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1.0 PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

The Vertically-Integrated Liquid Water (VIL) algorithm

descri bes the conversion of weather radar reflectivity data
into |liquid-water content based on theoretical studies of drop-
size distributions and enpirical studies on the relationship
between reflectivity factor and liquid-water content. The

al gorithm descri bed uses an equation which relates reflectivity
factor to liquid-water content as given in the reference stated
in Section 1.2. Large values of |iquid-water content have been
related to severe thunderstorns and tornadoes.

The VIL algorithmconputes a liquid water value for each sanple
volunme. Each sanple volune is then nmapped onto a predeterm ned
4 by 4 kilonmeter grid. For each elevation angle, each grid box
is assigned the largest liquid water value of all the sanple
vol unes | ocated within the grid box. Al other |iquid water
values in each grid box are ignored. This reduces data storage
requi renents while conpensating for the fact that the stormis
novi ng during the acquisition of the volunme scan. Mreover, at
di stant ranges the sanple vol une size approaches the size of
the grid box. These partial liquid water values are then
integrated vertically to arrive at VIL values for each grid
box. If the VIL value for a grid box exceeds 80 x 10°kg/kn? it
is adjusted to 80 x 10°kg/knt to mitigate the |large

reflectivity values associated with hail.

1.2 SOURCE

The VIL al gorithm described herein has been inplenmented for the
D) RADEX experinment conducted by the National Wather Service
(NW5). M. Robert Saffle of the NW6' s Techni ques Devel opnent
Laboratory supplied the D RADEX i nformation
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1.3 PROCESSI NG ENVI RONVENT

This al gorithm does not use the "raw' reflectivity factor data
obtained fromthe radar. Several preprocessing steps are
carried out before the data are input to VIL algorithm The
NWE preprocessing perforned on the data is described by the
foll ow ng operations.

First the standard 1/r2 range correction is perforned on the
data. A correction is then made for oxygen absorption of

m crowave energy. The linear attentuation correction of 6.5 x
102 dB/kmfor a 10 cmradar is then performed. The resulting
reflectivity factor data val ues for each sanple volune are
assigned a nunber representing fifteen categories as shown in
the Operational Threshold colum of Table 1. If the return
power is less than 18.5 dBZe it is assigned a val ue of zero.
The categorization of the data is perfornmed so that a | ook-up
tabl e procedure can be used to arrive at |iquid water val ues.
The data are also filtered to renove any spurious data. A data
poi nt must have at | east two adjacent points with a category
val ue of at |east one, otherwi se the isolated point is renoved.
That is, at least two of the four possible sanple volunes at a
particul ar elevation with adjoining sides to the sanple vol une
I'n question must be in category one or above. This final data
set is the one used as input to the VIL algorithm

NOTE: The | ook-up tables and reflectivity categories described
above are inplenentation specifics of NW6 s D/ RADEX

i npl enentation. The AEL (see section 3.1) has been generalized
to permt other approaches.
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2.0

| NPUTS
2.1 | DENTI FI CATI ON
AZI MJTH

BEAM W DTH

BOX
(4 kmx 4 km Gid)

SAMPLE VOLUME

REFLECTI VI TY FACTCR
(ZE)

ELEVATI ON
RANCE (Sl ant)

2.2 ACQU SITION

AZlI MUTH, ELEVATI ON, AND RANGE (Sl ant) are quantities neasured

Azi nut hal position, in radians.
Precise to 10°° radi ans.

The angul ar wi dth of the radar
beam bet ween t he hal f - power
points (0.017), in radi ans.

Square grid boxes which are 4 km
on a side and cover ranges for O
to 230 km

A data sanpl e vol une whose
di nrensions are 1 degree in
azimuth, 0.25 kmin range,
and 1 degree in depth
(perpendicular to the radar
beam

The effective radar reflectivity
factor of a SAMPLE VOLUME, in
mb/ n?.

El evation angle, in radians.

The slant range to the center of
a SAMPLE VOLUME, in kiloneters

directly during the radar data acquisition process.

BEAM WDTH is a constant determ ned by the antenna's
characteristic beam w dt h.

BOX (4 kmx 4 km Gi d)

SAMPLE VOLUME is a direct
at the time of observation.
vari abl e dependi ng on the range of observation because the

radar beam s diverging.
REFLECTI VI TY FACTOR ( ZE)
radar hardware
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3.0 PROCEDURE
3.1 ALGORI THM
BEG N ALGORI THM (VI L)

1.0 DO FOR ALL ( ELEVATI ONs)
1.1 DO FOR ALL (AZI MJTHs)
1.1.1 DO FOR ALL (RANGEs (Sl ant))
1.1.1.1 COWUTE (LI QU D WATER)
: Map pol ar position of SAMPLE
VOLUMES onto a BOX (4 kmx 4
kmkilonmeter Gid).
1.3 COWUTE (DEPTH (Bean))

=
=
=
N

OR ALL (BOXes (4 kmx 4 kmGid))
1 COWUTE (rmaximum LI QUI D WATER)
2
3
4

COMPUTE (partial VIL)

COMPUTE (LI QUI D WATER (I ntegrated))

WRITE (LI QUID WATER (Integrated) 1s

IF (LIQUI D WATER (Integrated) is

greater than 80 x 10° kg/ kn¥)

THEN (Assign LI QU D WATER (I nt egr at ed)
to be 80 x 10° kg/ kn¥)

END | F

END DO

END DO
2.0 COWPUTE (maxi mum LI QUI D WATER (| nt egrated))
3.0 WRITE (rmaxi mum LI QUI D WATER (I ntegrated))
END ALGORI THM (VI'L)
3.2 COWPUTATI ON

3.2.1 NOTATI ON

LW = LIQU D WATER, the liquid water
content for a particul ar val ue of
reflectivity, 1n kg/knt.

ZE = REFLECTIVITY FACTOR (ZE), the
effective radar reflectivity
factor of a SAMPLE VOLUME, In
mb/ n?.

DB = DEPTH (Bean), the depth of the
radar beam as a function of range

for each grid box, in kiloneters.
Precise to 10 kil oneters.
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RH

RE

BW

RS

PHI #

LWrax

VI Lpar

VI L

VI Lmax

NOTE:

= RANGE (Horizontal), the
hori zontal range, in kiloneters.
Precise to 10“ kil oneters.

= RADI US gEarth), the radius of the
Earth (6371), 1n kiloneters.
Precise to 10* kil oneters.

= BEAM W DTH, the angul ar w dth of
the radar beam between the hal f - power

oints _ _
.017), in radians. Precise to 103
radi ans.
= RANGE (SIant%, the slant range to
the center of a SAMPLE VOLUME, in

kil ometers. Precise to 104
kil ometers.

= ELEVATION, el evation anq!e, in
radi ans. Precise to 10
radi ans.

= maxi mum LI QUI D WATER, the maxi num
liquid water content found within
a grid box, in kg/knt.

= partial LI QU D WATER (I ntegrated),
he portion of the LI&UID %ATER
(Integrated) in a colum which is
detected at a particular elevation
(per ?rld box) within a storm
I n kgl knt.

= LI QU D WATER (I nt egrated),
integrated liquid water
val ues (per grid box) for a
colum wthin a STOR

in kg/ knt.
= naxinun1ngle WATER
(Integrated), the maxi mum LI QU D
WATER (I ntegrated) value in the
scanni ng region, 1n kg/knt.
Precision is to the units specified unless
ot herw se stated.

3.2.2 SYMBCLI C FORMULAS
COVWPUTE (RANGE (Hori zontal))

RH = RS sin (¢)

COVPUTE (LI QU D WATER)

LW = 3.44 x 1073 zEY"

NOTE: There is no typographical error here. The 3.44
x 102 g/nf in Table 1 equates to the 3.44 x 10*3
kg/ knt used here.
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COVPUTE ( DEPTH ( Bean))

I F | owest el evation scan

THEN DB = RH (tan(¢,,,)) + RH? / [2 (4/3) (RE) (cos® )]
Where ¢, is the elevation angle of the i ™ tilt

and ¢, = (b, + $,)°
ELSE I F hi ghest el evation scan
THEN DB = 1/2 (RH) (tan (¢, + (BW) / 2) - tan (¢, 1)
ELSE
DB = 1/2 (RH) (tan (¢,,) - tan (d_,))
END | F

Where top is the highest elevation scan in the vol une
sequence.

COVWPUTE (maxi mum LI QUI D WATER)
LWmax = LW_if LW > LWmax
where n is the nunber of LWvalues wthin a BOX
COWMPUTE (partial VIL)
ViLpar = (LWmax) (DB)
COMPUTE (LI QUI D WATER (I ntegrated))

VIL = > VlLpar,

COMPUTE (maxi mum LI QUI D WATER (I nt egrated))

ViLmax = VIL, if VIL, > VILmax

where n i s the nunber of BOXes.
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4.0 CQUTPUTS
4.1 | DENTI FI CATI ON

A set of LIQUI D WATER (I ntegrated) val ues corresponding to the
BOXes (4 kmx 4 km Gid).

The maxi mum LI QUI D WATER (I ntegrated) value for each conplete
vol une scan i s output.

4.2 DI STRI BUTI ON

The vertically-integrated liquid water content val ues could be
used by an algorithmto plot contours of the values. The data
can al so be used to derive a severe weather probability index.
Anot her use is tracking storns by their maxinmum VIL. The

LI QU D WATER (I ntegrated) values are input to the SEVERE
WEATHER PROBABI LI TY [ 015] al gorithm
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5.0

| NFERENCES
5.1 LIMTATIONS

This algorithmw ||l have a bias towards | arger drop sizes.

Cl ouds containing a | arge nunber of small drops produce very
smal | values of ZE, which could be bel ow the detectabl e signal

| evel of the radar. This is, however, rarely a problemin nost
severe weat her cases. Also, hail can produce fictitious val ues
of liquid water due to enhanced reflectivity val ues.

Therefore, a maxi mum value of 80 x 10% kg/knt is a set as a
ceiling to mtigate this effect.

Except for the lowest tilt, this current inplenentation has no
earth curvature correction, i.e., the earth is considered flat
when mappi ng data in polar coordinates to the rectilinear
coordi nates. The val ues obtained at distant ranges may be

m sl eadi ng because |iquid water bel ow the radar beamis not
measured. At long ranges, errors nay be due to | arge sanple
vol unes al so.

5.2 FUTURE DEVELOPMENTS

There is no know edge of future plans to nodify the VIL
algorithmin its current inplenentation.
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