, and moisture sources were
from Gulf of Mexico. He also calculated the moisture budgets of MCC, and showed that
it produced more precipitation than that can be explained by large and medium scale
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rates of vapor supply as defined by 12h synoptic data.

Sienkiewicz and Scoggins (1982} used two cases, AVE VII, 1978 and AVE-SESAME
I, 1979, to study moisture budgets. The calculation of budgets was based on 3-hr
rawinsonde data, and the common feature included horizontal mositure convergence in
the low layers with subsequent upward vertical transport of moisture in the convective
areas. The results showed that cumulative preciptiation integrated over the same area as
the moisture budget terms were in good agreement with the calculated residual sink
terms. .

A number of researches also used 3-h interval data of AVE-SESAME 79 to investi-
gate the structure of subsynoptic scale phenomena (Moore and Fuelberg, 1981 ; Anthes
et al., 1982). Fuelberg and Printy (1983) used AVE-SESAME V (20-21 May, 1979) data
to diagnose atmospheric variability in the environment of convective areas. They showed
that strong low-level convergence, upper-level divergence, and ascending motion
developed after storm initiation.

¢. Objective

In the study by Fuelberg and Printy (1983), the moisture budget and fluxes were
not included. These quantities are of vital importance for initiation and development of
convective systems. The gridded data processed by the above authors were used in this
research. The main objective of this research is to extend the study by Fuelberg and
Printy (1983) with emphasis on the investigation of the moisture flux in convective and
non-convective areas using AVE-SESAME V storm scale rawinsonde data, The items to
be investigated include the horizontal and vertical mojsture transports and distributions
in these areas. The procedures used are as follows:

1. Using radar summary charts to determine convective and non-convective areas.
2, Using 1.5 and 3-hr rawinsonde data to evaluate the following moisture terms:

a. local time change of moisture,

b. horizontal moisture flux divergence,

c. vertical moisture flux divergence, and

d. residual terms.

3. hterpfeting each of the moisture budget terms with respect to the weather condi-
~ tions and radar summary charts,

II. DATA

The case being studied is the AVE-SESAME V- (20-21 May, 1979). Twenty raw-
insonde stations in Oklahoma and Texas were employed to collect the data at either 1.5
or 3-h intervals. The location of these stations are shown' in Fig. 1. Observations were
taken at fen times: 1100, 1400, 1700, 2000, 2130, and 2300 GMT on 20 May 1979 and
0200, 0500, 0800, and 1100 GMT on 21 May 1979. The average station spacing was
approximately 75 km. The data can be considered representative of the meso f-scale

storm environment. Sounding were terminated at 100 mb with data recorded at every
25 mb.



Fuelberg and Printy (1983) proces-
sed the data of the same case onto a
15x13 grid using Barnes (1964) objective
analysis procedure. The grid length was
25 km and the scan radius was 150 km.
Grids were obtained at the surface and at .
50 mb intervals from 900 mb to 150 mb.
Data at each level were adjusted to a

*
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common time using a linear interpolat- Fig. 1. Locations of special radiosonde sites
ion scheme similar to that of Fankhauser during AVE-SESAME V. The outline
(1969). Winds at individual 50 mb indicated the innermost 13x11 grid-

fevels were arithmetic average of values point region for which moisture budget
terms were computed. (After Fuelberg

at that level, and 25 mb above and below & Printy, 1983)

that level. The final data grids have

response values that are approximately 32% of original resolved amplitudes at wave-
length of 150 km, and 82% at wave length of 225 km. The detail of data processing was
described in the study by Fuelberg and Printy (1983). In the present study, moisture
fluxes and budgets at various levels were calculated at each grid point in the 13x11
array. Fig. 1 illustrates the gridpoint region and the locations of special sounding sites
during AVE-SESAME V.

III. METHODOLOGY

a. Theoretical development

The moisture budget equation used in this research was derived from the equation of
continuity for water vapor, i.e.,

b — e
-g%’ntva-pvvs:s ()

where pv is density of water vapor, Vs is 3-dimensional del operator, Vs is 3-dimensional
wind vector, and S represents sources and sinks of water vapor. Since py=pd(where o is
density of air, q is mixing ratio), it yields:

P(ﬁ‘FVa'Va q)+q(3-€+Va ‘PVs)ZS (2)

Due to the mass continuity equation, the second term on the left-hand side is equal to
zero. Using the continuity equation in an isobaric system, (2) can be rewritten as:

If the equation is integrated in the vertical and used the hydrostatic approximation, the
result is:’
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Where P, and P, represent the pressure of the lower and higher level, respectively. R
is the vertical mtegrated residual term that represents the effects of condensation,

precipitation and evaporation.
Separate the terms on the left-hand side and integrate the third term, yields:

Py P, ‘
i,f g;-ttdﬁé Vp-(qu)dp+—;—E(wCI)m—(wq)PzJ:R (5)

where '[ ——ﬂdp is the local change of moisture -—-—j Vo (Vz q) dp is the horizon-
pz 0

tal flux divergence of moisture, & ((wq)n —(wq )Pz_] is the vertical flux
divergence of moisture, and R is the source and sink term. '

This equation is the theoretical form of moisture budget used in this study. The
equation was solved using finite differencing methods. The value obtained should be
interpreted as the areas mean over the grid size rather than the value at each grid point.

b. .Computational procedures .

The grid data used in this study were 3-dimensional wind components in isobaric
coordinates, u(m/s), v(m/s), w(ub/s), and mixing ratio, q(g/kg). Integration was made
from 900 mb to 350 mb with 50 mb intervals, The time period started from 1100 GMT,
20 May 1979 to 1100 GMT, 21 May 1979 with 1.5 or 3-h intervals.

To calculate the local time change term, the value of mixing ratio at each grid point
was subtracted from the corresponding. grid point value at next observational time
divided by the difference in time between the two observations, i.e., :

_a_q o~ dtz — 4t (6)
_ at tz—
Vertical integration was made with 50 mb intervals, The average values of gird points
at the top and bottom of the 50 mb layer were taken and multiplied by the thickness of
the layer. The equation can be expressed as:

P'ap (Alz) Ap
I (CRICORE

To calculate horlzontal moisture flux divergence, the value of u- and v-components
of the wind and mixing ratio were considered at each level. Horizontal derivatives were
evaluated using the centered finite difference. Vertical intergation was calculated every
50 mb similar to the method of local time change of moisture described previously.

To evaluate the vertical moisture divergence for each 50-mb thick layer, the product
of mixing ratio and vertical motion was found at the gridded levels 50 mb apart. The
value at the top of each 50-mb layer was then subtracted from the value at the next
lower level. Vertical motion (w) was computed by the kinematic method following the



variational adjustment method suggested by O’Brien (1970). Further, the vertical
moisture flux term, wq/g, at each level (900 mb to 350 mb) was also calculated,
The residual term was computed as the sum of the three terms on the left-hand side
of the moisture budget equation. This term represents the effects of sinks and sources of
moisture such as precipitation, condensation, evaporation and computational error,

IV. DISCUSSION OF RESULTS

The radar summary charts of this case were shown in Fig. 2. The time of peak con-
vective activity occurred near 2130 GMT, 20 May 1979. The horizontal convergence and
vertical motion also had maximum values near this time (Fuelberg and Printy, 1983).
The - calculated moisture budget terms with contoured plots, vertical cross-section charts,
and moisture budget diagrams would be discussed and compared with the weather
conditions in this section, : '

a.- Local time change of moisture

Values of the local time change of moisture were found smalier than the other terms
in the moisture budget equétion‘in this study. In the low layer (900mb-850mb, Fig. 3)
in the convective areas, at 2130 GMT 20 May 1979, the term was generally negative
indicating net losses of moisture in this layer. However, positive values were present in
pre-storm (1700 GMT 20 May) and post-storm (0200 GMT 21 May) time, indicating net
gains of moisture. Although the magnitude was small, this term showed decrease of
moisture in the low layer in the areas where storms were taking place, and small increas-
ing of moisture in pre-storm and post-storm periods. In the higher layers this term was
smaller, and almost equal to zero. )

b. Horizontal moisture flux divergence

The contoured plots of horizontal moisture flux divergence (see Fig. 4) showed that
the major characieristics of the term were low-level moisture convergence (negative
values in this term) in the areas with storm convective activity, and divergence (positive
. values) in other areas. Comparing the results with the radar summary chart at 2135 GMT
20 May 1979, see Fig. 5, we found that the maximum activity was on the southeastern
corner of the gridded area where moisture flux convergence is of maximum (~ ~15 kg
m™?+¢1x10%). The moisture convergent areas and convective areas were closely related
to each other which is consistent with the finding reported in the study by Hudson,
1971, In the post-storm period, horizontal moisture convergence decreased, and moved
southward. We also could see the same phenomena of storms in radar charts in Fig. 2.

. A vertical cross-section along line A-B (Figs. 3, 5) was taken from the northwest to
southeast direction of the gridded area. The results (900mb-500mb) were shown in Fig.
6. In the pre-storm period (1700 GMT 20 May), the lower troposphere had weak
horizontal moisture divergence, and the middle troposphere had weak convergence, In
the maximum storm time (2130 GMT, 20 May) there were strong horizontal moisture
convergences -below the layer of 750mb. In the middle troposphere, horizontal moisture



0135 GMT
21 MAY

Fig, 2. NMC radar summaries with echo tops in km
and speeds in m-s™. (Fuelberg and Printy,

1983)

0200 GMT 21 MAY

Fig. 3. Local time change of moisture (kg.m™
s'%10™%) in the 900mb-850mb layer.
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Fig. 4. Horizontal moisture flux divergence
(kg-ms'x10™) in the 900mb-850mb
laver.

2135 GMT
20 MAY

Fig. 5. The radar summary chart at 2135 GMT 20
May 1979, :

convergence was weaker, but these regions
were consistent with the convective areas
shown in the radar charts. In the post-storm
period, low-level moisture flux convergence
decreased and tilted with height. The con-
vective activity also decayed at this time.
Horizontal moisture convergence was the
largest term in the lower layers in areas with
strong convective activity. Moisture was
being concentrated by low-level winds in the
convective areas, and then was transported
upward. Latent heéat was released by con-
densation which provided the main source of
energy to supply the storm activity. In this
study, we found that the areas with strong
horizontal moisture convergence were
closely related to the convective areas.

c. Vertical moisture flux divergence

The vertical moisture flux divergence of
the 900mb-850mb layer was shown in Fig.
7. The contours of these charts were similar
to that in Fig. 4, but the values were re-
versed. In the storm period (2130 GMT
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20 May), there were strong positive values
in convective areas instead of negative
values in Fig. 4. It presented that there
were strong low-level vertical moisture
flux divergence in these areas. The max-
imum value was about 10 kg.-m™%"1x10™
at the southeastern corner of the gridded
area. The convergent and divergent areas
of horizontal and vertical moisture flux
divergence terms were almost reversed.
This was due to the reason of mass and
moisture continuity.

The vertical cross-section charts along
line A-B were showed in Fig. 8. In storm .
areas at 2130 GMT 20 May, There were
vertical moisture flux divergence in low
atmosphere, and vertical moisture flux
convergence in middle atmosphere. This is
due to the reason that the vertical {rans-
port- of moisture (wq/g) had maximum
value in the layer near 800 mb (Fig. 9). So
there were vertical moisture flux diver-
gence in low atmosphere, and vertical
moisture flux convergence in middle
atmosphere. In the post-storm period,
these values decreased and divergent areas
tilted with height.

The charts of Fig. 9 showed that there
were strong vertical transport of moisture
(wq/g) in storm areas at 2130 GMT 20
May 1979. The negative values represen-
ted upward transport of moisture. The
maximum area of upward transport of
moisture was also located on the south-
eastern corner of the girdded area where
maximum convective activity occurred. In
the post-storm period, storms moved
southward and decayed.

d. Moisture budgets

Moisture budgets were computed from

Fig. 6. Vertical cross-section of horizantal moisture 900 mb to 350 mb at six gridded points
flux divergence (kg'm s 'x10™) along line A-B along line A-B (see Fig. 3). The results are
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shown in Figs. 10, 11, 12, There are three
terms in the boxes of the moisture budget
charts: 1) Local time change of moisture,
2) horizontal moisture flux divergence,
and 3) Vertical transport of moisture (wq/
g) (see the following diagram).

2)
1) % 3

The residual term was computed as a
combination of the term on the left-hand
side of the moisture budget equation.
Values of the residual term were negative
in the areas with convective activity, so
that there were net moisture sinks in these
regions(see Fig. 11). The presence of the
moisture sinks would be atiributed to
precipitation. The maximum value was
=59 kg-m % 1x10™ at 2130 GMT on May
20, 1979 in Fig. 11. The was consistent
with the maximum convective region
indicated in the radar chart (Fig. 5).

In the pre-storm period (1700 GMT
20 May, Fig. 10), the residual term was
2130 GMT 20 MAY * - positive in all six gridded points, so there
were moisture sources in the pre-storm
period. During the storm and post-storm
0 periods, convective activity areas are as-
- sociated with moisture sinks (Figs. 10,
11). Inspecting the diagrams, we found
that the horizontal flux divergence attri-
buted most in the moisture sinks.

V. CONCLUDING REMARKS

Moisture budgets were calcualated for
a period of intense thunderstorm activity
i that occurred over central Oklahoma
0260 GMT 21 MAY ' during AVE-SESAME V (20-21 May

Fig. 9. Vertical transport of moisture (kg.m™ 1979). Rawinsonde data with 75 km
s1%107%) at 800 mb. spacing at either 3 or 1.5 h intervals were

011'
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Fig. 10. Moisture budgets (kg:m %s7'x10™) along line A-B at 1700 GMT 20 May 1979.

Fig:

Fig. 12. Moisture budgets (kg.m™s"'x10™) along line A-B at 0200 GMT 21 May 1979.
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. used to examine moisture fluxes prior to, during, and after peak convection. The results

obtained show that: .

1) Values of the local time change of moisture were smaller than the other terms in the
meoisture budget equation. This term was positive in the pre-storm period, and nega-
tive in the convective period.

2) Horizontal moisture flux divergence was a dominant term in the moisture budget
equation, Moisture flux convergence in the lower layer was a necessary condition to
storm development, The areas with horizontal moisture flux convergence were

‘ closely related to the convective activity.

3) The magnitude of the horizontal moisture flux divergence was greater than that of
the vertical moisture flux divergence. They worked together to provide the max-
imum, concentration of moisture in the lower layer, and transport this moisture up-
ward into the middle and upper layers in the convective areas.

4) There were vertical moisture flux divergence in lower layers, and vertical moisture
convergence in middle layers during the storm period.

5) The maximum vertical moisture transport (wq/g) occurred at the 800 mb level,
which was consistent with the convective activity.

6) There were moisture sinks in the storm period, and moisture sources in pre-storm
period, The areas of maximum moisture sinks were the maximum convective areas.
Moisture sinks were due to precipitation and condensation.
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A Parameterization of the Topographic Forcing to the Himalaya

Mountain and the Taiwan Mountain on the Zonal Mean Current

F Hg -y

Ming-Lee Liu

ABSTRACT

To consider the vertical distribution of the topographic forcing of the
mountain on the zonal mean current, a parameterization of the forcing field of

the wave deformation equation had become the following equation: &Lo=- —%“—

L]

(e y sin(KXy)
D K

, where V¢ might be defined as the natural frequency or the
natural velocity of the topographic forcing field, An estimation had shown that
it was about 10 m/sec or 9.7 longititude/day.

According to the scale analysis to compute the topographic forcing effect of
the Taiwan mountain, and the analysis of the two surface lows in the downslope
area of the Taiwan mountain from the weather chart Mar. 6 to Mar. 10, 1984
had come to the following conclusion:

(i) when a wave disturbance of the scale smaller than 7° longitude was
interacting with the Taiwan mountain, it would be available for this
disturbance to be significantly intensified in the downslope area of the
mountain.

{ii) the mountain effect of Taiwan was mainly on the layer close to the surface

" or on the layer between the 850mb level and the surface.

{iii) the developing of the surface low in the downslope area of the Taiwan
mountain came from the stationary front which had been passing through
the mountain, but whenever there was the expansion of the high pressure
coming close to the Taiwan area, the surface low would not be developed.

(iv) an estimation had shown that the time required for this surface low to
be de\-reloped was that the stationary front had been passing through the
mountain for 15-18 hours. this result was competable with the theoretical
computation of the time period of 16-17 hours.

The disturbances of the large scale waves were usually intensified in the
downslope area of the Himalaya mountain on the 500mb and 700mb layer, while
the surface low in the downslope area of the Taiwan mountain would be easily
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damped by the other forcing field of different character. The result above had
‘shown that a linear parameterization of the vertical distribution of the topography

" was an 1mportant factor or physical quantity for the forcing field of the wave
deformation equation, ‘

The irregularly annular variation of Vi value had assumed that the
annular variation of the strength of the zonal mean flow and those of the forcing
field of the large scale were also important for the contribution of tbe wave
deformation in the downslope area of the Himalaya mountain.
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" Table 1. The ratio of the deformation of the wave amplitude Cn, the wave number difference
‘ between two interacting systems K and the natural velocity Vi, which were computed
from the forcing effect of the Himalaya mountain on the zonal mean current in
January from 1968 to 1981.

@- 1968 | 1969 | 1970 | 1971 | 1972 | 1973 | 1974 | 1975 | 1976 | 1977 | 1978 | 1979 | 1980 : 1981
l i
&n  1-0.166-0.1331-0.171}-0.143]-0.076-0. 089:—0. 109-0. 143:—0 .224-0, 185:-—0 . 201i-0 . 159:—0. 192:-0.139
K 2.200 1.57) 2.000 1.60| 3.000 2.67| 2.03| 2.17] 2.23 2.13 1.77 1.67] 2.07 1.67

vy l | 1o gl
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The position of the front which had been passing through the Taiwan

mountain on the 850mb chart from 00Z, 6th, March to 12Z, 10th, March -
1984.(where— was the direction of the movement of the front)
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lable 3. The position and the strength of the

surface Jow in the downsiope area of the
Taiwan mountain froin 21Z, 6th, March
to 00Z, 10th, March 1984,

B AEE E B & ®
7R5H 1013mb 26.5°N,122.5°E
7 H 8% 1014mb 25.5°N,122.5°E
7 H118E 1013mb 25.0°N,123.0°E
7 314 1008mb 26.0°N,124.5°E
7 B17# 1009mb 24.5°N, 125 .0°E
7 208 1011mb 24.0°N,125.5°E
7 235 1013mb 25.0°N,126.0°E
820 1012mb 24.0°N,126.0°
8 H 5H%

81 88

8 11K

8 514

8 pi17E

8 F208% 1009mb 22.5°N,125,.0°E
8 pl23ms 1009mb 23.0°N,125.0°E
9H 28 1009mb 22.5°N,123.5°E
9 H 5 1009mb 24,0°N,123.0°FE
9F B 1010mb 25.0°N,123.5°E
9 Hlins 1009mb 24,5°N,123.5°E
9 H14iF 1007mb 25.5°E,126.0°E
9 B17E% 1009mb 25.0°N,125.0°E
9 H20m;: 1009mb 26.0°N,127.0°E
9 H235 1907mb 27.0°N,130.0°E
108 2% 1007mb 27.5°N,130.5°FE
108 5% 1007mb 26.5°N,130.5°E
10H 81 1004mb 29.0°N,132.0°E
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Discussion of Secure Lafzclfill Reliability
o B8 R B OB
Thomas T. Shen Ke-Hsun Chi
ABSTRACT

Landfilling of municipal and hazardous wastes is one of the waste disposal

methods extensively used in the past and still the most frequently used approach.
This paper discusses identification, analysis, and evaluation of environmental
and health effects of known and anticipated air pollution problems. Benefits

- and actual and potential solutions are examined from the perspective of the

‘regulator, the engineer, and the scientist,
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Table 2 Examples of predominant species found in air near hazardous waste sites
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A Review of Doppler Weather Radar
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Henry Fu-Cheng Liu

ABSTRACT

It is the purpose of this paper to concern with a review of the functional

design, data processing and applications for Doppler weather radar, As we Know,

most traditional weather radars are noncoherent and are only used to observe

the location and to measure the intensity of backscattered signals. However, a

coherent “Doppler radar” can measure the velocity or frequency of scatters in

the free atmosphere obtained by means of Doppler effect. The capabilities of

the Doppler weather radar can easily explore the severe storms or meso/micro

scale phenomena, such as squall lines, tornadoes, clear air turbulence, thunders-

- torms, wind shears etc.,, by detecting the radial velocity gridents (dV./dr and

dVv./dg).

To renew the traditional radars, finally, the United States of America is

now urgent need for a new generation of weather radars. This article will

simply mention the joint program being conducted by the Departments of
Commerce (DOC), Transportation (DOT) and Defence (DOD} to acquire the
Next Generation Weather Radar (NEXRAD).
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B (RADAR) ERIEHRNAFZFEM
ZREY » Bl “the art of detecting by means of
radio echoes, the presence of objects, deter-
mining their direction and range, recognizing
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dr/dt (RENEEHEE) » A (angular fre-
quency, @) dé/dt SHER2nE » RMAQNER *

fa s e, (@)

VLR fa BEFEHRRAR (FHEEREKE
Wi d f RENEREZER f 2%H
*VREEZEHEESZEREHER EE  (radial
velacity) » z}'ﬁﬁﬂﬁ & (Doppler velocity
) HEEAEHECR « HhE EYREES
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P RERE » BIEEGBETES  EBH -
B 2 =c/fo (o RERBUESH $X10°m/s
) MRAQR » I : \

FVZEYSKnot () » 1B em (A5
fo £ Hz G » RIQORBHES

fam 103V /2 crervrimmiiiiiiie s 5)

HIA TS0 MR L 5 » MARREHAER,
WEREN » ZEEZ (A1) RERESHEN
B2AR 6 » BESEmE 2 ENRE Vi
Veosf o % B2 BEME R E RS RERER (
B0 =90°) » MIBEEESE » 4 MIEERS
Fo B HENE TR (0 =07 %
FMESREREK » BHOREE 2B MR
fo BVEIZEY  BEAMY  Frass B EY »
THBLYERRRES (audio) ZEHEN 2
SEAE R AR F SIS AR (carrier fre-
quency) MHTRERBHEEU » HAEFWFA » &
Ty SRR 7T B o
F- FEEEEE () REEWEE (V) 5

REZH MRS AE (Hy * (EKE
Battan, 1973)

Table ': Doppler Shift Frequencies in Hertz for
Various Radar Wavelengths and Target
Velocities

Wavelength (cm)
V(m/sec) £
18 | 32| 55 | 10.0
0.1 11 8 4 2
1.0 o111 62 36 20
10.0 1,111 625 364 200
100.0 11,111 | 6,250 | 3,636 | 2,000

E~NRRE 9B

£ MR RSB B (waveform)
TS BSEREE s IR EEREEES &R
& LHAIRE (W) # H§)% 3 (Pulsed-Doppler
Radar) "+ AR EHNBRELRSE o
OEA RS
RN SR EERRANSEE RE (
A RFRT) o WA BEREEERER
BMTI(Moving-Target Indication) B o H—
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B R esR R B R - SRR A
WeEEP - FHMERGS BIEERR BN » THR
BEEZAA—ERGRIFEHRERZR » B
BRER T » SR ERMEMZ TR (duple-
xer) » BHHEHZEHER DI A B S R
TRMERR . FER -

TLES

_ @ = ——fx:s

g | MF

R RER HOAEE

o BER

RE® iR

EIEE m 75 b $H1RIR
R | R S04RaE

F—  RNE NIE 2 R
(B H Battan, 1973)

- Fig. 1 Block diagram of a pulsed-Doppler
. radar,

HEPINRE 3 » S R ARG Lo
U9, 245MHz) R MEREReR QIRED
R (pulse duration » IRHBIREE) » L T(e
sec) Fin + BRI (power) MRS THER
T ELUERE SR AT 2 » RS B
fEi (signal) FiE—EEE RERNHIRES

(stable local oscillator, STALO) IFELMETIE
4% (locking mixer) & » ILEERESEELS
i (intermediate frequency » f=£IF » {Alig
30MHz) gt cuH2FIFA (THEE) RE
2% (coherent oscillator) E » (hTEEEEARUME
“COHO” BAHTIRIES » BRI E R
Huiife (phase) » MLIEBSBHIRMRHNER
W BB (IF) 32 (Battan,1978) o
 ERSEFANERER AR AR
EifR STALO BAFIAE & Bl R ARG 64
MRIF s BRCAI KRR  (amplification) » HY
Bk FIMIFERRESE COHO B2 BHRE
FUFRIAL 5SS (phase detecior » —FE LA
MR BERE A AL AU ER ) &
BB T — AR BT #E A ¢e » RUFSHR B2
ZETRHAS/AL BB MERER () »

WM BTHEEET » MEE HAL
ARRLT R o Gl - —{EEARE § BRIESK

¥ » USSR A REEFES » AAAHRR
i@ (amplitude) » EMA (rate) 2AFFAER » £
RERAELRIEY » FSREEREAR { 2 -
OWBEEE s ERERATZIE '

RRTEE EE AT AR Z R R EATRE
A - PIFTEEMREIE (pulse-repetition freq-
uency, PRF) » HILGREE FEEETLITR
FEm:

froax = RR_F_ .................................. (6)
Fﬁlﬁ‘T%&lﬁﬁﬂtﬁﬁ PEEEE (Vo) B
Vaex=+ (PRF) _i__ ........................... )

B R FEAEHEA (unambiguous range,
Rumez) 1T (Wilson et al, 1980) =
1 C

Rmx.—_«f (_ﬁ(F_) .............................. @)

@FAAGTZ » AR _

fmu___i, R(n:mx .................................... (9)
e Vm“““"'—é;_ Rix ........................... @)

e L FUO)~0) AT 4T » &f MERACHEERETRIR
PRF R#ER (1) + Alin—ERAEES. 205cmiy
BiERK PRF=4,000s"" & » HEAH FHEER
P& R +32.6m/s F2,000Hz - Bz EAHEHAH
ERHENTEE  AIFEEERERREGSHPRE
o N A =9.5cm . PRF=9,000s" » HiE-LBE
R H214m/s s TR ATPEMFTRER 16.3
km o FEN » RINEMTEEBIIERN TR (
Ruexr) BREBFHEE (Vo) @ BZAREDED
BiEo

{ER AR R IR S A — DR B W B
B » MMM () SHLEZE AR » 2
EUgL B 2 B e R — (AR » IR bR
TR TR (B# T Atlas, 1964) o Hz#
RiEER PRF 2B EEE W HTHERME
FHEETRE ©

EER R ~ Z TR

R RE P EIERBANERERA » Bk
FRBIEE ~ A WRTEELSER » LEREREE
HE ~ RS HRENEREERET - BRER
& ITEREEE 1A - 10 Chong et al (1980) Ak
FA7E (coplane) JFEEBRIHTACEELES b
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PEEZHPYURBS » R Brown et al

- (1981 Gt 2R R EEE o B RE

NSSL (HEMABRSTL) fss - ies (7
ﬁmﬁ) B8 B EE R Lin and Pasken, 1982)
- BERTHRBRYZRE » § MR A TR%
RN TRREEEN  SLERYEERTELE

A BT T LA » R TER BT

cansolldnml
Data

o] Gutput Date Values

~" hra
thera ramaining No
" tobe
corrected?)

Cotrect Problams

1. Delale data below mategrological naise favel
2. Delate sicta Tohe dats R
3. Delete range-aliased dals
4, Correct aliased velogities

Output Data Values

AU EEE M BT BE SRR AR
(& Brown et al, 1981)

Fig. 2 Flow diagram of the data editing
stage.

E—

e 38 un
MERR R (FIBEIE 2 1982) o 4N » — R

- RREETARBERGH SRR (processing)
,Eﬁﬁmﬁfc (Grog:nsky, 1972; Lhermitte, 1972

') o Laird (1981) @#|E5EH4EE (random

phase) NIEHEEFHEMNEGE A=) &

Frush (1981) {#R IFMEH (limiting) REEL

MEMESE - HERZE (BMW) o -

B= SR KEETENNRRESR
BHAM (RE Laird, 1981)

Fig. 3 Conceptual block diagram for the dual
coherent interval system. Signals at
points Z,, Z,, and Z, are referred to in
text.

7% (Indicator or display) BHERTEJ
Rifiz— BREHERS (FAZ - BH -« PPIR
~PSI &~ CAPPI &%) » AREAZBER
Z (HEa) o hFRBEREBHEES AT
(real-time) BREN EEBEETREE o [FE -
BT (plan—shear indicator) B&HE (B
#) BErdE (multi-moment display) (@& b
) HEEWRFE (Burgess et al, 1976) o

+1 &
(3] e{t
EEWAER
-1 oY ¢ i .
AR R

B 55 IF BEKEES e R BARER Uy Frush, 1081)

: Fig. 4 ldealized Representation of the Bandpass Limiter Radar Receiver
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TARGET IS BRIGHT LUINE

\ X

LEFT w— AIGHT

-—— ANIMUTH
TYRE B SCAN

DR&L ASTEAN
TYPE B PRy

TYPE A SCAR

TARGET IS
~ BRIGHT LINE

ELEVATION”
R iihiadl

= AZIMUTH=

TYPE FSCAN
TYPE € SCAN SAME a5 & BUT

/NLME BASE IS CIRCULAR
ECHA
w O

TYPE & 5TAN -

P

ERADA

\_El.ewman

ATMUTH ERAGA

TYPE G SCAN
SINGLE TARGET,

TYPE L SGAN
AELATIVE STRENGTH OF PIPS
WINGS INDIGATE RAN{ - ON EACH INDICATE AZIMUTH

G TARGET 15
TEAD AUERD £ GHT AR 1RRIGHT SPUTy hrd

wre [ 3 11

o
LINE B R TE S 1M SYNIHANMSEN
¥ath g ANTERNA TLANGE 15 TR
DISTANCE Cy1 FAGH Thl CTHIEA
A2 5 Thg, POSITION

FARGT 15 THE O TaRL] Aiowsl
Tl PiNG SIGHALS ARL Aéteay
Rl

Thg 51RO Likg 1N DEGRILS

4 SCOBT 1LBE D BLAY Bant

S1HENG LD

L\ TRANSLIFIED /
PULSE
RECEIvER HOTSE
IGRASS!
U S

SWEEP CALDRATED FANGE (N THE LQAED SYSTEM TuE RANGE 1§
A T (ANCE ALONG DSV ANTE ALONG Tef BASELINE
t“:?li:eil:i e WHEN LCHO MIPS ARE §OULL, HEIGHT

THE AKTENNA IS ON TARGET
A sCO¥E

l-_ m.m_.l

mra 12EENEEREZETE

Fig. 5a Twelve display systems used in radar systems,

TR » ST B AR A » WP A

TEEH20AE o (XH Armstrong and Donaldson,

1969)

Fig' 5b Detail of PSI pattern. Arrow points to characteristic
cyclonic vortex pattern. The end of the arrow is at a

range of about 20 km,

Gray et al.  (1975) TR HEENCAR
KoiigeE R R4 (Research Data Support
System, RDSS) FTELIRHIZRAGEIR ROBITE (
W75 s ZERIAE £ Ve L SEEA

78 BR2 R IMETEROHITE (cla-

rity) ~ %&b (flexible) Rit—@RbEAS

itk o Mt o S ERSER LR IEER (Bargen
and Brown, 1980) - EREFREA LEEE AL
~3E5)~ 195 Celevation angle) ~ FEMEIIRGE .

i o GIAIEA a _EEERPPT (plan position
indicator) BH{FA 0.0° » #E (slant range)
20 lem » EFHEA197911 177 6:46:8 PST
» BA DRI S CYCLES 765kt » bkt
i Ocedn Shores » R EHRE TEE TR
BRI B R MR (reflectivity factor
Y s H{EATHE—10dBZ 2] 70dBZ (A@5BZE—
Him) o . ‘

A b FRHENE M » T +32m/s



g —32m/s (LME 4m/sF—RIRR) + BIrHAE
) Ay B IR TE G 0 BV B IE
SEMET R o JERE 0 D ATRRFAN R LR R
gyl BB e S & (radial component) o
R E R R R B R B B T T
pra ke (Pl RELD ALz WSR-

()
E7 NCAR > RDSS F#BHIWE MIEHEAETYE - HHER USSR
#PEIHT Ocean Shores(BRIF19764E11A17H) = (MEWilson et al, 1980)

Fig. 6 Doppler radar displays of a cold front approaching Ocean Sheres, Wash, on
17 November 1976. (a) Radar reflectivity factor showing 2 band of moderate

rain in advance of the wind shift line seen in (b).
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7AS BB » H PRI RS AR B
FERREE (high resolution) [4priE LA
AR RIZH R YRR A B (signature) o 4t
s BHEMLHE (azimuth » Hi1 NCAR CP-4) &
B LB R DR R
Wilson et al, 1980) o

b)

(b) Doppler wvelocity

showing a near surface sharp wind shift line 40 km west of the radar. Winds
east of the front about 150 m above the surface are 200° at 24 m/s and west

of the front about 280° at 15 m/s.

S RERL0A 785 T R

BEIFIAE MR- ELBRERELERA L
RB PRSI BE R 2 5E R Al © B NCAR CP-
3, NCAR CP-4 (Lin and Pasken, 1982) ;
CHILL 10 22545 #1758 ~ ok ks B (
Millimeter Wave Doppler Radar, Lhermitte,
1981) s 3445 CWH MRS » A RHZH
B SRR B ERR » H—— 0 o A
FUh—fR B T ER D HBRE (Air Force
Geophysics Laboratory) FEsE My IR
104 5% F#i%E & EE (Dual Frequency 10 cm
Doppler Weather Radar) | Llft2®% (AST
HERH NEXRAD FHEIG) o

RTBARHES NEXRAD 28m(REL)
P RERE TR B A B R R

37

AL FEE » MBS — A SRR ey
& A E RN o

AT RS » ARG ED R e T
FREALIRE » FTCRMIE SR MO BT » 24w
WRRIEFEHE (FnDoviak et al, 1978, 1979
) RJIDOP (Joint Doppler Operational Project
) WILEAREMES RS » ArbEs (
clutter) ZHERMIER o B— P ETH
BB ARRF R (fault tolerance) BTWZRE ik ~
HCEERLIE B B 8B (calibration) iR
TSR (LIEA 33 NEXRAD i) o

BRMLLEER » RS BRI o
ACHEFIEFBY (Fza) ~ (AZMER AR
HiRZE (FE=-b BE-ba) ~ Rkl (E-ED) XK
EURHEE ~ ZrTFIBURE (Bl o) D% &
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epE 20 Glover et al (1981) »

e=a : BIREI04 5% ETEES

Table 2a:

al, 1981)

Characteristics of the Daul Frequency
10cm Doppler Radar {After Glover et

#etig (Transmitter) {9 :
AL — RS (Frequen y

fi~reflectivity) 2760MC

sEE e (Frequency
f:-Doppler) 2710MC
AREESH LRE) 1.2MW
AREE (B 1.0p sec
BREARE AR (D 1300 sec™
AR AR B () 325 sec-!

Kig (Antenna) Fp

B 7.3 meter
EE (Gain) 43.8 dB
ERE (FRA 1.0°
EE (WED 1.0°
B4 (Waveguide losses) 1.8 dB
R (Scan angle) —1{IF 0 ~90°

iR (Scan angle) —JFAA 0 ~360°
A=, (Scan type)
Fhsva4l (Scan control)

s (Receiver) SP3

gAEaRER (D —109 dBm
IEeEERE (unambiguous range)f: 461 km
s (unambiguous range)f: 115 km
A FER: (Usable range)fe 230 km

aeEE (§§ Scan)
FEEEEIEY (Stopband)
B IE#zER (Stopband attenuation)
# #E% (Doppler passband)

1 ~32.5m/sec
1.0dB

@Atk (Passband ripple) —H& K

Pt i
N
#ERK (Radome type) MAIRR (rigid)/FER

4:32.5 m/sec
+0.3 m/sec
50 dB

m—b o RN BN BB
Table 2b Parameters Monitored by the Fault
Locatioa Network (After Glover et
al, 1981)

24514 (Transmitter) G
FiABE (System Voltages)
# ik (Carrier frequenci)
lmaiER s HE (Local oscillator

frequencies)

BN (Beam current)
wEHELESE (PRF generator)
Wi¥ETZE (Forward power)
EEzh2 (Reverse power)
BEERKEE (VSWR)

e 38

B (Noise figure)

walimEs (Arc detection)
WHEEE ] (Waveguide pressure)
HRME (Air flow)

E#EIEiE (Coolant flow)

A4 (Interlocks)

F#% (Antenna) I

FiAfEiss (Azimuth position control)
i a4l (Elevation position control)
i EaEnE s (Azimuth drive control)
I EEErs% (Elevation drive control)
HEEE (System voltage)

E4 (Interlocks)

FEHEBEERE (MEJOI‘ Fault Location

Unit) £R3 :
% ER (Network voltage)
EEiE (Communication functions)

¥ EI R
FAE i R BRED
BLiR 8% %I 2%

\/ | jg

e 4 o T BT l

RIEA

BT a-di-b

HE

HRB
IR

g SN
I

B EIHEI RIS

ua |

11 J L
N S

i 55 B

S L HEEF2E

Bi-ba SAEIOASH MHE L2 B RHEELY

Fig. 7a

EMMIIEZ A o (A Glover
et al, 1981)
Functional block diagram of the per-

formance monitoring/fault location
network,
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COMPUTER- -

[ &Mz
‘ REFERENCE |~
| .-| oscrrraTor |

STEP
ATTENUATOR = CONTROL
—l' P‘L.?” - .mw?°  f—— KLYSTRON : Lo '
SN 1 : WAVEGULDE '
. R . . . . (RE_FLBCTIVITY)‘.!-- CIRCULATOR SWITCH . . i’
PRE/4 , .
o R — DIPLEXER £+ @ [N\ . . .
mbd ceibraToR | PRF \|/ N TRANSPONDER
o _ (VELOCITY) | J
K PLO #2 . T-R : : :
| t, ™WT KLYSTRON ' LIMITER . ‘ .
' PLO #3 : cagi'n' ':I%Itfni
— £, + 30mME - |
. £y + 3omHz 1™ FILTER MONTTOR X
- T BP
: - PLO 44 : R¥*
I = CAVITY :
£, - 30MHZ FILTER AMPLIFTER
TOMIZ
x6 POWER
- REJECTION
MULTIPLIER TLTER DIVIDER
30MHZ
BP FILTER
30MHZ
| REFERENCE
26C" B
[.INECAR 30MEZ | somnz . |1 106 .
RRCETVER BP FILTER BE FILTER  RECEIVER
I Q R’
TO CLUTTER TO: FIWRP
* .. CANCELLER :

Bib SOERI0AME ME R B R BRI o (L Glover et al 1981)

Fig. Tb Functional block diagram of the 10 cm dual frequency Doppler radar"frah‘si:aitfing

and receiving equipments.

R REE R

46108262 9 H29-24E 4265 Oklahoma KA

iy NEXRAD #§ M 1Ttk » BARBIE
TR RN B A (AR, » BR
RO T2 | R IR R > T A%

BB - g1 - RBHUARBE (fine wea-

ther) HhRyZSRMEIRYE » bk — MO AR AR
BERAE o BAEE—E~ A » EEHE

BLEEES MBS KARAETR » HRETE |

ﬂﬁ?HT :

B Fﬁij’%% CSingIe'—Doli.)pler.‘ Rad‘ar.) T

LIAMBER+FRIENR (black hole) &

Hijelmfelt et al, (1981) FIRE—# N8IE
SBR(ERI979% 5 F 2 B7EHinton (i Oklah-
omaji) By—ERRHIHRHE (Squall line) » B
FAEHAF— SR HE/N (poor) # MEMEEE (R
SRR+ SRBRBEEEIER s M M Sr AR B R — 2
T-28 TR ETER A MRUAS R LR » BB H—BFE

TREIATFIL » ﬁ'ﬁ%ﬁﬂm&?ﬁﬁk@] (horizontal
. wind shear) PBRER + HERERSRLEFAE
“ updraft) LR T (downdraft) _Z%’Eﬁ-%
TR e R
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DOPPLER  REFLECTIVITY
1
Py
CLUTTER : 1. 2.
CANCELLER REFLEC- | MEAN
TIVITY | VELOCITY
3. 4.
STORM~
VARIANCE | CENTROID
FORECAST
O TRACK BALL
L 3
SCAN CONVERTER/
FTWRP ot — REFRESH MEMORY
[} B 3
Q
E H| o (] L2
sl P s 0 el 2|3
- - [3d 131 =1 5 5 -
a8l = gio K1 HlEisl=
SC12 ElSRRE e
H{Z] B4 Qlu{>|o 23 [a]7a] 1<)
|| O B>
I AT ]
= (4] | e E i
i E‘n,; 5 PERX IN~-ELMER
encopsry [ 5|8 MODEL 3242
DECODER z COMPUTER
i SERIAL DATA [
SERIAL DATA
FR2000A I HIGH RESOLUTION
ARCHIVING COLOR TERMINAL
SYSTEM
% B s i 4 e, A 2 Nk
e BERIOAGH MEEEZE2ERER &

R 2 B RE TR o
(T2 Glover et al, 1981)

Fig. 7¢ Functional block diagram of the dual
frequency radar data processing,
analysis, and display equipments.

2K A B R R SR
BRETAN 2 BRI EREMARET (
PP f7H) FellioRieg » EhRS RS il e -p e

FRS S A AR E R R EE (WEua » bk
&) » RS VAD (Velocity-Azimuth
Display, VAD) & Lhermitte and Atlas (
1961) E2Lhermitte (1966a, 1969a) EH o Hik
EARIEAFEE_ LRRKTRE (BiLc) » EH
SIS LT LE M ERE (Wilson et al,
1980) » HeAHAEBER SR EB TR (fall-
speed) SR TIGTTILE o

-~
(o]

DISTANCE NORTM OF HINTON (kmj)

1 ! L I |

&0 50 40 30 20 10
DISTANCE WEST OF HINTON (km)

EA FEE—Z S ERENITIESH 2 H
fizf* Dkalahoma # Iinton 2
B — AR -

(5 Hielmbelt et al, 1981)
Reflectivity data (dBZ) obtained from
CP-4 radar on May 1979 at 1759 CDT.
Data shown is for a constant altitude
(CAPPI) of 7Tkm. Regions in which dBZ
=30 dBZ indicated in the shading. The
aircraft track is indicated with a solid
line and the approximate location of
black hole is enclosed in the dashed
region.

70

Fig. 8

== FIRS MEZs VAD BIFEARSZEN (BB 2 57 B » (RN
1 Sacramento KHTEI—ERE) o (EWilson et al,1981)
Table 3: Wind profile deduced from the colored display. The direction estimates are given
in the following order: low pressure side (L), high pressure side (H), upwind

(1), and downwind (D).

Height above Slant range,

Wind direction, degrees

Wind speed, m/s

ground,
km © km L H U D Mean Upwind Downwind Mean
0.3 ( L.8) 151 140 159 145 149 26 24 25
0.7 (4.2) 155 150 159 162 156 34 34 34
1.4 ( 8.5) 186 166 187 182 180 28 30 29
3.8 (22.83 240 241 249 229 240 44 35 40
4.9 (29.4) 242 246 244 232 241 38 42 40
5.7 (34.1) 242 241 243 227 238 34 38 36
6.7 (40.0) 231 240 missing 226 232 36 34 35

40 o
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Biia (EFFA VAD ZATHAR » RIEHH
BzEHe
(bl R PR+ R ER T SRR BT
R VADER « (BE Atlas, 1964)
Fig. 9a (a) Geometry of scan for wind measure-
"ments by VAD technique;

1 (b) wind and fall speeds make up VAD
o]
3 pattern indicated by | V| when folding
(=]
] occurs.
‘ 1= o<V, cos g cosdd
1 [} . 1 1
(] /4 r Aws2 2r

B—

(b) Velocity -Azimuth Display (VAD)

RADIAL VELOCITY-V

AZIMUTH

EADb ﬂﬁﬁ%ﬁ hgnEig VAD &ﬁlﬁﬁ?wﬁ‘ﬁ@tﬁ%o
: (I E Lhermitte, 1969a)

Fig. 9% Velomty azimuth display with examples of . actual results,

L6 VT rrr oo EI;_/’I—V
ISOLINES OF HORIZONTAL 6!

WIND SPEED IN m sec™! s

.llISi‘

S

FITT T T T T I 1T
)

.2
LO
c.8
Q.6
0.4
0.2

ALTITUDE « KM

8% 1200 1800°% & ° 24p00% . 8

JunE 26 CENTRAL STANDARD Tivg  JUKE 27,1965

B c FAM MR EENI965F 6 A27TH LR Oklahoma,

Norman B—ERRE» FiREZKPESEEZSEH
H|EHE o  (Br A Lhermitte, 1966a) .

Fig. 9¢ Altitude-time presentation of isocontours of hOI‘lZOl’l
. tal mean wind speed near Norman, Oklahoma,

041 -
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3R 2N PR RN A

_ BRMENERRWEERE + Bl (urb-
ulence) BAREATEBIRZERMEER (

broadening) & » 8fLLAE [ #EE

(spectrum)

PRI ANTEL T2 s34 » Chimera (1960) &

W B2 (Variance) 5 ¢
atye=1,04( [ LT w
RV BTHEARESE o WA Marshall-

Palmerpy KA palis (Atlas, 1964) > Ej--p0
RABE FEEMB 2R INEH o

10% ; T T T
Average Doppler Radar Data For
Period 1218~1220 MST
0% e e G000 feet B
e e e —BO O feet

i 4000 feet
LTI T Trpwr. SRS 3000 fee'

Concenfration Ny (M mm™)

Drop Diometer in MM

B+ FAR RSS2 TREETEAE
HFXApamEE (A du Toit, 1967)
Fig. 10 Averape drop-size distributions at
various altitudes,

A RIBLR

HRAFHFEGFEMWNRERE  (smalls-
cale eddies) » HHf MEIEREPRN S EER N
W (BN £50.7—1.0m%/sec? » 5 0,04—0.25m2/
sec®) » (A Hitschfeld and Dennis (1956)
Lt

O =iy o aByp rrerresreieiireiititir e s {i2)

HHEFEEE (on) RERER (ow) W5

= RN R e Y Bttt ot o IR BRIRESH T
ELOL] Yk o Atlas and Srivastava (1971) #
HFIRFERH (noncoherent) FIEHERHEH
%% (volumes) WEIEEWHZHEE ({luctua-
tion) BIMTHEHIELYE » MR B2 o

EIENEMITHERRZ R FAARGTERRIX
FHEEi s (Atlantic City Airport) RKHER
THERAR MR ZPH BN EWARBE Lewis,
1981) o

S.JIE 1 TR

FUHER B EENE SRR T HE
HEWEEE N (Probert-Jones and Horper,
1961) -

B+—/% Battan & Theiss (1970a) FlF#5
PR AT LR (FEERED) IeREIERE
5 s 19672 8 A 7 H)

6. R AE LS

HSETEIT T & SRR - WA LR AR
E@ﬁﬁ?%’%ﬂﬂuﬂﬁ&%@&ﬁ » HBFER(Wilson
et al, 1980) o

TR E R {58

& TR R A R DR M EEME
dVr/do) RO AEERRE (dVr/dg) » HEeEE
BRIZUE 2 DL RS B 1 R ERIR L ¥H% - Donaldson
(1970) wHAE—H P S EET 4 RS R
REfRFE (Mesoscale vortices) Tl il
BRI AR RERIE (mesocyclone) JE—{H
B (Burgess et al, 1976; Brandes, 1978) » 2
B B PR e PR A AR AR AR R A o BLfilER
HREE R RS (Gust front, GF
) THWE (downburst) BT HEER LERAR
KGR SR R ARERE (+16m/s~—
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‘ %PH MIT HEHRER FAA BHEToEI0RTERE B Rk o RS Rl RS eTRE
ST HETRALEZE (U Lewis, 1981) o BRRY : (a)19B0sE 7 A17H ; (b)1980s£ 7 B17H

: ':I‘able 4 The thundersterm turbulence parameters (elrs—-radar, ej‘ag'—airplane) detected
' by Doppler:radar and aincraft on July 17, 1980. : )

) e1{3 VERSUS 513{3 FOR FLIGHT OF JULY 17, 1980 (EX&Lewis, 1981)

1/3
€ ap
0-2.25 2.75-15 45735 7.25-10.25 =10.25 TOTAL
A N L M s E
23 N i1 9 0 0 0 20
w845 L 13 21 6 ] 0 40
457 M 13 37 32 9 0 91
7-10.5 s 5 19 37 15 5 81
=106 . E 2 6 9 9 1 27
Total - - 44 92 84 33 6 250

_Correlation Coefficient=0.51
v Note: Turbulence categories: N=negligible, L=Ilight, M=moderate, S=severe, and E=extreme

(. /2 VERSUS /3 FOR JULY 17, 1980 (SIMPLIFIED)(RE Lewis. 1981)

/3
ap
: NEG LIGHT MOD SEV ‘
1/3 Comb. %
Ey 0-2.25 2,25-4.5 45-7.25 =7.25 Total Cat: G
LITE (245 = 24 30 6 0 60 N-L .90
MOD (45-7) 13 37 32 s 9 L-M 76
SEV (5T 7 s 4 30 108 M-S 7
Total ' 44 92 . 84 33 259 ‘
Correlation Coefficient=0.51 :
Time MST
045 1615
T Augus 1967
Ibﬂ-Smsec"
I .
3 A .
2 \’ =
g z
" . L}
1wl
£ -lE
3 o 3
. “~
] 4
i f
>~ T
2 ~ e
N
e L I o o
R IR o6 e W0 34 I R R

_ TIME=-MST TIME-MST

B+— FAE ME NS 2 RS LEE o (RE Battan and Theiss, 1970a)
Fig. 11 ‘Time-height section showing vertical air velocity: a (left), given by the negative tail of
the Doppler spectrum plus, 1 m/sec (Wzr); b (r:ght), given by Rogers’s formula (Wg).
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Fig. 12 Mesccyclone flow of the storm on Feb. 16, 1980, California.

RESIEEL » BRI EEER 2 I
BLAFRELITEYE (Wilson et al, 1980) o

BE+=819794£5 5 2 H7 Oklahoma ik
FETHZBE » ET= a BERHBFER SR
El# (hook echoes) HIRESIESR - B1+=
b 8B R RIERERGINEITE AR - MEEER
BENRREREAME 17°/59km B 345°/
47km 5 o AREBRIREERZE L » AR
FRIAR BEE L — 82~ F 48m/s o

9.5 2 WK TR |

HiTHR R E (boundary laver) BAKHE .

Bl fRE BRI IE H o Lhermitte(1966a
) Hi Browning % Atlas (1966) € F|HEVAD
#rfEA3em W Sem JF-RMIMITRERE (PBL)
40 M EIEEE o HAlizm Daviak R Jobson (1979)
AWEFI 10cm # FEIEERNAE Oklahoma MES
KR E 2B (kinematic structure)
o [E-1IU A s Bl Rhin Kot i ek FR AT T

B MEEEE o TER E o RITHREGEE) (ref-

ractive index perturbation) ff5[iR> BEEA
ﬁ@ﬂ@ﬁ%ﬁu)ﬁ%ﬂ 82 S O Y (Wilson
et al, 1980} o
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Fig. 13

B+ FRE R

Fig, 14

AT SEIE S Oklahoma pAbal (FRALR197948 5 A 2 A) HOTRMEEELIE R RGY

Br RS (RIE Wilson et al, 1980)

Doppler radar displays of two tornado-producing storms on 2 May 1979 in northcentral
Olklahoma. (a) Radar reflectivity factor showing "hook echoes associated with each of the
mesocyclones in  {b). Note how closely the mesocyclones and hook echoes coincide. (b)
Doppler velocity of two tornado-producing mesocyclones centered at 17°59 km and 345°
47 km. At the center of the more eastern storm a tornado vortex signature is evident,
where radial velocities change from —32 to 448 m/s between rays.

{L 197948 5 K271 (
Oklahoma W) ZREFR g (B
) B9ED NEEEE o (R Wilson et
al, 1980)

Doppler velocity display of clear air
echoes {insects) on 27 May 1979 from
central Oklahoma. In the convectively
mixed layer {depth 1.8 km) the wind
is about 126° at 4-6 m/s, Above the
wind rapidly veers to at least 200°
and the echo disappears.
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E+7 B (B BEZH SRR R pLELR

Fig. 15

Mo FEsz SSW 20048 » B
K348 m/s o (BLH Sheak Gray,
1970)

Simulation of a Doppler velocity
display for a hurricane. The eye is
located 200 km SSW of the radar.
Maximum displayed speed is 48 m/s,



— 4§ —
1088 (B8 BEZEH
Wilson et al (1980) FRE#F I BE LA
(BN BB 2 IRMERAR - BESRRAN
JI524% o Baynton (1979) #R{# . Shea. B Gray ¢
1970) HZFMEEEEER MR RNES  ETRA
RitF (ETRE)
OB R ELL L5 MRz B
B —ES SRR ENRSERRRAR
) MRS HTS o+ SEIRETE (ambiguity) BEEHE
(blind velocity) [Rfil » EIEREMRNTHEAR

Z Ckmd
TIHE (CST)

G. 300

STORM MOTION
1423 7

%-00 {E.DO 1:'-00 1?-00 EP.DU

GRS RSRDRERE) ARLE » S6
R EAFER A (dual) HIMEBLE, (
multiple) W5 MR EREFRN » GLEZCRE
Boodt AR FE RS RS RS AR

LinkPasken (1982) FIASH BIEEE
Oklahoma B EIEE 2 BBEA (B <k
®r e B Oklahoma City, Spencer B
Luther » TEAFE4E 1974456 5 8 H1412 CST

(B Jile) Biltam#EL428 CST WX FXEAZ

1C m -1

o d

3

2200 200 27,00

-

8
B

8

&
&

Y Ckm} —*
48,00 51,00

43, 00

%2, 00

0.
g&kwwNwéxx\\\\ﬁﬁ\\\\\x\

AN

VAR RN NN N NN
R RN RN SN N SISO NN N SN N
e i S
T N
® % \'ﬁ.ww“?’&\}ﬁ'\p'}+\"\'\\\\'\'\ “~
LA &,NH;—QN‘\'\'\‘\\\\\\\ NN
"N "'v;-/& ﬂﬁHHN\;\\\\\\\\&:\K -40
35 3 e gl et SN SASINNNGON N
- e .c-(’,ts 3y f@%ﬂ&h‘}'}ﬁgx.\ AN a\;"\
ot o gﬁ\f’;/‘)d}m“w\\\\ NAS
il ¢ ;1’“2/:, =% IS N VA
~ ‘i{’f‘%—am\\'\ 5 -5 8w
,I ‘5/“74\%\\\"‘;&_&’1 o 4 4 40 20
i 1t ““\’5‘— NN B, BT e e
i “t ‘bd\-\
¥
4
*a
*

\'
"
.\-

X.'-\b\\\ (3: R

Y \3_1/1{ L‘q‘%‘&‘\'\t"z w\“'-i.q‘%t__,rf_,\r_ --20

&
g W7 e 13‘4146 r\ —
N 4 .

$G. 00

s7.00

5%.00

T

2,00 34, 00 48, 00 51,00

3%.00

\
30

3
"k 0o

=/

8
S
11,00 19,00 xzb.ém 25.00 26,00 27,00 32.00 300

k] —»

FUFREEE MIEZEN Oklahoma FHIM—EER » FTESERRZES (x-y
PFE) o (A Lin % Pasken, 1982)

Fig. 16 Field of storm-relative winds and radar reflectivity contours in dBZ at the

0.3 km level, The heavy dashed line indicates the gust front. Storm motion
is from 230° at 15 ms™L

s 46



— 47 —
" ifopfE 12l OST & 1426 CSTo' - AR A—ER_EF  $ERREER
C T HRMENSSL & M EReEs Norman )4 ﬁﬂﬂlﬁﬂ?@ﬁ%ﬂﬁ?ﬁ"ﬁﬁ% s EAEHE (EE:?EE)
" Ciniarroni$ (fzf Oklahoma) » MLk ERR ) BIAEEE SR » ﬂﬁ&&ﬁﬁﬁ«%ﬁfﬁlﬁli&iﬁ
3 ﬁﬁﬁﬂjﬁ@%@h%ﬁ(mean vadial velocxdy, BBERE LA E » S Foote et al (1981)- £
_Vr) s Eﬁﬁ% (standard deviation) ; MBETE F=MEE MHEE (Triple-Doppler radar) B
HFEaizE- (equivelent radar reflectivity, Ze  Jil Colorado HALHAY—~ERE (RRI1976427 B
¥ o BSREAEESTMREESHASEN «  220) BELAE » BRARERF @) o

|511z_l|'|/1:__1.1;x|||

7as s zws2). | |-

T

T T T T T

T JUNE T N R S W OO IO NS T N T |

T 1T 1. 1T T F v 1T 1 1T % 17

CO ©owims™h ]

.
:l =) -

blTl

&

(I T Y WO N S U NS M N B |

: le'_smmce:fiuoaﬂif(krh)

™ orT Ty

[ (59,28,5.57 — ~ »5 0 ]

i-'.u'-.-o'|||||||||I|1‘1L FUNNE TN SO0 o U TR TR SO S N N S 2 | PEEE T TN N0 N T T TR U R T S}

"!?-rl|||1|_i|]iali, lll°i|illl||li[

: Z(dBZ) [ o wims™ 7] o

3 0 — 3,

~ %4 F L

N V]

—ns \is;. - -

VAR I ¢ 3
e i

48 EERZEEANGY :e,: ] 1
|(81.-3r1, 65! T f%'-.y(; L 4
ollll'lllll-lllli PUNE T SR S I WU N YR SEE S VAN T

5 10 150 5§ 10 [

DISTANCE EAST. {km)

E"H: %Uﬁl_ﬁ%l! l‘ﬁ)’]‘%ﬁ{é?ﬂi Colorado ?iibﬁﬂﬁm{@ﬁh% (1976&7 A 22EI) 2%1@&#&9& °
(B H Foote et al, 1981) ' ,
Fag 17 Honzontal SECthnS at 6.5 km MSL for three time pEI’lOdS showmg reflectlwty factor
on the Ieft updraft magnitude in the center, and b.orxzontal wind vectors on the
" right, Contours of updraft speed and reflect1v1ty factor. have been repeated m the
other plots for clarity.

e 47 o



— A8 —

EE R P ER R REREE
L TR R A B R R R R R R

Bt s Wbk S (kinematic) RE)D (dyn-
amic) FEHE» (HETREN (thermodynamm
variable) BEEEETIH o

2 A ER | e SR T R SRR R R R
RIS » (B FRRhR B R R R » BRERR TG R
PRy » ENEIRT 2 Ray et al (1975, 1978
) AL o

B FEES MR R RREEKEE (noise level
) BB TEARER ZEE o it o B
BN BIE® (folded velocidy) MSFHIRIBIE (
Lin and Pasken, 1982) o

A B —E [ R SR IRG » B R T
B Vh s A0 fo » BIEYTREEE VI £
o RIFRLA B ¥R » Bl V=—Vhcos 3 cos (8
~ By —Visin g » BTAEH BB EERE »
BERVE e g p=pos VIR a<20° VLR

BAERVo o
5. (6 I P ER B AR AR A 8 T S (R IR A
EEERNAE  TENREREERGITREE
H G (Lhemitie and Miller, 1970) »
CHRFTRERYET R (0% %7 FTHlE Lin
and Pasken, 1982) 7545 FiBRMR » NEREIE R &
BELAERGHEFOTRER -

A EREEZRRER—
NEXRAD &bk

R EEA

FEBVWEARRARNRE  CRILFAHR
HRMEE » (AFEEL1960E AR ENERRE
=i ({fWSR-57, WSR-64M, AN/FPS-6 &)
o HETEREREBS 2 HRREA R » IMPiELE
B R RS R TR A B R E R it
WRPASERAE » HRFEEHEGgR (GF) »
B o BRI EEIAI « Hil » ZRERRBHE
SRRTRE RIS MR R R AR
B2 () Smith and Holmes, 1961; Atlas,
1963; Lhermitte, 1969a) » HEERS (Depart.
of Commerce; DOC) ZBHRAHF (NWS) 27
T (Depart. of Transportation; DOT) 2R
spoegsl (Federal Aviation Administration;
FAA) » LIEREFHFY (Depart. of Defense,

DOD) > 2o B H B RIF M Alr Weather Sexrvice,
AWS) FEEHAR B BT - B4R
LRI T NEXRAD (Next Generation Radar
) EE  BILVRFTR A TIHBES S SRR
R LENE LM - MEAREHORIEEEH
SRR R RN o SRFTRENN TR DR A RIAER
FRBHYEE  REWERMPBS 2GR ME
e
O ERF R R
LEF i .
NEXRAD:Z#4 TFIMi (phase) 44T *
OFRFEH—IREH R EEH T
e~ B RERAER LA o REIERHHED - IR
W2 TG~ TG » ToRkaim %ﬁ%ﬁ i
BEIEREAMGH -
@%ﬁ@ﬁﬁ—*%%ﬂ*%ﬁm%mmﬂ
FtiasE ~ AIEREREL ~ Bl ~ A ~ DURLEL ARG
BB 2 RS DR o iiﬁﬁmﬁ~7uﬁﬁAﬁé
AR 2 R IL/RAERA o
@Eﬁiﬁ%——&i@mﬁ@ﬁﬁﬁkﬁ
LEHAZRA + FTE— B R RET R
o FREIEEEF BB TR R EEEE -
WA RAEEN—ES DI EEE 160 E5
e B
2.5
Em%$2HWﬂ_ﬁm%nn@?ﬁ%ﬁﬂ
Troeka » 319824812 F W B BV MR T 5 2 R
HEMHER S R » BISER T 85— IR TR -
TR AESZR AR » Raytheon i Sperry
PR L9834E 5 AAET T4 B 2 BB SR T
19 TEASEE (FRYRS) JR19864:8 A58
o HIBAEISTIERI88F 1 - MaBRM

CERS 19924 R0 SRR G B A G rx'mﬂﬁ Bﬂnemtz,

1981; ZE7EE » 1984) o o
n[Fﬂ Ei ﬁﬁ E‘n I
AR R RS RERERH AR ETY
» HrLAT0S 1 28 H L2 SR T ZERHR Y
Fitis e R B RE A (% 85 ~ RA
S EWE) 2R . ﬁiﬁﬁ?&?ﬁ%iﬁi » (el
BEMRTE (BREADRIH—RER) T
R ERRE RS RRARRERRRSL (BW
F > s ~ PERBETE ~ BRIBEL ~ RERRALDE ~ %

/\‘E

) SRR BE AR c BZERG () REXR

o 48 o



| pRERSETRARSNT RS ERENATH
U BEARMBEENZTR » LETHERAER
Noweasting) 2&%°%ﬁﬁ§%§%&%ﬁ@
FAMEERZER » T AR
ﬁﬁﬁ%ZﬁW&k@ﬁ%iﬁ?éﬁﬁﬁﬂﬁﬁ
o+ RUERAREIA A R B A LI SR )
ERBNEFR AL TR o
. ft%E NEXRAD mzm;ﬂn@mﬁ ,
”ﬁﬁ%hﬁ%ﬁ%%ﬁﬁ%%%ﬂﬁﬁ%Zﬁﬁm
o RIS INE AL TR B R T LA |ty
FERAEE » ISR RS RT LR » (K
ﬁ?&f@:@ﬁﬁﬁ:@%’%’%ﬁﬁ (radar network) »
LR SURAE » 20y B - T
SRR RAEE  ARENRE  HEY
RYERTEBETR R » FIAERERZ SRESKE
ELREEE - ERA— R AR RLRAR
RBED » DRIERRE A RHENES o
Mz 0 4 MRS TR ER  REEEHE
FESE TSN » BTHERERLERE () R
EBITIRATRS » BRY A T RIRREE
1 + A BT R R R AR B RRES » T
R o ERIBHR » UTREERT? A
 ERPHERAE ~ M (LEEEREER
ground clutter) &k~ HIEEE~ HORBHH
HES G @7@@@Lﬁﬁﬁ%2%%v

(BRI R TR AR 2 e
R » BARES R OECERE L2 R
BrERRSREIRE - ERE ML R -
RS EMERISE BB o

2 # X K

‘Atlas, D, 1963: Radar analysis of severe storms.
Meteor. Monogr., 5, No. 27, 177-220.

Atlas, D 1964: Advances in Radar Meteorology.
Advances in geophysics, 10: Academic Press,
New York; 318-478, )

Atlas, D. and R.C. Srivastava, 1971: A method
of radar turbulence detection IEEE T'rans. Aero.
and Elect. Systems AES-7;179-87.

Battan, L.J., 1973: Radar Observation of, the
Atmosphere, Uni. of Chieago Press, 324 pp.

Battan, L.J. and I.B. Theiss, 1970a: Measurements

of vertical velocities in . convective -clouds by

i

means, of pulsed-Doppler radar. J. Atmos. Sci,
27 293-398.-
Bargen, D.W. and R.G. Brown, 1980: Interactxon

radar reloeity unfolding. 19th Conf. on Radar
. Meteor AMS, 278-285.

Baynton, H. . W, .1979;: The case for Doppler

radars along our hurricane-affected ' coasts.
Bull. Am. Meteorol. Soc., 60, 1014-1023. -

Bonewitz, J.D, 1981 The NEXRAD PROGRAM-
An Overwew, 20th Conf on Raclar Meteor.,
AMS, 757-761.

Brandes, E.A,, 1978: Mesocyclone evaluation and
tornado genesis: Some observations, Mon, Wea.
Rev, 106, 995-1011.© =

‘Brown, R. G.,, C.R. S;affbrd,_ .S.‘ P. Né]son, D. W.

Burgess, W. C. Bumgarner, M, L. Weible, and
L.C. Fortner, 1981: Muitipie 'Dbpplef radar
analysis of severe thunderstorms: Deéighing a
general aﬁalysis system. NOAA Tech, Memo.
ERL-NSSL-92. 21. pp.. .

Browning, K. A and D. Atlas, 1966 Velocxty
charactenstlcs of s_ome_clear—alr dot angels. I
Atmos. Sci., 28, 592-604. -

BurgéSS, bW, 1976: Single Doppler }adar vortéx
recogmtmn Part I Mesocyclone signature,
17th Conf. on Radar Meteorology., AMS.

Burgess, D. W, L. D. Hennington, R. J. Doviak,
and P. 8. Ray, 1976: Multimoment -Doppler
display for severe storm identification. J. Appl.
Meteor., 15 1302-1306.

Chong M., F. Rouz, J. Testud, 1980:: A new filt-
ering and interpolation method for processing
dual-Doppler Radar data: pérformaﬁce in 3-

* dimensional wind restitution, ability to derive
pressure and temperature field. Preprints 19th

Conf. on Radar Meteor., M1am1, F]a, AMS.
286-293.

Chimera, A.M., 1960: Meteorological radar echo
study. Final Report., Contract F33, Cornell
-Aeronaut. Lab., Buffalo, New York, {616)-6352.

Donaldson, R.J, Jr, 1970: Vortex signature
recognitioh by a Doﬁpler radar. J. Appl. Met-
eor., 9, 661-670. . .

Doviak R. J., and C T Jobson, 1979 Dual
Doppler—radar observatlons of clear air wind
perturbations in the planeta_}‘y boundary layer.

. 'J. Geophys. Res., 84C2, 697-702.

49



Doviak, R. J., D.S. Sirmans, D.S. Zrnic’, and G.B.
Walker, 1978: Consideration for pulse-Doppler
radar observations of severe thunderstorms. J.
Appl. Meteor., 17, 189-205.

Doviak, R. J., D.S. Zrnic’, and D.S. Simans, 1879:

Doppler weather radar, Proc. IEEE, 67, 1522-
1533.

du Joit, P. 8., 1967: Doppler radar observations

of drop sizes in continuous rain, J. Appl.
Meteor. 6: 1082-1087.

_Foote, G. B,, HW. Frank, and C.G. Wade, 1981:
Updraft evolution and storm fypes, 20th, Conf.
on Radar Meteor., Boston, AMS, 166-169.

Frush, C., 1981: Doppler signal processing using

IF limiting, 20th Conf. on Radar Meteor,,
AMS, Boston, 332-337.

Glover, K. M., G. M. Armstrong, A, W. Bishop
and K. J. Banis, 1981: A dual frequency 10cm

Doppler Weather radar, 20th Conf. on Radar
Meteor., Boston, AMS 738-743.

Groginsky, H. L., 1972: Pulse pair estimation of
Doppler spectrum parameters. 15th Conf. on
Radar Meteor., AMS Boston, 233-236.

Gray, G.R,, R.J. Serafin, D, Atlas, R.E. Rinehart,
and I.J. Boyajian, 1975: Real-time color Dop-

pler radar display. Bull. Am. Meteor. Soc., 56,
580588,

Hecht, E., 1975: Optics, McGraw-Hill Book Co.,
242 pp..

Hitschfeld, W.,and A.S.Dennis, 1956: Turbulence
. in snow generating cells. Sei. Rept. MW-23,

Montreal:- Storing Weather Group, McGill
Univ..

Hiclmfelt, M. R.,, A.J. Heymsfiled, and R. J.
Serafin, 1981: Combined radar and aireraft
analysis of a Doppler radar “Black Hole” region

in an Oklahoma sguall line, 20th Conf. on
Radar Meteor., Boston, AMS, 66-70.

Laird, B. G, 1981: On ambiguity. resolution by

random phase processing. 20th Conf. on Radar
Meteor.,, AMS, Boston, 327-331.

Lewis, W, 1981: Doppler radar and aircraft

measurements of thunderstorm turbulence. 20th
Conf. on Radar Meteor.,, AMS, 440-445,

Lhermitte, R. M., 1981: Millimeter wave Doppler

radar, 20th Conf. on Radar Meteor.,, Boston,
AMS, 744-748.

Lhermitte, R. M., and D. Atlas, 1961: Precipit-
ation motion by pulse Doppler radar. Proc. $th

Wea. Radar Conf., Boston, AMS, 218-223,
Lhermitte, R. M;, 1972: Real-time processing of

meteorological Doppler radar signals. 15th
Conf. on Radar Meteor.,, AMS, 364-367.

Lhermitte, B. M., and L.J. Miller, 1970: Doppler
radar methodology for the observation of con-

vective storms. 14th Conf. on Radar Meteor.,
AMS, 133-138.

Lhermitte, R. M., 1966a: Probing air motion by

Doppler analysis of radar clear air returns. J.
Atmos. Sci., 23:575-591.

Lhermitte, R. M., 1969a: Atmospheric probing by

Doppler radar. In Atmospheric Exploration by
Remote Probes. Vol. 2, Washington, D.C,, Nat.
Acad. Soc. 253-285.

Lin, Y. J., and R. Pasken, 1982: Kinematic and
dynamic characteristics of a tornadic storm

determined from Dual-Doppler winds. PMR,
Vol., 5. No. 1, MSROC, 50-68.

Moore, J. A., and B.E. Martner, 1981; Observa-

tions of California Rainbands, Part I: A pair
of bands in Proximinity, 20th Conf, on Radar
Meteor., Boston, AMS, pp. 364-370.

Probert-Jones, J. R, and Harper, W. G., 1961:
Vertical air motion in showers as revealed by

Doppler radar. Proc. 9th Wea, Radar Conf.,
Boston, AMS, 225-232,

Ray, P. 8., J. J. Stephens and K. W. Johnston,

1978: Multiple~-Doppler radar network design,
J. Aml. Meteor,, 16, 706-710.

Ray, P. 8., R.J. Doviak, G.B. Walker, D. Sirmans,
1. Carter and B. Bumgarner, 1975: Dual-Doppler

Observation of a tornadic storm. J. Appl. Met-
eorol.,, 14, 1521-15630.

Seto, W. W., 1971: Acoustics, McGraw-Hill Book
Co., 195 pp.. '

Smith, R. L., and D. W. Holmes, 1961: Use of

Doppler radar in meteorological observations.
Mon. Wea. Rev,, 89, 1-7.

Shea, D.J., and W.M. Gray, 1970: The hurricanes’

inner core region. [, Symmetric and asymmetric
structure. J. Atmos. Sci., 30, 1546-1564.

Wilson, J., R. Carborne, H. Baynton, and R.
Serafin, 1980: Operational application of mete-

orological Doppler radar. AMS., Vol. 61, No.
10. 1154-1368.:

BIREHE » 1982 ) MRS BREHERZEY » P
R ESTHHE  BRESR » 461465

s + 1984 | EEFE—EERENEDA » HER
ST LTSS » RIS » 245-248 ¢

e 50 o



H—kRIE
09085740032

Volume 31, Number 1 Mar. 1985

METEOROLOGICAL BULLETIN

(Quarterly)

e B O - e —————

CONTENTS

O"r'igina.ls
A Diagnostic Study of Moisture fluxes during Ave-sesame
V' (20-21 May 1979) c-ersrerrrearsssmmseecssunicsnsssnnssnnscsssnsanes Hsin-Wu Chang (1)

A Parameterization of the Topographic Forcing to the
Himalaya Mountain and the Taiwan Mountain on the 7
Zonal Mean Current.....o..f ............................................. Ming_Lee Liu (16)

Reviews

Discussion of Secure Landfill Reliability--Thomas T. Shen & Ke-Hsun Chi (25)

A Review of Doppler Weather Radar: - oreeerrinnn Henry Fu-Cheng Lin (32)

CENTRAL WEA THER BUREAU

64 Park Road, Taipei

Taiwan, Republic of China



< o3,
£10 72 g
= 4

=tk o
= R

T 32aR 3

REE W2 R AT AT A2 R oo o
ML T B P B ST T BT e vre eee e evves

EM A L EEA R

Fanl
[=]

3R
BB b = SRR R S —— R BB (
R
—AEP R SR AR B e

*
i |
w B OB OB YRARBALTRR
i # 7 A % = £
N E % & 2
¥ wEEzge .
i TfEEs ® R B
% = A = w &
i W *, #
A R
i e
sk nooMm %
*® B 5 #,
i - S
w8’ = T 3
i B Rl #F ARRAEHRL
F it ue EAR S k% 486 A105405
i i == 3016802 « 3018572
R T ST T T S e S G G O T SR o o O o o

=5

BB (1)
erereee e B3 (15)

g mag (24)

........................

B402HE) ZEH oo orieiene (84)

tesmEerrasnt s A an

R 8 A (53)

E Ak v e R S S S S e b S e B B P S R R R b

&

SRR AT i ad i
F 3713181 =

*

e

k

>

B % % &
% Ed >3 b
BO& B ;Tj
R #R # S
#O0BF R &
5 E3 A (it n F 2R ;’II:
B £ MW *
R

®

&

%

i D B Sp D b ol el S S



BE+—BBH
Vol. 31 No. 2
|
EE+t+MEXRR
June 1985

Z{ ﬁ i 1 éﬁﬂ
. Meteorological |
Bulletin




REBRE= BB (7466 H)

i

—1 =

=

55198442 6 B 3 ABEERBILERRAORERMN - FHAKTEER ~ MK
Eﬁ@‘Eﬁ%ﬁ&%ﬁﬁﬂ’ﬁﬁ%ﬁﬁﬁﬁﬁﬂ'u*ﬁﬁﬁﬁﬁ&@ﬁﬁ%’ﬁﬁﬂ
FEHH I REERERZ BN - BB RER R RN R AR A

¥~ BHHBURERBHRERZEE

WHRRERETEREEA R~ BFH - R R RIS RS A TN L
BRZAH (diffluent flow) » BIEEICERHAFIRRIEN » TR TERYELZRFHRA

HAE R BRI R E IR

Bk *i&%ﬁ@% %ﬂﬂﬁi+%ﬁ%ﬁﬁmu&%ﬁﬁ’%ﬁ&ﬁﬁZ%ﬁj

B o

— B

il |

1984426 ] 3 A RIEEBILETBE T B

- RAVR TR EART R AR B PR R R
KESHE (1) o EFEBOEIY 6 A4 BRI

BHEE » FRHIEUISZA ) REES A 0 ZBLZA

BN B 5 IR » HYH S BB R R A
RBE -

R BRI ZOS BUR SRz B TS
BRI  MIGHRAZHHER 4 ~ SHH
RT.O0LEEEFI7IE 6 B29A T 3 ~ 4K+ Bf
HIBIST SR (B—) o

Bkl N TR AR15mm DL B 5
NES 0 BHEI0ERERE—K - BRHEERLIER
§$Mmﬂﬁ’ﬂﬁm%%ﬁTL%$ﬁﬁE’ﬂ

HBIZ o

ETHR AR RE RN RIS (R
LD  BERTRERMRBRSER (B
1982 s BB - 1984 % 1982 KB v 1084

) i Maddox et al (1978) ®3RHIRH (flash -
flood) & PiERENBRRERHMER ° ﬁﬁﬁ
B ERBA TR LM ETRR 2RI R
wﬁ%mﬁ%ﬁﬁ’ﬂﬁﬁﬁﬁﬁﬁL%ﬁz—‘

1 m$5ﬂ3ﬁﬂﬁﬁmkhﬁﬁ(§ﬁ%%
JEMTRER

Fig 1. Picture showing the disasters of the
northern Taiwan in the date of June
3, 1984. ‘ '

* WHH% mﬁSHMH%$Eﬁ7ﬁﬁﬁmEMﬂHﬁ uﬂgﬁu

1 diREHRER B
2 HRASRERANEE

« 51 o



o B HOBE—(z) ¢ (20R31) JEMIMENE @ L(1) : TR

ggy 09 [1°¢ |9°61jg oTjcz 80 je0loe L U S A B Ffr~rF~rrrrFEH~FrFFEF ®R E:
6'09 0'6 [¢°6 [2°F SO poToLft'TleY [L09O0 |— = |—|— —|— el —-|—-—~p0~F | A E
0" 201 — - - |- |- Eopope PpugL [gegpgopo—~ [L (L gLl — |— |-+~ | # ®
0'00% — - — — |~ |~ jogooor progport peRolEl — — — -1 - | ¥ -1
0°8¥z - === = & ppeE g sl — — [~ |[L [T — = f~f~ |- = [— | ¥ E
6.8 — — |~ |— = pvpolre frolgs fporoslSEll — |~ — — |~ fol— |- &~ | W s
st — -~ o o Eoles josaoror sz - bl pzlez - - - [0 | o 4
1'281 — —~ - - |- |L [ €0 [8pses povgegeos— |L L oige- i~~~ | ® ]
9651 - - -1~ F i~ = Ft o080 6IPING—~ BOUEE — |~ — =~ |— [~ | Ha &
9oL — i~ gogo pzgs [00ggSBSLISTIL L [gORBPEI— |— |— [ |~ |— | B ¥
S 86 — - =11 g0l [gopoyergeLlezgogogENsS~—1—FMH~~@H|% W e
62y - -~~~ =1 |- Pksiet|— [rrrfrspoprigo|— o golzo| W £} &
n.wm~ — - -~ = |- |- [t fgenozoogp iz Lpelee @RS~ [— |— ~ - [— | ¥ £
eV - -~k | w (@ |a ja ta |o |« |« |« |¢ EREOQLTETOI| B &
m,wzﬂﬁz,smm t 9| s |vle|a|1|ve|ez|ez|1z]|oz|6|8rir|on|st|m Svmm "
HEHD HzZHo B "

86T 'G SUR[ UO SUOIWIS UPAIS], WIAYHIOW Iy SOf [[ejufer Almoy oYL I 9[qeL

(wwigy) {23 (rejuier fEanoy) EWRIMWMSENEHBE=Y —¥

52



HREBZHEFEFERZEEKNT o Purdon (1972
» 1976) FHRIGHITARE (arc clouds) FHH/H
EA (HE ~ BEAE - ?ﬁ@ﬂ%ﬁﬁmﬁ%)

BT » HOBEHTESBIZIKR » Holle

and Maier # 1980 £EBARBEEMERE (
Florida) HIF{EEEEMSE (gust front) fE3THE.

ELMARSA (FEMHBH) o Simpson (1980) ¥R
REBMOERLRA IR TER] Malt  TiEs
Py [BE | BRI -

MRS EREWRA L L REEAIEEE o &
NHERERWEEN - HEEHE - WE R
~BREERERESHERRERAR  $EETHE
E 2 DR RESHAR » RIFEHARERNERE
B Bk ~ BB » LR RHBEZ R RS
M -

=~ fﬁﬂ?ﬁ (Weather situation)

#198445 5 14 A BRBEE MG (A
) # AARREBIEAEEEDARREE G
+ 1978) » HE#ES B14H ~ 20 R27TAEE =%
SRR T EBMIE - Kb 5 AMABBR—E 54
EFR > 2.6 7 3 HRUSERHTE S r R A
FERS o HIE 2 I ESENBHLETH6 A

E2 EHE73%652H0200L=6 H 3 H0800LH:
[k FapsE=gga gt 2 ol

Fig 2. The tracks of the surface fronts and
high ridge lines from June 2 to June
3, 1984
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Table 2 The floods dccurred in northern Taiwan areas beiween 1959 and 1984,
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Table 3 The comparison of forecasting
system
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A Mesoscale Analysis of Heavy Rainfall on June 3,
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Fu-Cheng Liu

Section.Chief of Forcasting Center, Central
Weather Bureay, R. O. C.

ABSTRACT

Using meteorological satellite images, radar pictures, automatic recording
data and sounding data, we studied the cloud characteristics, precipitation

distribution, circulation pattern,

and the causes of a continuous development

of a tremendous rainfall case on June 3, 1984, ,

The results indicated that low level jet stream, warm advection, short
trough, dry cold air intrusion at the middle layer and strong diffluent flow at
high level are favorable meteorological conditions for the generation of heavy:
rainfall. The occurrence of heavy rainfall and continuous devélopment were
related to the interaction of the front and arc cloud line. Precipitation began

in Taipei after the interaction between outflow of a thunderstorm north to

Taipei and an arc cloud line moved into Taipei area from west.

This event

was enhanced by the slowly southward movement front or outflow of
precipitation associated with the front at northern Taipei. Therefore, the heavy

rainfall took place.

Finally, the prevention of flash floods and the improvement of weather
“forecasting techniques are also simply discussed in this paper.
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Table 1(a) The autocorrelation function of averaged monthly sunspots

1—12 0.86 0.82 0.77 0.73 0.71 0.64 0.63 0.56 0.54 0.49 0.44 0.40
ST.E. 0.10 0.16 0.20 0.23 0.25 0.27 - 0.29 0.30 0.31 0.32 0.33 0.34
12—24 0.34 0.32 0.26 0.23 0.20 0.15 0.13 0.08 0.03 —0.01 —0,05 -0.06
ST.E. 0.34 0.34 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.3 0.35
Xl OAFErBABEFBEANREHB HERE X
Table 1 (b) The partial autocorrelation function of averaged monthly sunspots
1-12 0.86 0.30 0.11 0.02 0.10 -0.14 0.10 -0.16 0.06 ~0.07 -0.03 —0.08
13—24 —0.03 0.02 —-0.08 0.02 0.04 —0.06 -0.02 —0.06 —0.10 —0.03 —0.04 0.09
®20) B o= B A M A MW HE K
Table 2(a) The autocorrelation function of residuals
1I—12 (.07 —0.15 —0.01 --0.00 0.12 -0.12 0.12 -0.08 0.07 0.06 —0.03 0.03
ST.E. 0.10 0.10 0.10 0.10. 0.10 0.11 011 0.11 0.11 0.11 0.11 0.11
13—24 —0.12 0.07 —0.09 0.00 0.11 —0.04 0.08 0.02 —0.01 —0.05 —0.08 0.06
STE 011 0.11. o011 0.11 0.11 0.11 0.11 0.11 0.12 0.12 0.12 0.12
®20) B = M AN B B OH W E K
Table 2(b) The partial autocorrelation function of residuals
1--12 ~0.07 —0.16 —0.03 -0.03 0.12 —o0.11 0.15 —0.11 011 001 0.04 —-0.01
13—24 --0.06 0.01 —0.09 —0.00 0.08 —0.01 0.08 0.08 —0.02 —0.02 —0.09 0.01

HER1E32.671 » B BZ AT HABETFREAS
AR R AT RBETFHE—B AR
~EANTHABRETEREE - EREATEBES
Wik, (Prewhiten Model) 5

(1—0.54676B—0.37396B") (X, —74.363) =a.

HRHBE Y. ML RS » YRR

FIRINZE EABBATE IR Rap (k) RARMT K MG v (k)
* SrEINEE 3 ()R E 8 BT o

#3() ATSABETNE Edmonton Hi% i SR 22 MINE

Table 3(a) The crosscorrelation function between averaged monthly sunspots and monthly ozone, Edmonton

No. of lagson X, 0 1 2 3 4 5 6 7 8 9
Ras(k) —0.159 —0.128  0.315 —0.068 —0.068 —0.035 0.070 0.044 —0.101 0.121
No. of lags on X, 10 u 1z 13 14 15 16 17 - 18 19
Rep(k) —0.180 —0.05¢ 0.034 —0.147 —0.069 0.064 0.018 0.023 0.076

0.251
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Table 3(b) The impulse response function of the system

k 0 1 2 3 5 6 7 8 8
Y(k) —0.340 —0.278 0.674 0.146 —0.075 0.150 0.094 —~0.216 0.259 —0.384
kK . 10 1 12 13 15 16 17 18 19

v(k) —0.115 ~ 0.536 0.072 —0.314 ~0.148 0.136 0.039 -0.050,"_0.163 —0.375

W 3 (a)p 2 E A R R S R TR
2(H0.20628 1587 » BT Res(2) B Ras(12) 51 0 81
HRRAD  BRAMENEEE (pattern) B
LRI E 88 Rap(12) + B

Rap(0) =Rap(1) =0+ 7

b=2r r=015=0
WP EES BREEEAR0,0: » il

Y.=woB* (Xi—X)
B we ZfEEHE ve=0.674 RATE

Y|=0.674 B’(X.-—-74.363)

ERTHEMD » 3 acf B pacf T 4E)RE

4 (LB » RILFAFRT BN acf FHEEWIR1 &

TER ; T pacf AIBMBIERY » HWSEET

FRAR ARIMA(0,0,1) + 0
Ny=(1—8B)a:
maAR .
—th
n= grer

A5 62 (3 HE 91220.3619 » {HIHERAIREE

=—0.32

BB A IR ERE o HIBIRSR Bl

Bk » BAE B R ER T TR IEM » Bld

ABETER o (EERERL TFIRERRNSE

T - _ ' ‘
(3ARIMA(0,0,1) X (0,1,0) e
©ARIMA(L,0,1)
©ARIMA(1,0,1) X (0,1,0)1

46 F B B ¥ W B H B & X

Table 4(a) The autocorrelation function of the noise ’

1—12  —0.32 0.15 0.04 0.03 0.20 -0.10 0.17 0,08 -—0.07 0.11 —0.05 —0.13
STE. 011 0.13 0.13 0.13 0.13 0.13 0.13 0.14 0.24 0.14 0.4 0.14
183—24 0.07 —0.05 0.24 —0.19° 0.03 0.2 -0.06 0.02 -0.04 0.11 0.13 —0.08
ST.E. 0,14 0.14 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0:15 0.15
#F4L) T HE B A W E B # W B K
Table 4(b) Thé partial autocortelation function of the noise
1—12 —0.32 . 005 0.11 007 ¢.24 002 0.11 0.6 —0.05 —-0.01 —0.04 —0.30
13—24 —0.13 —0.04 0.25 0.08 0.06 0.04 0.01 —-0.07 —0.06 -0.02 0.19

MARIMA(1,0,0) X(1,0,0:12

B3R R (AR T B A S
o+ BBIFKL ARIMA(0,0,1) X (0,0, 1)1 7580

Ni=(1-8.B) (1—8:B®)a,
R TG 54 B B R RE o 5
BEEHERSEL » 01= 0.7 §2=0.9
BETBRRS

Ni== (1-—-0.73) (1—0.9B%}a,
T, » AT EGRAET + BB 5 B
Fh & ) act + Hrb 3 R AE—IRANY act RRAFRSER
Wik Koha AIIRIAARERRGE » REBZQMES
28.1 » B2 ytosm ZIRERMEI3.92 B/ » 3 & A

0.06
g
BREERILEZ RA BTl RBERT) 4
R2 B2 E AR BN LURGE » 32 6 I T3 TARE.
B » BRI 1 110 19;2 B ST A R M 2SR
b > BrigEES 5 TS AR EIE S=25.741
» SHBF y205,0e B3 HAD. 78R » H av B Av AAH
Fo
ZRMADEELE » BT BRENEA
RTBEAERER « S REpEts 0,0
» FRED
Yi=0.0122B%(X,—74.363) .
T FEERNS ARIMA,0,1) X (0,0,1)12 9 £
Ny=(1—0.702B) (1—0.923B**) a,
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Table 5 The autocorrelation function -of i,

0.16

1—12 --0.09 0.07 —0.05 0.04 0.19 — 0,14 —0.09 —-0.09 —0.03 —0.23 -—0.15

ST.E. 0.11 0.11 0.11 0.11 0.11 0.12 0.12 ‘0.12 0.12 0.12 0.12 0.13

13—24 —0.19 0.03 0.13 —0.07 -0.10 -—0.05 —0.06 0.03 0.13 0.05 0.06 —;0.01

STE. 0.13 0.13 0.13 .13 . 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14

#®6 v B &M 2 £ EZ M B B &
Table 6 The crosscorrelation function between a, and 4,
No. of lags on a;, 0 1 2 3 4 5 6 7 8 9
raid(k) —~0.093 ~0.270 0.050 0.118 —0.095 0.055 —0.055 0.047 —0.005 0.046
No. of lags on a, 10 11 12 ‘ 13 14 15 16 17 - 18 19
?’aé(k) . 0.024 —0.222 0.076 —0.033 0.035 0.038 —0.110 0.010 —0.087 0.238
No. of lags on «. 20 21 22 23 24
Tal (_k) —0.057 —0.155 0.075 0.002 0.178
ey = X (0,0,1)_12 °

SR BT B » IR IR
~ B R G R AR R S B R AR E SRR
BABRATH » REEEERER (Time Do-
main) ANRREEY 5 CAFRRNRRAR
RG4S BRI RS ZBE 0 TRER
B 2 TR B B R R E R
HE e .
A FEHEY Box-Jenkins #5758 » BISH
AR SO H R RE SR R TR A RS
#57  ERTFEFHOTAE ARIMA (p,d,q) A
RftsE o HEENERARREANETE S A
e . .
LART RAMRBEE - (i RB R B REY
BERMF L BBRIA + WLI965F1972% A A
B BT REUNE K Edmonton HARAAERES
FRINFIAS PUCTIERIB AT » SO R B Bl M B
BRR 0,02 MTEHEANE ARIMA (0,0,1)

- {P#RR Box-Jenkins HRH AR kB

HAMETBRENER » HEABLE—SRRE
FIRBRNRA BRI ARG IE » 728
BIRHH » BT LB —H R TR » HEE—
BT o

2 £ ¥ M

Box G. E. P. and G. M. Jenkins, 1976;: Time
Series analysis forecasting and contrel. Holden-
Day, San Franciéco, 208~274.

T8~ » 1980 1 KISBAISHT » BRRFBLBISE
» BORKER BRI » 2324 - :
PREREL + 1982 ¢ KBRF 2T » RRBHL L2 1
* %31E o

[0 ~ 3R3%$T » 1977 ¢ Lecture notes on time
series analysis, 51-53. )

iHfPE » 1977 : FERL. ARIMA BsS3% ki 5351
R R RIS - RREADER 3
» 15-26 »
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The Identification, Estimation and Diagnostic

Checking of Transfer Function Model

Shi-Yang Chen

Deputy Director of Computer Center, C. W.B,

ABSTRACT

By using Box-Jenkins method, a detailed description of identification,
estimation ‘and diagnostic checking of transfer function model is preseﬁted.
Also, this approach is applied to two time series of averaged monthly sunspots
and monthly ozone of Edmonton, Alberta, Canada. It is realized tI;at the transfer .
function model is (0,0)z, and the noise model could be represented by the
ARIMA (0,0,1) X (0,0,1)1z. -
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2t HH~ BRUL S 76~ ZHUME 0 198465 F22H ~24 H REBAER (GEER)
Table 1. The observational weather status.at I-Lan, Su~-Ow, Hwa-Lien and Tai-Don
Station from 22th to 24th, May 1984, (G was the gust wind)
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» BE RS ERE R0~ 118 kR
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BE— : 198448 5 H21 H 20055002 2. K £
Fig 1. 500mb Chart at 1200z 2ith, May, 1984,
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FE23 H 208 » HAE106° ~113° B — 1k 75 ¢ BT
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(WE=Z)

B : 198445 5 F22H 20855008 K S H
Fig 2. 500mb Chart at 1200z 22th, May, 1984

[B= : 19844E 5 F23 5 208500 X &
Fig. 3. 500mb. Chart at 1200z 23th, May, 1984.
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Table 2. The position of the small vortex cells on
the 500mb Chart from 12z, 21th to 00z
23th, May 1984,
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3. 700 EEERAM

(1)5 A21 020K 23 B 200 R 8L - 21
FI208} » ReRBIRI AL + HOAR110° ~120° %
—PFF (B o 75227 8 Rkl » IR
BEWYSHARI16° LR » B FLIL R 5 2261 8 W22
FI 208} » ZERERR S BUAPNTHER » JLi21°~25°
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Figd. 700mb Chart at 1200z 21th, May, 1984,
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BT ; 19844F 5 H22H 208700 E R FHE
Fig5. 700mb Chart at 1200z 22th, May, 1984.

7 ¢ 198445 5 A 23 H 20857002 B X SE
Figh. 700mb Chart at 1200z 23th, May, 1934.
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Table 3. The position of the wave trough which
was staying along the coastal area of the

southern China on the 700mb chart from
00z 22th to 12z 23th, May 1984
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Fig 7. 850mb Chart at 1200z 21th, May, 1984.

[ 1 198445 5 A22H 20K E R AHE
Fig 8. 850mb Chart at 1200z 22th, May, 1984.
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Fig9. 850mb Chart at 1200z 23th, May, 1984.
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Talile 4. The position of .the center of the low
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Figl2. Surface Chart at 0000z 23th, May, 1984.
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Figl0. Surface Chart 0000z 22th, May, 1984

JH+— 1 1984 5 szHzOﬁﬁﬂﬁ?Eﬁ@f

@5 A228 2 k223 0 14K » BEBILARE R E
» B TESEE S DAL E R R (/7DD

k7 : 5 228 2 Br~28H 145 » ZERILARE A&
(EEHLE B RFEE

Table 5. The position and the strength of the

center of the surface low pressure in the

downslope area of the Taiwan mountain
from 18z 21th to 08z 23th, May 1984.
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Fig 15. 500mb Chart at 0000z 6th, June 1984,
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Fig 16. 700mb Chart at 0000z 6th, June 1984,
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Fig 17. 850mb Chart at 0000z 6th, June, 1984.
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A Study of the Severe Rainfalls over the East Talwan

and the Southeast Talwan

Ming-Lee Liu

Junior Meteorologist of National Forecasting Center, CW.B,

ABSTRACT

The two severe rainfalls over the east Taiwan on May 22-23 and over
Lanyie on June 6, 1984 had been studied, and had come to the following
conclusion:

It was assumed that the severe rainfalls over the east Taiwan on May 22-23
came from two effects; One was the topographic forcing of the Taiwan mountain
on the stationary front in the 850mb layer, which had been staying and passing
through the Taiwan mountain (Liu, 1985). The other effect came from the
aggregation of the vortex cells, which had aligned along the coast of the southern
China, and had become a trough around the Taiwan area. The severe rainfalls
happened -after the vortex cells had appeared on the 500mb surface for 15-18
hours. :

Tt was assumed that the severe rainfalls over Lanyie on June 6 came from
twoé effects too; One was the extension of the surface pacific high pressure to
the southwest due to the strong southwest current in the 850mb and 700mb layer.
The other effect came from the aggregation of the vortex cells which had
aligned along the coast of the southern China and had shifted to the east to
become a trough over the Taiwan area. The severe rainfalls happened after the
vortex cells had appeared on the 500mb surface for 24 hours.
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Fig 2.- Mean sea surface temperature chart of ten days during the period of June 11. to June 20, 1984.
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