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s t ter la on a ra est t y 

equating th r t o _ o_ _~in onto .e rad to \.,' e r te of now 0 

the ter fi~ ott the radama . 

T now of tl - \1 ter film is dste · -1l.y by ' vity ard 

1uid vis cous forces . C r eti ns due to · inertia of raindrop, 

1ndro sp s.sbing ff the ra.do 1 channcllin51 ter in form. of drops 

on ra® (surface ten ion) y ha.~ to be • 

Gib 1 a tbat t thickness of the wat .... r layer on th 

top h • phere ot the rad constant for a. steacy rate of rainfall 

and is gi b7 

d • thickness of water 1lm ( ) 

'1'1_ • viscosity of ter 

r • ra us ot rade 

R • rate of rain 11 

r • ens11ëv ot water 

• ace 1. duo to vity 

-1 -1 (gm cm sec ) 

(cm) 

(an eec-1 ) 

{gru cm--3) 

( ec ·2) 

subatituting 1L • 1 . 0 x 10·2 gm cm- 1 sec-l 

r • 21.; rt • 27.5 x 30.4 am 

('J • 1 - 3 em 

- 2 
g • 980 cm sec 

and e!anging the units of d and R to mm and nm hr -l giv&s 

-1 l/3 
d (na) • (R ua br ) 
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d 5.7 em t ,~tion (2- y) 

for 1 ditt rent rates o • 
T locity profil within the fi at latitnd Q on th rado • 

the do is: 

2 
-'D 0 

q co ... {dx -) 
/Y( 2 

îf at the ator = d2 

mean 1l 

'L( 
tor~ 

d2 
11_ 

T veloeity profU rlOWn n Tabl 2 . 

' ihU t t i rtie. of th r ndr e to their rate 0 rau in r 

w1: tend to reduee the r thickne bd t· e a tt uation ( s Cohen 1 tt er) 1 

two y atte tions of 3 to 5 db or ore 

55 foot • ter mdome nd 5. 7 cm. 

~ri n d using a 



1: 551 DI • EU...tJo.Jt"i.L<:t 

AND ; . 7 A'IT ru TI 

s " Attenuation 
Thi.ckn a. • t 

-1 thou - -1 db br msc 

0.07 2 . o.ol.6 0 . 024 0.7 

3 o. 0 4. 0.032 o.o 1.5 

10 0.15 6.0 o.œ 0.12 3 

)0 0. 22 A 7 o . 0.17 0 . 26 4 

lOO v.33 3 0.36 0.54 6 

300 0.47 18.4 0.73 1.10 0 

( _ r Bl is and ba d on Gi e rainl el) 



ocm ro n -: · ru~~ 

Ra la ti v locity 

( sa) (fr ct on ot ) 

0 0 

0. 2 0. 35 

0.4 o.65 

o.6 o.ss 

o.a 0. 96 

.o 1.00 
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I anticiJat the y be s sti na about atima. t s of a. tt nu ti on 

from r infall ta . pproa.ch is somewnat diff e nt rom the treat t of 

l • 32. h thods use the idea that intall rates obse-rved at int in 

th path of a sto approximate thos long a section through s 0 • 

quire a knowle e ot However .. ·"- 32 

· Wall ra e in rang 

speed of 

Ust I bav tere d in int grat C,J 

int and conaidering to r intalls t point . 

At nuation at 5. 7 c ia ven pproximately 

wh - t e r te of rainf' 11 hr-1 inte 

lternativ tbod of sti tin th attenuation i t 

b. es 

• x knote 

infall 

(2) 

t ot infall is int tad. o r a period o.r time (the storm' 

duration) at point in the th of the t • T epeed of the t is 

a ured. 1n knots . 

or le, if we eonaid a to1:m ot 12. 5 n . l in d p~h mo · at 

25 knot it 1~ have duration or l/2 hô'Ur. u the ver ~ rate or raintall 

in th atorm 1s 24 -

E 

\ ... 

t int will be 12 • 

ves 
60 

tion {2) g1 a db • 12 x 25 knots 5 .Al.. 6ô • WJ 

( 
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In qu- tion (2) for a (Y v total ra.int 11 or 12 mm the att nuation varie 

12. 5 kno 

25 
50 10.0 

In A dix .3 of my report I ve comput d the a.t tenu tion for a num r of 

pe of 25 knot • 

It 18 important to a di tinction between attenuation aU the way through 

th storm am tt nua.tion to a int inside th sto m. n radar i.e us d to 

sure the min in a to it i n -e sary to int grat the contribution ong a 

t nuation, th contribution from the r edge Will be attenuated by st or 
t storm (S Tabl e in App dix 3) . 

I cons1d r rainf ls in 24-hr perlods e it frequently pp ns tha.t 

t f tn rain oecura in on storm ot duration lese than 4 hours . For mple 

1 25 of rain r 11 in 24 t a station, i-t is llkely that ore than 12 

or thi in :tell in less t n 4 hrs . sto t vel.ling 25 kn ts w-ill e<Wer 

lOO n. mil in 4 hours . Renee the riod for int grating t rainfe.ll hould 

u ually b le the.n 4 hours to all.ow the aol sto or sto 1 to on th 

r dar at one ti • Sto durations are otten lesa tban 1 hour. 

stu<U ot rain tatistics (both au tic raingau.. data and 24-hr 

rainfalls) and dar data. (Fortin nd faos 1 ) con vine d tœ t sto s of 

d 25 knot and rainfall of 25 mm in l s than 4 hou do oceur in th Provin 

of Quebeo sev l times à sm s on. Tt ttenuati all the ;y tl1rœ 

th · s eto is 2560 2~ or over 10 db. 
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Th ~ tzoblam 

On 14 y 1962 eGil Univer ity np. li d to NRC for a $300,000 grant 

to r e the eost of a hieh performance 10- om w a.ther ra-da:r with radome . The 

nt wa. ward on 28 ovember 196.3. 

On 1 reh 1965 the writer re-join dt StormyVeatber Group to make 

recormn ndations on the design, choiee, proetll"ement, siting and housing of the 

MW vW5D radar • 

Parti cul.Ar attentiGn was \-o be paid to the quantitativ mea.surement ot 

rain and snow in the Pl'ovince or Qttebe'e and the Mont."al rea to malte it 

possible t.o earry out programs ot interest ~o the provincial and municipal. 

government.s . 

The main requirem.ente of a radar for research on the structure and motion 

of rain and snov stoms are goed sensitivit:r and high resolution wit.h minimum 

distortions due to siting6 range, attenuation, beamwidth~ pulse length and 

tluetuattng signals. 

2 . f he <ieKil PJ.aa or tnis Sifu41 

The cnoi a of waveangth affect the design and eeonomi.Qs of the entir 

radar aystem. Tberef'o-re we will start by making a ehoiee between ; .7 om or 

10 . 7 c__m. We knOV/ that tor a given sensitivity and reselu.tion it is péésibl 

t,o desicn a 5 .?- cm radar whieh will cos~ some t;o M l~s• than a 10. 7- em set . 

However we eamHlt recOD'Jmônd the 5.7 œn if attenuaftion at this wavelength 

will atfe.ct aignitieantly the eapability of the radar to make quantitative 

~nt$ ot rainf'all . 

· U, alter earetu1 a&eesament, we deeide that the attenuation at 5. 7 cm 

1s exceS-sive for our researeh purpoa-ea and operational programs" we will have 

to ex&mine the performano:e cf 10.7 cm rith partleul.a.r re-terence te the resolu­

tion or stonns ùtb a 1° bea.mvi.dth . At 10. 1 cm it ia net practical t.o obta.in 
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a beamv.l th ch narr 0 0 
r than 1 sinee for a 1 beam we t use a. large, 

expensive antenL o about 30 tt in diameter. 

he question th n ris s a to heth an antenna, ra o , est 1 

tem oosting about · 100 M is i line with th c t of the radar its 1! and 

wheth r we end up th a. lala.need radar yst • his le de to exam.i t 

relative costs of the antenna and transmitter systeme with a. vie to ach ving 

the quired eombination of eensitivity and resolution at 1mum c t . 

The ehoice of some of the other major components o the radar s· ueh 

aa p k power, pulse length and recei er sttn i ti vi ty can then made on the 

ba i of the senaitlvity e require. A sensitivity of 0 .10 to 0 .15 mm/hr of 

rain at 100 nautieal mUoo is the suegested requirement . 

HaVing de decisions on the choice of the major components of the weather 

radar 1 it is then possible to cons ider some pecialized techP..iques suggested 

by Dr. rshall involving the use or two transmitters o ra.ting on slightly 

dit fe nt. 1 ngths and the us of oth a lon a.nd a short pulse 1~~. 

The if'ferent v lengths give independent signala, the long pulse gives uoood 

si ti vi ty, nd th ~ rt pulse ves good s.ol.ution in the direction or the 

radar bea vhen tudying eell stru etures in s unmer storms . 

3. Att'JlMticm at 5.1 cm 

The question or attenuation t 5. 7 cm is a difficult one beeawse the 

etandards ot ace racy whicb we t set for oursel1fa , sa.y, 5 db power losa 

or a facto or 2 in rainfall . are very close to t e actual ma.ldnmm ttenua-

ti values likely to e_xperienced in the ntreal are {MW- 32) , 

.The question of ttenuation is alao an important one, in th category or a 

64,000 question, so th t every ff'ort should be 

decision. The pr nt study 

to arrive at the right 
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2) scus the relati hip between attenuat on d amo t of r infall 

with pa.rtieular hasis on hea to • 

J) R corde dat...a on the daily am.ount of ra.infall at stations in the are 

·th n 15 nautic 1 le of on treal. 

F g. 1 show r nt va ues o 
0 

the ttenuation constant for rain at 0 C 

s det d by vt'exl r and tlas (1963) f r 5.5-c lengths tog th er wi th 

thoe of unn and East ( 954) fur l8°C ra1n at 5. 7 cm as reported in Fig . la 

of 1. -.32. The sh pes of th two curves ar slightly different but the values 

are sentiall~ th ~ over th 
~ 

portant ra.n f rates ot rainfall fram 

2 to 200 hr -l. 

Fig. 2 ~ produe .. s th ds.t ot F" • 17 of MW- 32 ther üt 1 mount of 

rainfall are plotted inst the apParent amounts as measur d by 5. 7 ra. ar . 

In i' W- 32 it s uggest d that the a.ctual ra falls 11 lie within a aotor 

1 . 7 (d.ott d lin ) f thè obsel'"Vl d or pparont ra.infalls . However -12 on 

rror inherent in the radar ur ment of rainfall shows that a s 11 

underestimate o~ radar performance Will produce a Ye larue over-eatimate of 

ra.infall . The errors increas exponentially with the attenuat1on. A study 

ot the attenuation and rainfall in t model torms of · 48 a1ao indieates 

that the attenuation corré.etion increases ra.pidly with amount of r -e:.lnfall. 

T writer has also tudied ~he attenuation and rainfall rom actual and 

model stormst to eonf'inn t a.t tha curved line ehown in rig. 2 is a more 

real.istic upper lbd.t for very heavy storms . 

This upper limit. has also en lotted on lin ar saales of rainfall to 

indicate the ares. or rang of precipitation amounts which nay oeaur for any 

g1 ven observed or apparent rainfall amount. For aetual infalls o 25 t 

50 mm there is a pos.•ibility that 5 . 7-c radar m asuras 1 ss than balf of 

th actual rain. Fig. 2 als-o shows the da.n~er of a calibration rror leading 

to very high est:unates of rainfal1. It is for t .:.is r son that ttenuation 
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FIG. 1: ATTENUATION/RAINFALL-RATE VS RAINFALL-RATE 

C BAND RADIATION AT 18° C AND 0° C 



and tt nuat o oo cti ns are by ch 

as n n -idiou ", u btle11 , *' t ttracvi ", 11 roublesome" , "un&'t&bl " • 

"absurdly high ~ lnf la tl . Howev r, to c ent • nst the 

ua of 5. 7- e wav: 1 ngth for qua.ntitativ radar mea ur ts of ra.inf 1 

st sh th t rairif lle in excess of 25 occur vitbin t ran. of the 

radar. 

'l'able 1 sh tb t in a 24-hour period ra.infa.lls er the order of 25 to 

50 oceurred within radar ran e on August 10 and 15 ot 1959. 

et.ually all this rainfall y not een o-n the rad creen (say 120 

r di ) at one tinle . However, rain statist1cs1 e . g . Table 2, do indioate 

that eh ot th1 rain wtll oecur in ~ riods of the- (.}rder of 6 hours . .L - 32 

also hows b he h :ry rain ten s to oe-cur in short durations nd b*equently 

most of th.e rain t in one shower system of liadt d du ration (seo also the 

--48) . 

It bas en &ug tod ( . g . Fortin• s M.Sc. thesls) tha.t t ia more rain 

'to the .n~ and nort.lnfast of Mcmtreal tban the re iS 4llOS to t. island. 

Tab 3 i -'&$ the t ~al r ainf n for the fi ve s f..mlme:r m.&nths (May t.o September) 

for t.. statiens in nh of three o ons for the rs 1959, 19-60 and 1961. 

heft i more rain te the northweat of ~t<mtreal than close to the island. 

!n stu-<.ty'ing th attenuation problem are int.era.sted ore in the hearlest 

rainf'a.Us rather than tho average rainfall . Furthermore , since we are des~~ 

a radar with good sensitivity and resolution~ e are interested in quantitative 

a&urements or minfall over a wide areQ. corresponding to t ffeeti v 

co~ ge of the radar. This inwlves distances up to 240 n miles (twie the 

usetul range) and storm eeht)$:8 wi thin ran of the radar for er ioda from 

4 to 24 b.ollrS . Renee to obta.in ome measure of the f'requ ney of ~vent-s of 

possibl xCéasi ve attenuation, we eX&Uined the rainfâll from about lOO stations 



TABLE l: DAll,Y RAINFALLS IN MILL1METERS 

(Nine Stations on 4 Days in August 1959) 

Station !YlL,2 Aug 10 Aug 15 

l'Assomption s 26 10 

Farnham 24 38 l 

Huntingdon 6 49 2 

Nomi.ningue 5 26 15 

Morin Heighta 19 53 54 

Shawbridge 22 24 40 

Mani wald. 2 26 32 

Mont Laurier 0 27 26 

Ferme Neuve 1 28 44 

Aug 16 

14 

6 

6 

6 

16 

9 

10 

15 

13 



TABLE 2: MA.llMU)t RAINFALL IN DIFFERE rT TJME PElUODS 

· {Mean of HoaViest Storms at MoGUl Observatoey, May - Sapt., 1963 &nd 1964) 

~ -----~----~--· ~ ~PERIOD (Houa:}_--~- -· ~-- _ -~ 

1 MA. DroM RA FALL (~•~.) -'--~
4

~- __ :;

2 

~=: _ . _ l: ___ ~ -~!-~ __ :· -~ 

1959 

1960 

1961 

TABLE 3: SUMMER RAD!FALL m MILLIMETERS IN THREE REGIONS 

(Average ot 3 Stations - May to September) 

M9NIREAL_ REGJQN FURTHER MQI(fH FURTHFB NORTH AND WEST 

1• Assomptin Morin Heigb:ts Maniwaki 

Pa.mham Nominingue Mont Lauri r 

Huntlngcton Shawinigan Ferme Neuve 

410 510 500 

320 JSO 450 

430 470 780 
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in south. e (betwe v ta e ~ity) ·nd ~cord d in Table 4 

the numb r of ~ys i 1hich t least 10 of the. o~ t ons exp rienced more 

than on neh (25 . ) f in 1 on the am y . 

from year to r o tan :vears ' resulta were av raged. T bl.e 4 shows tha.t on 

su r season. 

Th .. re is a rea.sonable chance that most of thes 10 days in the s son will 

prod.uce ra.in of attenuation eater han 5 db . Furthe. ore, atudies of the 

heavi st rain are s o~ t · .es the n.ost interestin • If the appa. nt r dar rainfall 

is 20 , it is not really good enough to say t,he aotual. ra.infall is somewhere 

betwe n 20 mm. and 50 mm. (Fi • 2) . e r co end t .· use of 10. 7 cm to avoid 

the serions problem of attAmuation at 5.7 cm. 

4-. Resolution vith 1° am 

· e have e .. os en 10. 7 cm for the wavelength. For good resolution 

require a narrow beamwidth. At 10. 7 em we require a para.bolio renector of 

bout 27- t diamet r to produce a l 
0 

beam ( 3 db - one way or 6 db - two way) . 

Aot us.lly we recommend uoing a JO-rt diam t er reflector to give a 1° bearn ri tb 

ide lobes depre sed - db ( 2 way) • 

_ ree t study of the etfeet of fini te b amwidth on resolution of storms 

was included in {W-48 so this section will bo pt brier . 

Table 5 gives the • mum displaeemant ln na.utieal. mi a of storms having 

different d ents for various beamtf"ldths. A amwiàtï of 3 nnli displaees 

the edge of a torm of 10 db/nmi gradient a dista ce of l runi . 

· Fig . 3 plots the rra.ximum displae ma t againet storm dient for three 

beamwidths corresponding to 1 1/2°, 1°, and 1/2° b ams a.t 115 • It is 

pr t'erable to us th 1° be.am to the 1 l/2° b , and the further tep to 

the l/2° beam. ould usefuJ. if we co1 d ha e it (we can•t t 10. 7 cm) . 



FIG 2: COMPARISON OF ACTUAL RAINFALL AMOUNT WITH APPARENT 

AMOUNT MEASURED WITH 5.7 CM RADAR 
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·'0 TH 25 1· ILL OF RAIN IF 24 HOO 

June Jul.y A . Se t. Total 
5 Mo. ea on 

1964 0 0 2 2 0 4 

196) 1 1 4 6 4 16 

1962 1 2 4 2 2 ll 

961 2 2 l 2 1 s 

1960 2 3 2 0 1 g 

1959 0 3 3 4 1 u 

1958 0 .3 5 4 .3 15 

1957 0 5 4 0 5 14 

1956 l 1 2 4 1 9 

1955 0 1 2 2 l 6 

......... - - - -
7 2l 29 26 19 102 

- - -
Avg/: 0.7 2.1 2.9 2.6 1 . 9 Avg: 10 t orms/seaaon -

• 

*eut of a total of about 100. 
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How v~r, th s ~ :tram Lhe l 0 t.o the 1/2° beam does ir1vol ve o y s.. il displaee-

ents ot th ... ord~r of 1/2 n:r a.t 115 P .... '!li acd distortionR of this magnitude may 

not be exees ive for sorne purpo~~ . Fer hetter resol~,tion it is n~?.eessary to 

use ~ ort r ran,f~ea , as suegested on pages 19 and .20 of. MF-37. 

Givsn any sto profile it e us-oful to he ble t~J sketch the eeho profile . 

An id liz A ooam u 8 GWn in I* .. ig. 4 tnake t his relatively simple. The mo 

net mB. thematic 1 treatnent of Donaldao.n (19 5) may be required in special 

situations, but a good id a of the dis~ortion existing in ~ost storms ean be 

obtaine-d more quiekly' by approxima te graphical methode . Figs . 5, 6 a.nd 7 

illus.trate th~ eeho profiles obta.ined from e. !(;lw storms ~ing 10. 7 c.m and a 

0 
1 beam. The distortion t.o b expected from attenuation at 5. 7 cm is also shawn 

for eomparison. 

For quantitative rainf'all measuremente by radar the distortion due to 

beanwidth of 1° is less troublesome than the distortion due to attenuation at 

5. 7 em. Th finit b.eamwidth simpl.y a:p-reads ()Ut the storm but still gives the 

correct total back-soattared pewer and total rainfall . It would be an adva.n­

tage to have a iJfJam narro-wer than 1° to give bet ter defirût ion of storm eells 

at u; nm1 rrur • However thia is not possible with 10. 7 cm so we will have 

to use &horter rangEJS wnen better resolutioo is requiret.t. 

5. Cgst 8tud;: 

0 Our deciBio.n to U3"& a 1 beam and 10 . 7 cm means that He require an 

expensive antenna., radome, pedeatal .;vstem costing about --100 f . This is a 

largR-r and more expensive s:J$tem than i normally use -- on weather radars . 

Hovev r, our requirem$nts of senaitivit,- and resolution are higher . We shall 

now examine the eosts of antenna and tra:n.amit ter yetems to eh eck that tœ 

cO:mponents we ehoose give UB the r qu.ire-d combination or sen5itiv1ty and 

r solution a.t .. imum cos't# . Aetually t-re don•t have rauch choice cor cerning 
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FIG. s~ STORM AND ECHO PROFiLES WlTH 10 C~.A AND 5 CM RADAPS 

100 

1 
25 ~ 

1 

1 

- 6·4 t-
l 1 

... ! 
.s.: ! 
~ 1·6 r 

~ 

04 

! ··-·- ··-- ... __ -- ..... - .,..., 

(J 1 L.._-··-- L~ 

8û 85 

~-10 CM 

" ·n· ·......,-· TORM \ . . '\ s -,. . ' , --... 

( ~~~--\\~5CM /r·\. 
/ . ,, ',, 1 \~\ _, -- ~\ 

1 
,..... .. ,.-, \ 

1 ' . 
. \ ! 1 

1 1

' ' - -· 1 
' ._ __ _ 

1 /f \ 
1 

- --- -· -- - - - ~ 

_.l____________ . -- ____ _!_ ___ _ 

90 9&;. 100 i05 110 

n. m1les 

'-~ 

. .-

l 
: ! 
;, 

.~ ·, 
· ·! 

•' 



100 

25 

ï 6·4 ,_ 
"­

..c. 

E 1·6 
E 

0 ·4 ,._ 

FiG. 6= STORM AND ECHO PROFILES WITH l 0 CM A~JD 5 CM RADARS 

STORM 
. 1 

1 1 

j : 
1 ft 

.... -::::--.. 
11\ 
1 lu 

\ i 
'·~· .... 

\ 
\ 

1 1 

j~',,~:~ 
1 

\ 1 ' 

-· 1 ,.__- 1 
l _____ _J 

1 

:1 1: 
L ____ J 

0 ·1 L__ ·--.-1 

80 85 90 95 100 105 110 !1.5 

n. miles 



FIG. 7: STORM AND ECHO PROFILES WITH 10 AND 5 CM RADAPS 
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the ize and oost of the antenna unl sa we re willing to reduae the resolu-

tion. However it is de il'able to get some idea of th coat of obtaining 

different sen itiviti88 and resolutions . 

Fig. 8 shows that the eost ot the anten."la 1 radome, pedesta.l system is 

approxim.ately proportiona.l to the ante-nna diameter or the ~quare root of its 

rea.: 

CA • )800 Al/2 

where CA • Coet of Antenna, Radome , P: _desta.l 
System in#> 

A • Area of aperture of antenna in tt
2

• 

For 10.7 cm transmitters the aost of the t-ra snû.tter ineroases with 

peak power roughly as indiea ted in Fig. 9: 

CT • SS'O pt 2/3 

where CT • Coat of Transmitter/Receiver in~ P 

Pt =Peak ~rall8 tter power in kw. 

Following Skolnik (Rét .. 4) it is con'" enient to consider the eost of the 

radar (exeluding tower or building) as made up of three major eomponents: 

Radar Cost • Antenn& Oost + Transmitter Gost + Displa.ys/All other Costa 

C o CA + CT + e3 

The costa e3 
include the oost of the displays (50 M to 75 M) and misael­

laneoue equipment, installation char~ es, starl-up expenses and eontil'lgencies. 

For pre:eipitation filling the radar bea.m the s~sitivity, based on ~he 

rade.r equation, depends on the produot of peak transmitted power and antenna 

a.rea or P tA . 

Fig . 10 &hows the sensitivity 'W'hich may be obtained by employing antennas 

of different sizes and tra.nsmitters o! dit fere-nt peak povers. 'fhe minimum 

oost line, for a given sensitiVit;y ia achieved wh n the ratio of antenna cast/ 



FIG. 8: COST OF ANTENNA, RADOME, PEDESTAL SYSTEM 
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F1G., TRfi SMliTER/RECEl/ER SfSTEt. COST 
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FIG 10: MINIMUM DElECTABLE RATE OF RAINFALL AT 100 N •. MILES 

FOR DIFFERE NT TRANSMITTER AND ANTE NNA COSTS 
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FIG. 11: RELATIVE TRANSMITTER COST TO ANTENNA COST FOR 

MAXIMIZING SENSITIV11Y-RESOLUTION FUNCTIO NS 
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FIG . 12: COST LIMITS FOR TRANSMlTTER AND ANTENNA SYSTEMS 
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tranamitter cost 18 4/3. Table 6 BUD~D.ariz o some minimum eost data. 

In the a ove analys ie have lect d to ximiae the product PtA hich 

1 a. tn ure or the 8 nsitivity of the radar when preei ita.tion tUls tb 

beam. It precipitation doee not fill the beam, or alternatively if Vi h 

to plae additional weight and importance on resolution, then we my oonaider 

producte such as PtA'J/2 or PtA2 • F • shows the relative antenna cost 

J/2 2 
to tranamitter cost for ing P tA' P tA and P tA • The optinn.m:l 

ratios are 4/3, 2/1 and 8/3 respecUvel.y. T a aiJAl.ysis indioat s it i not 

unreaac;»nable to epend more mon 7 on the antenna. system than the transmitter 

system. 

Fig. 11 is a coat diagram whiah gives oost limita or a eost area defined 

by sensitivity, resolution,. total. ccst and antenna aize considerations. We 

might choose an ant.enna. system cost of lOO M and a tranami t ter system cost of 

75 M and obtain a sensitiv1ty of 0 .1 nm hr -l of rain, at 100 nmi and a resolu­

tion oorresponding to a 1° beam. 



H vin elos n the 1 ngtb (10. 7 em), the ant ~ na s ze f .30 ft), and 

made rough oost analysis ind cating that we ht wish to s ,. nd ·;t lOO M 

on the ant nn s tsm and %75 on t trang itt r , it i s time to loo re 

elosely' at t actual specifications and sensitiv!ties of existing and 

possible w ather radaru . Tab~ 7 giV< data for 7 existing ther rada 

and Table S similar information for 7 possi ble weather radars . 

hav tollowed a form of presentation suggested by Gunn (1961) . Since 

the Stormy ea.ther Group are very famillar with this typ$ of data (e •• Mi i-48) , 

we eha.U limit our eOIDI'AfMlta to a t w remarks . 

CP - 9 - are a.iming to copy the sensitivity and resolution of this 

radar and eliminate the attenuation p:toblem. 

Curtia Wrigbt and Mitsubishi RG-4B are "a.ll-purpœe" 5. 7- em. weatner 

ra.dare dèsigned to aell for less t.han b200 M. 

Mit aubishi Rei- 31 is a lO• am radar wi.th about the aame aensitivity as 

the ; . 7-cm sets but rather poor resolution with a 2° be&m. 

Antenna oost is slightly mo-re tha.n transmit ter e.ost . 

ws - 57 • deaigned speeitically for weather hu better sensit.ivi.ty than 

t he Mitsubiahi RC- 31 but the same 2° Again a.ntenna/ 

tr.ansmitter Gost ratio is about l . l . 

Al b rte. PPs-;02 ha.s been included ld.th ita neY 22-ft a.ntenna. Resolu­

tîon of this set will be: qui te good ( 1 . 2° beam) • Our eost, 

analysis indi-cates that the high antenna./tre.namitter coet ratio 

is oot out of line_ for a set designed for studying the struct-ure 

and motion of hailstol'fli!J . 

Mttsubi hi high power weat her radar en f{t. Fuji uses our CAPPI dis play. 

The design of this radar may have been infiueneed by its 

locati on, 12, 400 ft &hove sea level, the bigh winds, and its 

peeialized use for detecting typhoons . (We hav-e an interesting 

booklet on Mitsubishi Weat her Radars . ) 
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Looking at the specifications of 7 possible radars in Table 8 , we note 

tha t the Deoca 7SO ha.s a good combina ti on of s nsiti vi ty and resolution and 

no attenuation. This s t wo d have performane oharacteristics rather similar 

to the radar suggested by Gunn (1961) exoept for the wav length . T Decoa 750 

bas a high antenna/transmi tter cost ratio similar to our Alberta set . It is 

not unreason ble for a hish-resolution radar . \ve could use two 750 kw Déeca 

transmitters without oducing an unba.l.aneed system. Increasi the peak 

power from a Decea 750 kw to a Decca 2500 kw does not appear to be too attrac-

tive sine we gain 5 db in peak power but lose about .3 db in noise level or 

reoeiver sensitivity sinoe the 25oo-1cw system is not now available with a 

travelling wa.ve tube in the reeeiver front end . A Mareoni set is a possible 

alt rnative to a Decea . 

7 . Si tinS the Radar 

Three l ocations were considered: Ste . Anne de Bellevu Arboretum, 

Pointe C~aire Pulp and Paper Research Institute Building, and the top of 

t . St . Hilaire . 

Skyllnes , Fig . 13, from Ste. Anne de ll vue and Pointe Claire wer 

obta.ined by analyses of naps and obs rvationa on the sites . In ordcr to elear 

the treee at these sites, it is n cessar.y to plae the antenna on a tower or 

building at least 60 ft high . When this is done the skylin s are fairly good 

witb little above 1/2°. Two peaks in the Lak of Two Mountains area do extend 

above l/2° when viewed from ;:,te . Anne . The1r height (0. 6° and o. 7 ) nd 

erlent ( 6 and 8 degrees) are not likely to cause excessive screening. The 

water tower situated 0.4 miles from the PPRI building has an lavation angl 

of a bout 2° and subtends an angle of 1 . 2° in azimuth . 

Our experience with the CPS- 9 (1° beam) situated at Dorval Airport 

indicates tha.t the Lakeshore is a good radar site as far as the skylin and 



FIG. 13: SKYLINES FOR RADARS AT POINTE CLAIRE AND STE. ANNE DE BELLEVUE 
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trou 1 so rm..-m nt o 

of Tw .. ountain for r r t te. 

fram t sor ing 

radar at 

a eurrent experi e n 

ey four ~a< o • rlilaire rould 

dif't r ent 

ith 0 

line Tl elo e to horiz nt 0° v sibUity in ll directions. P ll.nt1nary 

anquiriea indicate that it would be too to build roads .: bring in 

wer to ke St. Hilaire a praotical 1 te for the dar. 

It ia important tha t ture co troctio will not s U th it • 

In th1a eonnection we note that the &re quite a few ew buildings nd 

f'actoriea arottnd the Pointe Claire district. everal new bui dings to th 

north extend up tot horizon. Do we have any guarantee that tuture buildingS 

in tbe Pointe Claire area near the PPRI will not use a major seree 1ng 

problea? F this point of view we are ch s t r on the arboret plateau 

at Ste. Anne• . 

Our tiret cboi !or the radar site ~ ste. Anne d llevue. The vi ew 

loold.ng .,aat. :from the organ Arboretum would be excellent for other meteo lo ical 

observations in addition to radar me ure enta. 
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It a rtant t t the radar set operate o ntim1ously thout any 

at ntion. S ne ar antitative ..._._... ...... ........ o o" n 

rainfal we quire minimum nuct tiona in tht:J e libration of th radar. 

are oing to eo ide ble expens to obtain good rad eoveraff With 

treedara fro distortion due to attenuation or the b width . Continuity of 

operation is of e-qual importance . 

Th design of 10- em radars is further advanced tha.n .5- or 3-cm sets . 

Extensive xperience has been gained over nany yea.rs with medium to bigh 

power S- band radars, and equipm&nt manuta.cturers auch as Decca claim that 

t-heir 750 kw S- band eets may be opera~ed unatten <!: and require little main-

tenance . The 2 ga.watt transndtters are relati wly new and 1 ss is known 

about their rformance and rellability. Th& relatively s ll gain in 

sensitivity which may be a.chieved by sing a 2 me ga tt t ansmi tt er rœy be 

ott-set by more frequent brea.k-downs or calibration errors . 

For some rograBt!l eontinuoua 24•hr operation is essential . In thes 

situations ther is major aclvantage in having two tra mitt rs to intain 

operationS in the event of a f'ai1ure of either transmitter. A two tra.namitter/ 

receiver system is roduced by Decca . 
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l . in he vy rain st tt nuate 5. 7 om as much a 5 to 10 db, it is 

r nded 10. 7 ueed . 

2 . A 30 di t er solid surf' ce raboloid refleetor hould be uaed to give 

l 0 be wi h sid lobes rtAn.~ 

3. T ra.dom.e is st.ill un r discussion. Littl ~ no c t 

by nt u ra · 

r tt ard r of 5 db at nd. Use of a. rado wo d 

red e r . of wn- t a all 

ca ble o o an l~ localiti • 

4. ~r pureh . 750 kw co rs.n.sm:tt t r or pul e 

3 croseeond is · cœmended. A Deces. recel 1: witb lo rit e mplifier 

and t raveU ;ve tube and nois,e level 6 db i so recommended. Sine we 

expect to u:se a sec tran mi ter of low peak power nd very hort puls 

1 ngt , sh _ d one! der the D ce . s- fr< queney diversi unit • 

S. Antenna u rt.h rot ti on of 6 rpm 1s rec.ommendad to aehi v a eompl t 

e nn1ng eycl.e in a period ot .3 minutes . 

6. T b st it or the radar 1 St • Ann de llevue o the plat. au ne 

the or an Arboretum. 

7. the ntenna on top of the building should be high enough to olear trees 

70 tt high. 60ft high bullding With an elevator · commende<!. T 

el vator will co t 20, 000. L borator.r s oe oost about 25 a square foot . 

Total co t ot buil.d1ng wi th two stor ys or laboratory spaee and eleva. tor 

is of t - order of 100~000 . 
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l 0 . Irocuf!il!!B and _Cost 

Information on the cost cf var-ious component.s of radar systems from 

different suppliera ia available in the McGil f1lea . 

It seemed sirable to narrow the field of enquiry. Accordingl.y a tt ntion 

wa paid to choosing the way, length and antenna size . Onee the decision has 

been nede to use 10. 7 cm and a. )Q-ft antenna,. tb problem of procurement i 

mueh s1mpllfied . 

The total eost of th radar set, excludL"lg the coat of the building, will 

be l•ss than :)00 ·1 . Provided we chO&s~ one 750 kw tra.nsmitter/rec ivar the 

eeat will be close to ·250 M. It is neommended that we get the long deliv ri 

items on order as soon a . possible . Suggested suppliers and alterna. te suppliera 

tor the major eompononts are listed below tog&ther with a oost estima.te quoted 

in for th equipment deUvered to the site . We expeet to reeeive addit.ional 

quotations in the n1JXt. few weeks but no tœ.jor changes in oost are expected. 

Racta.r 
Cœnponent 

Antenaa 

Ra do me 

Pedestal 

Tt-ansmitter/Receiver 

other Radar Parte 
Sparea 
Installation 

Displa;y and Reoorde 

Contingencies 

!adar without building 

Add Building 

·Eleva tor 

Total Cost 

Suggested 
Supeliflr 

R.F. System& 
sssc..o 

TaNRte (?-) 

Antlab 

Deeca 

lternate 
Suwl_ier 

Antenna. Sye 

ar Asaets 

Scie ti!ie Atlanta 

Cœt 
Estima te 

{ M Can . ) · 

22 

35 

35 

41 

25 

65 

25 

250 

ao 

20 

-- 3;0 
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l 2 · APPENDIX 1: PULP AND PAPER RE i!i. RCH UvSTlTUTE AT POIN'f'E CU - , P. ~ . 

PPRI is a tripartite enterprise with Governraent , Pu.lp and Pa.per Indu tri.ea 

. and oGill Uninrai ty. The Government provided the building, MeGill eontributea 

to tbe post- graduate training programme and the industries su.pply the budget 

money in proportion to th ir tonnage of produets shipped f r sale . Consolldated 

Paper CorporatiOD Ltd . ve in addition "lSO,OOO an ual.ly to PPRI. They 

speeialize in deve.lO)ltD9nt and r 1y on PPRI tor long term fundamenta.l work . 

Se-etions are the nain subdivisions el PRI or, nisa.tion. Each one ts 

under the responsibillty of a ellai _n . They are id ntifi d as Wood nd.a, 

Wood and Fibres , Proees-s, EngineePilliJ and Technical terviees. Aocordin.g t.o the 

nuaber or a.etive proje.ts a s&ction ean be split into div.i.sions . Normally! a 

divia1en inelude 6 to 8 people . Toehniaal Servie s ernploy the largest number 

ot people and have the hig t t.echnieia.n to scientist ratio . 

Details of the si~ and eost of the PP -I Labora.tortes are given belows 

~ oti _ 1957. 

Design Wlng strueture tor unrGSt.rict d expansion . 

Storie _ 3 w1ngs at 2; l ving at l, 
All era 1 pace below ground levol for 

utility se:rvieea . 

Are& 70,000 q. tt . 

~reetioa Co t 2,-250, 000, · 32/sq. tt . 

Add.itional Equi~t SOO, OOO. 

Architeet, Dobuah and St.t~art. 

Consulting ·ngineer Jas. A. earns, 4465 Sherbrook St. \-le ·t . 

Personnel • At Poi t Claire 125 
2 to 1 ratio of ~eehnieians to seientists 

till at McGUl -22, 
Total 190 

Annual Bttdg ,_ 000, 000. 

Floor plana of the PPRI building were obtained. 
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APPENDIX 2• NarES ON ELEVATOR 

'fhe sites at both Ste. Anne de -llevue ( adona.ld Colle e) an Peinte 

01 ire· (Pulp am Paper Reeaareh Institute) require a. building about 60 ft 

high so th&t the a.ntenna mounted on top of the building will not be shielded 

by trees and local buildings . A to~ e.r or buildi_ng of 60 ft r.qui:res an 

elevator for ,!)&rsonnel and equtpment . An out-door ladder would not be sa fe 

and oxtremely inconvenient. 

Our r q irements re diseUBsed w.tth Mr . Robert Leslie of Otis Elevator 

Co . LW, He SU?:Sested that they eould build a 2000wlb eapacity 4- st.orey elevator 

for $17,000 . T;ypieal at~e and opernting ~Gnditions a.re surmmrized belom 

Lo&d! 

Effective !rea: 

Doorr 

Stops: 

Operation: 

Cost: 

Sèlf Lsv lling: 

2000 lbs 

lOO f-t/min 

7' ou high - 3. ou w1de 

7 H. F. ,. 3 phase,~ 208 v or 5"/5 v 

4 etoreys 

... ingle Aut-omatic Pueh Butt.on 
Inehing r ature (not lf- levelling} 

$17 M appr<*. (Probab]Jr between $15 M 
and $20 M) 

4000 lb upaci ty - a.dd $3 M 

Add 1,5 M. 

We would not antieipate any spec-ial problems with this levator exe-ept 

the location and ehielding Gf the elevator moton would have to be oonsidered 



APPENDIX 3: MODEL STORMS 

(cf MW-48, F ;gs. 12a, 27) 
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PENDIX 3: TABL~ SHOWTh'G ATTENUATION A~fD RADAR RAINFALL FOR MODEL STOHMS 

Aetual 
Rainfall 

mm 

4 

8 

16 

40 

70 

Attenuation 
All the ~'lay Through Storm 

db db factor 
power ra.infall raintall 

1.5 0.9 1 .2 

3.2 1. 9 ' 1. 5 

6.6 4.0 2.5 

18 11 12 

35 21 120 

:easurement of Total Hain in the St~ 

db db factor radar 
power rainfall rainfall rainfall 

0.7 0.4 1 .1 3.6 

1. 5 0.9 1.2 6. 5 

3.0 1 .8 1.5 ll. 

6 3.6 2.3 17 

9 5.4 3.5 20 

0() 



Important inf'o tion on the ~ cGill Wcather Radar Concept, iting Problems 1 

rooure t D ta fro · several companies, Des cri . ti on f c r Co ponents ete. 

e e . was fil d, over a nod of years, in Roo 203 of the Macdonald Pbysies 

Building. Th data are levant to th present de ign. si ti and procure-

ment probl a rl were tudied by the lœiter. Additi ns va been mad to 

th e files but t original infomati n in each file as not remo-v d or 

re- Ued under s.noth r heading . The r~·1 e r numb. .. red in the follaw1ng ord r: 

Ti tl 

1 Availabl Existing dars 

2 U .s . Weather Bureau Spees . tor ther Radar 

.3 Not a and Thought-e on MeGUl Radar 

4 ore Notes on ather Rad r 

5 oGUl ather Rad :r Concept 5D 

6 Siting Probl 

7 coni 
8 RCA 

9 Decca 

10 

11 
12 A 

Curtis - rigbt 
Alberta Radar 

VJ.tsubisbi 

\2'B R~~~ 

\2C ~-c-< 

\'2. 'D ~~ Ut..c.:t. 

lJ Spun Dishes and Antennas 

14 P destal d t ·na Mounts 

15 agnetroœ 
<Trans tter-Ree 1 v•rs 
(cœt f Com onenta 

17 Building 
18 ,levator 

19 Road (St. Hilaire) 

·2o. 

( see Com.pacy Files) 
cJho 










