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PREFACE 

The National Severe Storms Laboratory seeks to understand processes 
that create and sustain thunderstorms and their manifestations, including 
hail, heavy rain, lightning, and tornadoes, and to develop improved tech
niques for storm observation and prediction. Toward these ends NSSL has 
a severe storm observational program conducted annually during spring when 
storm activity tends to be most frequent and intense. Several kinds of 
standard measurements are used for surface and upper air measurements that 
provide support for:meteorological sampling by Doppler radars, an instru
mented tower, aircraft, and mobile photographic teams. While thunderstorm 
and slightly larger scales are emphasized, the NSSL data also provide knowl
edge of the synopti~ setting that leads to severe storm formation. Within 
the customary fisca~ and personnel constraints, configuration and method 
of operation are determined by research requirements of investigating 
scientists. A description of each year's Spring Program is summarized 
as an internal NSSL report. 

The WSR-57 surveillance radar and the meteorological networks operate 
almost continuously for 30 to 90 days and their data are archived for later 
study. The other data sources mentioned operate for various intervals within 
the main observing period. There are usually about ten severe storm days 
and one or two tornadic storms during data collection. Although major NSSL 
interest focuses on the tornadic thunderstorm, less intense storms are also 
studied by a wide community of scientists both within and without the Lab
oratory. There arel,lsually four to eight cases of interesting storms that 
cannot be reviewed in depth prior to the next annual data collection pro
gram. After a decade of operation, we have data sets from many severe storm 
cases archived. Therefore, future investigations will emphasize new probes 
to enhance synthesis of data on kinem&tic and dynamic processes inferred 
from the multiple Doppler and aircraft measurements. Consideration of new 
concepts and observing techniques may benefit from the perspective provided 
by the data sets illtistrate,d here. 

Most of the line illustrations in this report were computer-plotted as 
part of routine data' processing by NSSL's CDP section. The radar photographs 
are available on 35 1l111l roll film, and the digital data on seven track, 
556 bpi tapes. Subsynoptic data from the sixteen NSSL surface stations 
can be obtained from -the NatiOnal-Sp~ace Science ,Oa.ta Center. 
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INTRODUCTION 

The severe'sterm observatienal pregram l.n 1915wasredticed substantially 
frem that ef 1974. The next extensive"pregram is plariri~d fer 1976. Thetedu'ctien 
in ;1975 was due,in part to. schedulingef majerengineering changes in. the Dep
pIer signalpJ;:"ece$sing, and ip. part' to. limitatl.ens ef furids ap.d staff ~ Hew~v.er, 
within' these·r~strictiQns, the scepe ef.the pregram was breaci, withpart:i,cipa
tien eJ scientists frem NCAR, University o~'Wyemin:g, University efOklahema,' 
and the Air Ferce Research and Develepment Cemmand. 

The pregram began with an intense 30'-day quality centroltest, primarily 
cencerned with the Deppler radars. The results are summarized in Part II. The 
reutine seVere sterm surveillance program cenducted. between May 15 and June 15 
is summarized in the fellewing sectiens. 

There were feur clusters e~ .ebservatienal activities (fig. 1). The Dual
Deppler Pregram (I) was given highestprierity--te widen and test quality cen
trel precedures, and further ·develep hardware and seftware ferimprevedreal 
time displays. Pregram II seught to. extend Deppler and aircraft measurements 
efturbulence and severe sterm circulatiens. Pregram III mixed subpregrams in 
sterm surveillance and decumehtation (WSR-57 radar, rawinsende, and cleud 
phetegraphy) with first attempts at "newcasting" using heurly surface,30-minute 
satellite, and centinueus radar ebservatiens to. make.1-2 heur predictiens. 
Pregram IV previded benchmark data to. describe beundary layer.cenditions during 
severe sterms. 
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Most of the project scientists participated in data collection with Opera
tions staff and helped define operating procedures. Unless severe weather 
was evident, operations were restricted to normal working hours, with evening 
and weekend storms covered on a catch-as-catch-can basis. 

Individual project goals (fig. 2) determined sampling rates and radar con
trol configurations, including choice of high or low pulse repetition frequency, 
dual-Doppler scanning, scope photography, and digital recording. 
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PROJECT GOALS 

EXPERIMENTS 

WSR-57 radar: Wet Jtadome e.66e.c.t on ll.Mn6all 
me.MWLe.me.n.t6 . 

WSR-57 radar: E66ec.t 06 ~ampling ~nteJtval on 
pll.eup.{;ta;tton meMWLe.men.t6. 

NRO and CIM Doppler radar data: E66ec.t 06 
ve.lo~y va!U.anc.e on pll.ec.~paa.:U.on mea~WLe.ment6.:' 

NRO Doppler radar: H~gh PRF and tOll.nado 
detec.uon. 

NRO and CIM Doppler radars, WSR-57 radar, 
chase teams, aircraft and radiosonde: 3-V 
modeling. . 

NRO and CIM Dopplers: S:tudy 06 voJttex ~~gna
tWte6 M ~hown on ll.eMec.:t<vay and PPP ~
p.e.ay~ . 

WSR-57 radar: Ve.moMtJta:t{.an 06 ~me~e anal
y~~ 06 Jta~ngage and Jtadall. data rL6~ng the. 
BJtande6 te.c.hMque. 

NRO and CIM Doppler radars: COll.ll.e.la:t<dn 06 
Mll.c.Jta6t ~nd and meMuJted :tuJtbulenc.e. ~h 
VoppleJt w-i..nd and va!U.anc.e. meMWLe.men.t6. 

WSR-57 and Doppler radars: F~ doc.ume~on 
06 tOlLnadoe6 and damage ~WLvey~. 

WSR-57 radar, satellite, rawinsonde, and 
Service A data: SeveJte ~totim plLe.MeU.on. 

Optical anemometers and mesonetwork data: 
V~ec.t meMWLe.ment 06 ~Wt6ac.e c.onveJtgenc.e. 

Acoustic radar and WKY tower data: Quanti~ 
tative, meMWLeinenU ~h the. ac.orL6uc. MdalL. 

Radar and Volunteer Observers network: H~ 
S:tuMe6 

,WSR-57 and Doppler radars; OpUc.al anemom
e.tivL; PlLoje.c.t VrL6tOlLm; StolLm ChiUe. 

Figure 2. Pr<?ject goals. 
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'SECTION 1 

Modus Operandi 

A Central Control Facility was established in 1974 in the Nornan,-'J)oppler 
Building (Barnes et aI., 1974). During 1975, controllers for chase and rawin
sonde projects were returned to the WSR-57 radar room in the main building to 
relievecongest:lon in the "Dopp1.er~btiiidil1g- 'and' to separate' cottnnunicatia:lls. 
Thisyear~"real timeU discussionstd coordinateduai-Doppler'and aircraft 
pr~bingwere 'llO·t mixed with "denlyed time" operations' irivolvingguidance mes
sages to chase teams and rawinsondeflights. By reducing ,cross talk and 
clustering the projects, it was hoped that fewer staff would be required and 
the operation would be more efficienL' 

This was only partially successful. "While several 'of the experiments 
cbmpleteddata collection independently, the chase teaniSwere not always 
adequately supported in their statewide pursuit of severe,storms.· 

For example, some data were lost on major storms on June 6 and June 13, 
because of cessation of operations between 1700 'and 1900 CST. Also, ad hoc 
arrangements did not provide satisfactory radar coverage during the evenings 
and on weekends. Improvements in short range prediction are needed to keep 
the operational teams on site when new storm development is eminent. 

The deploying of radar, rawinsonde, and chase teams requires prediction 
of the likelihood of thunderstorms and prediction of generally when and where 
(Le., occurrence in the dual-Doppler area, withi,n driving distance of the 
chase vehicles, and occurrence before sunset for aircraft probing). Each 
morning, a "convective outlook" was prepared to indicate presence and motion 
of the fronts and upper level short waves and to specify "standby" status for 
the day. The sequence of activities -Which followed on storm days is illus
trated in Figure 3. On "no-standby" days, the radar crews returned to work 
on the new Pulse-Pair processors or to run quality control checks and fine 
tune the radar systems. On ,"standby" days, El,ll radars were calibrated and 

\Ef lNG & 1300 CST 
1030 CST 6:\.II!IIAT10NS 

". made re~dy for data collection. Begin
ning at noon, the "nowcaster" used 

1500 CST 

30 min satellite and continuous radar 
observations to supplement hourly sur
face analysis. During the afternoon and 
early evening, he prepared frequent 
advisories for dissemination to the 
project teams. 

Figure 3. 1975 Operations Clock. 

The three radar sites were linked 
by lease-line telephone for voice com
munication. A'telewriter system was 
used as back-up and for leaving messages. 
A radio communication system, using a 
repeater transceiver on the WKY tower, 
linked the Central Control Facility, 
chase cars, rawinsonde sites, and WSR-57 
radar room. 
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The 1975 upper air network was limited to two rawinsonde stations at 
Tinker AFB and Fort Sill, Oklahoma. A subsynoptic network of 16 surface 
stations (fig. 4) was operated to supplement the hourly NWS observations. 
Examples of these data with streamline analysis are shown later in the dis
cussions of the major storms • 

. Closed circuit television was used to relay satellite pictures, surface 
analysis and nowcasts from the main building to the Central Control Facility. 
A tower-mounted television sky cam~ra, remotely controlled from the radar 
room, provided real time (and vid~o taped) data on distant cloud tops visible 
from the Laboratory. " . 

Digital data sets were scanned and archived by the Laboratory's Computer 
Processing Group. The Operations Group screened and archived analog and film 
data from the surface networks, WSR-57 radar, and the WKY tower. Section 3 
contains iists of data now available for study, and material relative to the 
format of the data. 
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SECTlON 2 

Synopsis of the Major Storms 

;.' .• In document:in:g activities of the 1974 program, . Barnes (op"cit) showed 
.dai1y synoptic ana1Y$es and WSR-~7 scope displays. In addition to these, 
there are numerous other cases document~d in detail (Barnes, 1970; Vlcek; 
1973; Lemon, 1976; Brown, 1973) and little new information could be added by 
showingsim:t1ar records for. 1975. ;rnste~d,three cases are illustrated in 
this report to exemplifyaituationswith varyirig degtees of difficulty to 
"nowcast". Sitnilar situations.occureach year; sometimes resulting in exces
sive overtime, loss of d~ta, and "household" hardships. Fortunately, the 
most seve:reisl.tuations are usually predicted by£-orecasters at NSSFC, arid 
handled very. well by NSSLforecasters on anhour ... by-hour basis·. 

The three cases chosen for gra,ph::i.c review in this report are May. 26, 
June 6, and June 13. On May 26, the first NSSL computerized display of mean 
ve1Qcity was rec9rded showing a.mesocyclone signature.in real t;ime (Burgess, 
1976). The Doppler data were supplemented with measurements from the Univer
sity of Wyoming mobile wea,ther station (Martner, 1975) and the NCAR aircraft. 
As shown' in 'the following illustrations, the storm was an isolated cell, 
developing in an area of weal< cyc10genesis at the time of maximum surface 
heating. 

The '~econd storm, June' 6, was a "typical" evening mid-western squall 
line whic1'1 produced a classical gust front (Goff, 1975). Surface wind speeds 
reached 46 m s-l at Edmond, Oklahoma, a few Ian north of the NSSL tall tower 
facility. No Doppler data were collected because of the extensive multiple 
trip return, and because the development of the line occurred in late evening 
after the cessatibnofnotmal ·operations. 

The final case illustrated.was a major tornado occurrence at Stillwater, 
Oklahoma, about 110 Ian northeast of NSSL. Dual-Doppler radar, aircraft, and 
WSR-57 three-dimensional data were obtained while several people in Stillwater 
were photographing,the funnel clo\ld. 

Data inquiries and requests should be submitted in writing to: 

Mrs. Kathryn C. Gray 
Computer and Data Processing 
National Severe Storms Laboratory 
1313 Halley Circle 
Norman, Oklahoma 73069 
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Vate: 26 May 1975 

FOfteC1L6:t, (1100 - SWL6e:t) ~. ... . [Xl S:tancfby [] No S:tandby 

VM CU:I.>.6..ton: 

Ye.6:tvway -WeJ'!:t M nOfteCrv..:t wi.:th even" le64 ctoud.6 :than c.all.ed nOft. 

Today - 9:00' a.m. nJtOnt: HaJ!Jr.h,on - AR:t.w.:, - Cf.ovM.:. Wave .n0Jtmed by 1{}:00 a.m.M AUU.6 wi.:th 

nJtOn:t :to .6Outh· pM:t M..i.neM.e. Wefh' :: M-Ldtand. "'A4 mM.6 .6Ou:th o~6Jton:t qu..i.:te un.6:tabf.e. 500 mb 
, . " - :"::."!.".. , .. " . -

:tJty..tng :to go ·zona£'wUk weak "W-i.ggf.e.6"PJi,uenL ''Expect Wli..y a6;te!tnoOti .6how ..tn .6Ou:th and 

.6Ou:th,uL6,t Oki.ahoma. 

] S:tandby [X] No S:tandby 

Ind..[~on.6 aile :tha:tnfton-t, :to .6e.:ttf.e .6Ou:th on,.Re.:J R..[ve!t duJt..i.ng n..i.ghf;Jeav..tng un.6eMonabf.e 

coof. .6table aAJt maM. 

Figure 5. NSSL OperationalForecast~ issued at TIOO'CST each dciy • 

. :' , 
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CASE I 

May 26, 1975 

The storm developed on a frontal wave' crest 120 km southeast of NSSL. As 
indicated in the Forecas't and Nowcast', . activity was imtic:Lpated and WSR-57 

I radar data collection beg.i:m prior to time of firs't>echo •. The satellite picture 
at 1545 CST shows the sto~ developing southwest of NSSL, just beyond the range 
of the Doppler radar at Cimarron. rhe Norman Doppler radar was within sampling 
range for a brief period and recorded, the f:irst real time di$play of the mean 
velocity and spectral width values at 1538 CST." 

) . 

The reflectivity and Doppler velocity .fields indicate the storm contained 
hail and cyclonic circulation. aloft •. ' 'The University 'of Wyoming Chase Team 
observed heavy rain and hail and a . weakly developed wall cloud, .. however, a 
telephone survey of the 100km-2 area failed to locate wind damage or observa
tions of funnel clouds~ A "fly-by" probe to the southwest of the storm was 
made by the NCAR aircraft during.the period of rapid growth, and the Univer
sity of Wyoming staff later collected drop size data at 1600 CST further south 
in the same storm (Martner,op cit). 

Some significant asp'ec'ts'of t'hec:.data· s'ets' arementiOried -in the figure 
, captions.' ~ " " . 

NoweAST FOR 26 MAY 1975' 

BMed on 1124 CST da.-ta. Appe.aM.tha..t wave .u, aJWund Rw.,h SplUng.6, Lindt> ey Mea. wUh Mont 
ex.-teYiCUng :to SW and dMc.on;t£.ruU:tyOlt Mont (l.!JtcleM whic.h) .to ESE. WIVUn un.6.tab.e.e a..bt mM.6 .to 
.6ou;th wUh c.onveJlgenc.e a.tong c£i..6c.on..ti..Yl.!U:ti..e:& .6hou.td g..tve we .to TRW. Lac.k 06 uppeJt a..bt .6up- . 
poJt.t .u, on.e.y .6..tgn..t6..i.c.ant--bu;t .6e!Uow.,--dJr.a.wbac.k. No .6hoJt.t wavu ev..tdent on .6a..tellUe p..i.c:twtu 
exc.ep.t one .to eM.t ..tn Altkan.6M. POM..tb.e.e 6-iM.tec.ho expeJt..i.ment (ou.t.6..tde d.ua1.-Vopp.e.eJt ne.twoltk) 
bu.t will have .to Ituu.e..t 6ltom .6U1t6ac.e 601tun,g (no.t uppeJt .e.ev~ li6.t) • . 

1200 CST da.ta. . Ac..tua.e. 6ltont Jj,. d..t66..tc.aU :to di..66eJte.n..tA..a..te. May beltadalt.. de.tec..tab.e.e .thin' 
line IdMhed on map ana.e.y.6.u,) Olt wave di6c.on..ti..Y!!M;ty .6Y.6.tem .to .6Ou.th. (L..i.ne 06c.umu.tU6 along 
ESE poJt:ti.on 06 fucon.t..tnuUy.u, quUe ev..tdent on 1123 CST .6a..teU;Ue pho.to.) Gltea..tu.t c.hance 
601t Teu and TRW gltow.th w.<..e..e. oc.C.Wt IA/hen .thin line oveJt.ta.ku wave ..i.n 3-4 hoWt.6 neM Olt noJt.th 
06 AVM. 

1300 CST da.-ta. Now appea.M ,tha..t .thin line .u, 6ltont and eaJtR.y moltn..tng TRW ou.t6.e.ow pltoduced 
C1l6con.tin.c.U.ty (along wh..tc.h TeU Me pltuenily .6een ..tn .6a..te1Li..te p..tc..tUI/.u) ex.tenciJ., ESE 61tOm 
ttttve. Bu.t TRW c.hanc.e w.<..e..e. be neaJL wave-6Itont-ou.t6.e.ow ..t1'J,tVL6ec.tion ht abou.t 2 hoWt.6 wUh 
add..ttiona.f. .6U1t6ac.e hea.t..tng .6..tnc.e .6ynop.t..tc .6U1t6a.ce 60ltung .u, wea.k and uppeJt .6uppoJt.t .u, 
.e.ack..tng. 

1400 CST da.ta. Sa..te.e.u.te and ItadM deve.e.opment have begun .to OCCUlt ltap..tdi.y on ou.t6.tow 
boundMIJ. TflM .6hou.td pVL6.u,.t and juc.twte be.tween 6ltont and boundMY .e.ook'-> 6avoltab.e.e 601t 
6uJt.theJt deve.e.opme.nt. WUh .6.:tJz.ong ..i.n.6.tab..tU.ty .the.u ce.t.e..6 .e.ook good 601t .e.Mge. hail. 

1500 CST data. Sa..te.e.u.te. data .6howo '->Ome. wea.ke.n..i.ng OIL "bltea.k..tng up" 06 boundMY W 06 .6.:tJz.ong 
c.e::e:t S 06 AVH. Howe.veJt, 6Itont.6.t..tU..tn.tha..t Mea. and ge.ne.Jta.t.{.on 06 ano.theJt muo .6Y.6.tem .to 
pltOv..tde. 601tung mu.6.t be. c.oM..tdeJte.d pOM..tb.e.e.. Sa..teUile. p..tc..tUI/.u pltov-Ule.d e.xce..e..e.e.nt ..tn601tm1Lti..on 
on oveJta..U. .6Uua..t..ton and high po.te.n.t..ta.f. Ite.g..ton bu.t ne.UheJt .6a..tef.;U.te. nolt .6U1t6ace. data ..tnd..i..ca..te.d 
Teu e.nhancement be.601te. Itadalt.. de.te.c..te.d 6-iM.t e.cho. 

Lulie R. Lemon 

Figure 6. NSSL Operational Nowcast, issued hourly beginning at 1100 CST 
on standby days. 
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Figure 7. Surface map time .1200 CST. . Boundary layer. convergence over 
south-central Oklahoma three hours prior to development of 
severe thunderstorm. Line of convergence extending northwest 
marks a southward moving cold front, which was "seeded" with 
chaff at 1300 CST •. 

Figure 8. Surface map time 1600 CST. Boundary layer convergence during 
severe storm. The line of convergence with the cold front 
apparently merged with the subsynoptic. scale cyclone (or is 
no lOn,ger reso1v~bie), which :has moved rtortheast •. 
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Figure 9. (above) Satellite 
photograph taken at 1545 CST, 
26 May 1975, showing thunder
storm development on wave crest 
in south-central Oklahoma. The 
warm air boundary extending into 
east Texas was created by the 
southward moving nighttime squall 
line now dissipating over western 
Louisiana. 

Figure 10. (left) Sounding taken 
at Fort Sill, Oklahoma, 130 km 
west, and approximately one hour 
before the development of the 
storm. 



Figure 11. Track of NCAR 
aircraft taken to record 
data shown below. The 
University of Wyoming 
mobile weather station 
was southeast of Sulphur 
(SUP) at the time. The 
small cancellation'north 
of SUP is coincident with 
reports of marble size 
hail. 
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1200 CST 

Figure 12. The subsynoptic trajectory analyses are shown superimposed on 
the WSR-57 radar displays. In each case, the left photograph 
is the wind pattern derived using the technique developed by 
Barnes (1974), and the right photograph shows the Barnes output 
analyzed with a pressure constraint developed by Sasaki (1973). 
In most of these cases the differences in the convergence patterns 
are second order. However, the effect on magnitudes of moisture 
convergence may be more significant. 
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Figure 13. (right) Comparison 
between WSR-57 and NRO Doppler 
radar intensity measurements 
made simultaneously in the 
Storm of May 26, at 1535 CST, 
at 4° antenna tilt. 

Figure 14. (below) WSR-57 radar 
tilt sequences showing vertical 
profile of storm reflectivity 
patterns at 1515 CST and 1540 CS~ 
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Figure 15. 

TIME 15:38:51 ELV.03.0° dR=l. 20KM dAZ=l. 60KM 

i 49 150 151 152 153 

:.' AZ .. , . d.egree13 ' 

5.3/52 49/55 35/38 
.:T 
<;> 55/54 52/55 44/48 ... 

56/ 54 55/55 47/51 
e>J 

~ <;> - "," .. ....,.-. ,5.~154 56/55 47/50 
" Q) 54/53 54/55 46/55 on 
~ 

.CO 
p::.~ .. '"54/55' "'.,\ '5'4/ 55 ' . ;"6/57: .... 

56/ 55 56/ 63 49/49 

I'- 53/50 en 54/57 47/41 

54/50 55/50 47/41 

149 150 1 5 1 1 52 153 

(top) Example of NSSL computerized, multimoment display of 
Doppler mean wind speeds. Rotation of arrows from right 
(0 velocity reference is pointing to right) indicates magni
tude of wind, i.e., counterclockwise is away from the radar 
and clockwise is toward the radar. Full rotation to the 
left is 34 m s-l . The spread of the arrowhead indicates 
spectral width. For interpretation of cyclone signature 
see Burgess (1976). (bottom) WSR-57 (small digits) and 
NRO Doppler (large digits) radar reflectivities (dBZ) for 
locations above, measured at 0 and 3 degree antenna tilts, 
respectively. 

13 

;,",' 

.. ~'. > 

~;.' . .; !,: . 

,'" ., 



WSR-57 
o OEGR£:E SECTORS 
C!X.LECTED 
I = TILTS COlLECTED 

DOP NRO 
nlNUTES Of 
DIGITAL DATR 

DOP CI M 
nll«ITES Of 
D!GITAL DATR 

RROB 
R£LERSES 

WKY TOWE 
D6SERYRTlDII5 
PER HOUR 

MESONET 
R = PIIRUlG 
o = DIGITAL 
S = TO BE DIGITIZED 

R1RS~ERRFT 
nlNUTES Of NCRII 

. DIGITAL DATR QUEEN 
RIR 

RIRCRRFT 
nllllTES Of RIR 
DIGITAL DATR fORCE 

f'lC 

~'.; . 

",-,", ". 

'0, FI'-LAS" UMM R R Y 
·.·.08TEOS2875,' '. 

",' -:" 
: ":' 

Ob'(h<62)d~(jIj OS 06.07 Of/:oe 10·'·lr~9r~:i311.1.~15· 16 17 18 Ie 20 21 22 23 

FI A I R 

I 
I 
I 
I 
I 
I 

R R 

F:igure16. Summary of data archived on May 26, 1975. 
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. CASE II 

June 6, 1975 

Stortns in Kansas were large atld severe. most of the dcl,y. Individual storm 
movement was southeastwai'd acrosS northern Oklahoma until :about 2100 CST, when 
an organized squall line moved :rapidly. s.outhward: into.central Oklahoma and 
produced a major ,.guSt ,froht,· whi.ch.pJ:~ceded slightly" aheaq of the precipita
tion. Severe weather was firstreported·ip. northwest Ok14homa (Woods County) 
aboutl700 CST. One of the three tOrnadoes sighted was r<ptatinganticyclon-:
ically (documented On film). , Heavy wind damage occurred ~O kin north of 
Oklahoma City. Scattered hail and high winds were reported in 20 counties in 
northern and eastern Oklahoma (Storm Data, 1975). 

The surface maps, WSR";';57 radar display, and satellite photograph show 
the very mOist air converging in the areas of thunderstorm development; and 
the resulting squall line. The WKY tower d~ta contained peak gusts of 
35 m 8-1 • Multiple trip signals prevented 'the collection :of Doppler radar 
data. 

NOCIJCAST FOR 6 JUN~ 7 975 

BaAed on 0900 CST dfLta. ShoJc.t wave .a6Ung -iA mO-6.t appaJl.en.t in mid and high ce.OUM oVVt 
c.en.tlta.t and noJt.thWe-6.t KanM-6, exbteme- nolc..theM.t CololLado arid Mu.tWe-6.t Nebw ka and-iA 
expected :tfJ .tJr.ac.k eMt-Mu.thW.t OIL Mci.:theM.t giving -6.tJr.Onge-6.t a.c.tivUIj in Kan-6tv.., noJt.th-. 
c.en.tIta.t and noJt.theM.t Oklahoma. . . 

7200 CST dam. VVtIj -6.tJr.ong TRW Mve deve-toped in noJt.theMt ColoJta.do, Mu.tWe-6.t NeblLMlw. 
ana noJr..thWe-6t Kan-6M w.<..th .tine 06 CB and TCU Mu.tfw.Ja.Jr.d tonea.Jr. LHX ColoJta.do • Two othVt TRW 
have devetoped nea.Jr. CAO Mew Meuco. The-6 e:two TRw -indicate. .ti6.:ting -iA occuMing 6uJr..thVt 
-60u.th .than plLeviolMly iruuc.tLted by SMS and 601LecMt plLOg-6. Th-iA indicate-6 that noJt.twe-6t 
Okl.a.homa, c:en.tIta.t and -6outheMt may eventuaUy be involved in TRW amvUy dUlLing i.a..te a6.tVt-
noon and ru.ght. . . .' -

7400 CST da..ta. VVty -6.tJr.ong ac.tiv.ay h(U,. devetoped in MutWe-6.t and -6outh-cen.tJr.a.l. Kan-6M 
with a 6-<.e1d 06 TCU and CU -6outheM:tJAxvr.d. Ac.:tivUy JlMai..6o devetoped: in We-6t TUM pan
handle. Indica..:tion-6 Metha..t ac.tivUy (-6.tJr.ong .to -6evVte) will move -l.nto Mea Mound 7900 CST. 

Lulie R. Lemon 

Figure 17. NSSL Operational Nbwcast, beginning at 0900 CST on June 6, 1975. 
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Figure 18. 

".: 

, ~ : : 

Figure 19. 

.. : "J. 

Surface map time 1900 CST. Boundary layer trajectories during 
intensification of squall line. Note the extremely high dew
point values in the air flow arriving in north....:central Oklahoma 
from eastern Texas. 

'.!":' .. 1 "". 

Surface map time 2000 CST. Boundary layer trajectories as the 
squall line accelerates southward and develops westward. A 
radar thin line appeared at 2130 CST, and moved southward at 
21 m s-l ahead of the precipitation (see fig. 22.) 
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Figure 21. Temperature, moisture, and 
wind profiles in the conditionally 
unstable air mass at Oklahoma City. 
Sounding was made approximately six 
hours prior to formation of the 
squall line. Movement and propa
gation of the line was toward the 
southeast at 20 m s-l, which is 
30 degrees to the right of the mean 
environmental wind at a height 
(7.5 9.5 km) where the speed 
;? 20 m s-l. 

17 

Fighi'¢ 20. satellite photQgraph at 
. '1545 CST, June 6 shoYling· advec":' .. 

. tion ·of Gulfril6isture northward 
'.to feed expariding thunderstorm ' 
activity over riorthwest Oklahoma. 



Figure 22. WSR-57 display without range normalization, showing the begin
ning of the gust front echo as it emerges from the line. It 
is now 10 minutes, or 16 km from the start of the tower section 
shown in Figure 23~ 
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06JUN75 2153 I L~M 

STRERMLINE RNRLYSIS 

o 

o 

VERTICRL VELOCITY 

WET BULB POTENTIRL TEMPERRTURE 

292 ____ 
- ________ 292 

POTENTIRL TEMPERRTURE 

I~ 
o 
-2 

~-2 

·RELRTIVE WIND SPEED. COMPONENT NORMRL TO FRONT 
; 

Figure 23. Time (space) section of smoothed 444 m tower data obtained during 
severe squall line passage, June 6, 1975. (See Goff, op. cit.) 
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Figure 25. Summary of data archived on June 6, 1975. 
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STILLWATER 

1733 MESOCYCLONE 

BUSINESS DISTRICT , 

Figure 26. Tornado at Stillwater, Oklahoma, 
June 13, 1975. (above) Wall cloud and 
developing tornado at approximately 1737 CST. 
(below) Tornado at approximately 1753 CST, 
after destroying trailer park. (left) Damage 
path and location of Doppler radar vortex 
signatures (TVS) recorded during the tornado. 
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CASE III 
....... ' .. j, , ""'", \'" . 

.".: 
'1" •. . .. ' ~ 

',' ,On this "day, the houndary'layer; £lQw pver nprth~rll; Ok,taho~ ,was s9"! ther1y, 
weakly convergeil t; With':mean leveLst~ering,:w:inds :irQmthe :p.orthweSt. ' 'Sc~t1e 
of the, convection, shown""hy, satellite and WSR~57 ;rada17i,was1arge ... -:-:i,nc:1icative 
of severe storms. A large tornado occurred at Stillwater at 1737 CST. An 
excellent radar data set was ohtained, which is receiving special attention 
at NSSL and the University of Oklahoma. 

NOWCASTFOR "13 JUNE 1975 

BCL6ed on 1000 CST cfa;ta. ,H.igh, low levet, moMtulr.e vafue6 {dep.th6 J.,omewha.:t une.eM:£Un) , 6ahr1.y 
e.old .tempeJULtWte6 dlo6.tand 6lton.ta.e. .6Y.6,:tem .into ex.tJteme We6.t and noJt.thwe.6.t Ok-ea.homa. Weak 
mo.u.,tulr.e e.onveJt9enc.e .in END Mea (P!U1!UiMi.y .6peed e.onve!tfienc.e), W-i;th TRW plte.6en.t. MaUmum mCL6.6 
e.onve/tgene.e M, .in Ka~CL6 af.on.g 6ltOM at: plte.6en.t .t.ime.MQ,u.,:tWr.eo6 apPMenUy .6u66.iuen.t dep.th 
.to .6Ugge.6.t TRW aYldpo.tert.ti.af. 60lt .6eiJe/te ac;t[vUy ewu. ' 

1100 CST da.-t;(t. FltOn.tal. .6 Y.6.tem , d.i66.ie.uU .to loe.at:e .in' Ok1.ahoma but: plte.6.6uJte .tJtough and dJc.y a.iJt 
b., plte.6 ent:. '; MoM.tUlte c.o nv eJtg enc.e' e.o n:Un:ue.6 and .i.6 .inc.JteM.ing .in .the Mea '06 TRW ac;t[vUy .in, 
noJt.th c.en.tJtaf. Oklahoma but .6.til1.by way 06 .6pe,ed e.onve/tgenc.e. Plte.6.6UJte .tJtough .in We.6.t .i.6 af.-60 
an Mea 60lt pOM.iate 6uJt.theJt devef.opmen-t.i6, c.onveJtgenc.e devetop.6 .in lte.6pow..e .to plt,e6.6Ulte 6.ietd. 
Ac;t[v.i.tlj .6holdd c.on:ti.rttie Md::&tiVz.eCL6e .i11:, noJt.th c.en.tJta.e. Oklahoma .in lte.6pOYl.6e .to .incJLeM.ing hea.t
.ing aYld out6low boundaJttj geneJta.ted by .the pe!t.6M.ten.t TRW.' 

1200 CST da.ta. Vlty.ing Md .6.tJtong mo.i.6tulr.e gJtad.<.en.t ew.t .in J.,ou:tiw.le6.t Ok-ea.homa bu:t e.onveJtgene.e 
M)lllac./Ung. W.ind6hi6.t Olt 6lton.t hM pCL6.6ed HUT and ICT Kan.6M Mea pOM.ibly .ind.ic.a;ti.ng wi.Yld
.6hi6.t extencii.ng down .into nolt.th c.en.tJta£. Ok-ea.homa 6uJt.theJt .6UppoJt.t.iYlg ac;t[vUy .theJte. Band 06 high 
and m.id-levet c..e.oud6 (which may mMk a ".6UbMmpling .6c.af.e" wave wi..th CL6J.,oUa.ted PVA Md eYlhanc.ed 
upwaltd motion) .i.6 mov.ing J.,outheM.t 6ltOm .6outhwe.6.t Kan.6M and may .inU.<.a.te devetopmen.t .in We.6.t 
Ok-ea.homa Olt .6.tJteng.then .the af.Jteady veJty .6.tJtong detA..vUy .<.n noJt.th c.en;tJr.a£ Ok-ea.homa. 

1300 CST da.ta. LMge plte.6.6uJte 6~ .in Mu:thwe.6t Oklahoma c.ort.ti.nue to make Mea .6U.6pec.t 60lt 
6utUJte development bu:t c.onveJtgene.e hCL6 not yet devetoped .6.igM6.ic.ante.y. S.tJtong w.iY!d6 .LYl c.entltaf. 
and We.6t Oklahoma c.ort.ti.nue to 6unriet waJtm veJty moMt Un.6table a.iJt Wo noJtth e.en:tJr.a1. Oklahoma 
and Me modeJtat:e at:.th-W tAme~ 

1400 CST data. IncJLeM.iY!g c.oYlveltgenc.e both .in We.6t aYld YloJtth c.en.tJtaf. Okfuhoma. In J.,ou;thwe6t 
Ofi&homa w-<.nd6 have veeJted .in the dJc.yeJt a.iJt Md bac.ked Mme .in molte mo.i.6.t a.iJt W-i;th .6.tJtong plte6-
.6Ulte 6af..e..6 c.ort.ti.Y!U.iYlg. An Mea 06 TCU aYld CB'.6 af.-60 .i.6 plte.6en.t .iYl the dJc.yeJt a.iJt .iYl we.6t 'reXM 
.ind.ic.a;ti.Ylg de.6tabiliza;tto Yl. W.iY!Cj.,t, have bac.ked at: both PNC aYld END (pltO bably .iYldue.ed by CB'.6 to 
the Mu.theMt) aYld, c.ort.ti.Ylued .ta:Jtge .tempeJta.tUJte c.ontltMt aYld .6.tJtOYlg .iYl6low to Mea. Cont.iY!ued 
.6.tJtong to .6eveJte ac;t[vUy .iYl noJtth c.en.tJtaf. Oklahoma. 

1500 CST da.ta. BCL6.ic.af.f.y .6ame Mabove. Some TeU beg.iYlMng .in Mu:thwe.6t Okfuhoma. Mid aYld 
fUgh CloUd band mov.iYlg MutheMt toWaJtd We.6t Md YloJt.th c.entltaf. Okfuhoma. One CB Md Mme TCU 
devetop.ing UYldeJt eMt end 06 c..e.oud band YloJtthwe.6.t 06 CB c.omplex .in YloJt.th c.en.tJta.e. Okfuhoma. 
LMge plte6.6ulte 6a.e.f..6 .in Mu:thwe6t Okfuhoma g.iVe6 good po-M.ibW.:ty 60lt devetopment theJte. (Weak 
ec.ho hCL6 devetoped.) 

1600 CST da.ta. VeJtij .6.tJtongmoMtulr.e conve!tgenc.e .iYl YlIjJtth c.en.tJta.t Oklahoma and laJtge plteMUlte 
6a::e::t1.> at: ENV aYld PNC. PIte.6.6Ulte .tJtough hCL6 p(LMed END mov.iYlg .into aYld 6uJt.theJt .iYlc.JteM.iYlg C.OYl
veJtgeYlc.e .<.n the YloJt.th c.entltaf. Oklahoma ac;t[vUy. Mid and high levet doud baYld now oveJttak.<.Ylg 
END, PNC ac;t[vUy W-i;th new CB devetopmen.t beYlea.th baYld. CondA.:ti.on.6 6avoltable 601L .iYlcJLeMed 
.6.tJteYlgth and .6eveJt.ity 06 ac;tLvUy. S.tJtOYlg TRW YleM CVS aJtea M that: ac;t[vUy oveJttake6 dJc.y liYle. 

Le6lie R. Lemon 

Figure 27. NSSL Operational Nowcast, issued hourly beginning at 1000 CST, 
on June 13, 1975. 



As indicated in the forecast and nowcast, wind and moisture fields were 
not typical of severe storm days. By 1500 CST an increase in convergence 
was noticed in hourly data over north-central Oklahoma. The development of 
the large storms with an immence ice crystal cloud is we11document;ed in the 
satellite data. The WSR...:57 data, both photographic and digital, should be' 
very useful in·reconstructing the sequence of development of the Stillwater 
storm. 
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1!igure 28 .. , Surface analysis, 1000, CST; June 13, 1975. 
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Figure 29. Surface flow 
fields, a) 1500 CST, 
b) 1700. CST, and 
c) WSR;";57 radar dis
plays showing origin 
of thunderstorins in 
zone of convergence 
over northern Oklahoma. 

(c) 
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'Figure 30. Satellite photograph at 1445 CST, same time as WSR-57 radar 
profile of precipitation rate, Figure 32. 
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Figure 31. 

15 

Soundings recorded at Tinker Air Force Base at: (a) 1300 CST, 
and (b) 1455 CST, 3-4 hours prior to the Stillwatertorriado. 
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Figure 32. Vertical profile of 
WSR-57 reflectivity display 
showing multiple, large-scale 
thunderstorm activity, approxi
mately three hours prior to 
tornado at Stillwater. 
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Fi~ure 33. Summary of data archived On June 13, 1975. 
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SECTION ,3 

, ,'/ " .':c" 'AUXI-LtARY INFORMATION 

This section contains operating procedures for ,the rawinsonde program, 
a list of locations of remote observing facilities, and indices of, the data 
archived. 

Figure 34. LuCreta Butcher operates NSSL's Systems Engineering 
Laboratories 8600. Equipment seen in the background 
includes an IBM 1401, and a Calmagraphic X-"'Y reader/ 
plotter system. 
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Date 

To 

From 

Subj 

March 21, 1975 

u.s. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 

'Rawinsonde Network Personnel 

Project Coordinator 

NSSL Rawinsonde Operations 
:.. . !." 

1975 

1. Statement ofObject,ives 
, 

A Rawinsonde,Uni't{rpm .. the U.S. AirF6rc~' S;'Sixthwe.atherS~uadioii ,(Mobile) 
Tiriker Air For-t:e- Base ~ Oklahoma, the U. S·. Aimy i s Rawinsonde>Sedtipn at Fort 
Sill,Oklahom.i;and the National Weather Service's RawliHionde:·~Up;if·~t 
Oklahoma City, Oklahpma, comprise the network()f upper,ait: 'sitJa:s"fot this . 
sprlng's thunderstorm observation program during the period15.t\prifJ:lit.ough 
15 June. ,-The upper air network is suppl¢.I1lEmted by'an aut~m§.ti.clt~ec(jtding 
surface 'network, 'radar observations fromNSSL,aircraft opEii-ations in,and 
near thunders torms ,an iris trumen ted television tower (WKY -TV) . 'in:' Oklahoma 
City,an,d:dual-Doppler radars locatedat'Norman and Cimarron Field.' 

The project meteorologists will use the combined data from all these sources 
to furnish additional information on the structure and dynamics of severe 
thunderstorms;, and; how they interact with their environment. Knowledge 
gained from these(:gtJldies will ultimately improve forecasting these destruc
tive sto.rms and"relat'ed phenomena .. 

Operationally, t;he upper air network has these goals: 

1. Furnish high-quality data 'in and around thun.derstorms 

2. Test new operational 'techniques 

,3. Furnish support data for aircraft'and Doppler radar wind 
measurement operations and other laboratory speci~l...,purpose 
.operations. 

The operational specifications described in the following sections are the. 
results of several years operational experience in the field and data teduc- . 
tion experience in the laboratory. '.!be procedures are more unconventional 
than conventional, but with the purpose of simpiifying the task of obtaining 
scientifically useful data. 
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II. Network Description 

Site specifications are given ,in Table,l. 
........ , 

III. D~ily Routine (7 days per week unless otherwise notified) 

A. Period of operation will begin 15 April and en~ 15 June 1975. 

B. Crews 'should pe orisite by 1300 CDT unless oth¢ZWise,notified. 
when :crews '~reriototis:it:e, ciite'member'ofeachcrewshould be' 

'available to receive telephoned instructions, and should know 
the whereabouts of the ,other crew members. 

C. Perform'Daily 'Check List and other routine maintenance and house
keeping chores. 

)). RAOB CONTROL will corttact each site by 1330 CD~ to obtain station 
pressure, make time checks, and issue operational instructions., 
(See Section IX onCommuriications.)' . 

IV.$oundine;s (General) 

A. Pre~storm' and: s,otindings for operational forecasting purposes will 
be requested at certaii:J,', times froin one or two selected sites. 
Details on the reduction of these' soundings, will, be passed on at 
the briefing. Use of a 300 gm balloon normal iriflationwill be 
sufficient. ' , 

B.' Serial souridings tlsing 300 gmbailoons, normal inflatio~ 300 m/min 
'wiil be requested whenever thunderstorms are ih or near the net
work or expected to develop over the network. 'Release times and 

,heights of soundirigs,will be variable for each station. RAOB 
CONTROL will ,determine this during serial sounding operations. 
Repol;'t release time back to RA.OB CONTROL as soon as practical. 

A WORD OF cAUTION: Don't be too eager! Take time to get pre
flight calibration checks 'r:ight. If they are not right, the 
entire sounding is wasted and cannot be recovered. 

V. Data. Acquisition 

A. Flight preparation and pre-release checks. 

1. Balloon inflation 
, , 

2. GMD 

a. If strong winds or heavy precipitation have occurred since 
the GMD was last checked for orientation and leveling, 
check again before making release. 

b. Keep the electronics of the tracking s,ystem in "A-OK" 
condition. Preventive maintenance should be a matter 
of daily routine. 
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3. Control Recorder 

a. Azimuth printer should record 360 0 when GMD is pointing 
to true north. 

b. Check. condition of printer to insure that yerier readings 
will be' leg'ible. . 

c. Reset time before each flight. 

d. RESET PRINTING FREQUENCY TO 10 PRINTS PER MINUTE. 

e. Perform other checks in accordance with FMH No.3 
instructions-, 

4. Baseline check and outside psychrometer check.' 

5. 

a. A standard baseline check is required according toFMH 
No. 3 instructions. 

b. 

c. 

d. 

e. 

f. 

Enter baseline values on both the 
lines 1 through 4 ,inod~s 2 ~nd j 
Form (see instruct~ons in Section 

NSSL worksheet a,ndin 
of the RAO:g'C~libratibn 
VI). ,i -. 

DO NOT CLIP TEST LEADS FROM INSTRUMENT'AFTER BASELINE CHECK. 

Place instrument outside with the aspiratedpsychrbmeter in 
the instrument shelter provided by NSSL. MOl:stentlle psychro
meter wick with distilled water arid turn onfan'moto:\:'. nb NOT 
ALLOW FAN 'TO EXHAUST AIR DIRECTLY AT THE R'AWINSPNDE'ELEMENTS. 

. . I ~ • . . . ,. : :. '. ~ . '.~' . . : ".' ;..~., ",:;. . _', '" ; 

After one minute, short, the referen~e leaci,anc;trecord a 15-
second trace on the TMQ-S. . ,_ . ",,;', 

ImmediatelY,after step e, obtain IS-second temperCiture and 
humidity traces, anq 4etepriinether,a~insdhd~ temp,krature 
and h~midi.ty. " '." , .. . 

g. Dete:rmine thetemperatureandhumi-dity from ,the ,psychrometer 
readings. (See' Section VITI on psychr,ometer. maintenance.) 

h. 'If' 'tlier~winsOnd'e temperatureandhuinidity di.ffer f~~m the 
psyc1;lrome~er v,a1.ues by more than 1 °Cor, l()%",recpeck base
iine yalg~s.Jf instr~ment ,is f~ulty;r~Je~t if~nd base
linea new lns.trument. when iri'doubi:,c'qntaet- RA0-B CONTROL 
for' instruct·io·~s~':-··"·'· . '. ", "",.:;;' -,.::.~::-\:.; 

1. Record outside check information in Block, 30f :RAQB Calibra
tion Form, and NSSL worksheet (see Section Vi) ' . 

Setting baroswitch' " .. 
• r· 

a. 

,)' .. 

Double check the station barometer~ r~a'dingwith'the: 'reading 
from the previous sounding. On a given day, station pres-

. suresho:uld not ya,ry mc;>re than one to two millibars per 
, ho.ur ;" uni'e~s .~. ,'vigorous" thundersto~ is overhead or a strong 
cold froD:t ha~-PClSSe(L . -

.:, . ".:" , 
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b. Be especially careful indeteminitigthe initial contact 
setting. of the baroswitch. The accuracy of entire sounding 
depends upon this setting. However, should a discrepancy 
occur between set cOntact versus release . contact, record 
the error according to . instructions in Section VI, and , 
do not app1y the·correction.whenevaluating the TMQ-5 record. 
The NSSL computer will do this for you.· . . 

c. DO NOT ADJU$T YOUR BAROMETER UNLESS REQUESTED BY MOB CONTROL. 
Your barometer was calibrated at NSSLprior to operations. 
NSSL will perform a daily' computer check of station pressure; 
aCJ::oss the network, and will notify you if your barometer 
needs further adjustment. 

6. TMQ-5 pre-flight preparation' 

a. Wind stOp watch before each sounding. 

b. Keep chart drive setting at 1 INCH PER MINUTE. 

c. Check ink supply daily. 

d. Tension on pen should be set to eliminate overshoot or 
excessive drag. 

e. Check zero ordinate trace for accuracy. 

f. Perform other pre-flight checks according to FMH No.3, 
EXCEPT it is not necessary to perform sensitivity check 
prior to each baseline if such a check has already been 
accomplished as part of the Daily Check List procedures. 

g. IMPORTANT: Activate chart drive motor at least one minute 
before release. 

h. The TMQ-5 should be calibrated with a signal generator 
once every two weeks in accordance with normal procedures. 

B. Surface Observation at Release 

1. Enter on the NSSL WORKSHEET the surface observation. 

2. Estimate surface wind direction and speed and record in meters 
per second and nearest 10°. (Laboratory personnel will later 
enter the wind from the recording surface station at your site, 
but in case that equipment fails, we need your estimate also.) 

3. Use the NSSL aspirated psychrometer to determine temperature 
and relative humidity. 

4. Convert psychrometer temperature and humidity to ordinate values, 
and use these values as the surface recorder record evaluations. 

33 



C. In-Flight Check Procedures 

1. G}ID 

a. ~n the GMD on release. It is imperative to get the GMD 
on target· as soon as possible. 

b. The man on the GMD is'responsibile for determining the 
azimuth to ·the release point on each release. The man 
re~easing the instrument is responsible for pacing of the 
distance from the release point to the GMD on each release. 
Record these data as in c and d below. 

c. Enter release azimuth to nearest 100 on the Winds Coding 
Form-l in Block 2 at time 00.0. 

d. Enter distance to release point in meters on the RAOB 
Calibration Form, Line 5, Block 2. 

2. Control Recorder 

a. After· 2 minutes of flight, .switch print frequency to 2 per 
minute. 

b. Monitor paper;. ;fe~q. for legible angle prints. 

c. MoIlitor s:!-gn~l strengthan(j azimuth..,.eleyat;ion indicators 
' .. to, de:tecf ~enden<;y. ;for. GMD.: to hunt. o;r respon<:le~ratically. 

C9rre'~:t ~J::ra~ic.tracking t~ndencie$ as soon as. feasible 

d. ~ote oil the"winds tape the time periods "during which the 
.GMD wa~ {tr,a.cldngerratically or hunt;ing. 

e. Operate reference time print switch iri·AUTOMAT.ICniode. 

3. TMQ .... 5 . Recorder Record' . " 

a. Activa~e ~h~ stop~~tchc~i~cide~t with switching the TMQ-5 
from S.C. This should be done a,t the e2{act momellt 9t 
instrument release. 

b. Adjust low references regularly ~nd enter on the TMQ-5 
record the corrections applied. 

c. -Except': ~o~·atten.tiol1 to referenc~~igp.ais.and,.J::b~ gel1eral 
quality, of. the trace, th~. record~r chaiit should. require 

.li.ttle monitoringeJuring" t,he f;Light,. The' operator should 
closely monitor the control recorder rather than try to 

.. · ... evaluatelevels on th~ recorder cqart . during, thefl:i,.ght •. ' 

d. At termination, stop the stop watch at the same'time the 
TMQ-5 is returned to S.C . 

., ~........ : ) .... ~-.- . -- :.. 

IMPORTANT: Allow. recQrder to. run at ieast: ()ne cpI).taC:;,t 
past the required height before turning switch to S~C. 
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VI. 

1 
! 

Procedures for Data Reduction 

A. Recorder Record 

FMH No ~ '3 rules are to'befollbwed in picking levels for evalu
ation EXCEPT SUCCESSIVE LEVELS MAY NOT BE SEPARATED BY MORE 
THAN'25 MB (exactly 25 lllhisallowable) OR. BY TWO CONTACTS IN 
LOW LEVELS. 

Enter on each significant level the elapsed time since release 
as discussed in item ,4 below, and level number at left side of 
record starting with levei 1 at surfac~.· 

3. If changes in temperature and humidity trends allow, it will be 
more accurate to place leve~s atthe top ()t the temperature 
traces (whole contacts). However, do not violate FMH No.3 
rules arbitrarily for1=his convenience. 

4. Determine elapsed time since release using the ruler provided 
by NSSL. Read times to the nearest 0.01 minute. Begin each 
measuremen~ from the time when the S.C. signal ended at release 
(not the time of first trace recording), or from a line drawn 
across the record at each 6 minutes (the length of the ruler). 
Be careful to draw levels perpendicular to the ordinate lines. 

5. Entries on recorder record at surface level. 

a. Contact value at release. 

b. Ordinate value corresponding to surface temperature from 
psychrometer reading at release. 

c. Ordinate value corresponding to surface relative humidity 
from psychrometer reading at release. 

d. Level number 1. 

6. VERIFY ALL EVALUATIONS 

B. Entries on RAOB CALIBRATION FORM 
Note: Lines are labeled at left side of form. Blocks are labeled 

at bott;om of form. Numbers inside the heavy line's are 
instructions to computer operator and may be ignored. 
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LINE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

8 

BLOCK 
NUMBER 

1 

2 

SPECIFICATION 

Station ,.identification letters (see Table 1). 

.Latitude Ilearest hundredth degree (see Table 1). 

Longitude nearest hundredth degree (see Table 1). 

Height of barometer in meters. 

Height of GMD antenna in meters. 

Month, day, year (CST). 

Release time nearest minute CST. 

Surface wind direction nearest 10° 

Surface wind speed meters per second (knots x 1. 94) 

Radiosonde serial number, last five digits only. 

Ascension number. 

No entries. 

Baseline temperature to nearest O.loC~ 

Baseline temperature ordinate value to nearest tenth. 

50.0 is constant. 

Relative humidity ordinate value at 50% relative humidity and 
+40° after setting humidity evaluator on baseline information. 

~istance from· release point to GMD' in meters. 

Surface temperature at release to nearest O.loC from psychro
meter' 'readl.rtg. 

l.is constant. 

Elapsed time of sounding to nearest hundredth minute from 
ruler measurement of recorder record. Also enter on 
recorder record, measurement is from S.C. to S.C. 
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9 

10 

11 ' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

3-14 

15 

16 

I 
( 

! 

3 

,Elapsed time of sounding to nearest hundredth minute from 
stop watch. (See conversion Table 2~) , 
Also enter on Recorder Record, measurement is from S.C. to S.C. 

C~rrection± to be~ applied t~) commu,tator' bar setting. (Same .. ;, ' .. ' 

as line 3, 'block 4). ' 

sti:rfac~ pressure at reiease* to nearest tenth millibar. 

Bas,~I~ne tempe,rature ordinate. 

Baseline temperature. 
. ~ 

Baseline hunifdi ty cirdinate. 

Baseline humidity. 

Outside check temperat~reordinat;e. 

Outside check temperature from psychrometer. 
',I" ", ," 

Outside check humidity ordinate. 

Outside check humidity from Recorder Record. 

Outside check humidity frompsychromete'r. 

Pressure to nearest millibar at beginning of missing data 
layer. 

Pressure to nearest millibar at end of missing data layer. 

Beginning and ending of additional missing data layer. 

If precdpitation was oc'currl.ng at release time at station, 
enter 1; otherwise enter o. 

If,unusual sustained ascent rate occurred during sounding 
'such as that du~ to updraft, icing, etc., 'enter '5; other-
wise enter O. 

~ Ordinarily, when pressure reading used for commutator bar setting has been 
! made within 5 minutes of release, that pressure may be used as surface 

pressure. However, if more than 5 minutes has elapsed, or if'a wind shift 
or temperature drop occurs between setting commutator and release, take 
another pressure, temperature and humidity reading immediately after release 
to use as surface values. 
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1 4 Contact setting value (if greater than 10 shift decimal 
one place to the right). 

2 Contact value at release (if greater than 10 shift decimal 
one place to the right). 

3 Correction ± to be applied to commutator bar setting (if 
no correction enter 00.0). 

4 Radiosonde serial number (last·5 only). 

5 The top of the first contact after release (example 
commutator bar came in at 8.2 contacts enter 9). 

D. Entries on WINDS CODING FORM-l 

LINE BLOCK TIME SPECIFICATIONS 

I 1 00.0 Elevation angle at release (always 00.00). 

2 Azimuth angle to balloon at release. 

3 00.1 Elevation angle. 

·4 Azimuth angle. 

5 00.2 Elevation angle. 

6 Azimuth angle. 

7 00.3 Elevation angle. 

8 Azimuth angle. 

2-2!) 1-8 00.4- Elevation azimuth angl,es entered in the same manner 
41.5 as on Line 1. 

NOTE: 1. All angles .should be read t9 hundredth~ of a degree. 
2. Time increment changes at 2~0 minutes. . 
3. Angle data must be filled'in to complete the'line on which termina 

tion time falls. 
4. For runs exceeding 41.5 minutes, finish en·tries on Winds Coding Fa 
5.' Fill outheadirig on form. . '." . 

"1,:":,,: 
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E. E~tries on NSSL Worksheet 

Heading 

1. Enter station identifier :!.etters. 

2, Rel.~ase· data and time (CST). _ 

. 3." Ascension nUmber. 

4. Radiosonde serial number (last 5 only). 
- . 

Baseline Check Data 

1. Make baseline check in accordance with NSSL S.O.P. Chapter V, 
4a through 4e. 

2. Enter all information 1,n spac'es provided. 

Outside Check, 

1. Make in accordance with NSSL S.O.P. Chapter V, 6b, 1 
through' 4. 

2. Enter information in spaces provided. 

TE: FURNISH ALL INFORMATION IN EACH SEC.TION! 

F. Entries on CONTACT S'ETTING Form 

1. 

2. 

3. 

4. 

5. 

6. 

Ascension number (numbered sequentially from beginning of 
. season).··. 

Surface pressure to the nearest tenth of a mb. 
:.; 

Whole Contact Value below setting. 

Pressure at contact below setting. 

Pressure at contact above setting. 

Detent Click Value. 

7. Radiosonde serial number (last 5 only). 

Note: The above information to be called in to RAOB CONTROL. 
RAOB CONTRAL will call back the following information. 
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1. Commutator bar setting, Contact Value to the nearest tenth of 
a contact. 

2. Number of clicks up from lower contact. 

Note: Each crew will be furnished a working copy of the contact. 
setting form in acetate and the information may be erased 
after it is transferred to the NSSL worksheet and RAOB 
calibration form. 

VII. Procedures for Forwarding Original Records and Forms 

A. Envelope Supply: 

B. 

C. 

1. Thirty large, franked, u.S. Government mailing envelopes, return
addressed to NSSL. 

2. Forty serially-numbered smaller envelopes for packaging the 
recorder record, control recorder tape, p'ressur.ecalibration 
strip, and coding forms for each run individually •. 

Any run resulting in at least one minute of infonnation will be 
assigned an ascension number. 

Some Precautions: 
';. 

~.:. ':"','" 
1. Be sure the sounding information is placed in the envelope numbere 

for that ascension. (A few unnumbered envelopes. are included in 
case a numbered envelope is lost.) 

2. Take care not to mix records from one sounding with those from 
another. 

,~. ,,: .~ -,: 

n. The small envelopes should be identified by the following: 

1. Station identification letters 
o. 

2. Date and time of release (CST) 

3. Ascension number 
, 

E. After the day's soundings have been evaluated and VERIFIED; place the 
unsealed envelopes in, a large envelope~.s~al"andom~ii to NSSL at the 
earliest convenience. 

-'.' . 
, 0" 
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VIII. Maintenance of NSSLPsychrometer 

A. The aspirated psychrometer furnished by NSSL should remain a reliable 
instrunient with nomrnalcare. You h~ve been supplied with the most 
essential items necessary to maintain·an'1Slccurate instrUnient •. If 
you exhaust your supplies, notifyRAOB CONTROL. 

1. Supplies: 

a. Six 1.5v batteries (Size D); 

b. One quart bottle of chstilled water. 

c. One small applicator bottle. 

d. Wicking and string. 

2. Maintenance: 

a. Changewicking at least ONCE every WEEK, more often if 
dusty cond'itiorispreva:U. 

b. Change batteries every THREE weeks to insure an adequate 
ventilation rate. 

B. DO NOT RUN THE PSYCHROMETER MOTOR CONTINUOUSLY FOR PERIOD LONGER 
THAN 5 MINUTES. Your batteries will maintain power much longer if 
this suggestion is followed. 

IX. Communications 

A. NSSL will serve as RAOB CONTROL. The bas·e station call sign is 
KKE 793, only RAOB CONTROL CAN OPEN THE NETWORK. 
Telephone: 1-329-0388. 

B. All stations are required to have access to commercial telephone 
at the rawinsonde site and at the personnel billet. When calling 
NSSL by telephone, CALL COLLECT if long distance. 

C. Radio Communications 

1. The FM transceivers which NSSL assigns to each site form a 
dual-channel line-of-sight communications system linking the 
sites to RAOB CONTROL and in certain instances to each other. 
RAOB CONTROL will use this means to issue general operational 
advisories and directives, and individual instructions to 
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each site. The sites may also use this means to initiate 
communications with RAOB CONTROL or with adjacent sites. 
However, you should keep in mind that you are not likely to 
receive all sites on your set, so take care not to interrupt 
communications which NSSL is having with another site. Please 
use discretion in the amount and type qf messages transmitted 
by radio. 

2. Except during actual transmission, these radios are to be kept 
in a ready-to-receive status while the site is manned. 

3. NSSL's transceiver is mounted near the top of the WKY-TV tower 
in Oklahoma City (about 1000 ft above terrain level). These 
transceivers transmit on a frequency of 173.10 mHz and receive 
on 163.275 through the NSSL transceiver. 

4. In the event of radio malfunction or other transmission diffi
culties, the telephone link with NSSL is to be used. 

5. Transmissions on either the radio or telephone links are 
restricted to messages pertinent to project operations. 
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.p.. 
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Station 
Number 

1 

2 

3 

.- ---~-....... ,-~.--......-.. .. ~~,-~.~-.- . 

TABLE 1. 1975 Rawinsonde Site Specifications 

Location Code Latitude 
Letters 

TAFB TIK 35.41 

Fort Sill FSI 34.66 

Oklahoma City OKC 35.40 

Longitude 

97.40 

98.41 

97.60 

Elevation 
Fie1d/ 

Barometer 

1270 ft/387M 

1180 ft/362M 

1286 ft/392M 

Assigned 
Frequency 

1685 

1680 

1680 



TABLE II 

CONVERSION TABLE SECONDS TO HUNDREDTHS 

Seconds Hundredths Seconds Hundredths Seconds Hundredths 

01 .02 21 .35 41 .69 

02 .03 22 .36 42 = .70 

03 .05 23 .38 43 = .72 

04 = .07 24 = .40 44 = .74 

05 = .08 25 .41 45 .75 

06 .10 26 .43 46 .77 

07 = .12 27 = .45 47 = .79 

08 .'13 28 = .47 48 = .80 

09 = .15 29 .48 49 = .82 

10 = .16 30 = .50 50 = .83 

11 = .18 31 .52 51 .84 

12 = '. .20 32 .53 52 = .86 = 

13 = .21 33 = .55 53 = .88 

14 = .23 34 = .57 54 .80 

15 = :25 35 = .58 55 = .91 

16 = .26 36 = .- .60 56 = .93 

17 = ;.28 37 = .61 57 = .95 

18 = .29 38 = .63 58 .96 

19 = .31 39 = .65' .' 59 = .98 

20 .33 40 = • 67 .. 60 . = 1.00 
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Bioc~~ Linei 
~ 

One One 
.... -.. 
-Two 

Three 

Four 

Five 

Six-

Seven 

Eight 

Nine 

Ten 

Eleven 

Twelve 

Two One 

Two 

Three 

Four 

Five 

Six 

Seven 

Eight 

ENTRIES ON RA OB CALIBRATION FORM 

The station identifier OUN is Norman. 

The latitude is 3S.24 to the nearest-hundredth. 

The longitude is 97.47 to the nearest hundredth. _ 

Tlie height of the barometer is 362 meters. 

The height of the antenna is 363 meters. 

The date is May 20, 1974. 

The time of release is 1900 CST. 

The surface wind dii-ection is 20 deg-rees. 

The surface wind speed is 2 meters'per second. 

Radiosonde se:dal number 02643 (last S No. only). 

AscenSion number is 49. 

Leave as is, no entries. 

Enter baseline temperature, 23.8 degrees C. 

Eriter baseline temperature ordinate from recorder 
record-, 70.9 ordiria tes • 

SO.O, is constant. 

After setting humidity evaluator on baseline 
information, enter ordinate value at SO% relative 
humidity and +40 degrees C. to the nearest tenth 
of an ordinate, 7S.1 ordinates. 

Distance from release point to GMD to the nearest 
meter, 55 meters. 

Surface temperature at release to the nearest 0.1 
degree C. from psychrometer reading, 24.8 degrees C. 

1 is constant. 

Elapsed time of sounding at termination as taken 
from recorder record to nearest hundredth minute, 
19.62 minutes. 
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Block 

Three 

Line 

Nine 

Ten 

Eleven 

One 

Two 

Three 

, Four 

Five, 

Six 

Seven 

Nine 

Ten 

. ', .. 

Twelve 

Thirtee,n 
Fourteen 

Fifteen, 

Sixteen 

Elapsed time of sounding at terminatiqn to nearest 
hundredth minute (see conversion table) as taken 
from stop watch 20.12 minutes. 

Commutator bar correction, to the nearest tenth 
of a contact is 0.1. 

Surface pressure, from barometer to nearest tenth 
ofa millibar, at release, 971.4 mb. 

,.,Baseline temperature ordinate is 70.9. 

Baseline temperature was 23.B degrees C. 

Baseline relative humidity ordinate, is BO.B. 

Baseline relative humidity is 31%. 

Outside check temperature ordinate is 71.4. 

Outsi,de check temperature converted from ordinate 
value is 24.B degreesC: 

Outside temperature from psychrometer at time of 
check is, 24. B degrees C., 

Outside check relative humidity ordinate is 63.0. 

Outside check relative humidity converted from 
ordinate val~e is 63%. 

Outside relat.ive humidity determinf.!d from psychro
meter reading is 67%. . . 

Missing,dat? beg;i~niJ;lg.at 841 millibars • 

Missing data e:;':ding'at B05 millibars. 

Blocks .13 and 14 are used for beginning and ending 
of' additional 1l1issi~gd?-ta if encountered. 

Pre~ipitation,is oq.curring at stati()n at time of 
... relaase(if no ,p,recipit:ation enter 0). 

Unusual ascent rate occurred at some point during 
sounding (if no unusual ascent rate occurred enter 0) • 

. ~ -. 
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Block '.--:;.-

Four One Contact setting was 7.4. 

Two Commutator bar came in on 7.5 contacts •. '. 
c· .', :,' 

Three COlnmutator bar corre'ction is -0.1. 
"., ~.'. 

Four 
. .- . ·4':.~ 

Radiosonde Serial Number is 02643 (lisf five only) • 

Five The top of the first contact after relepse .;t~ 8~.0. 
;"'''.'' 

,": 

47 



INDEX lS75 RAWINSONDE DATA 
DATE TIK FSI 

050275 1305 

051375 1257 
1458 

051~75 1400 
1600 
1832 

052075 1402 

52075 1402 

052275 132~ 
1534 
1630 

052375 1357 

052476 1128 1213 
132~ 

062676 1240 

052876 1358 

062~76 1328 

060276 1645 

060576 1426 

060676 1300 
1455 

060~76 1363 

061376 1300 
1465 
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INDEX OF ALL RAWINSDNDE STATIONS .. ~, ""'::. ". , 
.": " .. ". 

ANA ANADARKO 1968 
APA ... APACHE 1968 
BLA SLANCHARD 1969 1970· 
CDS CHILDRESS 199£> . 
CHK CHICKASHA 1966 1967 1968 1969 1.970 1974 
COR CORDELL 1966 1967 
ora· DIBBLE· 1968 
EDM EDMOND 1,970 1971 

.'_"1 

ELR , ELRENO 1969 1970 1974 
EXP EXPRESSWAY 1969 
Fsr FORT SILL (1) 1966 1967 1968 1972 1973 1974 
FTC roRT poBB . 1974 
HIN HINTON 1968 
LNS LINDSAY 1974 
LTS ALTUS 1966 1967 

·MAP· MUSTANG AIRPORT 1971 
MIN MINCO . 1968 1969 1970 
MUS MUSTANG 1969 
NEW NEWCASTLE 1968 
NOB NOBLE 1970 
NRO NORMAN 1969 1971 1972 1973 
OKe· OKLAHOMA CITY 1966 1967 
DUN NORMAN 1974 
PMT PIEDMONT 1969 1970 
PVY PAULS VALLEY 1966 1967 
RIN RINGLING 1966 1967 
RSP RUSH SPRINGS 1968 
SPS WI Cli ITA FALLS 1966 1967 
SIL FORT SILL (2) 1968 .1975 
TAB TINKER 1970 
HK TINKER 1966 1967 1972 1973 1975 
TVT WKY TOWER (2) 1968 
WAT WATONGA 1966 1967 
WHT WHEATLAND 1970 
WKY WKY TOWER (1) 1968 1974 
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ORIGIN NRO (wSR/57) L (,T 35. 14. 17. LONG 97. 27. 43. 

L AT LONG R(KM) Al TO Al FRM 
WHF (NRO OOP) 35. 14. i 1 • 97. 27. 47. ".2"11 2.1(8.57 28.57 
CMF (CIM Dap) 35. 28. 31. 97. 48. 47. 41oJ49 31: 9.74 129.54 
TWR (WKY TOWER) 35. 34. 6. 97. 29. 2ro. 36. Be,8 356.20 176.19 
DUN (NSSL WBRT) 35. 14~ 24. 97. 27. 34. ~.3l4 46.49 226.4!" 
KOCO-TV 35. 33. 44. 97. 29. 23. 36.: 35 356.91 176.001 

KWTV 35. 32. ~8. 97. 29. 5a. 34.773 354.73 174.71 
WKYA 35. 33. 5~. 97. .30. 28. 36.47.i1 353.47 173.45 
IoiKYB 35. 33. 43. 97. .3 .., • 2£1 • 36.261 353 • .35 173.33 
WKYC 35. 33. 41. 97. 3q. 25. 36.185 353.54 173.51 
WKYD 35. 33. 43. 97. 3i!!. 24. 36.244 353.59 173.57 

ORIGIN WHF (MO DOP) L ·\T 35. 14. 11 • LONG 97. 27. 47. 

LAT LONG R(KM) AZ TO Al FRM 
CMF (CIM Dap) 35. 28. 31. 97. 46. 47. 41.39: 310.f!3 129.82. 
NRO (WSR/57) 35. 14. 17. 97. 27. 43. ~ •. 21 I 28.57 2fJ8.5 7 

TWR (WKY TOWER) 35. 34. 6. 97. 29. 2t;. 36.986 356.38 176.36 
DUN ( NSSL WBRT) 35. 14. 24. 97. 27. 34. ':J.51E 39.24 219.24 
KOCD-TV 35. 33. 44. 97. 29. 23. 36.313 356.19 176.18 
KWTV 35. 32. 58. 97. 29. 5i. 34.94<; 354.93 174.91 
WKYA 35. 33. 53. 97. 30. 28. 36.043 353.66 173.64 
WKYB 35. 2 .~ ... -. 43. 97·. 30. 3". 36.433 35.3.55 173.52 
WKYC 35. 33. 41. 97. 30. 25. 36.358 353.73 173.71 
WKYD 35. 33. 43. 97. 3Y.!. 24. 36.417 353.78 173.76 

ORIGIN CMF (CI M Dap) LlIT 35. 28. 31 • LONG 97. 48. 47. 

lAT LONG .R(KM) AZ TO AZ FRM 
WHF (NRO DOP) 35. 14. 11. 91. 27. ~7 • 41.39~ 129.82 3u.a3 
NRO (WSR/57 ) 35. 14. 17. 97. 27. 43. 41.?49 129.54 H9.74 
TWR (WKY TOWER) 35. 34. 6. 97. 29. 2(;. 31. i H· 7f..48 2se.b7 
DUN ( NSSL kBRT) 35. 14. 24. 97. 27. 34. 41.387 129. 11 3~9.3' 
KOCD-TV 35. 33. 44. 97. 29. 23. 3~.8U 71.62 251.81 
KWTV 35. 32. 58. 97. 29. 5.13 • 29.753 73 •. 82 254.~0I 

WKYA 35. : 33. 53. 97. 30. 28. 29.334 i~.28 250.46 
WKYB 35. 33. 43. 97. 30. 3£. 29.215 7".65 25e.83 
WKYC 35. 33. 41. 97. 3~. 25.· 29.314 70.85 251.152 
WKYD 35. 33. 43. 97. j0. 24. 29.357 7~.75 25~.9'3 
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NSSL M~,sonetwork-~ i975 

Station Ident. Collnty L~titude Long:i,tude 

Amber AMB - Grady 97°52'S2"W 

Amber E AME· Grady 35°10' 24"N 97°46'21"W 

.Du:ttDn Corner DUT Caddo 

Minco A MNA Grady 35°15'36"N 97°59'19"W 

Mi~co B MNB Grady 97° 55' 02''W 

Minco C MNC Grady 35,°13' 05 "N 

Minco D MND Grady 35!)15'00"N 

M:tnco E MNE Grady 35°14'33"N 97?55'04"W 

Minco F MNF Grady 

Minco. G MNG Grady 97°57'10"W 

Minco NE ONE Grady 

Minco. SW MSW . Grady 

Minco W MNW Grady 

NSSL CHK CHK Grady 35 °06! 07"N 

Pocasset SW PSW Grady 98 ° 00 '-44"W 

Tuttle TUT Grady 

Tuttle S TTS Grady 

Elevation 
Feet MSL* 

1240 

1359 

·1225 

. 1379 

1437' 

1200 

1251 

1242 

1251 

1402 

·1317 

1412 

1402 

1148 

1219 

1298 

_1273 

Sourc.e 
Map 

Scale 
x 102 

1: 24'0· 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

1:240 

*Add fDur (4) feet to get the elevations of the instrument shelter. 
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NSSL SUBSYNOPTIC NETWORK ~ 1975 

Source 

Station Ident. County Latitude Longitude 
Elevation Map 
Feet MSL* Scale 

x 102 

Ada ADA Pontotoc 34°48'14"N 96°40'28"W 1008 1:240 

Alva AVK Woods 36°46'37"N 98°40'02"W 1470 1:240 

Cheyenne CRE Roger Mills 35 ° 36' 33"N 99°42'01"W 2035 1:625 

Choctaw CRO Oklahoma 35°29'54"N 9r16'04"W 1160 1:240 

Clinton Sherman CSM Washita 35°21'23"N 99°ll'53"W 1919 1:625 

Durant DUR Bryan 33°56'39"N 96°23'5l"W 690 1:625 

Edmond EDM Oklahoma 35"39'16"N 97°28'38"W 1200 1:240 

El Rep.o ELR Canadian 35°31'09"N 97°58'27"W 1392 1:240 

Ft. Cobb FTC Caddo 35°08'53"N 98°28'01"W 1379 1:625 

Lindsay LNS Garvin 34°47'08"N 97°36'33"W 1135 1:240 

NSSL (50' TWR) MWF Cleveland 35°14'13"N 97°27'43"W 1175 1:240 

Perkins swS Payne 35°59'57"N 97°02'39"W 965 1:625 

Seiling SEL Dewey 36°06'04"N 98°55'27"W 1925 1:250 

Shamrock SHM Wheeler 35°14'24"N 100oll'30"W 2369 1:100 

Watonga WAT Blaine 35°51'35"N 98°25'09"W 1534 1:240 

NSSL's . Radar , Rawinsonde, and Tower Facilities 

NSSL (Radar) NRO Cleveland 35°14'17"N 97°27'43"W 1175 1:240 

NSSL (Doppler) WHF Cleveland 35°14'11"N 97°27'47"W .1172 1:240 

WKY Tower TWR Oklahoma 35°34'06"N 97°29'20"W 1148 1:240 

Cimarron Field CMF Canadian 35°28'33"N 97°48'47"W 1310 1:240 
,:1 

NSSL (WERT) OUN Cleveland 35°14'24"N 97°27'34"W 1183 1:240· 

*Add four (4) feet to get the elevations of the instrument shelter. 
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.. ~ .. _ .• ". =,,- ..... -'"'~ .. __ "-.~_ .... _ .. "=-""", __ ",,,,,,,,c 

APRIL lS75 ARCHIVED RADAR 
NUMBER OF ZERO DEGREE TILT SECTORS COLLECTED 

HOUR 
00 01 02 03 0'1 05 06 07 08 09 10 .11 12 13 1'1 15 16 17 18 19 20 21 22 23 

2 

3 

'I 

5 

6 

7 9'1 186 169 1'1'1 9 
8 

9 

10 

11 

12 

\Jl 
13 

W wi'! 
0-

IS 15 

16 

171 5 I~ 25 12 12 

18 

19 

20 

21 

22 B 12 12 12 12 12 12 12 12 12 

23 12 12 12 12 12 12 6 11 8 12 12 12 12 .. 12 

2'1 12 12 12 12 12 12 3 191 2'11 101 12 12 12 12 

25 12 12 12 12 12 8 

26 

27 5 12 12 28 86 98 711 'I'! 12 12 12 12 

28 12 12 12 12 12 12 5 

29 1':13 liS' 
30 

I -TILT bATR COLLECTED 





JUNE. 19'75 ARCH r\7ED RADAR 
NUMBER Of ZERO DEGREE T!LT SECTORS COLLECTED 

HOUR 
00 01 02 03 0'1 05 06 07 08 09 10 Il 12 13 1'1 15 16 17 18 19 20 21 22 23 

2 

3 

'I 3 12 12 19/ 271 211 
5 5 12 8 9 I 1'1/ 16/ 181 18/ 2'11 25( 3 I 
6 5 Il 161 20/ .171 I'll 
7 

8 121 171 12 12 12 231 ~51 21/ 2':11 'I I 
9 'I 9 3 151 12 6 5: 291 29/ 26/ 

-. 
10 10 12 12 12 12 12 

.. 
12 12 53 12 12 3 

11 7 12 12 Il 12 .12 12 Il o / o I 
12 

V1 13 12 12 151 161 251 301 161 201 39l 36/ '101 13/ 
V1 

!oJ 1'1 71 10'1 12 6 6 6 6 1.1/ 5 / ~:. I-

~ 15 
.~. c.(.· 

16 'I 12 12 '12 12. 13 12 .. 6 
17 , .{. 

."; 

16 

19 

20 

21 

22 

23 

2'1 

25 

26 

27 

28 

29 

30 

I -TILT DATA COLLECTED 



MAY 1375 DOPPLER ( RAW DATA 
TOTAL MINUTES Of DIGITAL DRTR 

H-NDRMRN C-C I MARRON H-HIGH PftF' 

HOUR 
O!l 10 11 12 13 1'1 15 16 17 18 1!l 20 21 22 23 

18 

1:1 5N 7N 7N SN ISH SN 
7C 2C 5C 2C ISC 2C 

20 

21 

22 IN 2'1N 7N 28NH 
1 !Ie SC 6C ISC 'It 

23 

~ 2'1 3N ISH 'IN 
~ SC 5C 

25 

26 711 SII 3N 16N 714 
lC 'IC 'IC 

27 

28 

2!l 17N SNH I'1NH 32NH IN 
6C SC 

30 

31 

JUNE 1375 DOPPLER ( RAW DATA ) 
TOTAL MINUTES Of DIGITAL DRTR 

N-NORI1AN C-CIMRRROO H-HIGH PRF' 

HOUR 
12 13 1'1 15 16 17 18 1!l 20 21 22 23 

2 

3 

'1 

5 SN 1511 12N 
8C IlC 7C 

6 

7 
I&J 

i§8 IN 23N ~711 IONH 1311 1311 
21C 16C 20C lIC 

!l 
IX 

10 

11 

12 

13 ISN ION 1'111 2311 35t1 22N 15N 
'IC 1 !Ie 5C 5C 23C I'1C 12C 7C 

1'1 

1~ 
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VI 
'-J 

<~ ___ • ., ____ ~.w~_.~~~~. ~ .. ____ w ___ , __ 

APRIL 1975 WKY TOWER 

2 

3 

~ 

5 

6 

7 

00 01 

NUMBER Of OBSERVATIONS PER HOUR 

HOUR 
02 03 O~ '05 06 07 08 09 10 11 12 13 Iii 15 16 17 18 19 20 21 22 23 

273 362 360 360 360 360 360 361 361 

8 361 360 361 360 360 361 361 3'i3 360 360 360 360 360 360 360 362 360 360 360 361 361 363, 359 360 

9 361 360 360 360 360 360 360 328 360 360 360 360 360 361 360 360 360 360 360 360 361360 360. 360 

10 359 361 360 361 362 360 360 3~S 359 361 362 361 360 361 359 361 361 361 361 363 361 361 360 361. 

11 360 361 361 359 360 361 361 361 3'i5 360 361 361 359 361 360 360 361 360 360 361 359 360, 360, 3S1 

12 359 359 361 360 360 360 360 33~ 360 362 359 362 360 360 360 361 361 360 360 359 361 361 361 360 

13 360 360 361 361 360 360 361 3'iS 360 360 360 360 360 360 361 360 361 360 361 361 361 360 360 361 

w 1~ 360 360 360 360 360 360 361 337 361 360 360 360 361 361 360 360 360 361 360 360 360 361 360, 360 

~ 15 361 361 360 360 360 359 361 359 3'iS 361 360 361 360 360 360 360 360 361 361360 360 360 360 360 

16 360 360 360 360 360 361 360 3~6 361 360 361 360 360 360 361 361 361 361 360 360 360 360 360' 361 

17 360 360 360 360 360 360 361 337 362 360 360 360 361 360 361 360 360 360 360 360 360 '360 360 360 

18 360 360 360 361 360 361 360 3~q 360 361 362 361 360 2~2 12~ 361 360 363 360 360 360 360 361 360 

19 360 361 361 360 360 360, 361 337 360 360 361 360 360 360 360 362 362 360 360 361 360 361 360 360 

20 360 360 360 360 361 360 233 185 360 360 361 360 361 360 360 362 360 360 360 36i 360 360 361 361 

21 360 361 360 362 361 360 361 3~q 360 361 360 360 360 360 360 360 360 360 360 360 360 361 360 360 

22 361 360 363 360 360 360 1B3 298 360 360 360 361 36Ci 361 361 360 360 360 360 361 360' 360 361 '360 

23 360 360 360 360 361 360 360 3~1 362 360 360 360 360 360 360 361 359 360 360 360 3'61 '361 360 366 

2~ 361 360 359 361 360 360 361 3~2 360 360 360 360 360 360 360 360 360 361 360 362 360 361 360' 360 

25 360 361 360 360 360 361 360 362 3~3 362 ,361 360 361 360 360 361 360 361 361 359 359· 360 360360 

26 360 360 360 361 360 360 360 337 360 360 360 360 360 361 359 361 360 360 360 359 360 '360 360 360 

27 360 359 361 361 360 361 359 3~5 360 360 360 360 360 360 360 ,359 360 360 360 360 362 360 361 361 

26 361 360 360 360 361 360 360 360 335 360 360 361 360 360 361 359361 360, 360 360 360 360 361 361 

29 360 361 360 360 360 361 361 3~q 361 360 361 360 360 361 360 360 360 ,360 360 360 360 360 361 361 

30 360 360 361 360 360 360 361 361 360 360 3~3 360 360 361360 360 360 361 360 360, 360 360 360 360 



VI 
00 

2 

3 

'I 

5 

MAY 1375 WKY TOWER 
NUMBER Of OBSERVA1IONS PER HOUR 

HOUR 
00 01 02 03 O~ 05 06 O~ 06 O~ 10 II 12 13 .lq 15 16 17 16 19 20 21 22 23 

360 360 360 360 361 360 360 360 360 3~9 360 360 360 361 361 360 360 360 236 ~~ 110 79 5 96 

1 aa 202 280 76 267 360 259 360 360 110 

186 360 361 361 360 360 361 360 360 

6 360 3SO 360 360 380 360 360 33q 360 360 361 360 360 361 361 360 360 360 361 360 360 360 361 360 

7 360 360 361 360 359 38'1 360 3qO 360 360 361 360 361 360 3SO 360 360 361 359 360 361 361 35~ 361 

a 3SO 360 359 360 36'1361 360 3q2 360 363 360 360 360 360 360 360 360 360 360 360 360 362 360 360 

9 361 359 '361 360 360 360 360 360 360' 360 360 360 321 2~ 360 360 360 361 360 359 360 359 361 360 

10 360 360 360 361 360 360 35~ 3~3 360 359 360 360 360 361 360 360 361 360 360 360 361 360 360 360 

111 360 360 360 3'15 30~ 359 362 359 361 359 361 360 360 35~ 360 360 361 360 360 

12 360 360 360 361 360 361 359 359 325 360 360 360 360 360 360 360 361 360 35~ 360 360 360 360 360 

13 359 360 360 356 3111 360 360 337 355 360 360 360 271 360 360 331 267 360 360 35~ 359 361 360 360 

PI 359 :360 360 361 361 360 360 337 360 lOB 

.... 15 153 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 
~ , 

15 16 360 360 360 360, 360 360 360 360 3q5 360 359 360 359 361 360 360 360 360 360 360 360 360 360 360 

17 360 360 360 360 360 361 360 3q2 360 360 360 360 360 360 361 360 360 360 360 360 360 360 360 360 

16 360 360 360 360 360 360 361 360 360 360 3QO 360 360 360 360 360 360 360 360 360 360 360 360 360 

19 360 360 360 360 360 361 360 3Q'l 361 360 360 359 35a 360 360 360 361 360 360 360 360 360 360 360 

20 360 360 360 361 360 361 360 339 360 360 360 360 360 360 360 360 360 361 362 356 361 360 360 360 

21 360 360 360 360 360 359 360 3QO 360 360 360 360 360 360 360 360 360 361 360 360 360 360 360 360 

~ 3SO 3SO 3SO 3SO 3SO 3SO 3SO ~ 3SO 3SO 359 3SO ~ 3SO 3SO 3SO 3SO 359 I~ 

23 157 359 361 360 360 360 359 359 360 361 359 359 360 360 360 

2'l 360 360 360 360 360 360 360 329 360 360 359 35~ 360 359 359 360 361 360 360 360 360 360 360 360 

25 360 ,360 360 360 360 360 360 360 360 360 3~'l 360 360 360 360 360 360 360 360 360 360 360 360 360 

26, 360 360 360 360 360 360 360 339 36'l 361 361 362 360 363 361 360 360 360 360 361 360 361 360 360 

27 360 360 361 360 360 361 360 361 3QS 361 360 360 361 361 361 360 360 360 360 360 360 362 360 360 

- 29 360 363 360 360 36'l 360 360 3Ql 119q 1121 360 362 360 360 362 360 360 360 361 361 360 360 360 360 

29 

30 

31 

360 360 361 360 361 361 361 360 239 360 360 361 360 360 361 360 360 360 360 360 360 360 361 360 

360 360 360 360 360 360 360 3ql 360 366 361 360 360 360 360 360 360 363 361 360 360 360 360 360 

360 360 360 360 361 360 359 339 361 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 



V1 
\0 

JUNE 1975 WKY TO~ER 
NUMBER Of OBSERVATIONS PER HOUR 

HOUR 
00 01 02 03 O~ 05 06 07 08 09 10 11 12 13 1~ 15 16 17 18 .19 20 21 22 23 

360 360 360 363 360 363 360 367 361 363 3~ 1 362 360 36'1 362 361 363 360 363 361 365 361 36'1 365 

2 362 361 362 361 361 361 362 3'12 361 360 360 360, 360 360 360 360 360 360 360 360 360 361 36~ 360 

3 361 361 362 360 361 360 362 3'1'1 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 359 

'I 360 359 360 360 3'15 360 360 3'11 360 360 360 360 360 360 360 359 360 ,360 360 ,360 360 3~0 359 359 

5~e~e~~~~~~~~~e~~~~~~~~ __ 
6 ~ __ ~e~~~m ___ ~ee~_~_~~~~ 

7 199 361 360 359 ~ 359 360 360 360 ' 360 360 360 ,360 360 359 360 

8 361 360 360 ~ 360 360 360 360 359 359 360 359 360 359 360 360 360 360 360 360 360 3~1 360 360 

9 360 360 360 360 360 360 360 332 360 360 359 360 360 361 360 360 360 360 360 360 360 360 360 .360 

10 360 360 360 360 360 360 360 3'12 360 360 360 360 360 360 360 360 360 361 360' 360 360 360 360360 

11 360 360 360 360 360 360 360 360 360 360 335 359 361 368 36'1 367 360 362 363 '36l 363 362 361 362 

12 361 365 3.61 361 361 360 360 361 362 360 361 362 361 361 361 361 361 363 360 360 36'1 361361 360 

131 362 360 360 362 363 353 361 213 61 61 11 352 360 361 360 360 316 319 360 ,362 360 

~ I'll 36'1 361 363 361 360 361 360 331 360 361 363 361 360 361 361 361 360 360 360 360 360, 360 363 360 

~ 15 360 362 361 360 360 360 360 363 361 361 360 361 360 362 360 360 360 360 361 162 

16 

17 

18 

19 

20 

21 

22 

23 

2'1 

25 

26 

27 

281 60 62 63 61 

29 61 63 65 61 

301 6'1 61 62 61 

'17 63 6'1 61 63 62 65 61 61 61 65 62 61 62 '15 

5'1 61 60 60 62 62 60 6060 61 

61 

61 

61 

61 

62 62 6'1 62 62 60 60 60 ,61 

6'1 61 62 6'1 62 62 61 62 61 

62 61 62 38 

60 61 61 62 61 61 61 62 61 

62 63 62 60 61 63 626'1 61 

'10 62 65 63 61 62 06 61 ,61 
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------------------------~------------------~--------~-------------------------------------

INTRODUCTION 

The accuracy of NSSL's weather radar data can be estimated generally by. 
comparison with'raingages (Wilson,1970; Bran,des, 1974), or ,by comparison 
among radars. However, it is obviously important to routinely examine the 
various receiver and signal processing components using calibrated test sig
nals and document the performanc~of eacl:J. ra4ar system. 

The following sections of this report describe results of calibration 
procedures developed and tested in 1975 for the NSSL Doppler radars. These 
techniques are part of the daily routine in. preparing for severe storm sur
veillance. The material is provided as an aid to users in selection of data 
sets and in evaluation of meteorological inferences. It is intended as a 
tabulation of descriptive parameters, subjective evaluations and listing of 
known problems associated with the data listed in the Data Summary Log. It 
is not intended as a comprehensive discussion of parameters or techniques. 
For details, the reader is referred to one or more of the supplemental attach
ments or references. 

Table 1 lists radar system characteristics utilized during the 
Program and supercedes the preliminary table dated March 14, 1975. 
some radar system characteristics are subject to variation and must 
mined from the daily logs. 

Spring 
Note that 
be deter-

Tables 2 and 3 are tabulations of parameters pertaining to radar inten
sity calibration. Quantities listed in Table 3a are derived from the receiver 
calibrations made before and after data acquisition. 

Table 4 tabulates npise introduced by the complex video digital quanti
zation process based on measured ADC performance. The scheme used in this 
measurement is given in Section 2 (ADC Quantization - General Considerations 
in Quality Control Testing). 

Spectrum image suppression level is tabulated by data set in Table 5. 
Values given for the Norman radar do not include the systematic high image 
at certain gates prior to M&y 27, 1975. This is discussed in Section 3 (Note 
on Norman Doppler Image Gates). 

The noise level in the frequency domain, spectrum background level, is 
tabulated in Table 6. This quantity was estimated from scattergram values 
taken from spectra plots. Interpretation of this quantity is discussed in 
Section 4 (Note on Spectrum Background Noise Level). 

Results of sun-scan orientation checks are given in Table 7. 

A list of known data problems is in Table 8. This is not all inclusive, 
of course, since problems of a more subtle nature will probably be found 
during data analysis. 



An example of a ranging check is given in Section 5 for both the Norman 
(NRO) and Cimarron (CIM) radars. An estimate of ranging uncertainty is also 
given in this discussion. 

Section 6 contains the results of received power calibration check by 
sun flux density for both the Norman and Cimarron systems. 

The measured standard deviation of intensity and velocity estimates are 
compared with theoretical values in Section 7. 

2 



Parameter 

Antenna 
Shape 
Diameter 
Half-power Beam Width 
Gain 
First Side Lobe Level 
Polarization 
RMS Surface Deviation' 

Transmitter 
Wavelength 
Frequency 
Pulse Repetition Time 
Pulse Width 
Peak Power* 

Receiver 
System Noise Figure 
Transfer Function 

Dynamic Range 
Bandwidth (6 dB) 
Intermediate Frequency 
Min. Detectable Signal (SNR=O dB)* 

Doppler Time Series Data Acquisition 
No. of Simultaneous Range Gates 
No. ~f 16-Gate Blocks Along Radial 
Range Gate Spacing 
Azimuthal Sample Spacing 
Automatic Elevation Increment 
Number of Samples in Time Series t 

Intensity Data Acquisition 
No. of Range Gates 
Range Gate Spacing 
Number of Samples in Estimate tt 

Time Window Functiontt 
Intensity Estimate Word Length 
(Recorded) 

General Features 
Azimuthal Antenna Rotation Rate 
Maximum Unambiguous Range 
Maximum Unambiguous Velocity 
PPI Capability 
RHI Capability 
Cop lane Capability 

TABLE lao 

NSSL Doppler Radar Characi:e~istics 
June 25, 1975 

Cimarron (cnO 

Parabolic 
9.15 m 
0.80 deg 
46 dB 
21 dB 
Horizontal 
2.5 mm 

10.97 cm 
2735 MHz 
768 )Jsec 
1 lJsec (150 m) 
500 kw 

4.1 dB 
Doppler-linear 
Intensity-logarithmic 
70 dB 
4.52 MHz 
30 MHz 
-103 dBm 

16. 
Unlimited 
300, 350 ••• 1200, 1350m 
0.1 to 9.9 deg 
0.5 to 9.9 deg 
2n 

n=l, 2 ... 13 
!O_b!t~ 1b!n~rl)_ 

762 
150 m 
2n-l 
n=4 ••. 11 
Linear or exponential 
6 bits (binary) 

0.1 to 24.0 deg sec-l 

115 km -1 
+ 35.6 m sec 
Yes 
Yes 
No 

Norman (NRO) 

Parabolic 
9.15 m 
0.81 deg 
46.8 dB 
21 dB 
Vertical 
2.8 mm 

lQ.52 cm 
2850 MHz 
768 )Jsec 
1 )Jsec (150 m) 
700 kw 

.3.3 dB 
Doppler-linear 
Intensity-logarithmic 
70,dB 
2.88 MHz 
30 MHz 
-106 dBm 

16 
8 
ISO, 300, 600, 1200m 
0.1 to 9.9 deg 
0.1 to 9.9 deg 
2n 

n=l, 2 ... 13 
_l~ ~i!s_(~i~aEY2 

762 
150 m 
2n_l 
n=4 .•• 11 
Linear or exponential 
6 bits (binary) 

0.1 to 10 deg sec-l 

115 km -1 
+ 34.2 m sec 
Yes 
Yes 
No 

* Representative value: see Table 2 or daily log for particular data set. 

** 8 dB before May 22, 1975 

*** ,2.03 MHz before May 22, 1975 

t Most data taken with N=64 for normal PRF and N=128 for Hi PRF. 

tt Practically all data taken with Ns=127 and exponential time window. 
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HiPRF (NRO) 

Parabolic 
9.15 m 
0.81 deg 
46.8 dB 
21 dB 
Vertical 
2.8 mm 

10.52 cm 
2850 MHz 
288 )JS 
0.35 )JS (52 m) 
200 kw 

5 dB** 
Doppler-linear 
Intensity-logarithmic 
70 dB 
0.81 MHz*** 
30 MHz 
-105 dBm 

6 
8 
ISO, 300, 600, 1200m 
O. 1 to 9.,9 deg 
0.1 to 9.9 deg 
2n 

n=l, 2 ... 13 
12 b!t~ 1b!n~rl)_ 

192 
225 m 
2n_l 
n=4 ... 11 
Linear or exponential 
6 bits (binary) 

0.1 to 10 deg sec-1 

43 km -1 
± 91 m sec 
Yes 
Yes 
No 



TABLE lb. 

Calibration and Timing Parameters 
June 25, 1975 

Parameter 

Radome Loss (two way) 

Coupler Loss 

Cable Loss 

Waveguide Loss (two way) 

Receiver Detection Loss 

Delay to Tx Pulse 

Doppler Sample-Hold Aperture 

Integrator Start Delay 

Integrator Spacing 

Receiver Rise Time 

Receiver Initial Delay 

Plumbing Delay 

Cimarron 

2.0 dB 

36.5 dB 

6.7 dB 

3.6 dB 

0.43 dB 

4.4 )JS 

0.07 )JS 

4.2 )JS 

1.0 )JS 

.22 )JS 

0.1 )JS 

.0.33 )JS 

* Loss was 3.31 dB prior to May 22, 1975. 

t .37 )JS before May 22, 1975. 

(CIM) Norman 

2.0 dB 

36.2 dB 

9.5 dB 

2.0 dB 

.69 dB 

4.0 )JS 

0.4 )JS 

3.7 )JS 

1.0 )JS 

.35 )JS 

0.1 )JS 

0.1 )JS 

4 

(NRO) Hi PRF (NRO) 

2.0 dB 

36.2 dB 

9.5 dB 

2.0 dB 

6.81 dB* 

4.4 )JS 

0.4 )JS 

4.0 )JS 

1.5 )JS 

1.67 )Jst 

0.1 )JS 

0.1 )JS 



Date 

5-13-75 

5-19-75 

5...,22-75 

5-24..:..75 

5-26-75 

5-28-75 

5-29":"75 

6-02-75 . 

6-04-75 

6-05-75 

6-06-75 

6-08-75 

6-11-75 

6-13-75 

* 

TABLE 2 

RADAR PEAK POWER MEASUREMENTS 

. Cimarron (elM) 

* 

Norman (NRO)· "A" 

683 kw 

470 kw 

450 kw 

736 kw 

130 kw 

730 kw 

'730 kw 

718 kw 

718kw 

706 kw 

706 kw 

730 kw 

740 kw 

706 kw 

Maintained 500 kw during periods of data collection. 
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Norman (NRO) "B" 
(Hi PRF) 

217 kw 

216 kw 

220 kw 

195 kw 

220 kw 



Date 

5-19-75 

5-22-75 

5-24-75 

5-26-75 

5-29-75 

6-05-75 

6-08-75 

6-09-75 

6-13-75 

Date 

5-19-75 

5-22-75 

5-24-75 

5-26-75 

5-29-75 

6-05-75 

6-08-75 

6-09-75 

6,...13-75 

TABLE 3a 

Logarithmic Receiver Noise Level and Logging Constant 

Norman (NRO) Cimarron (ClM) 

-107.3 dBm 0.62 AGC/dB 

-103.0 dBm 0.64 AGC/dB -100.7 dBm 0.76 AGC/dB 

-107.4 dBm 0.62 AGC/dB - 97.3 dBm 0.86 AGC/dB 

-105.2 dBm 0.62 AGC/dB -103.3 dBm 0.78 AGC/dB 

-102.3 dBm 0.62 AGC/dB -101.0 dBm 0.76 AGC/dB 

-105.0 dBm 0.64 AGC/dB - 98.0 dBm 0.83 AGC/dB 

-102.1 dBm 0.65 AGC/dB -102.6 dBm 0.88 AGC/dB 

- 98.2 dBm 0.80 AGC/dB 

-106.7 dBm 0.71 AGC/dB -100.9 dBm 0.82 AGC/dB 

TABLE 3b 

Magnitude of Intensity Calibration Drift 

Norman (NRO) 

<0.3 dB 

<1.0 dB 

<0.1 dB 

<0.5 dB 

<0.8 dB 

2 to 4 dB· 

3 to 4 dB 

<0.5 dB 

6 

Cimarron (CIM) 

Malfunction 

1 to 5 dB 

Unknown 

o to 3 dB 

1 to 5 dB 

Unknown 

3 to 5 dB 

Unknown 

0.5 dB 



Date 

5-19-75 

5-22~75 

5-24-75 

5-26,...75 

5-29-75 

6-05-75 

6-08-75 

6-09-75 

6-13-75 

Date 

.5-19-75 

5-22-75 

5-24-75 

5-26-75 

5-29-75 

6-05-75 

16-08-75 
i 

!:=~:=~~ 
I 
>. 

.!~--------------

* 

TABLE 4 

Signa1to ADC Quantization Noise 

Norman (NRO) 

>45 dB 

>45 dB 

>45 dB 

>45 dB 

>45 dB 

>45 dB 

>45 .dB 
. ---

>45 dB 

TABLE 5 

Spectrum Image Suppression* 

Norman (NRO) 

>20 dB 

>20 dB 

>15 dB 

>20 dB 

>15 dB 

>15 dB 

>15 dB 
. ._-

>15 dB 

Ratio 

Cimarron (CIM) 

>35 dB 

>35 dB 

>35 dB 

>35 dB 

>40 .dB 

>35 dB 

>40 dB 

>40 dB 

>35 dB 

Cimarron (elM) 

-10 dB 

-15 dB 

-15 dB 

-15 dB 

>15 dB 

-15 dB 

>15 dB 

, This does not include the systematic image at certain gates of the Norman 
. radar (see Note on Image Gates). 
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TABLE 6 

Spectrum Background Level (dB below Signal Mode)* 

Date Norman (NRO) Cimarron (ClM) 

5-19-75 35 dB 

5-22-75 30 dB 25 dB 

5-24-75 30 dB 20 dB 

5-26-75 35 dB 22.5 dB 

5-29-75 27.5 dB 27.5 dB 

6-05-75 30 dB 25 dB 

6-08-75 35 dB 20 dB 

6-09-75 ---- 20 dB 

6-13-75 32.5 dB 30 dB 

* The value given is an estimate at a SNR = 20 dB and serves only as a 
qualitative index. For a more comprehensive discussion see Note on 
Spectrum Background Noise Level. 

Site 

Norman 
(NRO) 

Cimarron 
(eIM) 

TABLE 7 

Antenna Orientation Checks (Sun Scans) 

Date Deviation 
Azimuth 

8 May 1975 .07 0 ccw 

3 June 1975 ----
25 June 1975 0 

16 July 1975 .300 cw 

8 May 1975 .010 cw 

25 June 1975 .16 0 cw 

16 Juiy 1975 .06 0 ccw 

8 

Elevation 

.010 low 

.16 0 low· 

.64 0 low 

.710 low 

.09 0 high 

.15 0 high 

.190 high :; .. ~ 



Date 

5-19-75 

5-22-75 

5-'24-75 

5-26-75 

5-29-76 

6-05-75 

6:"08-75 

6-09-75 

6-13-75 

TABLE 8 

Malfunctions, Glitches, and other Pesty .Things 

Norman (NRO) Cimarron (CIM) 

1. Gate 8 of header intensity has 
intermittent 1 bit. 

1. Gate 8 of header intensity has 
intermittent 1 bit. 

1. Gate 8 of header intensity has 
intermittent 1 bit. 

2·. Complex video clipping at SNR~50 dB. 

1. Gate 8 of header intensity has 
intermittent 1 bit. 

1. Gate 8 of header intensity has 
intermittent 1 bit. 

1. Gate 8 of header intensity has 
intermittent l.bit. 

1. No data taken. 

1. No velocity data from 1803 CST to 
1900 CST, Tapes DP7571 through 
DP7574, Intensity data valid. 

1. Intensity record malfunction - data recovery 
not feasible. Velocity data recovery posstbie 
by special processing. . 
- - - - - - - -.- ~ -'- - - - - - - - - - - - -

1. Gate 16 of header intensity has intermittent 
8 bit.* 

1. Gate 16 of header intensity has intermittent 
8 bit.* 

2. Complex video clipping at SNR ~ 30 dB.* 

1. Gate 16 of header intensity has intermittent 
8 bit.* 

1. Gate 16 of header intensity has intermittent 
8 bit.* 

1. Intensity record malfunction. Data not 
recoverable. Doppler header intensity valid.* 

2. Gate 16 header intensity has intermittenf 
8 bit. . 

1. Complex video clipp.ing. * 

1. Header intensity values are shifted by one 
gate.* 

1. Header intensity values are shifted by one 
gate. 

·2. Gate 6 of header intensity has intermittent 
2 bit. 

* All data sets have header intensity values shifted by one gate; location 1 is gate 2, 
location 2 is gate 3, etc ••• , location 16 ts gate 1. 

General Hardware Problems: 

1. NRO actual antenna speed varies significantly from specified value. 

2. No antenna speed parameter in CIM housekeeping. 

3. CIM complex video contains intermittent noise. (See Section 4.) 

9 



1975 CIMMARON DOPPLER COLLECTION LOG 

START STOP START STOP 
TAPE DATE TIME TIME AZivl AZM TILT 

CP7503 051975 144459 145154 179 210 04.1 
CP7504 . 051975 154659 154928 174 179 04.1 
CP7505 051975 160808 161009 179 215 05.1 
CP7505 051975 161252 161538 179 220 07.1 
CP7506 051975 185820 190110 209 240 10.1 
CP7506 051975 190441 190745 199 240 08.1 
CP7507 051975 191525 192132 189 240 09.1 
CP7508 051975 192839 193409 184 240 08.1 
CP7509 051975 200439 200659 108 241 06.1 
CP7510 052275 145255 145901 249. 300 20.1 
CP7511 052275 153549 153640 221 265 1 1 • 1 
CP7511 052275 1547U9 1551 14 221 265 1 1 • 1 
CP7512 05227~"i 1~5t}06 160519 221 265 12.1 
CP7513 05227':) 160942 161414 224 270 11. 1 
CP7514 052275 162255 163008 239 290 16.1 
CP7515 052275 173337 173824 • 
CP7516 052275 101159 103108 068 074 01.0 
CP7519 052475 1 14951 1 15606 049 060 02.3 
CP7519 052475 120052 120123 049 060 02.5 
CP7519 052475 121703 121814 114 135 02.6 
CP7519 052475 122233 122630 114 135 02.5 
CP7521 052675 105520 105600 1 19 1j5 02.1 
CP7523 052675 135134 135513 040 070 03.5 
CP7523 052675 135557 135718 037 070 01.5 
CP7524 052675 140149 1406P-9 040 070 03.5 
CP7528 052975 154915 155102 244. 275 03.6 
CP7528 052975 155224 155403 244 275 03.1 
CP7529 052975 155759 ·160050 249 270 03.1 
CP7529 052975 160116 160226 249 270 03.1 
CP7529 052975 160248 160330 249 270 02.1 
CP7532 060575 173650 174059 329 345 1 1.3 
CP7533 060575 174604 i75007 329 350 12.0 

'CP7534 060575 180144 180521 334 355 10.0 
CP7535 060575 182039 182446 334 355 12.0 
CP7536 060575 184504 184914 334 000 09.0 
CP7537 060575 190302 190716 334 010 07.0 
CP7538 060575 192044 19241 1 339 015 OS.O 
CP7540 060875 160829 161048 294 320 04.0 
CP7540 060875 161238 161441 294 320 02.0 
CP7541 060875 162605 162841 295 32.0 Q3.0 
CP7541 060875 162935 163250 295 320 03.4 
CP7542 060875 164022 164337 295 320 03.4 
CP7542 060875 164827 165124 295 320 03.5 
CP7543 060875 165727 170314 310 330 09.0 
CP7544 060875 171146 171743 310 330 0'9.0 

CP75.45 060875 ,173322 173636 314 335 09.1 
CP7545 060875 173713 173953 314 335 07.0 
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START STOP START ·STOP 
TAPE DATE TIME· TIME AZM AZM TILT 

':P7546 0608.75 190555 19.1149 214 245 19.0 
CP7547 060875 191737 192407 204 245 17.1 
CP7548 060875 193329 194054 179 235 15.1 

·CP?549 201319 
, 

060875 201901 139 190 19.4 
CP7550 060875 203C08 20:;3325 029 050 13.0 
CP7550 060875 204233 204459 029 050 13.0 
CP7552 061375 134723 134920 359. 030 8.6 
CP7552 061375 135054 135252 . 359 030 9.5 
CP7553 061375 135952 140348- 009 040 12.0 
CP7553 061375 140625 140808 014 040 09.1 
CP7554 061375 142553 1/+2856 024 055 11.0 
CP7554 061.375 143209 143426 024 055 08.0 
CP7555 061375 144105 144342 024 055 10.1 
CP7555 061375· 145016 145337 029 060 06~ 1 
CP7556 061375 145844 150439 030 060 .07.5 
CP7557 061375 175207 175702 035 060 05.5 
CP7558 061375 180319 180815 035 060 05.5 
CP7559 061375 181604 181940 024 075 03.1 
CP7560 061375 182641 U33133 024 075 10.1 
CP7561 061375 183833 184307 .029 060 13.1 
CP7562 061375 185022 185451 029 060 13.1 
CP7563 061375 190052 190404 034 070 12.2 
CP7563 061375 190617 190718 034 080 03.1 
CP7564 061375 192319 192719 034 085 09.1 
CP7565 061375 193604 194006 034 085 09.1 
CP7566 061375 195745 200237 059 100 13.1 
CP7567 061375 203949 204504 358 096 16.2 
CP7567 061375 205033 205507 059 100 05.1 
CP7568 061375 210447 210917 064 1 10 14.0 
CP7569 061375 . 21 1906 212211 079 115 12.0 
CP7570 060975 182719 183047 267 330 01.0 
CP7570 060975 183306 184740 267 330 01.0 

11 



1975 NORMAN DOPPLER COLLECTION LOG 

START STOP START STOP 
TAPE DATE TIME TIME AZM AZM TILT 

DP7503 051975 144458 145018 249 280 06.1 
DP7504 051975 154703 155147 229 260 05.0 
DP7504 051975 155257 155447 229 260 05.1 
DP7505 051975 160810 161 106 239 270 08.0 
DP7505 051975 161259 161640 239 280 07.0 
DP7506 051975 182500 182627 239 270 06.4 
DP7506 051975 18441 1 184641 239 270 06.4 
DP7506 051975 185822 190138 239 270 08.0 
DP7506 051975 190451 190729 239 270 06.0 
DP7507 051975 191522 191631 229 270 02.0 
DP7507 051975 191727 192131 229 270 09.0 
DP7508 051975 192841 193246 229 270 09.0 
DP7509 051975 200359 ·201020 219 270 07.0 
DP7510 052275 134029 134043 254 283 01.0 
DP7510 052275 140421 141226 259 280 02.5 
DP7511 052275 141603 142030 259 280 02.5 
DP7511 052275 142248 142625 259 280 02.5 
DP7512 052275 143204 144011 259 280 02.5 
DP7513 052275 154717 155359 239 280 05.0 
DP7514 052275 171545 172555 189 210 08.1 
DP7515 052275 173029 173813 189 210 10.0 
DP7516 052275 174540 175409 189 220 12.1 
DP7516 052275 175500 175636 189 220 01.1 
DP7520 052475 123951 124246 049 070 02.0 
DP7521 052475 151212 i51435 289 310 02.0 
DP7521 052475 151810 152035 289 310 02.0 
DP7521 052475 152342 152621 289 310 02.0 
DP7522 052475 153501 153858 299 320 02.0 
DP7522 052475 15.4231 154628 299 320 02.0 
DP7523 052475 160529 160702 1.69 200 08.1 
DP7523 052475 160809 160942 169 200 08.1 
DP7526 052675 111526 112149 109 140 01.5 
DP7527 052675 135140 135636 009 050 02.8 
DP7528 052675 140140 140500 009 050 04.0 
DP7529 052675 153455 154413 129 160 05.1 
DP7530 052675 154756 155431 129 160 06.1 
DP7531 052675 160055 160733 139 170 06.6 
DP7537 052975 151631 152326 259 290 01.5 
DP7537 052975 152622 153039 259 290 01.5 
DP7538 052975 153331 153540 259 290 01.5 
DP7538 052975 153618 153948 269 300 01.5 
DP7540 052975 184532 185202 280 338 09.9 
DP7541 052975 190506 190846 330 019 27.8 
DP7541 952975 191049 191224 330 048 13.9 
DP7542 052975 1951 16 201745 219 300 04.9 
DP7543 052975 203104 203614 049 096 05.1 
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START .STOP START STOP 
TAPE OATE .. TIME TIME AZM AZM TILT 

OP7544 052975 205110 210118 049 096 05.1 
OP7548 060575 172707 173246 029 070 .. 03.1 
OP7549 060575 182033 182958 

,.: 

309 340 06.1 
DP7550 060575 184502 185124 .319 340 08.1 
OP7551 060575 190302 190934 319 350 06.1 
DP7552 060575· 192047 192531 329 359 06.5 
DP7555 060875 135919 140819 209 230 01.6 
DP7556 060875 144512 150956 289 320· 03.0 
DP7557 060875 151404 .153642 289 .320 03.0 
OP7558 060875 154221 154358 289 320 9 1 • 6 
OP7558 060875 15-5258 155438 289 320 01.5 
[)I=>7558 060875 160711 161005 289 320 05.0 
OP7559 060875 161344 162120 309 320 04.1 
OP7560 060875 190702 191018 259 290 09.0 
OP7560 060875 191847 192156 269 290 10.1 
OP7561 060875 193441 194157 259 300 1.5.0 
OP7562 060875 201428 202257 239 300 19.6 
DP7563 060875 203115 203351 339 359 05.0 
OP7563, 060875 204341 204515 339 359 05.0 
DP7565 061375 142420 143207 009 030 05.0 
OP7566 061375 144106 144749 003 030 ·05.5 
OP7567 061375 145856 150447 009 030 08.1 
OP7568 061375 151706 152150 029 050 06.1 
DP7569 061375 174155 174905 009 040 05.1 
OP7570 061375 175215 175838 00.9 040 06.0 
OP7571 061375 180321·· 181020: 019 040 09.0 
OP7572 061375 181610 182320 019 050 10.0 
DP7573 061375 182653 183320 009 050 07.0 
OP7574 061375 183835 184145 009 030 05.1 
DP7575 061375 190105 191233 009 050 11.0 
OP7576 061375 192321 193345 019 060 12.1 
OP7577 061375 193556 194542 029 070 12.1 
OP7578 061375 195746 200442 339 359 16.1 
OP7579 061375 201232 201940 039 080 07.0 
DP7580 061375 203954 204505 009 120 09.1 
OP7581 061375 205330 205850 019 070 14.1 
OP7582 061375 210448 210954 029 090 12.1 
OP7583 061375 211900 212404 039 100 12. 1 
OP7584 061375 213913 214357 049 1 10 11. 1 
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SECTION 1 

Digital Integrator Calibration- General Considerations in 
Quality C6-ntroi'l'estirtg 

The logarithmic receiver-digital integrator calibration is given in 
detail in Sirmans and Barclay (1973), Sirmans and Doviak (1973),arid Sirmans 
(1974a). What follows is a sunnnary of the technique as well as an abbreviated 
discussion of statistical considerations and noise measur~inei1ts (Sirmans,' 1914b). 

Procedure 

Digital integrator calibration is a three-step procedure: 

L The boundaries of input quantization categories (Le., 
the ADC classes) are measured by injecting a,known. signal 
level into' the receiver. . 

2. An incremental integration is performed (increments 
are input digitai categories) on thetheoreti~al 
probability density of am~teorological signal having 
a specified mean power. The relative frequency of .' 
occurrence of digital classes thus ohtained ate assigned 
digital class weight!? (at the ADC. ouput), and.the mean of. 
these weights i~ the digital output correspon4ing to th~ 
specified i~putmean power. . . .. 

3. The entire receiver inp~t power-:-digital integr~tor output 
traIls fer characteristic:ls then determined by "iagging'" . 
the theoretical mEfan iIlput pOwer thro~gh 'the dynamic range 
of the receiver. Thug,the calibration gives a mean input 
power versus the corresponding digital output. Difference 
between calibration~signa~ generator) power corresponding 
to given digital Qutputand theoretical ,input power. of a 
meteorological signal corresponding to this (r~gital output 
is termed bias which is corrected by the calibration .. 
procedure. 

. . 

This bias is a composite of the probability density ~ffect, the, receiver 
transformation, and the quantization by truncation. Note that in the log&
rithmic region of receiver respon,se. the biqs is 2 .• 5 dB plus 1/2 of the input 
quantization increment (Sirmans and Barclay, 1973). Bia-s increases near the 
upper extreme due to saturation and.decreases ,near the lower extreme due to 
the additive noise effect., 

Statistics of the Calibration 

The technique contains two major sour'ces of error (other than the human 
element): (1) the quantization boundary uncert~inty, and (2) the signal 
source accuracy. We will examine the boundary uncertainty first. Normally, 
the "logging constant" of digital output-input power transfer is about 1. 25 dBl 
digit, thus the quantization width (one least significant digit) is larger 
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than input signal increment (1 dB= .8 digit) and the S.D. of the digital' 
boundaries is just the quantization S.D. 

Since the quantization standard error 

1 = 21:3 = .29 digits 

is small compared to the standard rms error of the input weather signal, 

(1) 

4.46 digits, we may assume the error of derived relative frequency of occur
rence, i.e., the increment integral of theoretical probability density (over 
the class) is linearly related to the width of the class. Since width of the 
class has a variance twice that of either bounda~y (statistically ind~penden~ 
boundaries)(Lee, 1964), we find the variance of the calibration estimate to be: 

= 1 digits2 = (.41)2 digit2 
6 

(2) 

or a standard deviation of about 0.5 dB for the usual transfer characteristic. 

Signal source will also constitute an uncertainty since no real source 
is purely deterministlc. This uncertainty, however, is more in the form of 
a bias rather than a variance since the mechanism is 'an inability to control 
e~act power injected into the system and is largely repeatable and consistent 
from run to run. Absolute accuracy of most sources is about ±2 dB and it 
can be improved to 1 percent by comparing the source against a power meter 
at the higher input power levels (>-20 dBm). Unfortunately, the Slource cannot 
be calibrated over the entire dynamic range of the receiver due to power 

, meter limitatioti. "Tracking accuracy" of the signal source used (i.e., the 
dB difference between true output power' arid power indicated by the dial) is 
about ± l'dB and should'be entered in the daily calibration log. 

Besides providing measurement standards, the calibration listing can 
serve to monitor performance of the hardware. "For example, the 1 dB incre
ment should be a' continuUm on the digital scale;' i. e.,. the digital output 
should vary in steps of abciut one. Calibration points should fit a smooth 
regression line, not necessarily straight but without abrupt changes or 
discontinuities. Histograms of the output variable should reflect these 
properties~ 

Logarithmic Receiver Noise Power Determination 

Detenilination of receiver noise, 'power 'is ne~essaty for certaiil studies 
requiring a signal~to-noise ratio, total variance of the Signal plus noise 
power estimate or specification of detectable signal leveL Noise POWer can 
be measured directly although it is not done routinely for, arty of ~the NSSL 
radars since this quantity has no meteorological significance. Instead. the 
foll6winggtaphic technique of estimating noise' power'from ttie'r.espouse char
acteristic oJ 'the logal'thmic receiver-digital"integr~t'or is offered. ' 
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I'ntegrator,outpl,lt values, D, of a,l;ogarithmic receiver are l;'elated,to 
, the to,tal meteorological signal plus noise, power PT = P s + P~ by 

P 
D = a 10 10glO [~] +K 

ref 
(3) 

where a is the "logging constant", K is the' offset 6f digital intercept value, 
Pref is the reference power, (Pref ,.. 10-3 watts for power in dBm). The,logging 
constant, a , may bedetiarmined by selecting a region o~ logarithmic response, 
where P S » P

N
, and calculating the slope " "" ' 

Ps a ~ MD]/b.[lO log -p-, ] 
ref 

Transfer characteristic of this logarithmic segment of the response may be 
expressed as 

(4) 

_ (5) 

where PI is the input power intercept value at D = 0 (see fig. 1). To 'deter
mine the noise power from the receiver calibration with a known signal power, 
it is necessary to establish a relationship between the digital output of ,,' " 
known signal plus unknown noise power. There are two convenient graphic 
methods. One method is based on a calibration curve using weather type signals 
by simply noting that the digital output and thus, the calibration signal 
input power corresponding to a signal-to-noise power ratio of unity is given 
by 

D 

at 

2P
N 

a [10 10glO -p-] + K = 
ref 

P
N 

3a + arlO 10glO -p-] + K 
ref (6) 

or at the (D,PS) value which is 3 logging constants (if a is in digits/ dB) , 
above the D (intercept) corresponding to PS« PN (intercept with the ordinate 
on fig. 1). ' 

A second method can be devised by making the following assumptions: 

1. The calibration signal source has an output pow,er standard 
deviation small compared to the digital integrator quantiza
tion increment. 

2. The noise amplitude probability density (in our case we assume 
Gaussian statistics) is the same as that of a meteorological 
signal. 
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The first assumption stipulates the only Lias in the calibration signal 
power estimate to be due to quantization by truncation. The second stipu
lates that the bias of the noise power estimate is 2.5 dB plus the truncation 
bias. We may then determine input signal power corresponding to unity signal
to-noise ratio at the intercept of the logarithmic transfer and a D which is 
2.5 logging constants above the D corresponding to Ps «PN. (This 2.5 dB is 
bias of the noise power estimate due to its probability density.) 

These two methods are illustrated in Figure 1 for the NRO radar. The 
two calibrations of Figure 1 also show the techniques are not sensitive to 
the offset or digital intercept value so long as the noise is not "thresholded" 
below digital two. 

60 

50 

.... 40 
:::> 
0-.... 
:::> 
0 30 
..J 

~ 
(!) 20 
c 

3ex: { 2.5 ex: { 
10 

3a: {2.!Sa:{ 
0 

/ 
/ 

/ 
/ 

o 

o 
o 

o 
o 

ex: _ 1.03 ~~G 

o 0 

95 85 75 
INPUT POWER, - dBM 

o 
000 

o 

000000000000 
o 

00000 
o 

·OIG 
ex: -1.06 dB 

Figure 1. Transfer fUtlction from the receiver iI).put to the output of 
"a digital integrator. 

18 

I
,; 
if 



SECTION 2 

ADC Quantizatidn'-' G~neralCon's'iderati6ns 
In Quality Control Testing, 

Two parameters of analog to digital conversion (ADC) are of primary 
importance in data quality control checks. ' These are: (1) "differential 
linearity," which is the variation of actual class widths from the ideal 
width (1 LSB) , usually given as ±1/2 LSB, and (2) "conversion lin~arity," 
which is the deviation' of 'class midpoints ft-orila linear input:':'output con~er
sion, usually given as about ± 1 LSB. A differential linearity of ± 1/2 LSB 
merely implies a ratio of maximum class width to minimum class width of three. 
A conversion linearity of ± 1 LSB requires that maximum deviation of any 
category from a linear conversion is not more than one ideal category width. 

To measure the differential linearity, a test signal having a uniform 
distribution across the conversion range is injected and a "large ,number" of 
conversions are made to insure a statistically significant sample. The ratio 
of number of occurrences in a given class to the total in all classes is then 
a measure of· the fractional width (fraction of conversion range) of that class. 
The listing of the number of occurrences in each class is the ADC histogram. 
Statistical parameters of ADC,as reflected in the histogram, can be developed 
as follows: 

Let i be the index of the digital output number of a b bit converter, 
i.e., i = 0,1,2, ..• , 2b_2, 2b -l (for a 10 bit converter i = 0,1,2, .•• , 
1022, 1023). Let Ni be t~_e number of occurrences of the ith digit. 

For the uniform input variable, the expected number of entries for classes 
having the ideal width (i LSB) is 

1 
N = ;::0 

2 

1 
N. = -bNT 

1 -2 

where NT = total number of samples; the ratio 

N 
lIq. = -.!. 

1 NT 

is an estimate of the ith fractional width. 

Finally, the average width is 

r,b 1 N. 1 £ -

L 1 -= 
M i=O NT 

1 
M 

where M is the number of non-zero width entries. 
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A 
Statistics associated with the estimated class width, ~q, can be found 

by noting that the number of occurrences in a given class is described by 
the binomial distribution (Burlington and May, 1958). 

Let Pi be the probability that the sample falls in the ith class 

N. 
1 

p=-
i NT 

and qi the probability that the sample does not fall in the ith class 

N. 
q. = 1 

1 

1 

NT 

then the observed number of entries has a standard deviation of 

Normalizing the S.D. by expected number of. entries and substituting the 
estimates, 

;;; 

[NT Piqi]1/2 

NTPi 

(10) 

(11) 

(12) 

(13) 

provides a convenient measure of the uncertainty·assbdiated with class width 
measurement. For examp1e~ for a 10 bit ADC a number of entries, Ni greater 
than 5(102) and NT;;; 5(lO~), creates a fractional S.D. less than 5 percent of 
the measured value. 

The class width, 6q, determines the uncertainty associated with analog 
to digital conversion and thus the "noise" generated by ADC process (Sirmans, 
1971; Sinnans, 1974c; Benda.t a.nd Piersol, 1971). For the ideal case of equi
width classes, the "noise" power intro,duced by quantil!:ation PNq(for the 
assumption of uniform probability across the class): and conversion of a to 1 
is given by 

(14) 

With varying widths the uncert.ainty is different for each digital number but 
the total noise power is the summation of the noise power "per sample" in the 
same fashion as signal power is the summation of signal power per sample. 

The statistics of the signal and·noise may be developed as follows: 

Let Xi2 ;;; the e~ected mean square of the input for conversion in the 
ith class; Ei = the uncertainty associated with the conversion. 
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1 
prob [£1.] = ~ nq. 

1 

= 0 

L\q. L\q. 
- 21 < £ < 21 

(15) 

otherwise 

The noise sample power generated by a conversion in the ith class is 

(L\q.) 2 
1 = --=-1=2-

d . 1 1 'f th '1· th cIa's s by' an slgna samp e power or e 

= x. 2 
1 

for K samples we find the signal and noise power 

1 K 2 2 2 
PS+N = K I (x. + £.) = X + L\q 112 

q j=l J J 

(16) 

(17) 

(18) 

since the signal and noise are uncorrelafed, the parameter usually given is 
the signal to quantization nois,e ratio iIi dB, i.e., 

X 
SNR 20 10glO 

rms 
q L\q' /2/3 

rms 

10 10glO 
-12 x2j 

L\2q 

Note that the noise power depends on: (1) the particular classes 
involved in the conversion, and (2) the mean square width, (L\q2). We 
therefore define the "effective" quantization width as the rms of L\q2: 

= (_Ml ¥ (Ni )2-
j
l/2 

jl i=l NT) 

(19) 

(20) 

This width will specify quantization noise so long as the input signal is 
distributed over the entire conversion range. 
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An equivalent number of equi-width classes Ne which would produce the 
same quantization noise as the measured 'widths can be found from the rms 
width: 

N 
e 

1 (21) 

Thus, the increase in measured noise power over theoretical noise (Eq. 14) 
also serves as a measure of ADC performance and is the quantization noise 
factor adjustment 

(22) 

needed to specify, for example, the signal spectrum mode to average quantiza
tion noise level in the .frequency domain. 

In practice, it may be necessary to calculate the quantization noise as 
a function of input signal rms for a specified amplitude (class) distribution. 
For quality control testing, a Gaussian density (truncated) is used with signal 
rms to conversion range ratios of about 10-2 , 10-1 , and 3(10-1). The quanti
ties pertaining to quantization given in tbe routine ADC quality control list
ings are: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1.1. 

Number of entries in each digital class (listing), Ni. 

Total number of entries - all classes, NT. 

Number of non-zero width classes, M. 

The average number of c.lass entries, Ni . 

The fractional width estimates - listing (percent of ideal, width), 
b.qi/b.q . 

S.tandard deviation of Ni.·' 

RMS width, Eq.20. 

2 ' 
The quantization noise power for each class (b.qi) /12.' 

The number of equi"'-widthclasses specified by the quantizati.on 
noise, Eq. 21. 

The increase of quantization noise power due to the measured widths 
over the theoretical ri~ise of the ideal converter for ,the uniform 
amplit:ude density, Eq. 22. 

A/D quantization noise level for a 
simulated input signal with an ADC 
using the result of step 5 above. 
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Conversion linearity can be best checked experimentally. However, it 
may be calculated from the estimated differential linearity by "piecewise 
approximation", The difference between the line connecting the midpoints 
of the i.nterval. LlQi' to the origin and the corresponding line of the ideal 
ADC 

(23) 

is the conversion linearity of the ith category. 

Statistics of conversion linearity will, of course, reflect the statis
tics of width estimates as well as the particular width configuration. _ The 
observed length of the ith conversion category is given by 

D(Llq.) = 
1 

i 
I (Llql)""O ~ i. ~ 2b - 1 

l=O. 

whereas the corresponding length for an idealADC is DL. = (i + 1/2) Llq 
so that the conversion linearity, CL. becomes: 1 

CL. 
1 

1 

Ll Llq: 
= (DLi -~) - [D(Llqi) - 21] 

(24) 

(.25) 

As mentioned earlier, this parameter, (CL) is usually specified as 
± 1 LSB and if there were no uncertainty in the estimates'of_ class width, 
the CL distribution would be truncated at ± 1 LSB or ± 1/2b. However, . 
in practice the S.D. (approximately 4 percent) associated with the measured 
class widths will result in a continuum of the distribution and it is nec
essary to establish a statistical confidence on the conversion linearity 
measured. We use the 1 percent level for a Gaussian density as the level 
above which the CL is assumed to be due to hardware. For example, if 

1 
--b + (2.575)(.04)(Llq.) 
2 1 

(26) 

the class linearity is not within ± 1 LSB. 

Some parameters of the ADC in service at NRO are in Table 9 and for CLM 
in Table 10. A complete analysis is available from the quality control 
testing. 
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TABLE 10 

Norman ADC Characteristics Datel 1111044 

1. Non-zero classes 3065 

2. Number of equivalent bits based on non-zero classes 11.582 

3. Equivalent quantization noise width 2014 

4. Number of equivalent bits based on noise 10.976 

5. Quantization noise increase over ideal 12 bit converter 6.143 dB 

TABLE 11 

Cimarron ADC Characteristics I Com Lab 11304074 
Q Com Lab 11504152 

1. Non-zero classes I 1022 Q 1022 

2. Number of equivalent bits based on 
non-zero classes I 9.997 Q 9.997 

3. Equivalent quantization noise width I 1015 Q 1015 

4. Number of equivalent bits based on 
noise I 9.987 Q 9.987 

5. Quantization noise increase over 
ideal 10 bit converter I .06 dB Q .06 dB 
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SECTION 3 

Note on Norman Doppler Image Gates 

Prior to May 27, 1975, there existed a logic error in the Norman Doppler 
signal recording sch!i!file which resulted in unusually large "image".spectrum 
at certain gates und~r certain conditions. The problem was due to multi
plexing logic which resulted in a shift of' one component of the complex video 
signal by one pulse repetition time· (PRT) causing a deviation from phase 
quadrature. This. anomoly (i.e., the data shift) occurred consistently at 
prescribed.gates for a given gate spacing and block step as shown in Table 12. 

However, the appearance of an image depends not only on the shift being 
present, but also on the true velocity at the gate (fig. 2) ·since the time 
shift of one PRT causes a phase shift which is proportional to input signal 
frequency, and if the phase shift was not sufficient, an image did not appeaL 
The hardware problem was corrected May 27~ and data taken after this time 
does not contain this type "image". 

TABLE 12 

High Image Gates 

Gate 20 

Gate HS 
Spacing 150 m 300 m 600 m 1200 m III .., 

10 
Step ::E 

..J::> ... ~ 5 
0 >u ...... 

0 ..JQ. 

1 1 2 4 rn ... 
<!I 0 -5 

2 7 
cr~ 

2 ::E 
-~ -10 

3 3 5 10 5 ... -15 
4 2 It: 

4 8 
-200 8.5 17 25.5 34 

5 TRUE VELOCITY, m sec-I 

6 - 5 

7 3 11 Figure 2. Image level of anomalous 
gates versus input velocity. 
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SECTION .4 

Note on Spectrum Background Noise Level 

Spectral density background "noise" can be divided into two broad classes: 
(1) uncorrelated white noise which has constant spectral density, and (2) extra
neous signals which appear as discrete spectral lines or as a well defined 
spectrum. These are usually due to either signal processing distortions or 
stray pickup. 

The first noise class is, in general, a colored noise but, when aliased 
into the Nyquist co-interval, appears for all practical purposes as white 
(constant spectral density). Usually it is a composite of: (1) receiver noise, 
(2) analog to digital quantization noise, and (3) Doppler phase noise. Contri
butions from the various mechanisms depend on received signal power, ADC oper
ating range and radar signal spectral purity as outlined in Sirmans (1974c). 
However, background noise level observed in the frequency domain depends not 
only on composite signal-to-noise ratio but also on the weighting function 
used. With the rectangular weighting, leakage dominates the background level 
at SNR > 20 dB. 

Quantization noise power for the ideal ADC (fig. 3) is small (over 35 dB 
below signal) if the rms of the digital signal (JA is kept above 30. The 

"usual operating range for (JA is 100 to 600 at Norman and 50 to 200 at Cimarron. 

The ratio of spectrum mode to average noise density (excluding the window 
effects) is shown in Figure 4 for an assumed Gaussian spectrum. Considering 
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the relative magnitude of noise compo
nents, it is noted .that the spectrum 
background noise level is. dominated by ~ .70 

receiver noise up to SNR ~40 db and by 0 

quan~ization and phase noise above this ~ 
level. This implies a spectrum mode to '" 60 

(/) 

,average noise density ration-SNR depen- ,~ 

dency.: A ratio of about 10 dB (deperid- '" 50 

ing on spectrum width) at a SNR of 0 dB: ~ 
ratio increasing almost linearly with ,~ 
increasing SNR to a value of about 45 dB ~ 40 

and inflecting with asymotope of about '" 
a 

55 dB. ~ 30 

However, this expected behavior is 
modified considerably at the larger 
SNR by the window function, especially 
that associated with the rectangular 
weight used routinely. . -As shown in 

. figure 5, the window.: (sinx/x) has a 

SIGNAL SPECTRUM 
STANDARD DEVIATION 

Oi ·0.5m au-I, 
'1 , 
• 2 
'4 
'8 

Gaussian SPe:ctrum_l 
V = 34.24 m sec 

max 

12 16 20 24 28 32 36 40 44 48 52 

SIGNAL TO NO,SER"TIO - dB 

. first side10be level of 13.2 dB and 
'skirt' 'side10be 1~ve1 of about 39: dB 
with 64 time samples. B~havior of the 
observed background level is shown in 
figures 6, 7, and 8. 

20 log I g~~~ I 

Figure 4. Spectrum mode to average 
noise ratio as related to signa1-
to-noise power ratio and spectrum 
standard deviation. 
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Figure 7. (Right) Spectrum background 
level. Tape CP 7553, June 13, 1975. 

Figure 8. (Below) (a) Spectrum back
ground Level. Tape DP 7567, June 13, 
1975. (Below, right) (b) Spectrum 
image level. Tape DP 7565, June 13, 
1975. 
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These scattergrams were plotted from spectrum plots (spot checks of the 1975 
data) with average noise level estimated by eye. Note in particular that the 
background level is limited even at large SNR (>30 dB) to a level c(jnune~surate 
with the skirts of the window function. 

,It is interesting to compare the background level measured with rectan..,. 
gular weighting to that measured using a weighting function whose transf0rDl : 
has lower sidelobes such as the Hanning function (Brigham, 1974) given. in 
Figure 9. This window has a first sidelobe level of 31.4 dB, skirt level 
well below the expected noise background level with 64 samples but a main 
lobe width about 1.6 times that of, the rectangular window (Nathanson, 1969). 
The background noise level scattergram (fig. 10) and spectrum width estimate 
scattergram {fig. 11) illustrate the influence of the two ,wind.9ws. 

TheCIM c6mplex video contains another type of noise due to spurious 
convert conunand to the ADC's. This noise appears as an abrupt discontinuity 
of the complex video and thus has a uniform spectrai-'density. Certain con
ditions (depending on the SNR, number and magnitude of the glitches) 
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increase the spectrum background noise 
level above the spectrum cut threshold 
and result in a bias of the FFT mean 
and width estimate, particularly the 
width estimate. The covariance mean 
velocity estimate is not biased, 
although the standard deviation is 
increased in about 15 percent of the 
data and appears as an abnormally 
large width estimate (> 10 m s-l). 
No effort is made to correct 'these 
~n post analysis, therefore, quanti
tative estimates of spectrum width 
from· the elM radar should be made 
after subjective correction. 
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Figure 10. (Left) Background 
noise level with Hanning 
wind versus the level 
with a rectangular win
dow, May 2, 1975. 
16 dB < SNR < 57 dB. 

Figure 11. (Below) FFT spec
trum width estimate, Hanning 
versus rectangular window, 
May 2, 1975. 
16 dB < SNR < 57 dB. 
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Spurious signals due LO stray pickup are usually easy to recognize since 
stray signal frequencies are often mUltiples of thej>ower service freque~cy 
(60 Hz, 120 Hz) ,and are not in phase quadrature (i.e., appear at both positive 
and negative frequencies). Although these can be suppressed after the fact, 
they should be eliminated in signal handling. Little evidence of such signals 
was noted in the 1975 data. Spurious waveforms due. to. signal pr.ocessing appear 
as harmonics of the input--for instance, the negative first harmonic (image) 
due to the imbalance of the two video cQmponents and odd harmonics with alter
nating sign generated by clipping of the complex video (Sirmans, 1974c). The 
third harmonic in particular becomes appreciable (within 30 dB of signal mode) 
when the ADC maximum span to signal rmsratio is less than about 3. Anomalies 
of this type were noted in the 1975 data where complexvide6 clipping.occurred 
but present a problem only in studies involving spectrum functional form. 
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SECTION Sa 

R~geCalibration of Cimarron-Norman 
Digital Integrator Data Records 

Apparent :r;anges ofDI gate locations are derived from observations of 
known range to fixed point targets (television towers), relative to the radar 
transmitter pulse, as they appear in the DI data record. True measured target 
range is obtained by correction of apparent range for transmitter pulse dis
placement from DI range sampling time, receiver bandwidth, waveguide propaga
tion time and atmospheric refractive index effects. Corrected measured range 
is then compared with calculated topographic range to verify that all sources 
of ranging erroF have been considered. . 

·Cimarron Radar 

(1) Apparent range: Figure 12 shows that the transmitted pulse appears 
in DI gate location number four. The apparent range of gate N, defined as Ro; 
is therefore: 

where 

Ro = (N - 4) (T) ~ m 

N = DI gate of interest 

T = DI range sampling interval = 1 ~s 

·c = energy. propagation sPeed corrected 
for atmospheric refractive index. 
(See Section 2.) 

(27) 

Figure 12. Digital integrator 
data record. 

01 GATE NO. 2 3 4 G 6 

01 SoH 
GATES 

2 3 4 

Til PULSE AS IT n 
APPEARS INLOG_V_IO_EO __ ~ __ ~ ____________ _ 

TRUE TARGET 
POSITIONS . 

MAX ERROR ..... MEASUREO TARGET 
..... POSITION 

MIN ERROR· tr 

~ 14-
01 SAMPLING 1-\-.1 I I I 

GATES .~: . 

t r • PULSE RISE TIME 
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(2) Correction terms: 

a. Transmitter pulse displacement. The transmitter pulse leading 
edge precedes the Dr gate in which it appears by 300 nanoseconds 
(fig. 12). A correction term Rl must be added to the apparent 
range RO. 

:....6 
Rl = 0.3 (10 ) (f) m (28) 

b. Receiver bandwidth. The arrival of the return pulse at the 
Dr is delayed by approximately .31 ~s, the reciprocal of the 
receiver 3 dB bandwidth (3.2 MHz). Note also the effect of 
the Dr range sampling interval on apparent target position 
(fig. 12). As a general correction factor, R2 , these two 
effects are combined: 

-6' 
with a mean value of R2 = -.65 .10 c/2 

(29) 

c. Waveguide propagation delay. Topographic ranges are calculated 
from known locations of target and radar antenna. Two way prop
agation times of energy from antenna to radar must be accounted 
for in range measurements in order tD compare them with computed 
topogr~phic ranges. Energy propagation speed in the waveguide 
is reduced by a factor of 1~6 from that in free space. Measured 
propagation delay correction factor is defined as R3 • 

(30) 

where 

DWG = physical length of waveguide run. 

d. Refractive index effects. The constant c used in all the above 
range calculation,s is the energy propagation speed in vacuum 
divided by a factor of 1. 0003. 

c = 2.998 (108 ) 
1.0003 

-1 
m s 

(3) Range calibration equation for· point target measurements: 

R = Ro + Rl + R2 + R3' 

R [N - 4.347] 1.4985 (102) m ± 52.89 m-49.6 m 
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.(4) Measured range of fixed targets. Figure 13 shows the true and 
measured positions of three te1evis.ion towers from the ClM radar. 

a. KWTV Tower 

N = 204 

R= 29.8686 (103) m ± 52.89 m 

b. KOCO Tower 

N = 211 

R = 30.9176 (103) m± 52.89 m 

c. WKY-TV Tower 

N = 213 

R = 31.2166 (103) m ± 52.89 m 

Norman Radar 

I I 

29.5 

(1) Apparent range: The transmitter pulse appears in gate .number two. 
Ro is now defined 

Ro = (N - 2) T(~) (33) 

(2) Correction terms: 

KWTV 

1 

a. Transmitter pulse displacement. For the NRO radar the trans
mitter pulse precedes the Dl sampling gate by 700 nanoseconds. 
Therefore, 

(34) 

KOCO WKY-TV 

! ! 
Ji, , I I I .II, Ii, I I I I I I' " I I I t I I I I I 

30.0 30.5 31.0 31.5 32.0 32.5 33.0 33.15 

R (km) 

Figure 13. ClM radar derived ranges (shaded areas) within the uncertainty 
error given by Eq. (29) and true tower ranges (lines). 
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b. Receiver bandwidth. Measured receiver 3 dB bandwidth is 
2.0 MHz. Range sampling interval is 1.0 ~s. Correction 
factor R2 is defined in the same way as for tbe ClM radars 
using the above parameters. 

c. Waveguide propagation delay. Measured waveguide length is 
15.24 meters, however, the transmitter timing measurement is 
made at the end of a 16.46 m cable which is a one-way wave
guide delay (section 5b). Thus, the correction is g~ven by 

R3 = 12.2 m (35) 

(3) Range equation. 

(36) 

R = [N - 1.3] 1.49 (102) m - 136.4 m ± 37.46 m 

(4) Measured range of fixed targets. Figure 14 shows the true and 
measured positions of three television towers from the NRO radar. 

a. KWTV Tower 

N = 235 

R = 34.895 (103 ) m± 

b. KOCO Tower 

N = 244 

R = 36.244 (103 ) m ± 

c. WKY-TV Tower 

N = 249 

R = 36.993 (103) m + 

KWTV 

! 
I I I I I. I I: 

33.5 34D 34.5 35.0 

Figure 14 •. Norman radar derived 

37.46 m 

37.46 m 

37.46 m 

I I I I I I 

KOCO 

1 

iJ " , 

WKY-TV 

1 
,I 

35.5 36.0 36.5 37.0 
R (km) 

(shaded) and true (lines) tower ranges. 
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Section 5b 

Range Timing Check for Norman Dop~ler 

The follQwing description of a ranging check (using "known" range of 
WKY tower) illustrates the technique used in determining slant range with 
NSSL radars, and offers an error analysis of measured radar parameters. 

A sketch of the radar integrator timing is shown in Figure 15. Important 
parameters are the time (TD) between the leading edge of the transmitter pulse 
(time zero) and first integrator sample hold location (Ll) , ~nd the spacing 
between samples (S). In making this measurement the Tx pulse is viewed at the 
end of a 16.46 m coax (RG-8) and 15 dB coax attenuator connected to forward 
power jack of the directional coupler. Delay due t6 this cable is appro~i
mately 0.09 ~s or about the same as delay from directional couRIer to antenna 
aperture (one-way waveguide run). In the ran&..~'~i:.£~~lation a correction 
(TA) of 0.1 ~s is made for the delay from aperttire:'tbdirectional coupler. 

The intensity sample~hold command is approximately 40 ns wide withlead~ 
ing edge occurring 50 ns prior to data sample (uncertainty of ± 300 pi(!o s) •. 
The data sample is the input data value· exponentially weighted from the trail
ing edge of the sample window with time constant of about 10 ns. These uncer
tainties are small compared to that associated with definition and measurement 
of the Tx pulse leading edge and are not accounted for in the ranging delay. 

Time between sample-hold commands for A channel is the radar· system Coho 
signal period divided by 30, i.e., for a 30 MHz reference the spacing is 1 ~s, 
for B channel the divisionis 30 x 2/3 and the spacing is 1. 5 ~s ~ For the 
NRO Doppler this signal was 30.0079 MHz (for the WKY test, May 15, 1975) with 
associated spacing of 0.9997367 ~s. Time delay, DLY, corresponding to a 
given integration location (1 designates the first location) is given by: 

DLY = [(Location - l)(spacing) -0.3]~s • (37) 

The observed delay to a target at a given tangeis the sum of delay due 
to range (from the antenna) and any fixed delays in the receiver chain. In 
the case of NRO Doppler ·the receiver chain delay is composed of two parts: 
the delay from the aperture to directional cotipler, TA, and the delay from·· 
directional coupler to sample hold input or receiver initial delay, T1 . This 

Figure 15. Time base 

35 

Transmitter pulse 

Integrator sample 
hold commands 

2 ~s/cm 



second parameter'is loosely related to number of stages and values of the 
lumped constants in the receiver chain and has a measured value of 0.1 ~s for 
both the linear and log receivers. 

The return signal is subject to a further delay due to finite receiver 
response. This "rise time" (TR) is an inverse function of receiver 6 dB 
bandwidth (BW6dB) and is given to a good approximation (Skolnik, 1969) by 

T = 1 
RBW

6dB 

1 
-2-.-8...:8"-}-rnz- = • 35 )1S • 

Thus, the target delay (from time zero) is 

DLY 

where c is the propagation constant.Eq. (31). 

. (38) 

(39) 

The range from the NRO Doppler to WKY tower based on longitude-latitude 
is calculated to be 36.986 km with estimated uncertainty of 30 m. Delay to 
WKY tower is given by 

36986 
.DKYWKY = [299.686/2 + .55]~s = (246.83 + .55)~s - 247.38 )1S. (40) 

Substituting this DLYWKY into Eq. (37) and solving for location, we have 

LOCATION = (247.38 + 3) = 248~74 
.9997367 

(41) 

Since the above delay is measured from the leading edge of the 1 ~s Tx 
pulse (time zero) this is the position of the target full response which 
should appear on the digital listing (fig. l6a) at location 249 (which it does). 

The basic range resolution of 150 m that sampling imposes c~nbe reduced 
for point target measurement by noting target relative response on the inte
gratot: output (Le. ,the digital listing, fig. l6a) or examination of the log 
videorel.;l.tive to sample hold commands (fig. l6bJ. The latter muat be done 
carefully, however, since t.he log receiver response to leading and -·trailing 
edges of a point target is not synnnetricai and there is a stretching of the 
fu~l response width. 

Tabulation of uncertainties associated with the timing parameters is 
given in Table 13. 

In practice theproblein is not to verify location of a known target but 
to assign a representative range to the sample taken at a precribed time,; 
Le., what is the range associated with a given intergrator location'? This 

is found by first combining receiver initial delay and rise time to forin the 
receiver nominal delay, TN (Ruston arid Bordbgna, 1966), Le., delay from 
excitation (transmitter pulse leading edge) to 50 percent response (Tr + TR/2) , 
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8 88 8 18· 31 11 ~4 48 15 11 10 7. 8 9 8 

240 245 Location 250 255 

(a) 

Integrator Analog Output 

Log Video (strongest signal 
is from WKY tower) 

Time Base 5 ]1s/cm 

(b) 

Doppler Gates 
Delay to the 
first gate 

Doppler gate 
spacing 

242 ]ls 

= 1 ]1S 

Figure 16. (a) Integrator listing of range-intensity for point targets 
(WKY tower complex). AZ = 256.2°, EL = 1.0°, May 15, 1975. 
(b) itA" scope display of WKY tower complex. 

which gives an integrator location range equation: 

where 

L 

s 

range of location L (m) 

integrator location 

integrator spacing (s) 

delay from leading edge of T pulse (s) to first 
x 

sample hold location 

delay from aperture to directional coupler (s) 
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TABLE 13 

Timing Parameters 

Parameter Value Estimated Uncertainty 

Initial delay, TD 

Spacing, S 

Rx initial delay, TI 

Rx rise time, TR 

Delay from Tx measurement port 
to antenna aperture, TA (wave
guide delay) 

-0.3 ]lS 0.1 ]ls 

0.99974 ]lS .0.0001 ]ls* 

0.1 ]lS .05 ]lS 

0.35 ]lS .05 11S 

0.1 ]lS 

In addition, the measurement is subject to variations in propagation, 
time of the order of 10-4 (0.01 percent). 

* This is based on a measured standard deviation of 410 Hz for seven 
measurements of the reference signal froni- May 15 to June 20, 1975., 
The mean value was 30.007743 MHz. 

T = receiver nominal delay correction = TI + TR/2 N 

TI = receiver initial delay (s) 

TR = receiver rise ,time (s) 

The reference (T=O, R=O) in this measurement (Eq. 43) is the transmitter 
leading edge. Thus " the measurement represents a volume in space having 
maximum range of RL and minimum range of RL - cT/2 where T is the transmitter 
pulse width (fig. 17). 

VOL ,MEAN RANGE 
CT 

R= RL - 4 

, 
Figure 17. Radar sample volume. 
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The range to the center 'of the volume 

(43) 

is probably the most convenient range parameter for routine use .. In terms of 
this range: and for mean spacing of .99974 J.is, the range equation for the NRO 
Doppler digital integrator is given by , 

" R (44) 

, ", 'c -6 
R = [(L - 1)(.99974) - 1.175]"2(10 ) m • (45) 

The uncertainty of this range is, of course, the combined uncertainty of 
the various parameters as given in Table 13. The most sig;nificant of these 
is the m~asuremerit of TD (,,0.1 }Js) arid the specification of re'ceiver nominal 
delay time (-.05}Js). Treating all uncertainties as uncorrelated random 
variabiles, the estimate~ standard deviation of the range measurement 'is 20 m. 
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SECTION 6 

Sun Flux Measurement Comparison 

CIM-NRO Dual Sunshot, June 2, 1975 

Solar radiation in the S-band portion of the electromagnetic spectrum 
offers a convenient source for comparing measurements by NSSL's radar with an 
independent measurement made by the Alconquin Radio Observatory in Ottawa, 
Canada. Solar flux measurements with accuracy of 0.1 dB are made at the 
Observatory and reported on NBS radio station WWV hourly. The comparison 
will help establish the accuracy to which received power is measured at each 
radar site. 

Received Power Calculation 

Predicted values of power received at the radar are computed from sun 
flux and radar system parameters. 

where 

(46) 

P (dBm) 
r 

predicted power incident at receiver input port in dBm units 

F = Observatory measured solar flux watts (m-2 Hz-I) 

Aeff 

= effective antenna aperture (m2) calculated from measured 
antenna gain G 

A = radar wavelength (m) 

BW = receiver noise equivalent bandwidth (Hz) N-

= 1.06 BW3dB (where BW
3dB 

is the half power bandwidth) 

LWG = one way waveguide loss (dB) 

LR = one way radom~ loss (dB) 

Cimarron Radar (eIM) 

-22 .,..2-1 F = 67.02 (10 ) Wm Hz [Datum from Observatory. Measurement 
made June 2, 1975, 1200 CST.] 

= 38.1 m 2 

~G = 1.8 dB 
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LR = 1:~p dB 

BW
N 

= 3.39 (106) Hz 

P = 10 log[6.702(10-2l) 2.91(10-1 ) 3.39(106)] - 2~8 + 30 ::: -93.4 -dBm 
r 

Measured rece:i:ved power, Prm, is derived from the data tape digital 
integrator record and the radar calibration curve. 

where 

.. , 

P 
rm 

(47) . 

= observed power at receiver input port with antenna pointing 
at sun 

Ps = observed sun power derived from receiver calibration 

-L 
c 

~OG 

= cable loss of the signal generator used- in calilJration 

= correction required due to log receiver signal averaging, 
Le., signal generator and sun signals having different 
amplitude statistics 

B
t 

= digital integrator truncation bias of .6 dB 

P 
rm 

[-90.0 - 6.7 + 2.5 + .6] dBm ,= -93.6 dBm 

Differences in measured and calculated r~ceived· powers (Pr ..:.. Prm = -.2 dB) 
reflect uncertainties in measured radar parameters. This value indicates an 
error of -0.2 dB with CIM inferring a solar flux .2 dB less than reported by 
the Observatory. 

Norman Radar (NRO) 

Following the same procedure as for the CIM radar, yields calculated 
if - power of -94.2 dBm obtained using the NRO parameters: 

'J 

I Aeff 

LWG 

BWN 

LR 

P r 

P 
rm 

= 

42.1 m 2 

1.0 dB 

2.12 (106) Hz 

1.0 dB 

-94.2 dBm 

[-88.7 -9.5 + 2.5 + .6] dBm -95.1 dBm 
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Difference between calculated and measured powers is -.9 dB and the 
difference between the two radars is about 0.7 dB with NRO inferring a solar 
flux less than CIM. 

CIM-NRO Dual Sunshot, ~une 16;1975 

A.nother se.t of measurements. were taken on June 16 with the following 
results: 

CIM 

P -92.6 dBM 
r 

P ~93. 9 dBm 
rm 

Difference = -1.3 dB 

NRO 

P =.-93.6 dBm 
r 

P rm .. =·.~94. 6. dBm 

Difference = -~8 dB. 

Conclusion 

Powers from the connnon·sburce measured by the 
than 1 dB. This difference is attributed to radar 
,gain, losses, etc .• ) - measurement e.rr9~s and is well 
able .. toleranees •• 

• ". ~ f -
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~ECTION7 :. , 

StandardDev:lationo£ :Estimat~s 

Standard deviations .of the, estimates of mean v.~toc.1~y,spec.trliIll w:I;:d.th 
and intensity have been previously analyzed and the 1975 data is little dif
ferent from previous data sets. However, the hardware changes (ADC and AGC 
at both sites) and tighter quality control provide valid estimates over a 
wider range of sign levels. 

Data suitable" for derivirig standard deviation of estimates were taken. 
at various times during the seaSon but only that of May 29 has been exten
sively analyzed. These results', as well as results from some of the 1974-
data (Sirmans, 1975) are given in the followingscattergrams. 

Ascattergram of standard deviation of intensity e$timate versus esti~ 
mated spectrum width paraineter is shown in Figures l8a and b. The time
cons'tantof 64 system periods (Ts) shown in Figure l8b:(k=3) ,was used in 
routine data ac'quisitionduringthe 1975 ·season. Note that the standard 
deviation of the intenSity estimate approaches 3 dB for smaller values of 
spectrUlil widths encountered (-l!'l s-l),. 

'd 
cri 

(a) 

2.0 
SNR~15dB 

o 

0 

is--.. 

---0°00 3>- --0 -- --0 0 °0 ° 0 0'"1r-

"'6'<13 000
0 

00 0 s 0 

0 8 '0 'b 

-- __ 0 . - L o ~. - -. . 'II 0 

°0~--~--~2~--~3~--~4~--~5--~6 

SPECTRUM WIDTH ESTIMATE 

O"FFT m sec-I 

2.5 4 

2.0 

. 
.i : 

8 o~ 

u; 1.5 
l-
e; 
Q 

~ 

u 1.0 
'" q: 

c:i 
<Ii 

0.5 o 0 

(b) 
SPECTRUM WIDTH.' .FFT (.; lee-i) . 

.' V-F~T 

Figure 18. (a) Scattergram of intensity estimate standard deviation versus 
estimated spectrum width. SNR > 15 dB. Dashed curves are 
theoretical for Gaussian spectra. k is the time constant param
eter in recorded data header, (Te = 2k+3 Ts ), k = 3 is a time 
constant of 64 radar periods, k = 5 is a ti~e constant of 256 
radar periods. Mean trend has been removed by linear regression. 
Data taken April 27, 1974 with Norman Doppler. (b) Standard 
deviation of intensity estimate, k= 3. Mean trend removed. Data 
taken May 29, 1975. 
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A scattergram of standard deviation of mean velocity estimate is given 
in Figures 19a and b, and scattergrams of the standard deviation of width 
estimates is given in Figures 20a, b, and c. 

All of the observed statistics agree reasonably well with theoretical 
predictions (Sirinans and Bumgarner, 1974, and Sirmans and Doviak, 1973). 
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Figure 19. 

(a) Scattergram of FFT and PPP 
mean velocity estimate standard 
deviation. Spectrum width esti
mate by the FFT with a 15 dB 
(below spectrum mode) threshold 
(FFT/15). This estimate has 
been adjusted for the expected 
bias of Gaussian spectra. Time 
dependent mean velocity trend 
was removed by least squares 
linear regression. Dashed curve 
is the theoretical standard devi
ation of the FFT with Gaussian 
spectra and SNR of 20 dB (Berger 
and Groginsky, 1973). Data taken 
April 27, 1974 with Norman Doppler. 

(b) Standard deviation of mean 
velocity, estimate FFT=e, PPP=o. 
Data taken May 29, 1975. Mean 
trend removed by linear regression. 
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Figure 20. 

(a) Scattergram of FFT width esti~ 
mate standard deviation versus FFT 
width estimate. No adjustments 
for estimate' bias ha;vebeen made. 
Data set has 15 dB < SNR < 30 dB. 
Estimates made witl.t 64 time samples. 
Trend removed by line,ar, regression. 
Data taken April 27, 1974~ with 
Norman Doppler. Solid curve is 
theoretical for Gauss,ian spectra 
and SNR = 15 dB (Berger and Grogin-
sky, 1973). ' 

(b) Standard deviation of spec~ 
trum width estimate by FFT. Data 
taken May 29, 1975. SNR > 15 dB; 
Ns = 64. No adjustment for esti
mate bias. Mean trend was not 
removed. 

(c) Scattergram of PPP width 
estimate standard deviation versus 
width estimate by FFT/15. No 
adjustments for estimate bias have 
been made. Data set has 15 dB < 
SNR < 30 dB. Estimate made with 
64 time samples. Data taken 
April 27, 1974, with Norman Doppler . 
Solid curve is theoretical for 
Gaussian spectra and SNR = 15 dB 
(Berger and Groginsky, 1973). 
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