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1. INTRODUCTIGN

Stnce its establishment some fifteen years ago, the radar network of the
National Weather Service (NWS) has provided vital information for forecast
and warning programs. Virtually all of the area east of the Rockies,
tncluding coastal waters, is now under surveillance of long-range WSR-57
radars. Coverage of the mountalnous region of the West is obtained by
having NWS personnel extract weather information from air +raffic control
radars of the Federal Aviation Administration. This information is Frans-
mitted to the NWS Radar Analysis and Development Unit (RADU) at Kansas City
which composites 1T with plots of encoded radar information from The NWS
network and dissemlnates over a facsimile nefwork annotated charts of

weather echoes for the 48 states (Fig. 1).
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Fig. 1. Sample radar summary
chart prepared at Kansas City
and transmltited on facsimile
network.




The facsimile charts plus teletypewriter circuit RAREPS (encoded hourly and
special radar observations) from the NWS WSR-57's serve to keep users well
informed on radar activity. 11 has long been recognized, however, that it
would be desirable (1) to encode the data in digital form for sase of
transmission and processing by computers, and (2) to automate the obser-
vations. Russo (1961) evaluated various types of radar codes and showed
further that a digltal code was most useful for describing synoptic scale
weather patferns. Many others including Kessler (1961), Kessler and Wilson
(1271), and Wilk and Gray (1970) have demonstrated the potential of
computer compatibie (digital) radar information. Unfortunately such data
have not been available in real-time for routine forecast application,
Neither have they been cbtained on any large scale., The NWS Systems
Development Cffice has & project underway which Is aimed at autemating

the acquisition of digital data from network radars (McGrew, 1972).
Panding completion of this project, called D/RADEX, the NWS on July 1,
197%, began adding new manually digitized data to the RAREP teletypewriter
messages {which are now combined digitat and plain language).

The manuatly digitized radar (MDR) program grew out of work in the NWS
Southern Region aimed at Improving probability of precipitation (PoP) fore-
casts., The principal PoP forecast guidance from the National Meteorologicai
Center (NMC) is termed PEATMOS PcPs, from Primitive Equation and Trajectory
Model Output Statistics (Glahn and Lowry, 1972). As a result of model
running Time and communications, tThe forecaster may have data as much as
nine hours later than ‘that Input to the models which produce hlis guldance
(Fig. 2). Moore and Smith (1972) developed a procedure which fakes ad-
vontage of radar data to update the PEATMOS PoP guidance. They laid

out the grid now used and devised a code, essentially the same as The
present one, for digitizing data used in the procedure,

The MDR data have proved useful in a wide varlety of other applications,
These include weather-watch and dlagnostic procedures, aviation briefing,
qual ity control of radar data, forecast verification,and hydrologic uses.
The data are now being archived on magnetic tape and will encourage further
applicaticns such as improved Initial-moisture analysis of numerical mocels
and forecast techniques based on a synoptic c¢limatology of radar echoes.

1 is necessary fTo keep in mind, of course, that certain precautions should
be observed; putting the data intec a convenient digital form does not elim-
inate any of the probliems, such as range attenuation, which are inherent

in radar information.
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Fig. 2. Tempora! relationship of radar update information and
PEATMOS data. PEATMOS is The primary objective guldance for PoP
forecasts but is based on dates observed 10 hours pricr to forecast.
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2. DESCRIPTION OF THE MDR PRCOGRAM

The MDR data are manually encoded for each block of the grid shown in

Fig. 3, which Is a subset of the NMC coarse-mesh primitive equation model
grid, shifted so that the NMC grid points fall In the center of every
fourth radar box, the latter being about 40 nm square. The 40 nm grid
was a necessary compromise between the desire for encoding detail and the
constraints imposed by available observer and teletypewriter circult time.
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Fig. 3. MDR data grid. Area of responsibility for each radar is shown
by heavy lines (radar site In parentheses).
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The MOR code now used

TABLE 1., MANUALLY DIGITIZED RADAR (MDR) CODE. {Table 1) provides for
information on echo
Cobe N Coverase InTensITY Ratnrare Rate fntensity and coverage
£ -~ BOX.. CATEGORY /KR within each square and
0 for an indicaticon of line
1 any VIPL ¥ Heak <.1 configuration or severe
2 1/2 of VIP HODERATE -, weather, both current
3 il/ on”; o -3 and during the past hour.
2 of Each radar station trans-
4 <172 or VIP3 STRONG WS-l mits a series of digits
5 >1/2 oF VIP3 appl lcable o each grid
6 <1/2 of VIP3 VERY STRONG 1-2 row of Its area of
. AND b responsitbllity, the
7 >1/2 of VIP3 shape of the area being
a0 b vartable from station
to station as indicated
8 / '} >
<lizor B Iwewscan 2 by the slightly heavier
grid lines in Fig. 3.
»
9 )1{350:“?23 &;:L{ZE or 2 MDR data, appended to

*IP (Video Integrator Processor)

the RAREP, are delimlted
by arrows at the begin-
ning (4} and end (+),

as shown in Flg. 4,

LNIQTRW+/4+ 3357022 298777 234150 35« 2718 CELLS
2422 MT 390 AT 3457102 TOP 370 AT 294776
AREAITRWX /NG 02467156 0527137 0877120 117748 030,40
0147113 2310 MT 510 AT 076764 TEP 460 AT D647100
AREA4RW/= 987120 1177130 165780 135745 2114 w1 320
AT 134790

4422 44144 40096 0221 121 711/12/21/22/31+34-35=

Ny B e T

Fig. 4. Sampie radar cobservation., The PPl displiay with VIP contours
{left) has been encoded for transmission (above) with MDR data del imited
by arrows (4, <.

The data aiving Tntensity and coverage in this particular report are in
groups one through five and are the code numbers applicable fto each square
in row one, row two, etc. Data beginning with the solidus refer to line
configuratlons and severe weather. The NWS has established criteria for
the issuance of special radar reports and severe weather warnings based

on radar information., A plus mark in the MOR data indicates that these
criteria were met at the time of the observaticnjamirus indicates they
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were met during the past hour, and a solidus is used tc dencte a |ine-
form echo at the present time. |In each case the symbol Is followed by
the row and column coordinates of the square to which it applies.

NHNNNZCIC While the data can be
FTH . , .

SDUS10 KWBC 16221§ plotted by hand, a
DIGITAL RADAR PLOT SRN REGIONM ' ma jor advantage iies

in the capabitity of
making them availabie
in mapped form in The
teletypewriter request/

Y, reply system. Print-

~ outs are available
which show the current
hour's digits composited
in three reglonal dis-
plays, used in conjunc-
tion with transparent
gecgraphlc overlays,
Alternatively, rubber
stamps have been used
to apply the map
reference. Fig. 5
shows the Southern

Fig. 5 Southern Region MDR data composite as Region map. Additicnal

received on teletypewriter, Symbols (+,- and /) composites are planned

appear to the right of the digit to which they which will show more

apply. detail In larger scale

sectional displays

such as depicted In Fig. 6. Such displays will contain 4-~hour totfals to

be used in accounting procedures which have proved very effective in

diagnosing flash flood situations, (see Section 4),
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3. USE OF RADAR DATA TO UPDATE NUMERICAL PRECIPITATION GUIDANCE

The work by Moore and ‘
Smith (1972) using ~.

radar data for updat- “\\\\““ﬁh% L A / ’ ﬁﬁ

fng forecasts ante- ‘ OEHTRAL

dated the operaticnal

MDR program but the N L Y
L>/'/

same grid was used and
slight differences In
the code do not affect
the application of
thelr technique to The

new data. Their ob~ \“\Lﬂr\ '““\Vm,\\
Jective was to improve

SOUTHWEST

upon the PEATMCS PoP y A
guidance forecasts for ‘

Aflanta GA, Birmingham Jhis;

AL, and Jackson MS. In T BOUTHRASY

developing the technique,
a preliminary correlation fgig, 6, MDR data sectional displays for Southern
Reglon,
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analysis was made to select areas which, when echoes were present,
offered the greatest potential as predictors of rain at the predictand

stations. {1t was found tThat areas of the same shape, as shown in Fig. 7,
could be used for all three stations, Presence or absence of echoes (E)
and percentage coverage (PCT) in Areas |, Il or Il] were treated as binary

or continuous predictors in a screening regression analysis which produced
the equation:

PoPup = -0.014 + O.332(PCT|3) + 0.510(PEATMOS)

+ 0.160(E|) + 0'169(E|li)
The equation applies to both The 0000-1200 GMT and 1200-2400 GMT forecast
periods, each being the first 1Z2-hour period of public forecasts [ssued
about 2200 GMT and 1000 GMT, respectively. Radar predictor data were for
0840 GMT and 2040 GMT (see Fig., 2).

The updated probability (PoPup) is expressed as a functicen of the PEATMOS

FoP guidance and the cccurrence of echoes nearby. Use of the equation
iavalonnd with data from December 1971 and January 1972 and tested for all
three stations for February 1972 resulted in significant improvement over
both the guidance and official forecasts. Subsequentiy, Pefers and Barnes
(1973) tested the technique in an operational environment at the NWS Forecast
Office in Aftlanta from

[ December 1972 through
February 1973 with similar
o< JAN excel lent results. The

conclusion in both of the
tests was that, while
forecasters no doubt con-
sider the latest radar
information when preparing
their forecasts, improve-
ment is possible through

more systematic use of
radar data. The availabil-
ity of the data in digital

i form simplifies such a
procedure.

No additional improvemant
In forecast skill was
found when attempts were
made to utiiize the coded
information on intensity
or fractional coverage in
the above approach. The
implication of this result
and of the order of selec-
tion of the predictors

(as they appear in the

Fig. 7 Location of echo-predictor areas. equation) may be that for
Note in each case that the predictand city Is  updating 12-hour winter
in the same location, relative fo the areas. forecasts for the areas
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concerned, greater resolution in the radar data is not needed. This
statement probably is not trus for shorter-range forecasts and alsc may
not be true for other areas and seasons,

In developing the present technique it was found that there was suffi-
cient similarity in the rain-producing systems from one station to another
and from one case to another that a standard configuration and placement
of +he area for predictor data was satisfactory. This was established in
preliminary Investigations in which Information about prevailing wind

was included. When the study was extended to Include stations in Texas
and Arkansas [t was found that a simple "climatological™ selection of The
area for predicter data did not produce satisfactory results. The period
used for the dependent data sample was very dry but it alsc was apparent
that there was greater variability in the motion of the precipitation-
producing systems, compared to those In the southeast, and that more
selective placement of the "upstream" area In each case would have been
desirable. After experimentation with various means of accomplishing
this, including use of single~lfevel observed or forecast winds, mean layer
winds, and trajectories from guidance forecasts (Reap, 1972), it was
concluded that it would be preferable to rely instead on actual movement
of preciplitation areas for the decision,

3.1 Application of pattern recogniticn fechnigues

To some extent movement of individual cells or areas of echoes is indicated
in the RAREP. In practice movement is often deduced by plotting successive
RAREPRS and subjectively determining the motion. Now That data are avail-
able In digital form appllcation of an objectlive pattern recognition
technique seems both possible and desirable. The task is somewhat stmpli-
fied by the nature of the MOR data and their application. A persistent
problem with automated fechniques (which seem usually to have been con-
cerned with echo tracking for severe weather situations) is the "nolse
introduced by motlons of thunderstorm-sized echoes. We are concerned

with motions of larger scale echo patterns and the «40nm mesh~|length of

the MDR grid smoothes out these small scale feafures. ‘

Much remains to be learned of the nature and behavior of echo patterns
when resolved and digitized on the scale of the MDR program. Experiments
are still| underway to determine the opfimum size of the area over which
to apply a pattern recognition technique and the optimum time interval
over which echoes might be tracked. The results of the echo tfracking and
extrapolation procedure will have many different applications and for
some of these It may prove useful to first "de-focus" the MDR data by
application of some type of smoother. For other uses the MDR data are
probably already sufficiently de-focussed,

The latest version of the MOR echo tracking/extrapolation program utilizes
the raw data from a 16x16 window of the grid shown In Fig., 3. The echo
isolation or greuping procedure is a fairly simpte one, designed especlally
for a small computer, which attempts to simulate what a human analyst might
do in interpreting the PPl display. First, all MOR values less than 3



are suppressed temporarily. Next, all echo-containing squares which touch
along one face are grouped together. The groups are then expanded by
inclusion of squares with MDR 2 which touch along at least one face. A?T
this stage as many as four groups may share a MDR 2 square; shared squares
are cataloged and attempts are then made to combine such groups. A re-
striction in group size comes into play at this point: groups will not

be merged if their combined x~ or Y-dimension would exceed six MDR squares
("~ 250 nm). We rely on the meteorology To suppress groups of this size

in The first grouping analysis; the MDR data seem to indicate that
"hard-core" echoes (high MDR vatues) seldom exceed these dimensions
without interspersed MDR 1's and 2's,

In the final grouping analysls all echo-squares assigned to groups are
suppressed and an aftempt is made to form additional groups of squares
with MOR 2. The restriction is that as a minimum such groups must consist
of four squares with MCR 2 arranged in a square array. In this way sig-
nificant concentrations of moderate echoes, even though they cover half

or less of a square, are recognlzed as a group.

The above procedure accompiishes the grouping at Time t,. The procedure
is repeated at the later time, t,. In practice T, would be the latest
available observation and f,would be an earllier observation. {(Current
experiments use a time Interval, f, -t,, of two hours).it can be seen that
the grouping analysis ignores all MDR 1's and some MDR 2's, This seems
Justifiable in attempting To isclate significant echoes for tracking
purposes even though earller studies (Moore and Smith, 1972) have shown
that even weak echoes (MDR 1) are significant indicators of subsequent
precipltation downstream.

Once significant echo groups have been isclated it remains to match the
groups at the two times and determine motion vectors, The matching
program i{s similar to that discussed by Blackmer, et al. (1973) with
significant differences Intfroduced because of the nature and resolution
of the MDR data. We assume that in the fime interval 1, - T (two hours)
echo patterns will seldom be displaced by more fthan one grid square in
any direction. This is not to say that individual echoces or the centers
of mass of eche groups are constrained by this |Imitation on motion, but
rather that the average motion of the group elements wili seldom exceed
this. Such an assumption allows us to skip what appears to be often an
infegral step in pattern recognition techniques, namely the determination
of an averall mean motion for ali groups {(what Blackmer, et al., cali a
"global match"). This iIs important since the scale of MDR data cbliges
us to consider a geographlically large area over which many groups may
exist and show significant and widely divergent motions.

The first step in the matching procedure'is the superimposition of the
t, groups onto the 1, group analysis with no displacement in the x- or
y-directlions. The measure of fit (5) follows Blackmer, et al., and is

defined as:

S, = Ln. MDRZ(x,y) ~ MDR, {x,y)

17 G i

where | indicates the 1, group number and L. indicates a summation over

alt squares contained in group 1 at time +].’ Each +1 group is then dis-
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placed sequentially, unchanged, by one Ax and one Ay and new values of
S are derived, Hence, for each T1 group there wtil be generated nine
values of S.

For each group the optimum displacement is that which results in the
minimum value of S, When shifted the optimum displacement, the area of

each T, group will usually overiap squares of one or more 1, groups.
The t, group with which It has the greatest overlap is the match with
the t, group and represents the old group in the new location. [f fwo

displacements give the same S~score, the optimum dlsplacement for the
group is the one which yields the greatest overlap with a group at 1, .
tf two or more ¥, groups have the same overlap with The optimally
displaced t, group, the match is between the t, group and that ¥, group
which represents the smallest motion vector (see below).

f +he optimum displacement yields no overlap, then the t, group has been
lost, Note That for average sized groups (6-10 squares) even a large
displacement in two hours should still result in some overlap when the

t, group is displaced only one square, hence this minimal displacement
scan |s not per se llkely fo result In many lost groups., Motion vectors
are derived for matched groups by computing the displacement of *the
weighted mean centers of the groups. (Thus, even if the optimum dis~
placement was zero, there may still be some motton of the group). |If

two or more *, groups are matched with the same t, group then merging

Is assumed to have occurred and the t, centers, weighted according to the
number of echo-squares in each group, are combined before the moticon
vector Is derived. |f ftwo or more t, groups are matched with the same

t, group then splitting Is assumed fo have occurred. An analyst might
accurately produce a motlion vector in a splitting case by noting the
most likely source, within the t;, echo, of the t, echo, but this Is
difficult to accomplish objectively. As an approximation, the motion
vector previously determined for the t, parent group is assigned fo all
t, daughter groups.

There may remain some 1, groups not matched with t, groups. These may
be either new groups (the seedlings of which may or may not have been
present at time t; as MOR 1's and 2's) or t, groups displaced so far
as 1o have been "lost"., In either case these are simply called new
groups and no meticn vectors are determined for them.

The size of precipitation systems depicted by the MDR program and the
coarseness of the MDR code contribute fo the fact that echo groups, as
isolated by the foregoing procedure, are not often well behaved with
time. That is, the shape, orlentation and number of squares constituting
the group change from one time fto the next. Thls does not necessarily
complicate the matching program but it does tend to result in meticn
vectors which are not precise. This In turn, of course, compflicates any
attempt To accurately extrapoliate group positions to a later time. How-
ever, for many uses even an approximate motion vector Is sufficlent -

for example, In an objective probability of precipitation scheme it

would be valuable +o know whether or not an echo group is moving in the
general direction of a station and at roughly what speed it is moving.
Vectors derived as above are probably more useful in this regard than are
the "snapshot" observations of echo motion as presently encoded in tThe RAREPs.
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To produce a useful extrapolation and at the same time account for the
variabil ity of individual group cenfigurations we are experimenting with
extrapolating not the echo groups themselves but rather rectangular areas
based on the weighted root mean square (RMS} deviations of echo-squares
which constitute a group.

Fig. 8 iliustrates an actual application of the program. For clarity,

no attempt is made to show the extrapoiated RMS boxes. The large

scale echo pattern at 1535 (all times SMF) was more-or-less |inear and
consisted of four groups. A fifth group was isolated at the top of the
array. (Note: the program operates on a 16x16 input array but in the
process of grouping echoes the outer rows and columns are lost, hence the
disptay in Fig. 8 shows only a 14x14 array.}) The pattern at 1735 reflected
a generally eastward motion with development of a new group (F) in the
southeastern part of the array. Groups D and £ (1535) merged Into a
single group b at 1735, Note the effect of the dominant group (D) on the
motion vector. Group A was lost at 1735, probably because it moved north
or intc a missing-data area (shaded).

The northeastern end of group D split off to form group G at 1935, This
being the case, the motion derived for D {(at 1735) was assigned to both
group D and group G at 1935. Observe that the extrapolated center posi-
tion of group D (A), valid at 1935 (fhere being no way fo anticipate
splitting), is a very good approximation of the combined center positicons
of D and G at the later time. Apparent continued development in the
southeastern part of the MOR array, as evidenced by the motlon of group F,
affects the apparent motion of group C by giving the group a much |arger
component of motion to The south than was observed {and extrapolated) at
1735, The apparent motion of group B should be ignored because of
boundary probiems. Group H has no histery,
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Fta. 8 Example of pattern recognition analysis.
(a~d MDR data and echo Isolation/tracking analyses
for January 28, 1974, 8roken |Ines delineate echo
groups (letters). Weighted mean centers of groups
at each time are indicated by , previous posi-
tions indicated by x, observed 2-hr motion shown
by = . Shading indlicates areas of missing MDR
data. (d} Lecator map.
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4. DIGITAL RADAR DATA AS A PREDICTOR OF FLASH FLOOD POTENTIAL

Inferpretation of MDR data on a grid as coarse as that presentiy In
operational use is a hazardous fTask. Such data are ambiguous and can be
misieading Tto the unwary forecaster. However, with a prudent approach

and a probabilistic point of view, it Is possible to draw useful conclu-
sions regarding the |ikelihood of flocd-producing rainfall amounts from
this Type of radar intelligence. For this purpose an accounting pro-
cedure 1s needed in order that data taken over a perlod of several hours
may be assimllated Into some meaningful, quantitative Index. Operational
considerations dictate that the procedure must be uncomplicated, rapid,

and must produce an index that is straightforward, A scheme that

satisfies these criteria Is a simple summing of the MOR values for a glven
block over a specified number of hours., This provides a starting point

for the design of a code, any number of which might be devised., The one
presently in use (Table 1) attempts fto assign an order to echo descriptions
that ascends numerically with Increasing potential for flash flooding and
other active weather, thus yielding totals which bear some general posi-
tive correlation to rainfat! amounts. Inferences as to what this correlation
should be are premature, but some long~duration heavy raln events which
have occurred since the advent of the program show patterns of digit fotals
and measured rainfall which are in general agreement. Fig. Y9a shows a
Texas situation from September, 1973, while Flg. 9b shows a S|m|lar com-
parison for the central Gulf states from March, 1973,

Fig. 9. Storm-totals (=24 hrs) of MOR values (left) and rainfall (right).
(Top) South Texas area, September 26-27, 1973, (Bottom) Southern
Mississippi-Alabama area, March 6-7, 1973,
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4.1 Limitatlons of MDR dats

For use as assistance in flash flood prediction, totals over much shorter

periods, say 2-6 hours in most cases, must be employed.

in the NWS

Southern Region, 4-hour totals have received most of the attenticn, with
lesser emphasis on 2 and 3 hours and |ittle experimentation thus far with

fonger periods.

Empirical guidelines for threshold values of digital

totals indicating flood Threats are developing as experience with the

program ls gained.

[T is not to be expected that a "magic number"

will emerge a2s a universal precursor of flood events since factors such
as local terrain, antecedent conditicons and the Inherent timitations of

radar must always be considered.

For instance, the map in Fig. 10

indicates - by means of hatching - those grid squares comprising the
Southern Reglon portion of the grid that |ie at least partly beyond the
125-mile range of the radar designated to survey them in the MDR program.
These areas are thus beyond what may be considered effective hydreologic
range and diglts ascribed fo them must be regarded as sispect for

hydrologliec purposes.

Due mainfy fto effects of range attenuation and

partial beam-filling, digital values for these grid squares will tend fo

be somewhat fow and users should bear this

in mind.

This is,of course,

also true to a lesser degree for grid squares at all ranges from the

radar.

It 1s essential o reccognize the inherent ambiguity of MDR data and tfo
exercise caution in its appllcation even at close range.
example, that for four successive hours the code digit 6 were to be

reported for a glven grid square (see code, Table 1).

Suppose, for

Since for each hour

this 7s a snapshot datum there can be no certain knowledge of what impli-

cations the series of 6's might bear.

Scattered, mostly weak and moder-

ate-to-strong echoes with onfy Isolated cells marginally reaching very
strong intensity for brief periods which coincidentally fell on observation
times would produce such a serles, but the flood potential of this situa-

tion is virtually non-existent,

On the other hand a quasi-stationary

concentration of heavy thunderstorm activity covering a full half of a
grid-square with intensity ranging from mos*ly very strong to intense but
with no intense echoes present at observation time might yield the same

series of 6's but produce disastrous flooding.

The probable meaning of

four successive 6's - or any digits - must be discovered empirically,
perhaps on a seasonal as well as geographical basis,
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Fig. 10. MDR squares at least#
partly beyond 125 nm range
(hatched),
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This simple U|lustration is meant

oniy to emphasize
of MDR data which
coarseness of the
simplicity of the
These |imitations
from the value of

some 1 imltations
arise from the
grid and the
coding scheme.
do not detract
data Tn this

form as a "flag" to signal the
necessity for a closer appraisal
of the situation over expressly

local ized areas.

As useful

thresholds are more definitely



established Through experience, the vatue of the program will be en-
hanced. Continuing investigation is being conducted toward this end.

4.2 Hydroiogic applications of MDR data

The MDR code presently in use has been in effect since July 1, 1973,

From March through June, 1973, a somewhat different form was used which
did not have the "additive" data feature, buf attempted *to incorporate
This type of information into the basic message. Data acquired using

the earlier form cannot be uniguely expressed in the present code. Some
of the cases presented took place under the earller system and no attempt
has been made to adjust the MDR Fotals. In general it Is conslidered that
totals under the former sysiem would bear hydrologic imp!ications compar-
able to those of the present one {f increased by about 10% - 15%,

The French Broad River at Rosman, NC,flcoded on the evening of March 16%h
after rains of 5-6 inches fel!l in the general area. MDR numbers in the
box containing the affected watershed had been generally small (Fig. 11)
but for the five hours preceding the onset of flooding echoes of moderate
intensity covered more than half the box (MDR 5 in early code),

Shortly before the automatic fiash flood atarm gauge at Rosman sounded at
6 pm (EST) to indicate water was nearing danger levels, the 4~hour total
had climbed fo 16, The maximum 4-hour total of 20 occurred during the
following hour, Experience eilsewhere had suggested that 4-hour totals
usual ly exceed 20 before flooding occurs, although values approaching this
figure should prompt careful examination of the situation. It is obvious
that the many variables Involved wlll preclude an arbitrary threshold to
fit all cases. Simlfar flooding occurred the previous night at Spring
City, TN, where the total also barely reached 20 offering further evidence
that relatively low thresholds
may apply for hilly, rocky ter-
rain. Although fThe examples
presented are based on 4-hour
totals, 11T must be kept in mind
that severe flooding can result
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Fig. 11. Hourly MDR values and 4-hour reports.

totals for flash flood situation
March, 1973. Inset shows grid-square
to which MDR values apply.

Heavy ralnsgcaused exténsive
flooding In, southern Texas on
the 23rd of March. In fact, the
same weather system brought
floods fo parts of louisiana, Arkansas, Mississippi and Alabama as weil.
Fig.12 shows the very large MDR totals which preceded flash flooding in
DeWitt and Lavaca counties of Texas., When the MDR total in grid square
"AY exceeded 20 (at 5:40 am CST) the forecaster at Victoria used this
information along with a detalled look at his own ARPS-20 radar and con-
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ventional data to issue a flash flood warning for DeWitt county.
Ideal ly MDR numbers should be used in *this way - to "flag" squares and
focus attention quickly on a relatively small area, then other informa-
tion (actual radar image or phoned-in rainfall reports) can be used to
pinpoint affected areas or verify indications of what is happening.

e Flaw raomo =r Rains of 4-7 inches resluted
> 3o} - .m0l Saquane 8* in extensive local flooding in
o Sgvane A" s g

iii_ N, al T —]= Cuero (in the center of DeWl+t

% ol f D T 7 C I county}) about & am. Thereafter

g”a ; \ SN (as seen in Fig. 12} the storm

¥ ! . ufh\\ “ K AN moved eastward into Lavaca

L. VARIH P . .

T Af‘““ ~‘ ‘o / A county (grid square "B") where
st \\ sk y flooding occurred at about
e T 9-10 am (CDT) in Ezzell and

- TiE (OMF) wn Speaks. Based largely on

radar information the flash
flood warning had been shifted
eastward to include this

county at 8 am. Shortly before
and during the flooding the MDR
totals exceeded 25 in the grid
square containing Lavaca county.

Fig. 12. Same as Fig.11 but for 3/23/73, Analysis of after-the-fact
data from a flash flood occur-

rence in 1972 at Snyder, TX, was Important in promptTing an investigation
fnto the usefulness of MDR data for hydrologic purposes. Snyder was again
hit by flash flooding on June 15, 1973, but this time the digital data
were available In real-time. Personnel on duty at WSFO Lubbock (LBB) and
WSO Abilene (ABI), which has warning responsibility for Snyder, used the
new data effectively in issuing warnings for the affected areas. The kay
To their procedure was reliance on conventional Informa+tion and MDR data.

Fig. 13 shows successive 4-hour totals of MDR numbers for a part of the
Midland radar grid. The analyses show a persistence of very strong or
intense echoes covering half or less of the grid boxes containing parts of
Scurry county - parficularly fthe two boxes just To the north. The digits
alone might suggest flash flood warnings for counties In boxes A and B
(Fig. t3c) at about 6:40 pm (CDT) (LBB county warning areas), but the

WSFQ, through use of their ltocal radar and contact with Midland, determined
that the strongest echoes were over the southernmost parts of the boxes.

It was also apparent that there was some "inflation" of the MDR numbers

for these boxes because of hail.

This information was passed along to ABl which was also in contact with
Midland WSR-57 and wary of the grocwing MDR fotals over The flood-prone
area of Snyder. AB| made numerous calls to spotters in the Snyder area
to check on actuatl rainfall and when the 4~hour total in the box centain-
ing Snyder exceeded 20 at 7:4C pm (COT) a flash flood warning was issued
for Scurry and Mitchel| countles, Reports accumulated quickly that Deep
Creek in Snyder was rlsing rapidly and several roads were under water.
Subsequent analysis showed Tthat rainfall exceeded 7 inches (Fig. 14)—
most of which apparently fell between about 7:30 -~ 8:30 pm.
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Fig.
of the Midland radar grid.

13, 4-hour totals of MOR values, ending at time shown, for a portion
Current hour's digit Is shown In the upper

right-hand corner of each box (9's summed as 7's)., All Times are CDT,.
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Fi%. 14, Portion of Fort Worth RFC
4-hr rainfall map with superimposed
MDR grid and 24-hr MDR totals.

In this situation the MDR data pro-
vided guidance to the WSFO and WSO.
The data were not used exclusively
but were taken in conjunctlion with
other reports to fully dlagnocse the
event, MDR data allow for the
first Time a real-time accounting
procedure for radar echcoes making
thls source of information a more
useful tool tThan it has been in the
past.

The total=~storm ischyets in Fig. 14
are superimposed on the 24-hour rain-
fat!l map prepared by the Fort Worth
River Forecast Center at 7 am (COT)
June 16. Reports with asterisks are
objective estimates based on
surrounding observations and the

zero reports may Indicate no rain
observed, no observation reported,

or zero rainfall estimated. Note

in This case that a 7 inch rainfail center went undetected by the regular
reporting system while the MOR data clearly revealed significant pre-

cipifation in the area.
in each box.
8:40 pm.)

(24-hour MDR ‘teotals are shown in parentheses
The greatest part of the total occurred between 4:40 pm and
Work is underway to produce a useful technique for Incoporating

stich MDR totals into the ralnfall analysis scheme for river forecasting.
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4,3, Forecasting flash flood poten-
tial from MOR data

21356m7

On September 26-27, 1973, heavy

" rains moved across portions of south-
ern Texas, This is the same situa-
tilon represenfted in Fig. 9a, which
shows storm totals of MDR data and
measured rainfall for the svent.

An Important aspect of the casse,
which has also been noted for other
systems in different locations, is
the organization and orderiy progres-
sion of the patterns of MDR totals.
Fig. 15 illustrates tThe movement of
These patterns across the Hondo,TX
radar grid, a 5x5 sub-section of the
overall grid¥. Numerous flood events
accompanied the system, coinciding
generally with the maxima in the
patterns. The city of San Antonio,
where conslderable flooding occurred,
is Indicated near the right-center
of the grid - MDR 4-hour totals
reached as high as 34 for the grid
square containing The city.

An obvious implication of the defli-
nition and continulty of these
patterns is that they can be extra-
polated in time. The pattern-
recognition technique described in
Section 3.1 holds promise of appli-
cation to MDR totals as well as to
single-hour values, Attempts to
determine a direct correspondence
between the totals and measured rain-
fall will probably not meet with

much success due to The cearseness

of the data as present!y acquired,
however, it may indeed be possible

to assess the probabillity of flash e
flood-producing rainfall somewhere Zi 20 FZan
in a specific grid square based on

MDR totals. This must be done em-

11356mr SRS

pirically and because these occur- Fig, 15. 4=hour MDR totals for Hondo,
rences are relatively rare, such Texas grid, Sepftember 26-27, 1973,
retations will |ikely always retain

a subjective flavor. But it is not difficult to foresee an automated pro-
cedure for providing to the forecaster direct guidance in ferms of probas )
bility which he can treat as an objective estimate of flash flood poten-
tial. As an interim measure, before plans for automation reach fruition,

¥Hondo lost the upper right-hand square when the Fort Worth radar was
relocated to Stephenvilie (Fig. 3}).
-16=-



such esTimates can be had through use of a nomogram relating MDR totals to
flash flood potential (expressed In terms of probabllity) as a function of
the amount of rainfall necessary to produce flash flooding. NWS River
Forecast Centers provide estimates of these amounts which serve as guidance
for the forecaster. He may choose to modify them elither in general or for
particular locallties in his area of responsibility,

Fig. 16 shows the form a nomogram for this purpose might take. This re-
presents a "first cut" attempt at generation of an operational fool for use
in making watch or warning decisions in possible flood situations. T is
based on a |imited number of events and indications derived from 11 must

be treated with cautlion = continual revision Is fo be expected. Also, it
is |lkely that the probabillty values should be positioned differently for
different locations. But In spite of the manifest shortcomings of any such
nomogram, it does represent a step toward a sorely needed systematic ap-
proach to the flash flood forecast problem.

60 10

TO ESTIMATE PROSABILITY oF 35
A SPECIFIC RAINFALL ANMOUNT,
ENTER GRAPH WITH WR TOTAL,
FRCCEED HORIZCHTALLY TO
INTERSECTIGN WITH SLGPING
LIHE REPRESENT NG THE RATN-
FALL AMDUNT, THEN VERTICALLY
TO HORIZONTAL BAR REPRESENTING
THE KUMBER OF HCURS TC WHICH
THE MDR TOTAL APPLIES. READ PROBABILITY OF Cka
RATHFALL ACCUMULATION DURING THAT NUMBER OF "
MIURS ¢ IAEGIATELY PAST) AT LEAST AS GREAT AS 1,
ThE SPECIFIIED AMOUNT., THIS PROBABILITY APPLIES ﬁf %
TO AN UNSPECIFIED POINT WITHIN A MOR GRID-SQUARE 4
(AFPROX IMATELY 40x40nm). IF A PQINT 1S SPECI- %
FIED WiTH NO OTHER INFORMATJOM AVAILASLE, THE iy
PROBABILITY {5 SUBSTANTIALLY REQUCED. (ﬁg

EXAMPLE: 3 HR MCR TOTAL 1S 21 FOR A GIVEN GRIO-SQUARE. WHAT [S THE
PROBABILITY OF AT LEAST 2" OF RAIN HAVING FALLEM SOMEWHERE |N THE GRID-
SOUANE DURING THE PAST 3 HOURS? {AHSKER: ABLUT 8210

THE CRAPH BAY ALSQ EE USED TO ESTIMATE THE FROBABLE MAXIMUM RAINFALL
WITHIN A CRIC-SCUARE.  TAKING 50% AS AN INDICATCR OF THE #OST LIKELY AMOUNT FOR A SPECI-
FIED NUM3ER OF BOURS, PRCCEED COWNWARD FROM THE HORIZCHTAL BAR TO THE 50% INTERSECTION
WiTH POR TOTAL FOR THAT NUMBER OF HOURS AWD READ RAINFALL AMOUNT,

EXAMPLE: 4HR MDR TOTAL IS 19. WHAT IS THE FROBABLE MAXIMUM RAINFALL?
(ANSWER: ABOUY 1,7 INCHES, CR AN AYERAGE OF LESS THAN 1™ PER HOUR)

THIS LATTER PRCCECURE MAY HAYE PARTICULAR APPLICATION 7O POTENTIAL FLOODING IN URBAN AREAS,
WHEN ACOITIONAL RADAR REPQRTS ARD OTHER INFORMATION CAN PIN-POINT PERSISTENT ECHO CONCENTRATION
OVER A METROPLEX THE FORECASTER CAN DETERMINE [F RAINFALL RATES ARE LIKELY TO BE AVERAGING IN EXCESS
OF, @.g., ONE INCH PER MQUR, THE FIRST PROCEDURE CAN FROVIDE GUIDANCE IN THE |SSUANCE OF FLASH
FLOOD WATCHES OR WARNINGS, WHICH ARE PREQICATED ON PROBABILITIES. AGAIN, EFFORTS SHOULD BE MADE 7O OBTAIN ADDITIONAL
DETAILED METEOROLOGICAL INFORMATION AS WELL AS TO CONSEGER RFC FLASH FLOOD GUIDANCE AND OTHER HYDROLOGIC FACTCRS,

Fig. 16. Nomogram for estimating rainfall amounts from
MOR totals,

There has been extensive research in hydrclogic applications of high-
resolution autematically digitized radar data such as will be available
from NWS netfwork radars in a few years. Studies have generally shown the
potential of such radar data as a hydrologic tool but It now appears

that MOR data have demonstrated that high resolution is not always essen-
tial, sven for small scale phenomena such as flash floods., Moreover, the
present program provides fieid forecasters with their first opportunity

to use a digital form of the Information in real-time and will also
perm!t the acquiring of experlence transferable to The automated system of

the future.
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Cumulative freguency
{Probability of occurrence}

5. ADDITIONAL APPLICATIONS OF MDR DATA

VYarious other applications of MDR data to short-~range forecasts have been
developed or planned, some utilizing objective extrapelation. MDR data
might contribute to improved longer-range forecasts by making possible
better initial moisture analyses for dynamic prediction models and through
relationships based on synoptic climatology. The initial success of The
MDR program has led to a proposal to encode the entire RAREP in a simllar
digital form. Observation and transmissien time saved by ellmirating
redundancy in the present combined RAREP-digital reports should allow
improvement of the resolutlion of the data to 20 nm or less and allow the
addition of Information, such as movement and echo fops, which Is not now
in the MDR data. Automation and more rapld dissemination of the RADU fac-
simiie chart would then be possible. When this is accomplished it shouid
be a simple matter to transmit simultaneously an exfrapolated (fcrecastT)
radar chart.

The MDR data have been found useful for aviation briefings and no doubt

will prove helpful in development of objective avlation forecasts. Although

echo top Information is not presently coded, inferences may be drawn

concerning the potential for tops of various heights in a general area.

Fig. 17 shows a relationship between echo intensity and fops, based on data

for spring and summer afterncons In the central and eastern U.S. {(Bonner

and Kemper, 1971). A chart showing tops, inferred from echo intensities

in probabillstic terms,could perhaps prove more useful than one providing

more explicit, but less conservative, details on echo fops. Fig. 18 is a

comparison of two such displays. Of incidental interest in this comparison
is the apparent greater resolution

of the MDR display (note the echo-
free region in the southwestern

00 ES-A
, Mississippi area)l.

intense
MOR Ny Mogil (1974) has considered the
a0t 1 (tgt) application of MDR data to verifi-
225 (mod) catlion of severe storm forecasts.,
He finds MDR values 24 a good

- tnt
&9 Ftn ) indicater of thunderstorm occur-

rence. While there are many
uncertainties in the radar data
due fo attenuation and other
problems, they do avoid the bias
which previous severe storm
records have shown to result from-
population distribution.

(e,
o

Moderate

.
o

N
<

Filg. 17. Cumulative freguency

0 - distribution for classes of
255 2 45 235 225 215 echo height and Intensity
Echo Top (thousands of feet) (adapted from Bonner and

Kemper, 1971).
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Probabl ity of top:
» 35,000 »45,000

70% 40%
30% 10%

Fig. 18. Comparison of RADU chart (right) and height probabiiify analysis

from MDR data and Fig. 8 (left}. Analyses are for 2340GMT, July 2, 1973,
Finally, 1t appears that MDR data can enhance the usefulness of 'satellite
imagery. Work Is under way 1o develop an automated procedure for com-
positing radar and satellite data but unti! such a product is available
the MDR data provide a way of doing this. Fig. 19 shows the digital data
superimposed on a satellite photo which approximates the type of Imagery
which will be routinely availablie at many NWS offices when the cperational
gecstationary satellite system (GOES) is established.

t

Fig. 19. Composite of ATS~3 satellite image and
MDR data ( = 1640GMT, September 16, 1973).
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The composite illustrates the complementary nature of the two types of
information. In the Florida area the satellite picture indicates
scattered convective activity but gives littie indicatlon of Intensity.
The radar data provide an additional dimension. Note that mostly even
digits prevail (indicating no more than half coverage) and that intensity
ranges from 1 to 8 on the MDR scale. Over Texas the cloud cover locoks
about the same in the panhandle and around the San Antonio area, but the
Amarillo radar reported no echoes while the MDR vaiues irndicate scattered
Intense to extreme echoes in south central Texas. |In fact, flash flood
warnings were in effect and cver 3 inches of rain had fallen at San Antonlo
at the time of the picture.

6. CONCLUS|ONS

Avallabi!ity of manually digitized radar data has improved the utilization
of Tthis Important source of information. As a result of ease of communi-
cation, computer compatibllity, and its more quantitative character (com-
pared to plain~ianguage reports), the Information in this form has a
variety of present and potential uses. New applications are expected to
result from the fact that the data are being archived In readily accessible
form and many of the procedures or techniques developed with present data
will be applicable in future years when a fully automated digitized radar
program (along the framework of the NWS's experimental D/RADEX project)
becomes cperaticonal.

Acknowledgmenta., The authors are indebted to Linnie Frazier for her
assistance in the preparation of this paper.
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