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RANGE OF RADAR DETECTION ASSOCIATED WITH PRECIPITATION
ECHOES OF GIVEN HEIGHTS BY THE WSR-57 AT MISSOULA, MONTANA

f. INTRODUCTION

To properly interpret radar information, the "user" must understand
the capability and limitations of the radar [1]. This report was
prepared to supplement previous reports [2,3], which had shown fhe
amount of radar beam blocking due to the mountainous tTerrain surround-
ing the Missoula, Montana, WSR-57 radar {(see Figure |). The radar is
focated atop an 8,000-foot peak near Missoula. A blocking diagram had
been prepared which showed the height that reflective particles would
have to reach in order to penetrate the radar beam (see Figure 2).

The data described in the following pages will show the range of
radar detection associated with precipitation echoes of given heights.

th.  METHOD

At Missoula, Montana, a portion of the hourly radar observation
consists of a paper overlay on which all precipitation echoes have
been traced. The radar-indicated height of The precipitation echoes
are entered for the more important echoes. Observation time |imits
have made it impossible to do more than a random sampling of radar
tops of the more significant precipitation echoes.

The hourly radar overlays were examined closely for the years 1968
and 1969. The locations of all echoes for specific ranges of maxi-
mum radar tops were noted on grid maps. An assumption was made that
all echo tops did not exceed the indicated maximum top.*

The map used to locate the echoes was divided into grids of |10 minutes
latitude and 15 minutes longitude, or approximately |0-nautical-mile
squares, see Figure 3. The grid map is the fire-weather forest
boundary radar overlay developed by this station for use during the
forest-fire season for locating convective echoes with respect to
forest areas [4]. The size of the grid on this map gave sufficient
detail to echo focation. By placing the grid overiay over the regular
hourly overlay on a light table, the echo location could be accurately
and easily noted.

Separate grid maps were used for the different ranges of fops:

[0,000 ft ms! and below 18,000 - 20,000 ft ms!
i1,000 - 12,000 f+ msl 21,000 - 25,000 ft msl
13,000 - 14,000 ft msl 26,000 - 30,000 1 msl
15,000 - 17,000 1 msl greater than 30,000 ft msl.

*Note that the top of a radar echo is the fop of the precipitation
column within the cloud and can differ from the top of the visual
cloud by as much as one-thousand to two-thousand feet.




The first year of data examined showed less than 500 cases for some of
the above ranges of tops. A second year was examined for those ranges
that had less than 500 cases. |1t was hoped that at least 500 cases in
each height range could be examined but even with two years of data,

a few of the height ranges lacked sufficient cases.

Height Range Cases in: 1968 1969 Total
10,000 ft msl or less | 36 244 340
i1,000 - 12,000 1 msl 421 (266)part. €87
13,000 - 14,000 ff msi 868 - 868
{5,000 - 17,000 f1 ms) 1425 - [425
18,000 - 20,000 ft msl 587 - 587
21,000 - 25,000 f+ msl 487 (150)part. 637
26,000 - 30,000 ft+ msl |80 23] 411
greater than 30,000 ft msi : 189 158 347

When a total of ten occurrences were entered in a particular grid, no
other occurrences were tabuiated for that grid. Figure 3 through 10
show the range of echo heights. On each chart the enciosed blank

area indicates those grid areas in which at least ten occurrences were
tabulated. Grid areas enclosed by single haftching had 5 to 9 occur-
rences, and grid areas enclosed by double hatching had 2 to 4 occur-
rences., The dotted [ine on some of the charts is the nearest height
line tfaken from the blocking diagram , Figure |.

Figures Il and |2 show a summary of the range height comparisons for
Ten or more occurrences in the enclosed grid squares.

I1l. DISCUSSION
Several assumptions were made in the course of this study:
I. All echoes shown on overlays were no hilgher than the maximum
radar top. : :

Radar beam propagation was normal.

Echoes beyond the range at which tops could be measured were
also no higher than the indicated maximum radar top.

Height indicator of the radar was always properly calibrated.
The highesT top was measured.

The overlay was properly located on the radarscope when echo
location was tabulated.

All these items could have been in error at some time; so data in *his
report provides only general estimate of tops and range.

The charts 3 - 10 show clearly the operational range of the Missoula

radar for varijous precipitation tops. Only generalized statements can
be made regarding the range-height comparisons. The enclosed blank area

D
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shows where precipitation echoes of that height will be seen
"nearly all the time". The extended area indicated by the single
hatching shows where precipitation echoes of that height will be
seen "some of the time'". The extended area bounded by the double
hatching shows where precipitation echoes of that height will be
seen "now and then". The terms used to describe the frequency of
detection are hardly precise but percentages of detection could
not be determined by the method for This report.

An interesting sidelight obftained during this study was the fre-
quency by menth of the various ranges of Tops (see Table I).
V. REFERENCES

|. Benner, H. P. Interpreting the Rarep, Western Region Tech-
nical Memorandum No. 8, May [966.

2. Pappas, R. G. Derivation of Radar Horizons in Mountainous

Terrain, Western Region Technical Memorandum No. 22, April 1967.

3. Granger, R. The WSR-57 Radar Programn at Missoula, Montana,
Western Region Technical Memorandum No., 34, October 1968.

4. Peterson, R. R, Transmitting Radar Echo Locations to Loecal
Fire Control Agencies for Lightning Fire Detection, Western
Region Technical Memorandum No. 20, March |967.




T

AT
N v s
ham s
—p
&

L
a—

LY 4_2[
5 .
.

i

.Jaﬁﬁl

(Heights in

Mortana.

?

WSR-57 Radar Beam Blocking Chart, Missoula WSO

Figure 1.

hundreds of feet.}




WIW A

atavLatntag)

T
]

gk Sejeawanf S

N e 18 /] " o
_.. _r_w._\\ \\ i
AL i/
L7 = — N
llllmm\. -\\ T h.uﬂmuv_A \\b\ ~~——
L __ - /]
i a3
- |q_|U. \.A\ wl
A :
I By hlis]

C
SE—— T T
D
10

£

Figure Z.

Flre-Weather Forest Boundary Radarscope Overlay Used for Locaticng Convective Echoss wlth Respect

to Forast Arsas.

~5-
"

PRSP sttt

[rr P T

oho *




ur‘3:.;Ti;fgéiéglit;:ﬁSEE;}::::ZLhL.
"‘:‘-:.‘..Z' g l' \
o E LR

TR FACR BEGREE o Lititvee AW LDNENTH)
cuscrvtur i,

ot vien ™
T

PR
H

v

-

-

e H
At least 10 occurrences--echoes
of this height detected "nearly
all the time"

2 o 4 occurrences--extended
area where schoes of this -
height detacted "now and then”
Dashad line 1s 10,000-it. height
line taken from Figure I.

" Ry L mtiusre seh e ARWAYS §

5 to 9 occurrences--extended A

area where echoes of this

haight detected "some of the

T I- I'I‘.Iﬂ" - ‘u‘
[

USCEUMESIAD




MAF 2 TF7IN

ur,

e e - 2 e nr nr r =

gLT_
4
T

|

alay,

cﬁq“‘i"—t"“:_‘"ﬁ.

;”3"

"

Y
e

T
= ey

L
et

WOTL LacH DEOREE 08 LITITHSC iHp Liv
__ CONCENTMIC GigLan 3t nTdhvua

the time"

[
e

Figure 4. Range of Radar Detecticn with Precipitation Echo Tops |1 - 12,000 feet msl|.
-7-

At least 10 occurrences—-echoses of
this height detected "nearly ail

5 to 9 occurrences--extended area

) V/A where echoes of This halght

detected "some of the time"

8 2 to 4 cceurrences—-extended area
whera echoes of this height
detected "now and then"

Ll 1 e | '
e — :
" TL V120 LOW ALTITUDE YECTOR AIRWAYS
i e mmam—
e ot . e e Altesnna ] aipumps ot
1 ' r

I SPGB E,

nb bR 4T i

EOE 3 fl-LT-dj

o MAY N7TIN_B.83

USLOUN TS D




4

2o

f [
e race pecher v L

e e Figure 5. Range of Radar Detection with Precipitation Eche Tops 13 - (4,000 fest msl. =E

4 smony S e
At least |0 occurrences--echoes of’

thls height detected "nearly 2ll |
the time" i

5 o 9 occurrences—-extended area
where echoas of this height
detected "some of the time" w

2 to 4 occurrences--extended area -
whare echoes of this height
detected Ynow and then™

Dashed ling Is 15,000~ft. height
line taken from Figure |I. iy

et -
T B e

H PR
T
CAMRERY CUAPAUAL LA PLAETN, PTG PSS T

USCOMMESIAD




MAF B 773N e

e

=
i

¥

el

1 g
22

TV 120N N
<1

™.
o
e’

Fios

/’
Pz

B 7
: - 7,
: “,///Z/ NGt ,,A,ff?/é

AN BT RV
s !/ \,

R
TSR
B = 2
X -
Lo’ B b1 "
my
=
A% ohs
Q

i ey
! e
[P il
ot cug .
r

-

=z

.. detected "now

]

At least 10 cccurrences—-echoes of
this height detected "nearly all
the time" .

5 to 9 occurrences—-extended area
where echoes of this heigh¥
detected "scme of the time" -

2 to 4 cccurrences—-extended area
where echoes ot This height
and then"

" i [P |
V130 |LOW AITITUDE VECTOR AMRWATS |
e e AlternaE G iyt faute

PRI M WL

[ ..}
MAF N.77N B 83

USCOMME35ABC




hees of
this height detected "nearly all
the time"

5 to 9 occurrences--axtended area
where echoes of this helght
detected "some of the time"

2 to 4- occurrences--extended area
where echoes of this height
detected "now and then"

" Dashed lins is 20,000-f+. height
line taken from Figure |,

waP_82rin 863 |

.

D




Zﬂza%Z%ﬁmW/

i

of thls helght detected "nearly
all the time"
5 to 9 occurrences--extended
area where echoes of this
hefght detected "some of the
2 to 4 cccurrences--extended

= area where echoes of haeight

Fima"

detected "now and then"

T
L At least 10 occurrences--echoes

e

oo % 1
vl »
Lo it o u ARV

o

P —
"
ey

i
[Tre.
T et
—

NI Y
—

J

v
sdiawd g

!

"~

MAF R T75R

o] 'L'y N
=

Dashed line is 25,000-ft. height

line taken from Figure 1.

Range of Radar Detection with Precipitation Eche Tops 21 - 25,000 feet ms!.

Figure EB.




il R o}

- Figure 9,

T
epiven. o DL

Range of Radar Detectlon with Precipitation Echo Tops 26 - 30,000 feet msl, —
-121 ’

T W marrrer tric P i

Dashed |ine is 30,000-ft. height
line taken from Figure |.

At least 10 occurrences——echoes
of this beight detected "nearly

-
I:lai | the +ime"

5 to 9 occurrences--extended
ares where echcas of this

= height detected "some of the
Mﬂmg"

2 to 4 occurrences--extended
garea where echoes of this
3 helght detected "now and then




u§§'miiﬁz_ I'—
Vi =

i

13

Range of Radar Detection with Precipitation Echo Tops »30,000 feet msl.

of this height detected "nearly
all the time"

5 to 9 occurrences—extended

\ I ares where echoas of this

height detected "some of the
time"

2 to 4 occurrences—-extended
area whare echoes of This
height detectied "now and then"




e B T A Lo = e R

e

Y20

t -

A . .

o —
.J m?,.\

rs S

v e
¥Ry, S T
- [~ hemd
—— —Te,
L
Ch x
I

e

\ .
ALLA WALL A U owaky
LIl om i
- ol
i

P+ Figure 11.

(22

NNNN

Ranges of Radar Detection of Precipitation Echoes of Various Heights.

A sl /o 0
~ti =

e I

=+ = S

od £ w._."u_..;_!.. A "‘:’;..:m:
&N

:} 1 RS
O BZENEN LV =T 7 |

yrm

Tops %o 10,000 £t m.s.l.

Extended range with
tops 11,000-12,000 ft m.s,.l,

Extended range with
tops 13,000-14,000 ft m.s,l,

Extended range with
tops 15,000-17,000 £t m,s,.l.

oL

These Ranges e

Based Upon at Least 10 oeeurrences of Echoes within the 10 Naufical Mile Squares

Shown in Figure 3. 4




T
»

b e

) "
.

;::) . Figure i12. Ranges of Radar Detection of Precipitation Echoes of Various Heights.

MR

. . e L e
. e p—— e Cmh Ty
- .l
- tom
3, - - - ~]

B!

Cyffn

Radar Range Tops 18,000-20,000 ft

T 21,000~
Fxtended Range Tops 21, 22,000 £t

G0
ixtended Range Tops 26,030,000 .

ded Rah e Tops Greater Than
Bxtende & ps 30,000 fv

These Ranges

Based Upon at Least 10 Occurrences of Echces withln the 10 Nautical Mile Squares

Shown in Figure 3.

-|5-

ioze oy Ll 1 U




TABLE |

FREQUENCY OF RADAR-MEASURED TOPS OF PRECIPITATION ECHOES,
MISSOULA, MONTANA

Height in Hundreds of Feet

90-100 110-120 130-140 |50-170 180-200 210-250 260-300 Above 300

1968
Jan 33 69 |06 66 18
Feb i5 44 34 117 25 |18 2
Mar 5 56 156 |33 I 5 3
Apr 8 78 101 110 33 23 I
May 8 5 54 13 63 65 26
Jun 4 20 70 24 89 74 33
Jul 3 |4 36 40 52 29
Aug I |3 68 110 121 44
Sep [ 8 28 91 76 94 39
Oct 6 20 59 200 46 19
Nov 4 48 95 (83 27 7 3
Dec 42 49 |28 184 49 9
TOTAL 136 421 868 1425 587 487 180
1969
Jan 3 28 41 |59 20 8
Feb 32 88 68 45 10 2
Mar |5 22 65 60 8 6 i
Apr 24 45 94 101 45 30 [
May 2 il 43 88 6l 4] 20
Jun 6 28 34 67 52 53 35
Jul 6 22 44 27 59 47
Aug 2 2 | & 17 45 45
Sep 5 5 8 62 85 {54 70
Oct 23 50 55 126 50 19 2
Nov 22 48 53 46 16 4
Dec i1z 90 65 58 2
TOTAL 244 423 550 870 393 421 231
| 968-69
Jan 36 97 147 225 38 8
Feb 47 132 102 |62 35 20 2
Mar 20 78 221 183 19 Il 4
Apr . 32 [23 195 211 78 53 |2
May 10 26 97 201 |24 106 46
Jun |0 48 104 191 41 127 68
Jul 9 36 80 67 Ii1 76
Aug i3 15 82 |27 166 89
Sep 6 I3 46 153 161 248 109

. Oct 29 70 114 326 96 38 2
Nov 36 96 138 229 43 I 3
Dec 154 139 193 242 51 9
TOTAL 380 844 (418 2295 980 908 41
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