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ABSTRACT

A frequency distribution of four-hour totals of MDR data was
deveioped from twelve months of data for a portion of the south-
gastern United States. This distribution was developed in ten
categories of four-hour MDR totals for 98 grid squares under

the survelllance of ten radars. The variations in The frequency
distribution are examined for the radar range effect, seasonal
changes and for variations associated with topography. The
frequency distribution !s compared with the maximum four-hour
MDR totals assocated with flooding. Eighty~six percent of the
maximum four-hour MDR totals associated with flooding occurred
in the top ten percent of the frequency distribution. Four-hour
MDR totals which correspond to the beginning of the top ten per-
cent of the frequency distribution, the median four-hour MDR
fotal associated with flooding, and the four-hour MDR total
which begins the fop one percent of the frequency distribufion
are derived for each grid sguare. A radar-derived precipita-
tion frequency was also developed and areas of peoor radar
detection of precipitation are identified. Suggestions are

made for improving radar estimates of precipitation; especially
over mounfainous areas.

FNTRODUCT [ON

In the expanding computer revolution in the National Weather Service, the
operationatl use of digitized radar (DR) data is becoming more prevalent.
Programs have been developed fo utilize DR data as an indicator of the
probability of flash fiooding (Moore, et al., [1974) and to improve upon
computer-generated probability of precipitation (PoP) guldance (Moore &
Smith, 19725 Peters & Barnes, 1973). Undoubtedly additional programs
will be developed which will incorporate DR data, especially as aids In
local warnings and forecast problems. The Techniques Development Labora-
tory also utilizes these data as predictors in some of their forecast
programs,



In an effort to better understand and utilize DR data, a timited fre-
quency distribution of four-hour manually diglitized radar (MDR) tfotals
was compiled. Thls frequency distribution is then related to observed
fiooding, but appllication to other programs which ufilize DR data Is
also possible. Even though the basic DR program Is undergoing change,
the general patferns in the data should persist. Some of the |imita-
tions of the radar observational network wili also be apparent.

DATA

Four-hour totais of MDR data from ten radars for the twelve-month
perlod July 1973 through June 1974 were utilized in this study. The
data sample consisted of 195,000 four~hour MDR totals for 98 grid
squares which cover a portion of the southeastern United States
(Figure 1). The four-hour MDR fotals were computer-generated and were
only available for Southern Reglon radar stations. Caution Is sug-
gested when applying values from this study to operational situations;
despite the sizable data sample, some patterns depicted could be the
result of a few significant precipitation events.

The MDR grid squares are approximately 40 nm (75 km) square. The
houriy MDR value is a "snap-shot" reflecting the maximum precipitation
rate indicated anywhere in the grid square and is determined by the
radar operator near H+30 each hour and coded according to Table I.

A frequency distribution was derived for each grid square In fen cate-
gories of four-hour MDR totals: [ through 3, 4 through 7, 8 through [1,
.v.+32 through 35, and 36. Values less than 0.5 percent will be indi-
cated by an asterisk (¥). The total number of hours for which data
were possible was reduced by the number of hours of missing data. The
number of four-hour MDR totals per grid square ranged from 933 to 2835.
Data for Centreviile, AL were missing for the period July through mid-
August due to the destruction of the radar tower by a tornado. Radar
station identifiers and their percentage of missing data are listed In
the Appendlx.

D1SCUSS ION

The frequency distribution of four-hour MOR totals for each of the ten
categories is shown in Figures 2 fthrough Il (radar sites are marked with
small crosses). Note the wide variation within each category across
the grid, the seasonal changes and the range effect. Flgure |2 shows
the twelve-month average frequency distribution for the 98 grld squares
combined along with the greatest and least frequency of occurrence for
each category. Table 2 shows range averages of the frequency distribu-
tion for the twelve-month period along with the radar-derived average
precipitation frequency for the various range groups. Relatively small
variations occur in the range averages of the frequency distribution
out to 70 nm (130 km) but beyond that distance the changes become more
apparent with increasing range.



Frequency distributions In four-month groupings were also developed
(Figures 2 through I11) to examine the variation resulting from pre-
dominant precipitation types. In an effort to keep the data sample as
large as possible, the data were divided into four-month groups rather
than the customary seasonal divisions. The groups are: alr mass con-
vection, July-October; winter frontal, November-February; and spring
frontal, March-Jdune. While these groupings are rather crude, the
variations between the groups may be of [nterest to those developing
operational programs using DR data.

Range averages of the frequency distribution for the four-month group-
ings are presented in Table 3. Note that the range effect is more
apparent in the November-February group averages. The only four-hour
MOR totals in the 36 category are reported in the November-February
group, but In general the higher four-~hour MDR totals occur with a
greater frequency in the March-June group. The November-February and
July-October groups have somewhat similar frequency distributions,

but with differing predominant precipitation types. Stratiform
precipitation dominates the November-February group with convection
mainly associated with cold frontal passages. The July-October group
has abundant convective activity of the air-mass type; however, the high
precipitation rates are not maintained through an entire four-hour
period with great regularity,

Radar station averages of the frequency distribution and radar-derived
precipitation frequency for the twelve-month period are presented In
Table 4. The averages were derived from grid squares with centers at
ranges of fess than 90 nm (167 km) for the elight radar stations with
four or more grid squares. There is a large varlation among the radar
stations in the frequency of four-hour MDR totals of 20 or more, JAN

and NPA having the greatest frequency of occurrence wlth |3 percent
while TRI has only slightly more than one percent. TRl heads the list in
the frequency of occurrence of four-~hour MDR totals less than eight with
81 percent. This might be expected because the TR| grid squares pri-
marily cover mountainous terrain. However, when a comparison of The
radar-derived precipitation frequency is made, the greatest frequency
occurs at NPA and BNA, near the Gulf Coast and west of the mountains.
This anomaly results from the Inabillty of radar to adequately detect
stratiform precipitation over mountains, especlally during the cool
season {(May, 1976).

Radar-derived precipitation frequencies for each grid square are shown
In Figure 13. These values were derived from the houriy summations

of four-hour MDR data. Note the predominance of the range effect on
the radar data pattern with the greater frequencles at shorter ranges.
Some of the grid squares near or containing the radar site exhibit
slight anomalies in the precipitation frequencles, apparently dug to
ground ciutter., Note the minimum in the radar-derived precipitation
frequency pattern over southeast Alabama and southwest Georgia dues to
the range effect. The effect of the predominating preclipitation type
onh the frequency pattern is also evident, especially over mountainous
grid squares in the November-February period. This effect produces an
apparent minimum in the precipitation frequency during the cool season
while just the opposite is true.



FLOOD DATA

The flood events used in this study are those reported in the Environ-
mental Data Service publlcations, Storm Data, and in the General Summary
of National Flood Events section of monthly Climatological Data, National
Summary. In an effort to relate the frequency distribution of four-
hour MDR fotals to observed flooding, the maximum four-hour MDR fotal

was selected for the grid square In which flood-producing precipltation
occurred. Only specifically identified flood events were utilized

and those reported only in general terms were not included. Locations
of maximum precipitation totals associated with flooding were included,
Flooding followed maximum four-hour MDR totals within |12 hours.

The flood data were categorized as Flooding, Flash Flooding and Urban
Flooding. The Urban Flood category was excluded from the data sample
in this study because of the usuaily shorter duration of precipitation
and the localized nature of this type of flooding. The published
flood data were associated with 90 maximum four=-hour MDR totals, of
which ftwo-thirds were categorized as Flash Flooding. The grid squares
from which the MDR data were taken are Indicated in Figure l4., This
is not to Imply that many of the remaining grid squares did not
experience flood-producing precipitation. Thirty-nine percent of the
flood events occurred during the March-June perlod, with 3| percent
for the November=-February period and 30 percent for the July-October
period, The median value of the frequency distribution for the Flood
category was only one percent below that of the Flash Flood category;
therefore, the categories were combined.

A probabalistic approach has been suggested (Moore, et al., 1974) as
the proper means of assessing the flash flood potential somewhere
within a grid square. This potential depends In part on antecedent
conditions, nature of terrain, etc. Four-hour MDR totals of, say, 20
or greater are suspect under almost all condltions, alfhough just over
half of the fioocd events in this study occurred with maximum four-hour
MDR totals of less than 20. The percentage of hours with non-zero
four-hour MDR totals of 20 or more for each grid square is shown In
Figure 15. Note that ail 98 grid squares had four-hour MOR totals

of 20 or more during the twelve-month period but that this total Is
not reached during the November-February period over the Appalachians
and is sparse over Georgia in the July-October period. Of the 42 flood
events with maximum four-hour MDR totals of 20 or more, 95 percent
malntalned a value of 20 or more for two or more summation periods.

The maximum four-hour MDR total associated with flood-producing pre-
cipitation was compared with the twelve-month frequency distribution
for that particular grid square. The percentile distribution of the
90 grid-square events and the distribution of the maximum four-hour
MDR totals associated with flooding are shown In Figure 16. The top
ten percent of the twelve-month frequency dlstribution contained 86
percent of the maximum four-hour MOR totals associated with flooding.
Of the remaining |4 percent two flood events occurred following one-
hour precipitation amounts In excess of five inches. Antecedent con-
ditions, data summation period, and the "spap-shot" nature of the MDR
value are other possible factors contributing to the lower ranking.
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it appears that radar data can be of greatest asslistance in those flood
situations which are associated with maximum four-hour MOR ftotals in the
top ten percent of the frequency distribution. The four-hour MDR fotals
which make up the top ten percent of the frequency distribution vary
from grid square to grid square. Ffigures 17, 18 and 19 show the four-
hour MDR totals which correspond to the 90+th, +the 97t+h and the 9%th
percentiie. These values correspond to the four-hour MDR fotal which
begins the top ten percent of the frequency distribution, the medlan
four-hour MDR total associated with flooding and the four-hour MDR

total which is the beglinning of the top one percent of the frequency
distributicn. These values were Interpclated from the individual sum-
mary categories. Several different four-hour MDR totals may fall into
each percentile and the lowest value in these one percent groupings

was selected.

Thirty-six percent of the Flash Flood events occurred with maxImum
four-hour MDR totals in the 99th percentiie. Of These only 25 percent
occurred in the July=October period while 40 percent occurred during
the November-February period,

The maximum and minimum four-hour MDR totals corresponding fo the 90+th,
97th and 99th percentile were selected from the four-month groupings.
The average diffarence in these four-hour MDR values was 3.5, 5.9, and
7.0, respectiveiy. The seasonal group in which the largest and smallest
four-hour MDR total corresponding to the 99th percentile occurred is
shown in Figure 20. The majority of the largest four-hour MDR totals
occurred during the March~June perlod. July-October group occurrences
were in a few grid squares over the mountalns, along the Gulf coast and
over a portion of Tennessee. The November-February group occurrences
were over southwest Kentucky and northwest Tennessee. Smallest four-
hour MOR totals associated with the 99th percentile occurred in large
part during the July-Cctober pericd. November-February group occur-
rences were in grid squares over the mountains (except for the southern-
most mountaln grid squares) over eastern Tennessee, northern and south-
western Alabama, southeast Mississippi and southeast Georgla.

Table 5 shows the precipitation estimates and probability of occurrence
corresponding to the various four-hour MDR totals. These values were
derived from the nomogram deveioped by Moore, et al (1974). Precipitfa-
tion estimates with a 50 percent probability of occurrence corresponding
To the 90%h, 97th and 99th percentile for each grid square are shown in
Figures 21, 22 and 23. Precipltation estimates less than one Inch are
omitted. Return-period estimates of three-hour precipitation amounts
for individual gauges from the "Ralnfall Frequency Atias of the United
States" are shown in Figure 24. When values which correspond to the 99th
percentile are compared with these return-period estimates of precipi-
tation, mountain grid square radar estimates of precipitation are for
the most part near or below one-year amounts while elsewhere, exceptT

for grid squares beyond 90 nm (167 km), most values are near |00-year
amounts,



SUMMARY AND CONCLUS {ONS

Geographical location, range and predominant precipitation type all
influence the frequency distribution of four-hour MDR tfotals. Grid
squares near the Gulf coast have the highest frequency of four-hour

MDR totals of 20 or more while agrid squares over the Appalachians have
the lowest frequency. Changes in the freguency distribution due to the
range effect become more apparent with Increasing range beyond 70 nm

{130 km). Higher four-hour MDR totals occur most often during the spring
and least often during the winter.

Thirty-three percent of the maximum four-hour MDR totals associated

with flooding occurred in the top one percent of the frequency distri-
bution, 50 percent in the top three percent, and 86 percent in the top

[0 percent. Although maximum four-hour MDR totals associated with flood-
ing tend to occur near the top of the frequency distribution, the actual
four-hour MDR totals vary widely over the study area. Because of this
variation, a frequency distribution of four-hour MDR totals, or any

DR data, for individual grid squares, geographical areas or dralnage
basins would be helpful. This would provide a relative ranking of DR
values over an area and would be an improvement over a single "magic
number" for all grid squares to indicate the probability of flooding.
This ranking could be compared with a frequency distribution of cli-
matological data to provide a probable estimate of precipitation which
would not rely strictly on the Z-R relationship. This technlque coutd
improve precipitation estimates, especially over mountain areas. However,
the radar apparently has some serious |imitations over mountainous
terrain and additional gauges and flood alarms appear to be the only
viable solution to the mountain flood problem.

Seasonal variations in the frequency distribution appear to be suf-
fictently large to warrant the development of seasonal frequency dis-
tributions, at least over flood sensltive areas. Speclal additlve data
to radar messages or telephone calls to call attentlion to the occur-
rence of values in the top 10 percent, or certainly the top one percent,
of the frequency distribution shouid be considered. The data indicate
that the four-hour period is too fong in most Instances to identify the
flash fiood possibility assoclated with air-mass convection over much
of this study area. The conclusions drawn from this study are based

on a very |limlted time period and geographical area which should be
expanded before developing operational programs,
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APPENDIX
Radar Station Identifiers and Percentage of Missing Data

Missing Missing

Station Data (%) Station Data (%)
AHN Athens, GA 3 JAN Jackson, MS : 6
AQQ) Apalachicola, FL 11 ~NPA Pensacola, FL 15
AYS ‘Vvaycross, GA 3 NQA Memphis, TN 17
BNA Jashville, T 13 SIL. Sslidell, LA : 6
CKL Centerville, AL 24 TRL Bristol, TN 5

Table |, Manually Digitlzed Radar (MDR) Code
Code Coverage in Intensity Rainfall Rate
No. Grid Square Category in/hy mm/hr

0 ‘ ‘

) | any VIP 1 Heak «<,1 < 2.5

2 21/2 of VIP 2 Joderate el=,5 2.5-12.7

3 >1/2 of VIP 2 .

4 x1/2 of VIP 3 Strong o 5= 12.7-25.4

5 >1/2 of VIP 1 '

6 $1/2 of VIP 3 and 4 Very Strong 1-2 - 25.4-50.8

7 *1/2 of VIP.3 and 4

B 31/2 of VIP 13,4,5,6 Intense or > 2 550.8

9 *»x/2 of VIl 3,4,5,6 Extrgme ‘




Table 2. Range Averages of the Frequency Distribution (%}
of Four-Hour MDR Totals, July 1973-June 1974
Range to Center of MDR Grid Square
Four-hour <30 40 60 80 100 >110 nm
MDR Total <56 74 111 148 185 >204 km
36 * *

32 - 35 * * L] * *

28 - 21 * 1l 1 * * *

24 -~ 27 1 2 1 1 ' *

20 - 23 2 2 2 1 1 *

16 - 19 4 4 4 3 2 1

12 ~ 15 7 8 7 l 6 5 2

8 - 11 14 13 14 14 11 7

4 - 7 32 32 33 34 34 28

i- 3 39 38 ae 42 46 61
Pracipitation

Fraquency 27 28 28 25 23 18

Table 3. Range Averages of the Freguency Distribution (%) of Four-Hour MDR
Totals by Four-Month Groupings
Range to Center of MDR Grid Square
<30 40 60 80 100 >110 nm
<56 4 111 148 185 >204 km
o & | o # | g £ | 4 g 4|3 ] 9 5 4
AR RN L IR
Four-hourg H '; 3 :1' ';I‘ g : '3 :5 5 '-:-" E "; '5' "S E '5'
MDR Total = § ) 2 = el z = L} z = e = = e} [T Lp]
36 & *
32 - 35 * * * * * & * * * * * * L]
28 - 31 * 1 * 1 1 1 1 3 * 1 * bl * * * *
24 - 27 1 2 1 1 2 1 1 2 1 * 1 1 * 1 * * *
20 - 23 1 3 2 2 3 2 2 3 2 1 2 1 1 2 1 * 1 *
16 - 19 3 5 3 3 5 4 3 5 L] 2 4 2 2 3 2 * 1 1
12 - 15 6 8 7 [ 9 8 | 6 e 7 5 7 5 4 6 5 2 3 2
6 - 11 1z 15 14 (12 14 14 |13 15 14 |13 15 13 | 9 12 12 5 8 7
4 - 7 237 29 32 |35 31 32 |35 31 32 |36 32 33 (35 32 34 |27 28 29
1l - 3 41 36 43 (39 35 39 |40 35 39 |43 37 45 (49 44 45 (66 60 62
Precipit.
Frequency 29 26 28 |28 26 31 (28 25 30 |24 23 27 |22 22 25 |17 18 18




Table 4. Station Averages of the Frequsncy Distribution (%)
of Four-Hour MDR Totals, July 1973-June 1974*
Radar Statiens
Four-hour -
MDR Total NQA BNA TRI JAN CRL AHW NPA AYS
36 *
32 ~ 35 * * * 1 * * 1 *
28 - 31 bl 1 * 2 . * 2 *
24 - 27 1 1 * 4 1 1 4 1
20 - 23 2 2 1 6 2 1 6 2
16 - 19 4 3 2 8 3 3 9 4
12 - 15 7 3 4 10 6 7 12 9
g - 11 15 i3 12 15 12 14 1% 17
4§ - 7 31 34 37 25 33 3s 25 31
l=- 13 40 40 44 30 42 40 28 36
Precipitation
Frequency 28 31 27 28 25 24 31 26
*Only grid sguares with central ranges less than %0 nm (167 km)

were averaged.

Table 5. Radar Precipitation Estimates

Four-hour Estimated Four-hour Probability of

MDR-Total Precipitation Amount Occurrence (%)
17 <1l,0 in <25 mm 50
18 1.1 28 50
19 1.8 46 50
20 2.2 56 50
21 2.8 71 50
22 3.2 81 50
23 3.7 94 50
24 4.0 162 50
25 4.3 109 50
26 4.9 124 50
27 5.0 127 51
28 5.0 127 54
29 5.0 127 56
30 5.0 127 59
i1 5.0 127 61
32 5.0 127 63
33 5.0 127 66
34 5.0 127 69
35 5.0 127 70
k13 5.0 127 71

Derived from nomogram used to estimate precipitation
(Moore, at al., 1974}).

amounts from MDR values

-10-



STUBY AREA

Figure 1. Locatlon of radars which
cover the MDR grid viad in this study,
Radar coverage areas are separated by
heavy lines, See Appendix for statien
identification, Approximate mountainaus
area indicated by stippling,
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FOUR-HOUR TOTALS OF MANUALLY DIGITIZED RADAR DATA

Figure (2. Frequancy dlstribution of non-zero four-hour MDR totals.

Derlvad from twalve months of data tor 98 grid squares. Maximum

and minlmum frequency of occurrence for each category sre lndicated.
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Maximum four-hour MDR totals assoclated wlth flooding were compared with
the twelve-month frequency distrlbutlon for the grld square 'n which the
precipitation occurred. These rankings were then summed in ona percent
groups Yo produce the percentlle distributlon of four-hour MOR *otals
assoclated with flooding,
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Flgure 20. Perlod of vccurrence of the largest snd smallest four-hour MDR

total which begins the 99th percentl le.
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WHOLE YEAR

Flgure 21, Radar-estimated four-hour preclpltation amounts (Inches) with a
50 parcent probabliity of occurrence corresponding fo four-hour MDR totals
which bagln the 90th percentlie, Amounts less than one inch are omltted.

WHOLE YEAR

Figure 22, Radar-estlimated four-hour preclpltation amounts {(inches) with a
50 percent probabl ][ty of occurrence corresponding to four-hour MDR fotals
which begln the 97th percentile. Amounts less than cne Inch are omitted.

-21-



WHOLE YEAR

NCOVENEED FITRUARY PARCH « JTHZI N2 14
x (4. 019 bisd i S
3 :
).‘L A
77118148 i SEE #al¥s< Lol — oo
2 14glre 2t = shrbrl#t it
? rirajyfads ¥iTT] ’
Nl § 2103 TR haad s 43
: sl sl iRl sl
zad [ §2. ;“ lzalzt 72208 13 CLits Py olyX 943 ~
o pATTIEES ‘;o sl / 0] ‘“’r"r! TTHEE
+Toet ] eslue ﬁz mm + Helqas :o ArcrarE
SIEGITI S LB e P T e

Flgure 23. HRadar-estlimated four-hour precipltation amounts (inches) with a
50 parcent probaplil+y of occurrence corresponding to four-hour MDR
totals which begin the 99th percentile. Amounts less than one Inch are

omitted.
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Figure 24, Return-perlod estimates of three~hour precipitation amounts
(inches}. From "Ralnfall Frequency Atlas of the Unlted States", U. S.
Departmant of Commerce, Weather Bureau, Washington, D.C. 1961,
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