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Abstract

Taiwan island is located in the subtropicacl area. High mountain region orien-
tated from north to south. The splitting of airflow, the acceleration of wind speed
and lee-vortex will influence the advection of precipitation system. Besides that,
since mountain acts as the sources and / or sink of heat and moisture, the occur-
rence, the duration , the intensifying and the decaying of the precipitations ccan
vary in a very short time. To understanding and to make a good short - range
forcasting of those phenomenon are very important for researchers. According to
Doswell ( 1986 ) and McGinley { 1986 ) the gathering of the meteorogical informa-
tion as soon as possible is essential to the short - range forecaster . The fbllowing
meteorogical data are needed:

a. Convectional meteorclogical data.

b. HIgh spacial and temporal resolution surface metecrological data in Taiwan area.
¢. VHF wind data.

e. Integrated sounding system data. .

f. meso — 3 and meso — ¥ model simulation"dat.'a.

In the second year we will focus on the gathering meteorological data from
existing system , the purching two ” worl; stations * to analyze the radar data and
convectional data , respectively , and analyze some preliminary simulation results.
We hope through this ” team - work ” type study. We can find some good methods
for short - range forecasting .,

Key words : Short - range Forecasting
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. A conceptualmodel of the Taiwan southeast mesolow
and mesocyclone. A stationary mesohigh forms on the upstream
and a mesolow forms on the southeast of the CMR under a
prévailing westerly or southwesterly flow. An additional
moving mesocyclone develops to the east of the CMR if the
fmpinging angle of the prevailing wind is large

E1.$E 8 LIN. et.al (1992)
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convective in nature. The thunderstorms were most  istand oa the 26th (Fig. 15¢) as drer air aloft moved
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TOTAL : 23 STOPS

5291943 -

5300043
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B 131



Y-AXIS(KM)

.80 120

40

i 45
A=AKISIKM)

CONTQUR FROM 0,000 T30 1000.00¢ wini CONTQUA INTERVAL 100.000 100800

THE iST LAYER STREAMLINES

0 40 80 120 160 200 24¢
: X-AXIS(KM)
CONTOUR FROM  0.000 T0 1000.000 wizy CONTOUR :NTERVAL 100,005

f 14. Smolarkiewioz and Rotunno (1985)

24



b} mt e — e = e R

P R i e e e e =l

T

TR N

—

B 152. 1987.6.20 1200 L5T

25



e P —i= 2 § bt

PR T L Lt b

12

S

L

_ A

| r A
| ] | B &

122

o2

B 15b. 1987.6.20 1400 LST



| 7

/N .
W >
i J = & 7 ,- . \\

o

//
-

o0
30

' 3 :

S
e —




—A AL

ﬁ&@!/\'ﬁ‘%%’(ff— *iﬁ%%ﬁ%%*QWT-ﬁi‘i’k:‘imﬁﬁt'@
B8R o 33 L # A 3 3 6F X R % HHrawdata) ¢ M/‘?iﬁﬁ"]ﬁﬁﬁ
# 8 (Volume Scan) B & A& 4% 45 1036 A_F 15 5 960048 35 5 6 {314 LT
kﬁbiﬁ?yé“l'nﬁ.%fi!&,ﬁﬂ‘iﬁ-ﬁkiﬂ'*iﬁﬁ RHRFEED KK
B (vcflectmty) {2 ) B, 3% (radial wind)& & # X (spectral width) * & 1 FFF
METREE G ORBHRTE o k

ZERSH
ﬂ%%ﬁiﬁﬁ&@%ﬁﬁ%ﬁmT\&%ﬁm&%‘%0'_@
B-mR TR AKABT ham .
%% B HPPL. RHI 6B » 125 ¥ 4 3 409 9 & o
13 ® 3k ”
2 R H 3

¥R E B A P
HMRARET L ~F 3 Hde
(1)VAD (Velocity azimuth display ) T 537 - # A B A P 3%

(IVVP TRLEFMANEZ AT

{3)TREC TREGDRIFHER

(4)wind shear estimation T3 AW

(S)vertical velocity estimation + Tf53t & Ak &

{6)rainfall estimate THitwmg

(DInterpolation THRAXALAEZRTN
EZRHAER

R HSWHBOZEE PITHEANTRANRA D ATHT
3L F 3 (Agorilnm) © 4o & @ & P& azE, %, A%, So&EL

*ﬁ’ﬁi%&?&ﬁ/%ﬁﬁﬁf*ﬁ%%%ﬁ%°MC¥}’ ‘PRJ"‘ BmE, BRA
B ﬁﬁ'fﬁaﬂﬁu%ﬁﬁ*fﬁﬁﬁﬂﬁﬁ%°

C RAAKRATCETAS LASAR BRERTZM
BF °© TEWEBSIWEEEERNAT

28



80,78 )16 TH | T~
./“/'l-'aw : _ot——z— e R L & \

I R S
b
17, BHREMREM - 8A19H

TR
200LST W EHE R A R KBS HE

s A N .2 207 eope " Az s 0 o v 2.00 80 w
I P p.;lmﬂ s o W bl CRIGIC]  0.00, O.00F R X-ANI3 3.0 DG
2205 COOIE_IICI L YR iOnt i T e SECRIE IR VASION
3 .l,,'-t- wa e L T ” MY R 6.0
- b i N des.00
ica, 180, L B . 80, 0L
2 33.01
40, &
- - 2 \r} 4 J 3,08
B % 40, 0%
oy sf LR
E .00
. s b //\—'b S
® i et 0.0
J 3 15,00
o o.po 6.8
5 -5.60
o e | . n.as
150
19,94
i i 1560
+ Jr.a -
e, -, s
30.08
0. . - F RN
Lo Lo b 3
1o 100, 4
[TV oY) : TV A 1 TR eI e L s Ly L s
SNIS. 100, =00, 50, -0, 7%, O M. W, 6. s, oo . i Ti20, -1oo. <o, 44, 0. =20, O 10, 0. . %G 1 I
R 1rn

BE18.0 a~ b4rBIE8 E19H 1205LST hIEEEHAMEBEERIAE
EEREEREEES



fY FIL )
(LU S 14 1]

13,4,

1706 %12 5 o

xn
0.001 Fn

e T

C

12.5¢

ool

oo s vibass s antyasl
~hg0. =ib0, -80. -0, =10, 20
TR

n
F-ATIY: $.0 OFG

sos 810 1215 %02 & oA 17 o n
oo WS QALGINzE 0.0, uoﬂlrun I-AEL3T ¥0.0 EG
1.0 CEORSE  (IMIERTCTIVE VERSIOHM)

.3

19,0

7T

58
%
s

0,0

<120, =boo, - -60, =W +20. 0. 20, 0. 6p. 60, 0o, Iz

0 Py [ERTY 5 -2 L] ccm Xr 000 K o
Lot S L SR | 00 1 DAEGImzt  0.Do,  0.005 Kh  T-Axp3r 0.0 0LF
N, &1 uxrzm:nvr FERSIGT .

12,00
d 0.0
8.
. ‘
L]
a
PR E
-t
e
.0F L] LI
. .
s # s —a
Taab 1 E
L A Lo LT PUE TUTUT TP PUTUN PRUTT POSTE ¥
J.os100. -6, 0. <40, -0, 0. 0. 0. 0, 00, koo

¥

204 neag (PR
I o S o g

[T TR ... 1o

412 N4 ¥ro Q.00 W

toem
Wit Qb0 0,001 mn

d

[IR13
n.o| 2
\_)
¥
¥
EX 13
oy
s
o .

.0 1
1I IR1ERNC T IVE YERSLOMI
T T T

i

s aEx.u:J;aaa—lu.u.lu,q.lu.A.gh.uuu.:u

4 P
[
[
it o
"~
+
1 .
LIRS Y

A

It

S370, «lDO. 0. -E5. b, -20. 0. 20, 40. 0. DA,

R

s Bris 1Z s Sz 5 e con Yo 0.00
IS OF 55520 4 X LDO | ORIGIMI( GO0,  0.003 I
e CECIC I INTEANCHIYE YFRS)08)

3

10.0

4
E-Rn| 3z 30, u 0((.

0.0
&3, 0
£0.00
413.m
50, 8t

& ] o.os

Lo Y-
T-AELSE 30.0 DEG

0. 04
55,00
50,0y
N
30,00
1504
19.0
.o
30.0

=
ot 23

&0

-|?o. -100. =00, B0, =D -2, 0. 20,

XA

Uor BA1T n |5 s-lr 3 0 (==t ¥s 0,00 nn 2

(L I S V.00 £ DRICINEL  0.00.  O.001 WA X-AIIET W0 K
:mnc ARNTERNCE TYE VERSOMY

L1

Laiasy L

'

L A100. -00, G
T an

%0, =20,

B19.: ¢~ df}ﬁﬂm@ﬂ#‘ AA’%E“‘JEE’J %Eﬁﬁ&@%ﬁ!ﬁiﬁ °e -
(Bl RE e BY RENEAEZEEEREARS o g~ hs
FiREaAA ~ BB HHNSEEHEEE ISR o

30

100, 0.0



WING SPEED

20.0

WIND SPEED

WIND SPEED

20.0

400

£0.0

200

L N S St T S B S BN M Satar Suste oAt ek S AN S A B S SRR S S Sl B Bt R M
=12 b 1] ~B -6 ~4 =2 2 4 & e 12 14 12 13
. HOURS
1
. = "v‘_:_):_
4 | ABE
-1g

40.0

{20 IEF 3D E AT WL A A L VAD BT B E B = HE
& (Yaney ~ Abe ~ Dot) BEERTH AR BILIE & A3y B4 o

31

~,



L2180 360,

180

DIAECTION

80 ..

DIRECTION

279

27h

| ES G SV G

DIRECTION
180

. %0

I ST N
s e e N

2 4 121 12
HOURS

Bi2L D SRR MBI GRS VAD HEA SR R
~.! " B(Yancy ~ Abe ~ Dot) BB S B RUHHE L AL o

I o B (B SR T O 1
» TR BT  o

B2 © BAEGRD  ERERZREE ©



Zake %ﬁﬁﬁé?ﬁ%@?%%%ﬁﬂ%%ﬁﬁﬂtﬁﬁ

EERES L BRAKTLHARBUBEELER
B P > HERE R BT T HRERAGNTE
ALY ERETHRAINERARAGLTITNTEZ—°
BT oW FrEAFBEIaERNEARESE » SR
WA T HRARIAFIRE 'fﬂp%i_’i?é‘i@ﬂé B AL Ay E
AR AERSHBREBHRYBE X —ZBKE > VA
AV L HH R O FE A o KB ERBATER
BBV T B ARBERZ L AN Gy EAREY
RE LT REREG A R B o dost » AR MG EF &
PR S RS W L E KR HRE AL o Fmk
RAEMWSA o ’

33



Proc. Natl. Sci, Counc. ROC(A)
Vol 18, Ne. 2, 1994. pp. 174-185

A Method to Obtain the Kinematic Structure of a Squall
Line Derived from Dual-Doppler Radar in a
Terrain-following Coordinate System

Zensing DENG anp CHing-Seny CHEN

Institute of Atmospheric Physics
National Cenatral University
Chur:g-Li, Taiwan, R.O.C.

-

34



Proc. Nad. Sci. Ceune, ROCIA)
Vol. 18, No. 2, 1994, pp. 174-185

A Method to Obtain the Kinematic Structure of a Squall
Line Derived from Dual-Doppler Radar in a
Terrain-following Coordinate System

Zensing DENG awp Cumng-Sey CHEN

Institute of Atmospheric Fhysics
National Central University
Chung-Li, Taiwan, R.O.C.

{Reccived May 20, 1993; Accepted September 18, 1993)

ABSTRACT

An alteenative methed 10 derive the wind field from dual-Doppler radar data in 2 mountainous arsa is given.
‘This methed is based oa terrain-following coordinates in order to acquire mors reasonable lower boundary conditions
for the vertical velocity. First, we use dual-Doppler radar equatiens and the anelastic continuity squation as terrzin-
following coordinates to obtain the estimated wind direction and speed in three-dimensions, Then, we use the
variational method to adjust the wind field by the constraint of the continuity eguation.

After we compare the wind ficld obtained by this method (method A) with the model results and with that
obtained by using a similar method in a cartesian coordinate system with a 2ero vertical velocity lower boundary
condition (methed B), we find that there is aimost no difference between method A and B for fiat terrain. However,
finc structure asscciated with the terrain is found in method A, Ascending and descending mation occur 1o the

wind-ward side and the lee side, respectively.

Key Words: kinematic structure, squall line, terrain-following coordinates

I. introduction

The mountain ranges go north-south and are very
lofty on the island of Taiwan. Mountains can have thermal
and mechanical effects on the formation of precipi-
}ation system. So, many p?gipilalion systems occur
near or over mountainous areas. One of the methods used
to study these systems is the analysis of Doppler data, In
the past, many researchers have successfully achieved
an understanding of the kinematic structure of
precipitation systems via Doppler radar data. For

_example, Lin esal. (1990 a, b) and Mohr and Miller (1983}
all used Doppler radar data to determine the kinematic
structure of precipitation systems with the aid of SLU (Saint
Louis University) and the CEDRIC (Custom Editing and
Display of Reduced Information in Cartesian Space)
package, respectively. The SLU package is the Doppler
radardata anialysis system developed at St. Louis University.
(For details, see studies by Lin ef al., 1986) The CEDRIC
package is the NCAR's (National Center of Atmospheric
Research} Doppler radar analysis system (Mohr and
Mitler, 1983). : :

Lin er al. (1990a) discussed the kinematic structure
of a squall line over the Taiwan Straits during TAMEX
(Taiwan Area Mesoscale EXperiment) on May 16, 1987 by

using dual-Doppler radar data. Many important aspects
of this system were revealed, such as a front-to-rear flow
at all levels on the forward side of the squall line; a
shallow rear-to-front flow at the back of the line; many
individual cells imbedded within the squall line; new con-
vective cells forming ahead of old cells; and convective
downdrafts to the rear of the main updrafts.

The method used by Lid et al. as well as others to
process the dual-Doppler radar data was construcied using
a cartesian coordinate system. However, when we applied
a similar method in Taiwan, we ran into some problems,
for example, when we wanted to calculated the vertical
velocity from the continuity equation in mountainous areas.
The lower boundary condition was not necessarily zero,
as assumed in the cartesian coordinate system. To over-
come this problem, we have to use different-coordinates
for a beiter lower boundary 1o obtain the vertical velccity
derived from Doppler radar data.

In this paper, we will derive a method which deals
with Doppler radar data for a terrain-following coordinate
system. Thus, the lower boundary condition can be easily
determined from the wind speed and terrain features. We

“will then compare the intemnal kinematic structure of a

convective system innorthern Taiwan during TAMEX from
our method with that derived from a method based on a
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cartesian coordinate system.
. Methodology
1. The Synthetic Method in Dual-Doppler Radar

To study the kinematic structure of a precipitation
system, we need to know the horizontal (U, V} and vertical
(W) velocity inside the precipitation system. If the
Doppler radial velocity measured by two radars is repre-
sented by ¥, and V,, then the relationship between ¥, and
V.2 and U, ¥ and W can be written as

V,=Usinficos B+ Veosficos 6+ WsinB,  (1a)
Vy=Usinfycos 6+ Veosfycos 6+ Wsinby,  (1b)

where B and [, are the azimuth angle for the two radars,
respectively. & and & are the elevation angle for the two
radars, respectively and U, V and W are the particle moving
speed components for the cartesian coordinate (as shown
in Fig. 1).

Fordual-Doppler radar conditions, the horizontal wind
speed (U, V) can be solved with an unknown vertical wind
speed (Wa i

U=U+ MZWai‘r (2)

e

»r

Fig. 1. Schernatic depiction of dual-Doppler radar scanning of precipi-
tation system particles. By and Byare the azimuth angles, and 8and
& are the clevation angles for the two radars, respectively. U, V
and W are the particle moving speed componenis in carlcsian
coardinates, V,y and V,z are the radial velocities for the two radars,
respectively,

V=V4+ MW, (3
where
U= M+ M,
£ V= M3 + M4
M1=leBZBV:-?.BI
M, B Q;Bzcl
) M3=u2A1;‘{»1A2
—A
M, AZC'D &
x—x
AR
¥k
B=2Zh
-z
C"=T,-

B = By —Bidly
W= W, +V,

2 2 3.1
R=[{x-xY+(y-%Y+(z-z) R,

where (x, ¥, z) is the position of the ith radar. V,is the
terminal velocity of the precipitation particle and can be
estimated by an empirical equation: '

w _4_32 (dBZ)O.D'JMzBG (4)

In Eqs. (2) and {3}, there are three unknown variables
(U. V, W..), so we should add another equation using these
three variables (usually, the continuity equation) if we want
to solve them. The anelastic continidity equauon for the
terrain-following coordinate is

e _ (apU apv

an o )+SpU+PpV {5)

where
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Z, is the terrain height, Z,is the model top height and
p is the density of the air (as a function of height only).
1 is the vertical velocity of the terrain-following coordinate,
From Egs. (2), (3}, and (5), we can derive a vertica! dif-
ference equation for 7:

pe=tpi,-on L+ 2L

A B C

ﬁft\rf’“{,,, apM., i

+ En(SpUT+ FpV), - O (—= 5 Al by
D E
+ n{ SpM W+ PPM W ) (6)

¥

where (). denotes the current layer data, (), denotes the
previous layer (the upper layer in the downward integration)
data, and m denotes the mean value of the two layers.
The E and F terms can be divided into two paris:

e

L} (apMz" oir MW,

E=E1+E2=- 5 ay )P
-
_én (P e MW, aPMa oPMaBair
2 ox dy
F=Fl+Fi==" (SPMZ A PPMJJ,’;,,)

(S,OM2 Virt PPMW )

Then, Eq. (6) can be represented as
A=B+C+D+EL+E24F1+F2 (7

In the above equation, the B, C, D, E1 and F1 terms
are known, but the A, E2 and F2 terms are unknown. To
solve Eq. (B), we usc the iterative method. The rewritten
Eq. (7} for the mth iteration is

A, =B+C+D+E1+E2, +Fl+F2,., 8)

where W, used in E2 and F2, comes from the previous
iteration. We continue the iteration involving the previous
(p) and the current {¢) levels until

l(p"mr):m (p mr)c m—lISEOV

where £,=0.001 kg/m’s in our calculation.

In Eq. (7)., the unknown variables are (W), and
(7). The relationship between (W,;). and (7). can be
derived from coordinate transformation and Eqgs. (2) and

3
W, =(Z,~Z,)(pi+ PU" S+ PV G, (%)
where
G=1—A(Z-Z ) MS5+MP).

Then, we can obiain the Vertical wind speed (W)
for every level by downward integration in Eq. (7). After
W,i,is obtained, ¥ and V can be derived from Egs. (2) and
(3).

2. The Wind Adjusted by a Variational Method

In the above method, when we integrate the continuity
equation, the error due to the finite difference accurnulates
in each vertical column. So,the 3-D wind field (U, V, W}
derived from the above method is not consistent with the
continuity equation. For this reason, we have to use a
variational method to adjust the wind field, thus assuring
that the continuity equation will be valid.

We use Eq. (5) as the constramt in the vananonal
method. In Eq. (5), let pii=7), pU= {7, pv=7 andthe
hat is dropped:

a.

(aU aV)+SU+Pv (10)

Then the function of this variation using Eq. (10) as the
constraint is

J:” {J (U~ + (V= 7V dn

+21J {(3—U+3") SU—PV]dn) dxdy, an

where 7 and V are the horizontal winds (multiplied by
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the air density) derived from the above section. A is the
Lagrangian multiple. :
In order to let 8/=0 to minimize the function, we get

” {J[(U"0)5U+(V—V)5V}dn
(J[(BU
+1J>'[(

From Eq. (12), we obtained the Euler-Lagrange equation,

%V —SU~PV1dT}5

a;s_v) —§8U-P8V1dn }dxdy=0.
(12)

dx

o4

)
v=0+3 45 (13)
v+ Pl (14)
o
au 3V
f L& -su- PV)dn=0, as)

and the natural boundary conditions. (A=0at the boundary;
to be accurate, a discrete method should be used to derive
Eqs. (13), (14) and (15).)

Deleting U and V by using Eqs. (13) (14) and (15),
we obtain the equation 1

a’z. P2 o aﬂ. e
— = SAY+¥ (PR S
J [ E}y2+ { )+a)( )= ay
-l(.;2+P'°')]dn=-J [aU %‘; ~SO-P71dn.
' (16)

Using the relaxation method to resolve 2 (x, y) from
Eq. (16) and the natural boundary condition, we derive
the horizontal wind field, which satisfies the continuity
equation from Egs. (13) and (14).

For the adjustment of the vertical velocity, we used
Egs. (13}, (14), and (15) to delete the A term as

faw a0 w9

S(U-TH-P(V-V;]dy

38

[a_u a7

—-SO-pPV1dn.
5 ldn

(17)

-

U, ov

-

Let
D= -SU-PV

Then Eq. (17) can be written as

=1

0 0
- J (D-Do)dﬂ=-J DA =1
1 1

where we use the top boundary condition (f)y],.o=0 ).
We obtain

- ?'?o:=—7?flu\ (18)

n=1

From Eq. (17), we know that the adjustment of 7 is pro-
porticnal to 7. Then, we can derive the vertical velocity

(W.;;) by using

PWair=(Z-Z)pn +pUL-mS+pV(1-mFL.  (19)
With the above method, we obtain the terrain-follow-
ing three-dimensional wind field from dual-Doppler radar
data, which satisfies the continuity equation. If we do not
consider the terrain effects (or if the terrain is very flat in
the radar analysis region), then the synthetic method de-
scribed in section IL1 is similar to that in the CEDRIC
package. The wind adjusted by the variational method
described in section IL2 is similar to the SLU package.

lil. Comparison with Two-dimensional
Numerical Model Results

In this section, we want to demonstrate that the scheme
menticned in section IT can obtain reasonable horizontal and
vertical velocities. We assume that the radial velocity of
the radar from a known wind field is obtained through two-
dimensional numerical model results. Then, by using the
methed described in section II (hereafter called “method
A™), we obtain I/, and W, fromthis radial velocity. Companng
U, and W, with the model results (U, W), we expect to verify
thar the velocities obtzined in method A will be very close
to I/ and W.
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Here, we choose the wind and refiectivity data from
Chea's (1991) model results (shown in Fig. 2) as the actual
wind and reflectivity data. Then, we project this known
wind field to the radar scan line {assuming a radar position
at x=-10 km and z=0 km) to get the 2-D radial wind data.
The model's structure is similar to that described in very
great detail by Durmran and Klemp (1982). Tt is a two-
dimensional version of the Klemp-Wilhelmson cloud
model (Klemp and Wilhelmson, 1978) with a terrain-
following coordinate system introduced. In addition, a
wave-ahsorbing layer is added to the top of the domain. The
rainwater variable for the model is the same as that in the
Klemp-Wilhelmson model. The grid size in the x di-
rection is constant and is taken to be 1 km, where it is
stretched along the vertical to allow for finer resolution in
the lower atmosphere. The mode! domain is 270-x
18.2km®. There was assumed to be a sponge layer 11 km
thick at the top of ihe model.

In this model, because the horizontal wind (/) and
vertical wind (W) are not at the same point for the nested
grid systern, W is moved to the locations of U before
projection. Then, using the method described in section
Il (assumed in the two-dimensional plan) to obtain the wind
field (U, and W,), we compare this wind field to that in
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Fig. 2. The reflectivity pattern and wind Field in 2 portion of the domain
at aselected tims from Chen'’s (Chen eral., 1681) simulated resulzs,
The conteur interval of the reflectivity is 15 dBZ, staming from
54dBzZ.

the model,

Figure 3 presents the standard deviations of horizon-
tal and vertical wind between the model results and the
results of method A. The number on the vertical axis (K)
of this figure is the vertical grid number in the medel. The

_ standard deviation of the horizontal wind is about

0.13 ms™ and does not vary along the vertical axis. The
maximum standard deviation of the vertical wind is about
0.125 ms™ at about a height of 4.5 km (K=10). Using the
maximum standard deviations and maximum values for the

. wind as obtained from the model in order to estimate the

error of method A, we find that the errors for the horizontal
and vertical wind are about 1 and 8 percent.

Figure 4 shows that I/ and Wfrom the numerical model
results (thick solid line) and the resulis using method A (thin
solid line) at x=4 km (over low terrain) and x=24 km (over
relatively steep terrain) vary with height. At x=4 km, the
vertical wind speed is relatively small since no convection
occurs in that region.. The results of method A are very
close to the model results for both horizontal and vertical
wind. Atx=24 km, this section passes through the convec-
tive region on the higher terrain. The horizontal winds from
the mode! and from method A are quite similar. The vertical
wind patterns for these two are also similar, but the maxi-
mum value from method A is somewhat larger than that
from the model. The difference between the maximum
vertical wind can also be seen in other sections (not shown).
The alteration of vertical wind speed before projection and
the finite difference method used to solve the vertical velocity

U-COWP STANDARD DEVIATION WCOUP STANDARD DEVIATION

"ne

4 3
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Lo L33 148
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L
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Fig. 3. The standard deviations of (a) horizontal and (b) vertical wind
between the mode! zesults and the results obtained by using method
A. The vertical axis is the vertical grid point rumber.
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Fig. 4. The wind speeds of the madel resulis (thick solid line} and results
using method A (thin solid linc) at x=4 km and x=24 km,

“«may be the cause of this difference.

From the above discussion, the pattemn or the value
cbtained using method A is reasonable, and we can say that
methed A is now available for research and operatior work.

IV. Comparison to the Results
Produced by CEDRIC Software
with Cartesian Coordinates

. We used method A to acquire the 3-D wind field for
terrain-following coerdinates and 10 find the kinematic
structure of a precipitation system. We also interpolated
the wind field to cartesian coordinates and used CEDRIC

40

software (hereafter to be called “method B") to find the
kinematic structure of a precipitation system. Then, we
compared the kinematic structures of both methods to see
how they differed. We chose 01:30:00 on May 17, 1987
during TAMEX, when a squall line was moving toward a
mountainous area. At this time, the convective region of
the squall line was over relatively flat terrain. We compared
the results produced by these two methods in this region
to examine the reliability of method A. Moreover, we also
compared the results of these two methods in mountain
areas to see if there was any difference between them.

Three aspects are matchedup here. First of all, hori-
zoutal sections from method A and method B are compared
in order to search for a more generalized description, as
well as to examine the differences and the similarities
between the wind field analyzed by the two methods.
Secondly, a comparison of south to north vertical sections
is made to find the differences between the wind fields
acquired in the squall line's convective regicn and in the
mountain regions. Thirdly, a comparison of an east-to-west
vertical sections produced by the two methods and applied
to the two-dimensional wind field structure of the squall
line’s convective region is made to find differences in
convection over mountain areas,

We hope that through the comparisons in this section,
we will be able to determine why it would be better to use
method A to process radar data in mountain areas.

Allthe coordinate systemsusedin analyzingradardata
were fastened to the CP4 radar position, where the height
was 9 meters at its horizontal origin.

1, Horizontal Yiew

Figure 5 shows the terrain in the radar data analysis

1T o-t?Q

AT 5t
08 11244971
=15.

Fig. 5. Terrain chart of the radar analysis area, “The conteur interval is
500 m, starting from 500 m in height.
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area, The alfitude of the eastern side is higher. The aftitude
of 1000 m is found roughly io be at about x=20 km.
Furthermore, it is obvious that there is 2 mountain ridge
orientated in a northeast to southwest direction. There are
two valleys oriented in the same direction located on either
side of the mounigin ridge, the highest peak of which
has an altitude of 3400 m located at about x=38 km, y=
-33 km.

A.z=3km

Figures 6(a) and (b) indicate the horizontal wind su-
perimposed with radar reflectivity and vertical velecity, as

1% -1 0 TRl 1 nedm or
oriGIN=l  0.00.  0.001 M4 X353 90.0 GG
V!R!I?"l =

ot sn?
a5 0F 4/ 9

0.0% .
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0.0
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35 O L S OriGtws( L0,  0.001 KA X-ANESS 90,0 DEG
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25,

xxm

[L3]

Fig. 6. The (a) horizontal wind and radar ceflectivity and (b) vartical wind
obtained by using method A at z=3 km. The contour interval of
the reflectivity is 5 dBZ, starting from 0 dBZ. The contour interval
of the vertical wind is 3ms, staning from -15msh

obtained by method A at z=3 k. Figure 7 is identical to
Fig. 6 except that the results are obtained using method
B. At this time, the convective region {with a reflectivity
greater than 30 dBZ) of the squall line was located at
approximately x=5 km. From Fig. 5, we know that the

. convective region was located in a flat area. There was

little difference in the find field for x<15 km throughout
the flat area. The main convergent area was locateéd
in the convective area or the front edge. The positions of
the main ascending and descending regions are almost
identical in the convective region and its neighboring area,
but their values differed somewhat, mainly due to the
difference in the smoothness technique used during data
processing. There was more smoothing in method B. In
the mountainous area {x>15 km), the vertical velocity was
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Fig. 7. Same as in Fig. 6, but for method B.

41



Kinematic Structures of a Squall Line

obviously different. Method A had more fine structures.
For example, there were many upward and downward
centers x>»15 km, and y>-45 km, but in method B, downward
motion dominated. These results were mainly produced
by the different low boundary conditions used for the
vertical velocity. In method A, the low boundary condition
was 7;=0, while the low boundary condition was W=0 for
method B, Thus, in method A, upward or downward
motion would occur when the air was moving up or down
along the terrain. (This can be seen by comparing Fig. 6
with Fig. 5.)

B.z=5kn

At z=5 km (Figs. 8 (a), (b) and Figs. 9 (a), (b)), the
difference between the horizontal wind was not very great
except for some differences in results found in the upper
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Fig. 9. Same as in Fig. 6, but for methed B and 2=5 km.

left area of the chart. This area was too close to the base
Tine of the radars, therefore making the error in the synthetic
process too large. Furthermore, there were still some other
minor differences. For example, the wind pattern obtained
by method B (Fig. 9 (a)) in the mountain area tended to
be from the west rather than from the scuthwest as in
method A (Fig. 8(a)). This was probably dueto the lack
of variational adjustment of the horizontal wind in me-
thod B. It may also have come from interpolation of the
wind data from terrain-following coordinates to cartesian
coordinates that was carried out in method A for the con-

. venience of comparison.
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The ascending and descending paiterns in the convec-
tive region were identical. The maximum region was
around (x=4 km, y=-42 km), but there were still some
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differences in value. Moreover, in regions near the radar
base line, there were obvious diversities because of poor
calculation reliability. There were also obvious difference
in mountain areas. For cxample, in one region of (16
km<x<25 km and -45 km<y<-35 km), there were two
upward and two downward centers derived from method
A (Fig. 8(b)), but: no obvious upward motion in that xe-
gion was obtained with method B (Fig. 9(b)).

2. South-to-North Vertical Section

Here, we want to compare the results derived from
method A and B in two vertical sections at x=5 km and 20
km, respectively. The vertical section at x=5 km passed
through the convective region of the squall line over a flat
area. Another at x=20 km was over mountain areas. .

A.x=5km

Figure 10 (from method A) shows that there were four
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Fig. 10. The (a) wind field and radar reflectivity and (b} verical wind

obtained by using methed A a1 x=5 km, The contour interval
of the reflectivity is 5 dBZ, starting from 0 dBZ. The contour
interval of the verical wind is 3ms’'. starting from -15ms™).
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areas having larger upward velocities (at y=-42 km, -35 km,
-22 ken and -18 km). Similarly, there were also 4 regions
of higher upward velocity for method B (Fig. 11), and
their positions were identical to those in method A. How-
ever, the magnitude -of the second region's (y=-33 km)

_ larger upward velocity was not so obvious as that in Fig.

10, The larger vertical velocity in this region derived from
method A wascaused by the low reliability of the horizontal
wind close to the radar base line as seen in Fig, 8.

In addition, there were some differences at the low
level in resuits obtained by using the two methods. For
example, the downward motion bet than -35 km<y<-25 km
derived from method A was bigger than that obtained
from methed B. In methed B, the low boundary condition
of the vertical velocity was zero. Although the terrain of
this region was flatter, the wind velocity on the lower level
was strong. Therefore, certain differences resulted.

B. x=20km

This section cut through the mountain area. From
Figs. 6 and 7, we see that on the lower level of this area,
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Same as in Fig. 18, but for method B.

Fig. 11.
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the wind blew northward. Therefore, from method A
(Fig. 12), we see that the flow ascended and descended
according to the rising and falling of the mountains. This
phenomenon shows good agreement between the move-
ment of flow and terrain features. In method B (Fig. 13),
however, the airstream moved almost horizontally, and
the vertical velocliy was very small.

3. East-to-West Vertical Section

The east-to-west section is perpendicular to the
squall line. The kinematic structure of this section could
help us understand the structure of a squall line. We chose
the vertical section located at y=-44 km from the radar
base line.

In this section (Fig. 14 and Fig. 15), we could see
that the main part of the squall line was located at x=4 km.
In front of the squall line, at about x=10) km, there was a

=aew cell. Both had their own ascending area. Except for
some minor differences for x<10 km, the results of me-
thod A and B are similar. To the right of the new cell
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Fig. 12. Same as in Fig. 18, but for x=20 km.
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Fig. 13. Same as in Fig. 10, but for method B and x=20 km.

around x=20 km, there was a cell which did not develop
highly. Here the differences between the two methods
were large. In method B (Fig. 15), the movement of
the flow was mainly horizontal, and the vertical velocity
was very small, yet in method A , it is obvious that the
air ascended and descended closely following the topog-
raphy.

V. Conclusion

An alternative method (method A) with terrain-
following coordinates for dual-Doppler radar analysis
has been used to overcome the zero vertical velocity of
the lower boundary conditions for the existing method
in more complex terrain. The method we derived was
tested against numerical model results, We found that the
difference of the velocity field between our method and
the model results was small. When we analyzed the true
radar data for TAMEX IOP #2 using either method A
or the CEDRIC method {method B) in a cartesian
coordinate system, the gualitative features of the con-
vective region's velocity field for a squall line were similar
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Fig. 14. Same as in Fig. 10, but for y=-42 km.

for flatter terain, but thiere were some differences for
velocity fields in mountain regions. Finer features asso-
ciated with the terrain were found in method A. Ascending
and descending motion occurred to the wind-ward side
and the lee side, respectively.
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