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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.



0 0 ]
0 ]
+
%
L ]
1700 GMT 20 MAY
S 0 0 0
+ +
|
-5
0
! -10
=15
0
b CON
/’/\ R
[ 5 * 5 0 -5 -10-15
ITI0GMT 20 MAY
0\'___/'0 | |
0
+
i 0

t (cfm _\51

0300 GMT 27 MAY *

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