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ABSTRACT. Radar hydrological data collected on real time basis during a full year for Oklahoma
radar umbrella have been analysed and compared with the rainfall realised by raingauges. A seasonal
variation in radar-estimate of rainfall is seen. While radar rainfall estimate is generally better in
autumn and winter than in spring and summer, Occurrence of widespread non precipitation echo is
found to pose a problem in interpretation of radar echoes for areal rainfall estimate in summer.

1. Introduction

The process of quantitative hydrological forecasting
consists of acquiring information about the states of
the hydrological cycle, assembling this information in
an intelligent form and putting the information into
models and procedures to predict the future states of
a hydrological system. Often the single most important
hydrometeorological input to a streamflow prediction
“model is precipitation which varies widely in space
and time. Radar is a potential remote sensing tool to
measure precipitation continually in time and space
out to distances of approximately 200 km from the
radar site. Several successful attempts have been made
in UK and USA in this direction. In India this has been
experimented for Delhi by Chatterjee and Mathur
(1966) and recently by Raghavan and Sivarama-
krishnan (1982) and Raghavan er al. (1984) at
Madras using an S-band radar.

US National Weather Service’s Hydrologic Research
Laboratory has taken up a hydrological rainfall analysis
project (HRAP) with the ultimate aim of operationally
merging rainfall data from multiradars and other
sources to give more accurate as real analysis. Real time
processing of radar data will be possible from the

nation’s network of next generation weather radar
(NEXRAD) (1980). The associated computer system
is to process the data in two stages (i) on site and
(if) off site and finally the output will be available
at river forecast centres and to other users (Hudlow

et al. 1983). The plan of the processing system is
shown in Fig. 1.

2. Methodology

An S-band radar sitvated at Oklahoma has taken
observation every ten minutes. Radar reﬂecu'vitj was
converted into rainfall rates using the equation Z=
200 R''" where Z is the reflectivity in mm‘/M® and
R is the rainfall rate in mm/hour. The cumulative
rainfall every 24 hours was also computed and stored
in the tapes. Same was retrieved and the radar inferred
rainfall map was obtained in the coded form, The
codes and the corresponding rainfall amounts are
shown in Table 1. Radar rainfall map is obtained in
the universal grid that is formed by mapping the earth’s
coordinates on to a polar stereographic map projection
which is true at 60 deg. N latitude and oriented such
that 105 deg. W longitude is parallel to ordinate of

the gid. The grid mesh length is about 4.7 km (Greene
and Hudlow 1982).
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Fig. 1. Block diagram giving the plan of NEXRAD olffsite
processing system

There are about 200 raingauges giving 24 hourly TABLE 1
rainfall in Oklahoma radar umbrella. These are well Codes & rainfall amounts
distributed in the area. Gauge rainfall map was also
obtained to the same size as radar rainfall map so Code  Rainfall Code  Rainfall  Code Rainfall
that the radar and gauge rainfall maps could be super- _ _(_"_whes)_ Jinine] ichee)
posed for comparison. Isohyetal analysis was donc | 0.2 i C o 2_4 _N 4(,
for both the maps. The analysed maps were superposed 5 0.4 D 26 o 4.8
and the agreement was cxamined, Scasomwise analysis 3 0.6 L 8 p 5' 0
was made and the results are presented ' ”

4 0.8 F 3.0 Q 5.2

On certain days there were some missing data. On 5 1.0 G 3.2 R 5.4
a preliminary scrutiny it was seen that whenever miss- 6 1.2 H 3.4 S 5.6
ing data period was small, say, 2 hours or less the 7 1.4 I 36 T 58
rainfall estimate is not very much affected (<10%). 8 1.6 3 1.8 U 6.0
Hence the days when the data missing period was 2 9 (.5 & 2o v -
hours or more were not considered for analysis. n ™ i 3 " -

First radar inferred rainfall map was inspectel and B 23 4 4.4 % e

if there were considerable echoes, that day was stected




AREAL PRECIPITATION ESTIMATION

12002. MAY 26, 1962 10 12002, MAY 27, 1922

0oot
RAIN

120N
F1onN
1100
105N
1oon
95N
90N
85N
80N
75N
70N
65N
60N
S9N
SON
45N
40N
35N
30H
25H
208

YALUE 1 & 2 2 S & W 3] 9 A B (& D E F
100TH IN» 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

12p 108 96 84 728D 48 136 24 12 0 1224 36 48 .60 2. .88 96
o

WL, s U S s W e M e B e (P < = Sl 0SS T i ST

)
- L] ’ 13 IEEREE ]
1 Py TEUE I EEREERER R RS R R 2
*3yv oy AR ARSE RN E RS SEEEERERERFEE S IR
& vy sred eIV LEIE AL T 1110 dvanaannn *
eyl LTI LRI W IBTZ2EN UL IR T NI Lia s n e nis. @

. sifti3221111I 1122000000 11 L0111 1111129210000 000nn @
& g3 il t20 1 I Hig R E L e D AR L LT E R L) 6 a e v -
PO R I R 1 I T W 0 B B S RS R B BT R BB RS R ) *
& L a1 094 S0 20 TR R Paa TR T ST RSS2 11T V1L v d ey b.x s eie
AT E LR RS SRR R EE D S W N AW SRR ot B Wy G s B B B R TR BN RS
- O T % 5t 1 0 1 10 1 0 00 O O 0 0 B o 7 o 8 W e o U M o b DRI e 5 8
1:l|ll!)lllll]1ll!llilll!tI1111111!!1ilrvrnll131122|12393111436I11!211
0:!s:ltll]llllllEBElllll]IEEI]1‘1181lsE]’|u-s111111441833331123[111!arl

vararlasl111111122566561324621111122113211144412122421,12135234»y» ¢

211099990 1011211111123667AB342333232113552654324553211xr3119999912r 2
33500993 11111112221113FESMU4211155431,1522353242222191399193333112239990

BEB:Iv..--,,lls32.9J513PPBDH4REG4El11321111313?355?111-114-;112111-2--1[2
*111115511111611121368427MPB?AF9CT7AE4,11BB424,9s »122612693211155211+2631»
,2111111235211234317E7CC39770HRC9212311+ 12235-227AC9399E63523549H631117604»
111442241,442115421AB796LBCPVSBIJE23215113 12E---2M1TDF9369442326445401:,211»

15N 1177672121212313663B1BC6CMEAYI7724454—-11,1--54255DCCMA2251111212645)111»»
LOH 1'23729681rEHD59?9652237YHJBE639395 —————————— B2575626412131121362111115»
SN 42114137314 TKW7TMEP9N312LJABCOFDDS~~~~-~~- = ——=——- 759ABCS33341115221» 1115
0¢ *313911515,8278WTTOEE3s 1643868, SASK--—-—~- * -—--534G5BB344531434B2134,1151
5SS s1ss139919:8314PSKD631,1321279,3RB75—-- ---A335DARC9473221132111211135»
10S 1,4+112111,1864236263442157537L444211,---~----—----3A54422466311,2111111+159>»
155 "1 154+1311,22314111453465486B24E26513121—-~----~-~ 5427833122511112111s5 199390
20S +»11112111:,256134265655485EEMWKGLLZUIB762———-—~—~ 4311452111313 9 1111299501
255 112 12223124424865339F7576UVVIDJ0ONTYTHFEB7? 78H~~---HFBB243312s 139111032550 301 19
30S #,5>12111234113VF7239AB3SDIT7JBERFQIQAN7 UBBBJH--AE9498B5211115»11111s051»111
35S 3931 1331y sCA3114, B6463CSCOOQTTPHIHUHIRILJICB923B421113,» 111959 111110111
408 » 1alalls 1211000 1 17ESJBFE7VEADJJCBENHDAZDI99BCA124511:1s1s13» 01115111
453 * sealsnirsiln: @ 1 JETEXVCERB3BEAD32P1234ECE66761111111111111»51112
508 1939311119 » 154BKMFREDAF456855E4211111235433222222221111211111111
53S * 13303393 11214RE7DIF7HA4563117DJD8291KFARG64332232332221233432221
60S * 1s3lle $17B33677938BBBAZ1331y 3321, 11289222222222213323333324333
£35S ., ys 311,124R331224244311» 111 1:311511223443222345454453432112
708 LIRER] 9192 1123RA7BC7631114, 3 »139111123211:111,22443322123
758 * 3 » 12B425954754984811, & & + +5,,35,,,1111111111133333444232331
B80S -’ »3A1111584578A5S811 » 1222334333332121232434632
BsS - 133151229B78931111ss . +» 12323544448B653211555 112312
20s - y1 149111232625 s 1 y1199s111111111215B663221112221
95% . yrr 33 1y ® 5 s 112119 lssssnss®y;33133433223222
00S * y 9 y112333211s:#3%35:35 1> 1rrayi2c2ice3
0SS . sy 2111111233291 rasrlsls y lloy
108 + 3,12432312211vv9 199 339 saprrs »
158 *® ;1668553311 311 L5y *
208 * 333543 21 11,
25% 42¢11%55,9,%

Mooy o W el el 3w a W s Mzt sa Wia & o W w il B0« Edlsls Bty A F v i Bl e MR E st B E
120 108 96 84 72 &0 48 36 24 12 0 12 24 36 48 60 72 B4 96

- Fig. 2



262 T. R. SIVARAMAKRISHNAN

- I
QU221 ZBa2
21T 00020,,22 % 128 212
z.zzzzzuzuullzunmuuum
0322311122 122223528 3 sanma g 20y >
221 Ja5aa5sy 3,
'R222i212222232) 14222122 z-uu:z:q.;.:::r
Zznt-anu:unnnmnznzz._mm-&mu.l
VH20200 0002228 22420202257 Pisieazy hging

-u:nznnvm-zbumz 3 m
m VU R 322000 22y
1 ”;:gT'J'SSa ARTSENTTNIN .lsmu_ybzrzlzauu

(Xl mn Lsmuunuﬂ.lun

NEM 2210222222 U221 M55 22122,

Ui 1 T3y 2424
LTRITRET

2 Qann
2222220 23%232%1 ¢ 1121321
2233211212031

v Lo gy

12200

3112120023933 80 :lu:;ﬁ'
muz.hunuauu‘j WL 220

i (FRERTTFET]

L2222 gy gy EF T

LI SFITH FAFEN

hn
2
X~ RADAR LOCATION Ziiii122132 h:f.,,,'
'

"‘(1) A réfers Radar lection,
(2) Isebrets are the ones transfersed fyam Care reinfall map,
for comparisen purpose.

Fig. 3(a). Radar rainfall map for 31 May 1982 (30th, 1200 GMT —

31st, 1200 GMT). Isohyets are the ones transferred
from gauge rainfall map for comparison purpose

for comparison. Gauge rainfall map was retrieved for
that day, analysed and its agreement with radar in-
ferred rainfall map was seen.

3. Results and discussion
3.1, Spring (April-May)

Fourteen days were selected during the s2ason. Out
of these on several occasions no rainfall was recorded
by gauges when radar has recorded some echoes. Hence
these were the non-precipitation echoes. This may be
due to what is called ‘anomalous propagat'on’ of radio
waves, For example, Fig. 2 presents the radar print out
of 27 May 1982. Though a lot of echoes is seen
including rainamounts of 4” (code K), from the gauge
map it was observed that not even a single gauge
recorded any rainfall on that day.
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Fig.. 3(b). Gauge rainfall map for 31 May 1982 (X refers to
radar location)

Figs. 3 (a) and 3 (b) present the radar and gauge
rainfall maps of one comparison in the season (31 May
1982). From the analysis of all the available days
it is seen that out of areas where rainfall was 3 ” or
more, radar could show only lesser portion of these
arcas to have that much rainfall on several occasions.
Whenever A.P. (non-precipitation echoes) inter mixing
with precipitation occurred, radar rainfall map shows
the area to have rainfall of 4” or more. So the analyst
has to get a confirmatory evidence of actual precipita-
tion, say, from one or two telemetry rainguages, before
he wants to take a rainfall of 4 “or more from radar
map as such in this season,

A separate study was attempted to sce the radio
refractive index (RRI) gradient on days of getting a
lot of anomalous propagation echoes from the upper
air sounding data of Oklahoma. It was noticed that
the sounding of 12 GMT can serve as a hint in this
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respect. Whenever RRI gradient was 35 N units/km
or more between surface and 850 mb level at 12 GMT,
AP. echoes were found to be detected by this radar.
This may serve at least as a thumb rule in inferpreta-
tion of radar data by the hydrologist.

Another feature noticed was that radar estimate of
rainfall is comparatively better in northern sector than
in southern sector, though the reason is not understood.
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4(a)
3.2, Summer (June-August)

The first point to be observed was that the occur-
rence of non-precipitation echoes probably due to A.P.
is very much. Out of 20 days selected for analysis
there were 10 days when only non precipitation echoes
were present in radar map and no rainfall has occur-
red. On four more days A.P. was found to intermix
with rain echoes. Thus on 70% of occasions, the
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Fig. 4(b). Gauge rainlall map for 15 Scpten.ber 1952
(Autumn)

analyst is likely to err. Hence the method as such is
not found to be usable in summer for radar hydrology.

This suggests the imminent need for devising a
method suitable for real time filtering of anomalous
propagation echoes. From the experience of working
with the data to be collected in one or two more years,
there may be a possibility for the evolution of such a
method.

3.3, Awtwmin (Sept-Nov)

As gauge data could not be retrieved on certain days,
sclected days available for analysis were fourteen.
Radar generally detects all the rainfall echoes during
this season. Whenever we find a grouping of rain-
levels of code 4 (0.8”) or above at a place in radar
map, one is sure to get a rainfall regime there or
closeby to that region, Radar estimate of rain is found
1o be on lower side of actual (given by gauges). A
sample day printout (15 Sep) of radar and gauge map
is given in Figs. 4 (a) and 4 (b).

3.4. Winter (Dec-Feb)

As during autumn, radar does detect the rainfall
regions in this season also. In fact the estimate is even
better quantitatively. But a point to remember here is
that during this scason, the rainfall rarely exceeds
code No. 6 (1.27),

4. Conclusions

(1) The interpretation or confidence of radar esti-
mated rainfall is not uniform throughout the year and
varies with seasons around Oklahoma,

(2) Interpretation of radar echo for areal rainfall
is diflicult in summer due to occurrence of widespread
non-precipitation cchoes,

(3) Any rainfall shown to be 4 ” or more in spring
has to be taken only after confirmation of absence of
A.P.

(4) Radar estimate of rain is generally better in
autumn and winter. No rainfall regime is missed by
radar in these two seasons.
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