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THE DETERMINATION OF SPOT VALUES
OF VERTICAL VELOCITY AND PRECIPITATION RATE

by

W. S. Harley, H. Dragert and I. D. Rutherf'ord

. ABSTRACT

A_g~phical. techniq!le ispr~sented f'OI",b~he rapid comp~

'tation of' spot values of' vertical velocitY";",,a~p.t:e,g_ipJtationrate f'rom
Ueldsof' vortIcl7£Y"'aavecT:lon and 1000,:;100-m1;..,:tMSfJll3sS~~
taking Into accounoare-nrn"'Thl unaaturation, topography, latent heat
ef'f'ects, and height of' . cloud base. The procedure can be applied on
both current and predicted charts and the ef'f'ect of'instability is
incorporated·by meanS of' two regression equations.

IA DETERMINATION DES VALEORS INST.ANTANEEs .
DE IA VITESSE VE;RTICALE ET DUTAUX DE PRECIPITATION.

par

W. S.Harley, H. Dragert et I. n.Rutherf'ord
, -'.

RESUME

. . Lesauteurs presententune m'thode graphique permettant de
calculer rapidement les valeUrs instantan~es de la vitesse verticale
et dutaux de. pr~cipitation a partir dechampsd'advection de tourbil­
Ion et diadvection d"paiaseur de 1000-500 mb, en tenant compte de
l'insaturat'1on initiale, de la topographie, des ef'f'ets de la chaleur
laterite et·· de .la hauteur de la base des ni.lages. Cette techniqut;l peut
'3'tre appliqu'e tant aux cartes courantes quI aux cartes prevues et
l'ef'f'et d'instabllitEi es~ ajotite au moyen de deux equations de
regression•



THE DETERMINATION 'OF SPOT VAID'ES

OF VERTICAL VELOCITY AND PRECIPITATION RATE

by

. W. ,S. Harley,
H. Dragert

, . aDd ,

I. D. Ruther~ord

1. INTRODUCTION .

,The operational method o~ Q.P.F. d:~scribed by one o~ the
authors, Harley (1963a).,- permits the: preparatiori.o~ quantitative
regional ~orecasts o~ precipitation ~ram a~ew ~asic charts. The ~ol­

lowing graphical techni~ue ~or obtaining spot check Q.P.F. determina­
tions from both current and prognostic charts 'has been developed based
on an unpublished paper by Rutherford (1964). This method enables the
large scale vertical velocity.(e.v6) to be computed graphically from

advection scale. values of vorticity and thickness advection (.Az~z and

~). The ei:1:X-hourprecipitation rate is obtained on the same graph from

theUJ6 values previously determined (or from the total vertical velocity;
WE + W m .,. WH ) and the precipitable water values. This combined_
'6 6' ,'~"'~

,graph haJi. b£~n ~EBtructed for four different localities in Ca~da:..
(1) Edmonto~" (2Y. OUa:ia and Mon'Ere,;l, C3T""lOronto, ana=(lj:-)-Van-,..
couve~.Each graph is suitable for application to localities within one

'"degree latitude north or south of each of tlJ,ese centres,withouta:ppreci­
able loss of. '.l.ccuracy. For eXaInltle: the Edmonton g:r:e.ph is a'pplicable
'at Goose Bay; the Ottawa and Montreal graph can be used at Halifax and
Moncton; the T?ronto graph is applicable at London and Trenton, and
the,Vancouver graph can be, used at Winnipeg and Seven Islands.

Graphs have also been constructed to take the followiIig
effects into account:, initialunsaturation, topography and latent heat.
These. graphs are applicable in~al~ regions. '

..
,NOTE: The work done by Mr. Dragert~ an' undergraduate o~the University

o~ Toronto, in cOnnection with this paper was carried out during
'the summer9~ 1964 while he was employed as.astudent assistant
in the Research aridi~raining Division at Meteorological Head-
quarters i ,Toronto. " ,
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Instability effects. can be incorporated into the compu­
tation through ~hef3,pplicationof .two regression equations. The use
of these -e.quations is discussed in section 8.

2. COMPUTATION OF LARGE SeA-LEVER-TICAL VELOCITY G.J6 AND
PRECIPITATION RATE p

I where W
6 =

"I- f =,~

The large scale vertical velocity at the 600-mb level is
given by Penner I s equation (1964):-

- -lOa
- 6)6 = - (0.13 A- - + 0.12 A. ), (1)_f2 _ Z-Z -n

large scale verllcalveloc1ty at 600 mb, in 10- 3 mb/sec,

2...Q.. sin rj>,- the Coriolis parameter, in 10-5 sec-1, -

Az-z - a~ection of the 500-mb spac~ mean (Z-Z) vorticity
:-V • \l (Z.,.Z), in m/3 hr, "

g

~,= advectiono~ the 1000~50o-mb thickness ,:,Vg • V h, in m/3 hr.

For application to absolute vorticity charts, equation (1) becomes:

_100 /0.13 A a 12 A \ (2)
1----_+ -----:,------~W,6_-_,:f-2 \'2.65 Sa_+__' __hJ_',__-----:--:-- ~=___---~_-,-

where At; ls the advection of the absolute vorticity -Vi' • \l ~ in 10-:5
a ,g a

sec- l units and the factor 1/2.65, c?nverts A~ ,to AZ_
Z

'
a

The map scale factor is required when W is obtained
from the values of A~ and~ using an advection scale~6 This factor S
, a
is given" on the Ferguson advection scale (Ferguson 1963), but it should
not be used when computing GJ

6
fr~ the graphs giv~nin this paper (Figs.

1-4), since the factor S bas been incorporated in the technique by
introducing the map factor 'term, into equation (2) thus:

- (J'6 = If0
2
0 • 1.949 (0.13 At; + 0.12 ~\,

(1 + sin ¢)2, sin ¢ \2.65 a " '/

Where ¢ is the latitude of- the ;Locality for which the graph is con­
structed.
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A graph of CJ 6 has been constructed from equation (3) in

terms of the Z-Z scale values of ~bsolute vorticity advection At; and
. a

thickness advection ~,in units of m/3 hr, for each of the localities:

Edmonton, ottawa and Montreal, Toi-onto and Vancouverj (Figs. 1-4). As
indicated in section 1, the graphs can be used at other localities
within one degree latitude north or south of these centres.

The values of the coefficients of A( arid ~ in equation
a

(3) for the different localities are given in Table 1.

TABLE 1

udes.6 . q

LOCALITY LATITUDE U-J6.EQUATION

Edmonton· 53° 34' N 0.027 A~ + 0.065 ~_
.a

ottawa -and Montreal 45° 28' N 0.042 A(, + 0.103 ~

"Eoronto
a

43° 41' N 0.048A,,~+0.1l7 "\

Vancouver 49° II' N 0.034 A~+ 0.082 ~
a .

Basic W e i.iations for localities at the indicated latit

In Figs. 1 ~ 4, the advection scale values of AZ_Z are

given along the left-hand ordinates and those of _~ along the abscisBcae,

at 50 m/3hr intervals. The corresponding vertical velocities UJ
6

are
given by the slanting straight lines in the graph at intervals of 2 lO~3
mb/sec •. Value.s for .the precipitable water content of the 1000-500-mb
layer are. given along the right hand ordinate of each graph at intervals
of 0.2 in•. These have been combined with the W 6 values to give the

precipitation rate Pin in./6hr, using the table of precipitation rates
gLven in (2) based on the Godson precipitation rate equation. The'
values of Pare given by the curved dashed lines at 0.1 or 0.2 in./6 hr
intervals.

In order to use Figs. 1 - 4 when the advection of ab­
solute vort~city and 1000-500-mb thickness are of opposite sign, the
scale values of absolute vorticity advection (~ ) should be changed

a
to relative vorticity advection (AZ_Z) before entering the graphs. The
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scale value of At; is mUltiplied by.o.41 (~ 0.4) since
·a

. AZ _
Z

= 0.41 A~; (2):
a

The resultant value of Az-z is then added to that of Ahto obtain the .

. sum Az-z + Ah ., 'The required value of u.> 6 is determined by entering
the abscissa of the appropriate graph at the value of AZ_Z+'Ah thus
obtaine~. For example, if· the· scale value'of the absolute vorticity·
advection (At; ) at Toronto is -150 m/3 hr and Ah = .250 ~/3 hr, then

a
AZ':" Z = 0.41 X -150= -62 m/3 hr andAz_z + ~= 250 -~2 = 188 m/3 hr.

The abscissa.of the graph for Toronto, (Fig. 3) is then entered at the

value: 188m/3 hr, which'gives GJ
6

'=":23 10-3mb/sec.

When'~ is· negative and ,A t;. is positive the. procedure is
. a _

the..same as that described above. For 'example, with ~=-lOO m/3hr

and At; = 300 m/hr, AZ':'
Z

= 123 m/3hr, and; hence, Az_z + ~ ~ 23 m/3 hr.
a . . .

Enter the abscissa in Fig; 3 with the value: 23 m/3 hr and obtai~

-3 10-3 mb/s~~ for ~6.

case.

.... If the negative sign predominates, the procedure :will be
the same, but the resultant vertical velocity will be downwards. Thus,
with At; =-450 rD./3 hr and ~= 100 m!3'hr, then Az_z =':'185 m/3 hr,
. a . .
(from Table la) and AZ_~+ ~. = -85 m/3 hr. Entering t~3' abscissa

(Fig.' 3) at 'the value : .:..85 m/3hr, gives:W6 = +'10 10. mb/sec.

If the scaievalues obtaine~f?r eithe; A~ or~are
. . . . . a' .

1 -.4 may.be.entereddirectly,using the unaltered. values of
No adjustment of the original scale value of A~ is,

. a'

zero, Figs.
At;. ·and~.

a
.needed in this

The values of Az-i (rounded off to the .nearest 5 m/3 hr), '.

corresponding to' 0.41 At; . are given in Table .la for convenient rer'erence. . \.
...a
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TABLE'la .

.kz-z
the nearest' 5 m/3 hr).

~ 0 5 10 15 20 25 ' 30 35 40 45
a

.,

0 0 0 , 5, 5 10 10 10 15 15 20
50 20 25 25 25 30 30 35 35 35 40

100 40 45 45, 45 50 50 55 55 55 60
150 60 65 65 70 70 70 75 75 ' 80 80
200 80 85 85 90 90 90 95 95 100 100
250 100 105 105 110 110 115 115 115 120 120
300 125 125 125 130 130 135 135 135 140 140
350 14, 145 150 150 150 155 155 160 160 160
400 165 165 170 170 170 175 175 180 180 180
450 185 185 190 190 195 195 195 200 200 205
500 205 205 210 210 21~ 215 215 220 220 '225

Values of - as a: function of 0.41 A in m/3 hr, (to

Figs. 1 - 4 can be used to compute the magnitude of sub­
siding motion by reversing the sign of the advection values on the
graphs. Thus, if Fig. 3 is entered for values of ~ and Az-z = -100 and
-150 m/3 hr, respectively, the value.obtained for GU6 is + 19 10- 3 mb/
sec.

3. ADJUSTME:NT OF W(;l FOR nUTIAL UNSATtJRATION
. ,

Adjustment of the large scale vertical velocity w6 for

initial unsaturation can be made from the equations:

w = w 6 + w,
E6 s

UJ - 0.5 (T-Td) , for (T-Td) . "7 2° C,-s 7 ' 7

w 0, for (T-Td)7 5 2° C,
s

(4 )

(6)

where ~E is the effective vertical velocity at 600 mb, in 10- 3 mb/sec;
6

UJ = the vertical velocity equivalent of the 700-mb dew point spread,,s
in 10-3 mb/sec;
and (T-Td )7= the 700-mb dew point spread; in 0 C, see reference, (2).

Equation (4) shows that, in regions of ascending Diotion,
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where ~6 is negative, the value of GV 6 is always reduced by ~s (which

is always positive), except when the air is initially saturated (i.e.,
when (T-Td) ~. 2°C). In the latter case w6 = WE •

6

Fig. 5 gives the CJ E values as slanting lines at inter-
6

vals of 2 10- 3 mb/sec, in t~rms of the 700-mb dew point spread (T-Td)7
and the large scale vertical velocityUJ6.

_ The prognostic 700-mb dew point spread may be obtained
by making the following arbitrary assumptions:

(a) (T-Td)7 = 0 when CVE; 2 3 10- 3 mb/sec,
-3 .

(b) (T-Td)7 - 4 when - ~6 =-1 10 mb/sec.

In relation (a) it is assumed that the air has been
ascending at 3 10-3 mb/sec (or more) fora 12-hour period and that the
resultant ascent of 130 mb has been sufficient to produce saturation.
An ascent of this magnitude to 700 mb will produce saturation in air
that had originally only 50 per cent humidity. e,

GV6 = 2,

GV6 ~ 1.5.when

when -

-3 In relation (b) it is assumed that the vertic~l motion of
1 10 mb/sec in 12 hr (= 43mb) has been sufficient to reduce the dew
point spread at. 700 mb to 4°c but not to zero. In this case there is no

effective vertical velocityuJ , since CJ ·is then+2 10- 3 mb/sec
E6 s

(equation 5), and GJ
E6

- -1 + 2 = + 1 10- 3 mb/sec (equation4)~

Relations (e) and (b) thus determine the following
connection between CJ

6
and GJ (in 10- 3 mb/sec):. E

6
- CJ

E
- W

6
when

6
- w . = 1E6
- w = 0. E6
This method has been found to work qUite well in practice.

A procedure for forecasting the dew point spread has been
described by.Lewis(1957). In this method, the total ascent undergone
by the air during the period is obtained by first computing the vertical
velocity over six or twelve hour trajectories upstream from the location
concerned on the appropriate 700-mb prognostic chart~ (the original
paper should be consulted for details). The resultant dew point change
can then be obtained easily from a tephigram.
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COMPUTATION OF THE OROGRAPHIC VERTICAL VELOCrry w. m

The orographic vertical ~elocity can be computed from the
following equation: .

~

- W = A V VX;
m

where W . ­
m

A =

orographic vertical velocity, in 10- 3 mb/sec;

(
700)2. 5

gfo. P-
.. , ,0

~
V _. geostrophic wind, in knots,

V.H = slope of ground.

For a discussion of this equation and the meaning of symbols employed
refer to reference· (2).

The value of W is computed using a smoothed topo-. m
graphic map for the determination of VE, .as shown in Fi~. 9 of reference
(2), and a 1000-mb or 850-mb contour chart to determine V. ,When the
average elevation is less than 2500 ft, the 1000-mb contours are used,
and when the average elevation is 2500 ftor more, the 850-mb contours
are used. In the former .cae -the· wiu.e. of A is: 4 .•60 x 10- 3~ and in
the latter case:' 5.87 x 10-3 , inc.g.s. units, (assuming an average

. surface temperaturElof .100C ~n both cases ) •
. The value oft{' • V R is computed on the assumption that

the topographic effect will be tIDportantonly when the 1000- or 850-mb
geostropnic windis~erpendiculartothe topographic contours. In
practice, the topographic effect is. computed when the angle between
the topographic and preasure contours is ~ 60°. The slope of the
ground VX is expressed as 1000 where ~X is the distance between the

LST
1000-ft topographic contours. If the smoothed topographic contours are
at other intervals, e.g., 500 or 1500 ft, the required values of~X may
be obtained by a suitable adjustment. Since V is assumed to be per-. ... . . -3
pendicular to the topographic contours, the value of W

m
,in 10 mb/secJ

at the two levels can beobtaihed from the following equations:

- v..J - 4.60 x V at thelOOQ-mb level,
m AX

W : 5.87 x V . at the 850-mb level,
.m . "XX

(8)
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where .V is the geostrophic wind speed, 'in knots (or miles ,per hour), and
~,X = the 1000-~ttopographic contour interval, in nautical miles (or

miles) •

Fig. 6 is a graph o~ equation (8) giving the value o~ 4J
~o~ the 1000-mb level in 10-j mb/sec. ' Geostrophlc wind speed normal tam
the topographic contours is given along the ordinate at intervals o~ 10
knots (or miles per hour); and the 1000-~t topographic 'contour spacing
is given along the 'abscissa at intervals o~ 10 nautical miles (or miles).
The corresponding values ~or UJ are 'given by the radial lines at inter-m '
vals o~ 0.5, 1.0, 2.0 or 4.0 10- 3 mb/sec.

Fig. 7 is a graph ~or equation (9), similar to Fig. 6,
giving 6J ~or the 850-mb level.

m

When UJm < 0 andW6~0, the value o~ W
m

+W
6

should

be adjusted for ,initial, unsaturation be~ore proceeding to compute the
latent b.eat ef~ect,(provided -,W

m
~ G.Jq)~

5. THE COMPUTATION 'OF THE LATENT HEAT VERTICAL VELOCITY W H
'. ' . . 6

'The vertical ·velocity..due to the'release of latent he~t
call be.computed from Table 2 which Is, based on a. ~lnlte-dl~ference

,equation.glvenby·Pedersen(1963).,' ,

,

/

TABLE 2c

-30 -25 -20 .-15 -10 -5 0' 5 10

0.141 0.237 0.)37- 0.520 -0.744 .0.997 1.325 1.738 2.052'

The ratio W /' w "8.sa'f'un6tion 'or'the '100:"mb temperature(oC y. '
-H6,E

Table 2 gives'the va;lu6s o~the ratio w
H

/ -WE at
, ..... 6 _ '

dif~erent, v~lues of the 700 mb. temperature, ( '(PE :i"s now the sum o~ the

vertical velocity values: W -t w +.w).,
, 6, 'm _ 8

Fig. 8 Is a graph o~ the. total vertical velocit;r WE +
W + W

H
' In terms o~ the 700-mb temJileratureat intervalaof El

m 6 ..
5°C, and the e~~ective vertical velocity' W% + W

m
at intervals o~

2 10- 3 ~b/se;. The total vertical velocity is given by the curved lines
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, . '. . " . - -3 - .'
at intervals ,:of 2 10- 3 mb/sec up .to 52 10-3 mb/ sec and 4-. 10 mb/sec

intervals above 52 10~3 mb/sec. '.In constructing the graph, the' value,S
of, W obtained using table 2 have been added to the corresponding
.~ '. . .. " .. ,

values of u.J
E6

+ wmto give. the total vertical velocity,. In this

way two steps are combined into one •

. .At 700-mb temperatures below -20C>C} the 'relation between
temperattire.&nd;vertical velocity seems. to become linear rather than:
parabol:tc,~ ,Some of the assumptions on which the derivation of the
basic equation is 'founded also become somewhat less vall\i below -200C.
These effects account.forthe alight break in the 'curves occurring at
-20°C. However, most of the important moisture bearing air masses
have 70~mb tem~ratures above ~2()oC.

6. DETERMINATION OF THE PRECIPITABLE WATER W
P

The precipitable water content of the 1000-500-mb thick­
ness layer can be obtained from the current or prognostic thickness
lines of the layer (3). The precipitable water valties'corresponding to
given thickness. values are shown in Table 3.

TABLE 3

Precipitable water content of the .1000-500-mblayer W (in.), as a
function of layer thickness h (in tens of' gpm). p

.'. . The values'given in Table 3 are 70;, of the saturated
p;-ecipitable wa1;er content ,.of the 1000-500-mb layer. This percentage
appears to be the most realistic value to use for Q.P.F. computations.

, .

W 0.2 0~4- 0.6 . 0.8 1.0 1.2 1.4- 1.6 1.8 2.0
p

542 566 576 580 '585h' 509 529 552 ,559 571
13>'

.. -

, '.

The'precipitable water values of Table.3 can be cor-
rected for elevation by subtracting the precipitable water content of a
surface layer eqUivalent in thickness to the height of the station. For
example; suppose th~t ~' station has an elevation of 2000 ft and that the
thickness of the 100o-500-mb layer at that point is 5520 m. From Table
3, the value of W for the entire layer is 0.8' In.. But the saturated W

. , p . ' . p
value for th~lowest 2000 ft along the same thickness line is 0.26' in.
(see Table 3 i,n referenc'e 3). Hence, the adjusted value of W for the

" ,p
station is;0.8 - 0.26,= 0.54 in. A similar procedure is followed in
constructi,:bs Fig'- 9, except that, for t;llevations above 2500 ft" the W
content of'the whole layer is reduced by less than 100% of the p
saturated~W content of the surface layer. For

p

..
"
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~tation elevations equal to or less than 2500 ft, lOO~ of the saturated
W content of the equivalent surface-layer is su~t:racted fr!JlIl the un-.

p ,
adjusted value of W. When the station elevation is 4500 ft or higher,

, ' p
7CJ1, of th'e sat~ted W content of the equivalent surface layer is, sub-

p "
tracted. When the station elevation is between2500ft and 4500 ft, the
saturated W of the equivalent surface layer is assumed to change

p ,"
linearly froml0~ at 2500 ft to 7~at 4500 ft. This assumption is
reflected in F:j;g. 9 by the change in slope of the curve between 2500ft
and 4500 ft~ The precipitable water values obtained in this' -vay have
been found to give computed precipitation rates 'ill good agreement with
observations.

In Fig. 9, the effect1veprecipi'table water content of
the atmospheric layer below 500'mb is give~ by the slanting ,lines,which
are drawn at intervals of 0.1 or 0.2 in.) in terms of the 1000-500-mb
thickness at intervals of 90 m, and the topographic eleyation at
intervals of 500 ft.

DETERMINATION OF THE PRECIPITATION RATEP'

The values of W(obtained f:rom Fig. 9) are used in con-, p .' -"
junction with the total vertical velocity (obtained from Fig. 8) to ob­
tainthe precipitat~on rate P in in./6 hr from Figs. 1, 2, 3, or 4.
The slanted isolinesof UJ 6 can also be used as isolines'of 'w + W"

" , ' ," E6 m

The precipitation rate obtainedf,romFigs. 1, 2, ,3" or 4 '
can be adjusted, for height of cloud base ,by using Fig. 18 or Table 11
in. reference 2.

Since the cloud base is generally below 1500 ft in most
major precipitation occurrences; this effect can generally be neglected.

•

8.
, ' ,

EFFECT OF INSTABnITY ON THE PRECIPITATION RATE

In any region where continuoUs precipitation is occurring,
part of the precipitation can be ascribed to the release of potential
instability in generally ascending air. This effect cannot at'present
be computed easily by any existing operational procedure. ,'A first
approximation to the magnitUde of the precipitation reSUlting from this
process may be, obtained, ,however, by a statistical procedure based on
the results obtained dwing a test of theoperationalQ.P.F. method '
carried out at Toronto early in 1963. A' statistical analysis of the
results obtained during 'that: test produced two regression equations;
the first for use when the instability released was not intense, i.e.)
when no thundersto:rm activity was reported'in the area where the pre­
cipitation was occurring, viz:



•
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y = 1.06x + 0.06 + 0.06,
" - (10)

where y is the observed :2recipitation rate, and x is the computed
precipitation rate, in in./6 hr. The standard error of the estimate in
this case was + 0.06. The second equation can be used when intense
instability is-preesent, i.e., when thunderstorms or cumulonimbus
clouds are reported in the area. This equation is: .

y = l.S6x + 0.09! 0.07, (11) ,

where y and x have the same meaning as in equation (10). Equation (10)
is based on 32 occurrences, whereas equation (11) is based 'on oniy4.
The use of' 'an equation based on' such a small number of' cases is not,
usually justif'ied', but results obtained by its use have been reasonably
good, so that it is considered suitable f'or application on an E:!xperi­
mental basis.

In using these 'equations, the computed'precipitation rate
is substituted f'or x in equation (10) if' thunderstorm activity has not
occurred or. is not expectedJa~ in equation (11) if' thunderst?rm '
activity has.occurred, or,is expected. r

Equations (10) ~nd (11) should be'used only when the com­
puted value 'of the precipitation rate is greater than:' 0.07 and O.l'in.,
respectively, since these two equationaare based oti data from which
computed precipitation rates equal to or below these values were
excluded.

9. EXAMPLE OF A Q.P.F.COMPOTATION

'.
A computation was carried out 'f'or Edmonton, Alberta, (XD)

and Revelstoke, B.C.,_ (RV) f'or the synoptic situation of'March 17th,_.
1964 at 0000 GMT. The charts on which the computations were based are
shown in Figs. 10 to 15. The relevant portion of the topographic ~nd

surf'ace ~harts are shown in Figs. 10 and 11. respectively. The corres­
ponding absolute vorticity, 1000-500-mbthickness,and'S50-mb con:tour
charts are shown in Figs. 12 to 14, respectively,whi1e Fig. 15 gives'
the observed 6-hr precipitationf'or the periods: 1806 GMT March 16th to
0000 GMT March 17th and 0000-0600 GMl'March 17th, 1964.

Case'l - Edmonton

Computation of W6' '

From Figs. 12 and 13, using the Ferglisonadvectionscaie,
a value of So m/3 hr was obtained for the vorticity advection A-. , and a

, ~Z ,
value of' 45 m/3 hr for the 1000-50o-mb thickness advection ~. Entering
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Fig. '1 with these values of A- (left;..hand ordinate ) and A (abscissa),, z-z -11
give~ a ~erti~al velocitYGV6,of-5.0 10-3,mb/~ec.

,compute.tionof 'V
E_. " . 6

The '70~mb dew point ~pread,(obtained frOm: ,the 700-mb
chart, which is not~shown) is 1°C. ' Entering Fig. 5 with the value

'(T-Td~ ::' ll'C for the ,ordinate '8.n,dW :: -5 10- 3 mb/sec for the
> ' 6 -3

abscissa gives the effective vertical velocity W :: W
6

= -5 10 mb/
E6

sec. AlternatiVely, using equations (5) and (6) instead.ofFig. 5, we
see that, since (T-Td)7 < 2°C, (.Vs = 0, and hence;, by equation (4),
W6 =' w~ . ,

Computation of W and WE of W
. , m -6 m

To determine the orographic vertical velocity GJ , the
m

altitude of Edmonton is first obtained, i.e., 2219 ft~ Since ,the'
average elevation of the local area isiess than 2500ft, the 1000-mb
geostrophic wind and Fig. 6 are used. However, in this case, the 100~

mb contours are approximately parallel to 'the topographic contours, (see
Figs. 10 and 11) ~ 'Hence, W at Edmonton is zero ,and W "+, u.J =

'-510-3 'mb/sec. ,',', m ,E6 m

Computation of (J and lJ.) + u.J + w
H6 ' E6" m ,',% '

For the latent heat cOmputation; the value of the 70~mb

temperature at Edmonton, ~je., _8°C, and the value just obtained for '
W E

6
+, Win' i.e., -510 mb/sec,are required. Entering Fig. 8. wit.h

these values for the ordinate and abscissa respectively, yields a value

of -9.0 10-3 mb/sec for the total vertical velocity (iJ.) .+' c.v', E m+w
H

). 6 '
6 '

Computation ofW
, ,p

, , The value of the precipitable water W ,is obtained from ,

thelOOO-500-mb thickness and the elevation 'a·t Edmonton. ' The elevation
of Edmonton is 2219 ft and the thickness is ;5340 m(Fig. 13). Using'
these values in Fig. 9 gives an adjusted precipitable water content for

'Edmonton of 0.25 in. '

•

•
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Computation ofP

ReturniDgtoFig~ 1. with the val~e 01:-910-3 mb/sec for
the'total vertical velocity (abscissa) ,; and 0.25 for W (right-hand

o:ro.iiiate) a precipitation rate of '0.16 in./6 hr isobt~ined for the
period 2100 GMT March 16 to 0300 GMT March 17, 1964.' The interpolated
obserVed maximum prec~pitation in the area ,for this period was 0.14

. in./6 hr (obtained by tB.king the mean of the 2 observedmaximEi in Fig~
15 i.e. (0.21 + 0.06)/2 = 0.14. in.). The interpolated position of the
observedDiaximum is seen from Fig. 15 to be approXimately 40 'nautical
miles NE , oi Edmonton. .

Computation of theinatability effect

Use can be made of.equation (10) in Section 8.to ,esti­
mate the effect of 1;'PBtability. Substitution of the value. ,0. 16, in.j6hr
for x in this equation, and using twice the standard 'error of the
estimate (+ 2x 0.06), gives, an expected prec1pitation rate range of
0.11 to 0.35 in./6 hr. .

Case 2 ~ Revelstoke

The procedure.followed is the same as for case 1.

Computation of GJ
6

The values obtained for AZ';'Z and ~, (from Figs. 12 and 13)

are 50. m/3hr and zero; respectively. Sinceth~latitude of Revelatoke
is almost midway between that of Edmonton and Vancouver,the mean:of t~e

W 6 values given by Figs. 1 and 4 is used as the ';'alueof ,w
6

at '

Revelstoke. From Fig. I, the value of c.J6 = -1.3 10-3mb/secand, from

Fig. 4, GJ6 = -1~7 10-3mb/sec. Hence, the value of 6V
6

for Revelstoke

is -1.5 10- 3 mb/sec.

Computation of UJ
E6

At Revelstoke (T-Td)' = 7°C; hence W. = 0 (Fig. 5).
, 7 E6.

Note that, whe~ever the point arrived, at on this' graph falls anywhere to
the left of the W = 0 line, WE '. should B,lways be taken to be.· zero

% 6 .
and the c,orrection for initial unaaturation should be applied to .

,'W6 '+ W m·,
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ComPlltation oft..) m andwE~m

Although the elevation of Revelstoke is. 1497 ft, the
average elevation in the area is greater than 2500 ft •. Therefore, when
computing GJ , use is made of the 850-mb contour chart (Fig•. 14). From.. . m· ... . .. . .
Figs • 10 arid 14, it will be· seen that the 850-mb contours at Reve1stoke
are nearly at right-angles to the smooth~d. topographic co~tours.. The
measured values of X and V (see equation 8 ),are found to be 26 naut.iCal
miles and 35 knots respectively•. From Fig. 7, the value of UJ is found.. . m
to 1>e-8.0·1O-3 mb/sec~Since W . 1s, in thi.s case, less than zero, the

. .. . E6 .

correction for initial .J.naaturation is applied to the sum of· W 6 +- w
m

i.e., (-1.5) + (-8.0) : -9.510-3 mb/sec. From Fig. 5, with (T-Td)7 =
7°C and W 6 -+w m ,= -9.5 10- 3 f!lb/sec, an eUectiv~ vertical velocity WE

::·-6.0 10-3 mb/sec is obtained.

-+w +WH •
m 6

velocity, WE
.6

Computation of

Computation of loUR . and W -+ W +. w
6 . E~m------· H6

With T : -7°C and WE : -6.0 10- 3 mb/sec· (W is the
7 3 E

same as W -+ W ), Fig. 8 gives a value of -11.0 10- mb/sec. for the
E6 m

total v~rtical

W
P

The 1000- 50Q-mb thickness at Revelstoke is 544am (Fig.
13)., With this thickness and Revelstoke's elevation of 1497 ft, Fig. 9
gives\an adjusted value for Wp of 0.45 in•

.Computation of.P

Using Fig~ 1 (or Fig. 4), with the total vertical velo­

city = -11.0 10-3 mb/sec and W = 0.45 in., a precipitation rate P =
0.29 tn./6 hris obtained. Th~s value of Pcompares with a mean obser­
ved precipitation at Revelstoke of(0.29 + 0.14)/2 =.0.22 in.

Computation of the instability effect

Application of the regression equ~tionfor instability
gives a computed precipitation range of 0.25 to 0.49in.'j6 hr. .

10. CONCLUSION

A graphical method for obtaining spot values of vertical
velocity and precipitation rate has been presented, taking into account
initial unsaturation, topography, latent heat, height of cloud base and
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instability and two examples of its use are given. The procedure can be
applied to any locality in Canad~ and the estimated time .required for
the complete computation is around 10 minutes.

APPROVED,

J. R~ H. Noble,
Director.
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APPENDIX 1

. "."

SOMMARY OF GRAPHICAL PROCEDURE
- . " ; " .

3.

. COmputation of Ci)6 ",

1. ?btain sc~e·va.?ue~,of A~ and Ah •
, . '. ,'".. " a

2. Obtai~ 'c.J6'f~,OOl' Fi~B::' 1 .~ 4 acc ording to latitude of

stationusing 'T~ble'(IS. )if necessary.

COOlputation of CV E
, 6

Obtain (T-Td)7 frOOl the 700-mb chart or,.in the prognostic

case, using equation (4) and the proceq.ure,' given in
:"Section 3. ~;

4.
'- ~ .

Obtain GJ
E

. from Fig. ~'using W
6

and (T-Td) values .frOOl
. 6 7 .

steps 2 and 3.

(when contour

COOlputationof' Wand'U)E'· .'!"'W ,
, . ·m, ~m

obtain VfrOOl the '1000 or 85Q-mb, conto'ursg ,

•angle~ 60°).

6. Obtain. spacing of smoothed 10QO~ft topographic contours,
.~ X. '

9.

8.

7.

:8a. '

Obtain 6J frOOl Figs. 6 or 7 using V and.6 X values frOOl
m 'g

·ateps5:and 6~

Obtain sum of W and W· •
'E m6

If ""'6' 2. 0 add <.<)6 and "':';n v~lues and repeat steps 3 '

and 4·' to get v'alue of WE + U? m...
. 6

COOlputation :0i'W
H6
andwE~:m +, WH6

Obtain T
7

from the70Q-mbchart, or from the 1000- 500-mb

.thickness prognostic ,and Table, 1 of Reference 3.

10. ustng'resultof st'eps S' or Saj and 9, obtain the t~tal
vertical velocity CUE' + w -+- w H usinj Fig. 8.

6 m 6
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•

Note:

- IT-

APPENDIX 1 (con1t)

Computation of W
P

11. ObtainlOOO~500-mbthickness(current or prognostic) and
the elevat.ion of the station.

12~ Obtain adjusted precipitable water content W using result
of step 11 and Fig. 9. . p ..

C~putation of P

13. Obtain P from· values of (,J and W obtained in steps 10
. .p

ancL 12 uaingFigs~ 1, 2, 3, or 4, (the precipitation rate
graphs in Figs. 1 - 4 are id.entical).

Computation of the Instability effect

14. Obtain the computed precipitation range from equation (10)
if no thunderstorm actiVity has occurred or is expected
and if P > 0.08 in. Use equation (l1)U thunderstorm
activity has occurred or is expected and UP >0.1 in.

FIGURES 1 TO .4 ARE AVAIIABLEIN LARGE OPERATING SIZES
(22" x 17" ) FROM METEOROLOGICAL HEADQUARTERS ON REQUEST.

FIGURES 5TO 9 ARE ALSO AVAILABLE IN LARGE SIZEs
(12" x 9") ON REQUEST •



A GRAPH FOR COMPUTING Ws AND P F,OR EDMONTON
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A GRAPH FOR COMPUTING W6 AND P FOR OTTAWA AND MONTREAL
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·A GRAPH FOR COMPUTING Ws .AND P FOR TORONTO
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A GRAPH FOR COMPUTING W6 AND P FOR VANCOUVER
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. Figure 10
Smoothed Topographic Contour Chart
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Figure 11
Surface Chart for 17 March 1964, 0000 GMT
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Figure 12 .
500-MB Absolute Vorticity Chart for 17 March 1964, 0000 GMT
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Figure 13
1000-500-MB Thickness Chart for 17 March 1964, 0000 GMT
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1000-500-MB Thickness(m)



. . Figure 14
850-MB Chart for 17 March 1964, 0000 GMT
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A graphical technique is preserrted for the rap~

computation of spot values of vertical velocity
and precipitation rate from fields of vorticity
advection and 1000-500-mb thickness advection,
taking into account initial unsaturation,
topography, latent heat effects, and height of
cloud base. The procedure can be applied on
both current and predicted charts and the
effect of instability ieincorporated by means
of two regressipn equations.
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