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FOREWARD

Mr. Ross's study of rainfall measurements by radar contains useful
information for all radar operators, hydrologists and other users
of radar data for hydrologic purposes. It is important to remember
that this study covers only one storm and that many more cases of
different types of precipitation would need to be studied before
definite conclusions could be reached. We cannqt recommend at

this time any changes in the current Weather Service Rainfall Rate-
Echo Intensity diagram until additional data and statistics can be

'j> collected.

Robert E. Hamilton
Regional Radar Meteorologist







ABSTRACT

WSR-57 radar-estimated rainfall amounts during a 36 hour storm
period are obtained by using Wilson's Rainfall Rate-Echo Intensity
RR-EI, chart. These estimates are compared with rainfall

data from three tipping buckets. These tipping buckets are located
within 60 nautical miles of the Atlantic City radar and cover a

4.8 square mile area. Estimates of rainfall from radar measurements
were within 2 pércent of the total rain gage average:. Use of the
National Weather Services RR=El chart would have underestimated the
average areal precipitation. Hourly rainfall amounts of 0.01
inches were detected by radar in 80 percent of the cases. Hourly
amounts of 0.02 inches or more were detected in 100 percent of the

cases.,







A CASE STUDY OF RADAR DETERMINED RAINFALL
AS COMPARED TO RAIN GAGE MEASUREMENTS

I.  INTRODUCTION

Wilson (1) indicated that a dense network of rain gages within
range of a WSR-57 would be a valuable aid for further clarifi-
cation of the radar's ability to measure rainfall over area and
point locations. The results of Wilson's study indicated that
the RR-EI chart as given in the Weather Radar Manual (2) under-
estimates rainfall. In his study, Wilson suggests determining
and using the best relationship of RR-EI for each storm. How-
ever, this procedure is not practical on an operational basis;
therefore, Wilson's average relationship (1) for all storms

was used. Wilson's chart adjusts by about 8 decibels (db) the
underestimate of precipitation based on the RR-EI chart in the
Weather Radar Manual. For example, Wilson's chart at a range
of 50 nautical miles and a gain reduction of 36 DB would result
in a theoretical rainfall rate of 1 inch per hour as compared
to .3 of an inch using the National Weather Service chart.

It is the intent of this study to use and evaluate Wilson's
RR-EI chart (based on the average relationship for converting
echo intensities measured with a WSR-57) and to compare radar
computed rainfall estimates with the rain gage measurements
for a single storm. Wilson's relationship is used to obtain
radar estimates of rainfall using the WSR-57 radar at Atlantic
City, New Jersey. These estimates are then compared to rain
gage measurements obtained by Bell Laboratory in New Jersey.
Bell Laboratory collected rainfall data on a multiple register
from three tipping buckets placed within a 4.8 square mile area
(Figures 1 and 2),

IT. RADAR DATA COLLECTION AND PROCESSING

On September 19 - 21, 1966, a low pressure system moved north-
ward along the Atlantic Coast. Several inches of rain fell over
portions of northern New Jersey. During much of this period, the
WSR-57 at Atlantic City was photographed on the 100 nautical mile
range and the radar's sensitivity was automatically reduced, or
stepped, at 6 db intervals to a maximum of 42 db. In general, a
complete series of intensity step pictures was taken between 19
and 23 times an hour. However, due to faulty film advancing and
other reasons, there were periods with only one stepped intensity
series available during an hour. The photographic data were
manually digitized over a square, 2.2 miles on a side, that covered
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the area where the three tipping buckets were located. The
highest echo intensity during each stepping series was then
converted to rainfall rate by using Wilson's RR-EI chart.
Intensity measurements on PPI photographs are approximately

3 db below those measured on the A scope (1). Thus, to
compensate for this loss, 3 db were added to the highest
intensities prior to rainfall conversion. Rainfall for all

the stepped series in each hour was totalled to ebtain the radar
determined hourly rainfall.

z R] + R2 Foveead F Rn

Theoretical Hourly Rainfall =

where n = number of radar observations, Ri, 1in an hour.

ITI. RAIN GAGE COLLECTION

During this storm, Bell Laboratory at Holmdel, New Jersey,
collected hourly rainfall data on a multiple register from
three tipping buckets within a 4.8 square mile area (Figure 1)..
Hourly and total storm accumulations for the tipping buckets
and radar rainfall estimates are given in Table 1.

IV. RESULTS

Since areal mean rainfall is more meaningful and useful, especially
to the hydrologist, no attempt was made to compare radar rainfall
with point measurements at a single rain gage. The results of
hourly and total storm average of three rain gage measurements
versus radar estimated rainfall are shown in Table. 1. Comparisons
were made of the radar estimated rainfall and the measured areal
rainfall. The average of the tipping bucket gages was assumed to
be the true areal mean. The radar total storm measurement was
within 2 percent of the total storm rain gage average. Figure 3
shows a Tinear regression analysis for hourly radar rainfall est-
mates versus hourly averages of the three rain gages. The corre-
lation coefficient is .91 and the equation for the least squares
regression line is: '

Y = .008 + ,963X

Hourly rainfall amounts of 0.01 inches were detected by radar in
80 percent of the cases. Hourly amounts of 0.02 dinches or more
were detected in 100 percent of the cases. There were siX cases
where radar indicated rainfall with none recorded in any of the
tipping buckets., Use of the Hational Weather Service's RR-EI
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chart would have considerably underestimated the actual areal
rainfall.

V.  CONCLUSION

Radar can be of use to the hydrologist by providing information
that is necessary for flood forecasting, such as rainfall, dura-
tion and movement of areas of heavier precipitation. Ideally,
this should be .done on a computer for real time use. Experi-
ments are being conducted along these lines (3). However, by
using hourly-prepared radar overlays that are contoured for
given decibel values and range-corrected, broad categories of
rainfall over river basins, such as R-, R, R+, and R++, can now
be furnished to flood forecasting offices. In addition, rough
estimates of rainfall amounts can be provided, and duration and
movement of rainfall given.

Teague {4) believes that the largest contributor to the difference
between radar estimated rainfall and rain gage values is: the
difference of respective volumes sampled. To clarify this difference,
it is hoped that comparisons between radar and an extremely dense
network. of rain gages can be #&ccomplished in the future, Bell
Laboratory at Holmdel operates .such a network, collecting rainfall
data from 100 capacitor flow rain gages over an 84 square mile area.
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TABLE - 1
HOURLY RADAR-COMPUTED RAINFALL AND OBSERVED RAINFALL

Average Observed

Number Observed Radar Minus

Radar Rainfall Rainfall Radar
Hour. Ending Observations Inches Inches Inches
9/20/66 0800E 16 0.0 - 0.01 -0.01
- 1100E 1 0.01- 0.06 -0.05
1200E 8 0.01 0.07 -0.06

T1300E 20 0.01 0.10 -0.09

T1400E 19 0.02 0.02 0.00

1500E 22 0.00 0.00 0.00

1600E 17 0.00 0.02 -0.02

1700E 23 0.00 0.02 =0.,02

1800E 22 0.00 0.06 -0.06

1900E 16 0.00 0.00 0.00

2100E 23 0.01 0.00 +0.01

2200E 22 0.14 0.02 +0.12

2300E 23 0.13 0.02 +0.11
9/21/66 000OE 23 0.09 0.09 0.00
-7 0100E 23 0.15 0.08 +0.07
0200E 23 .19 0.13 +0.06

0300E 23 0.13 0.13- 0.00

0400E 22 0.12 0.12 0.00

0500E- 22 0.12 0.07 +0.05

0600E 22 0.28 0.21 +0.07

0700E 22 0.12- 0.04 +0.08

0800E 22 0.16 0.01 +0.15

0900E - 3 0.08 0.04 +0.04

1000E 19 0.28 0.43 =0.15

1100E - 22 0.45 0.50" -0.05

1200E 19 - 0.56 - 0.53 +0,03

1300E 22 0.63 0.60 +0.03
1400E - 22 0.33 0.33 0.00-

1500E 23 0.81 0.53 +0.28
1600E 21 0.06 0.04 +0.02 -

1700E 21 0.25 0.33 -0.08

1800E 21 0.10 0.36 -0.26

1900E 22 0.07 - 0.18- -0:11

2000E 2] 0.00 0.01- =0.01

2100E 22 0.00 - 0.02" -0.02.

2200E 22 0.07- 0.03" -0.02

TOTAL 5.32 5.21 +0,11
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o FIGURE 1. Location of Test Area. The Targer outlined area is where
100 rain gages have been installed. The small square within
- this larger area indicates the 4.8 sq. mi. area sampled
for this study. The three dots within this small square
locates the positions of the three tipping-bucket rain
gages used in the calculations.
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FIGURE 2. Location of Radar Site in Respect to the Test Area.

This figure shows the distance (60 miles) from the
Atlantic City radar site to the test area located
in the northeast quadrant of the radar scope.
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