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WIND COMPCNENTS A'D TEEIR RELATION TO FORECASTING

Plen

1. Purpose of paper.

(A) Departure of fictusl Winds from Geostrophic
Winds.

(B) Use of this departure in forecasting movements
of highs, lows, and fronts.
(C) Relative liagnitude of wind components.
2., Theory.
(£) Development of gn of Horizontal motion.
(B) The approximations
(C) Relative magnitude of the wind components.

3. The numerical determingtion of each term in the wind
equation.

4,

Determination of the vertical wind comnonent.

5. Changes 1in wind caused by each of these comnonents,
€. How to make use of this theory.

7. Emanple.

8. Repid Qualitative rules.
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Upper Wind Components and TForecasting

Purpose,

It is generally assumed that upperlwinds may be
taken as geoetroﬁhic winds to & close apopoximation.
(see REferences %&3 1,2). However all toox frequently
upper winds at a.height, say, of 5000 ft, show serious
departures from gradient winds, especially in direction.
So great is this departure that at once the suggestion
arises to make use of 1it.

The isallobaric component of the wind gives the
direction of rising or falling pressure, also the magnitude
of the gradient of the nressure tendency. By finding the
isallobaric fields it ir possible to determine the movement
of pressure centres and Tronts. Finding such fields aloft
has ite advantages over using the isallobearic figlds on
the surface of the earth. First, such fields at the surface
epnear very irregular. The terrain changes elevation, and

such fields at the surface do not give a true picture of

the horizental issllobaric grédient. Furbher the surface
nressure éhanges are affected by deily varistions due to
the sun's heating. They arez also radically redestiy
affected by turbulent conditions such Qs in thunderstorus.
Again, upper frontal systems are not easily found by
surface pressure tendencigé. Further, frontel systems

and low pressure centres frequently exist in the lower
layers of the atmosphere while the upper layers are subject
to prevaling winds only and therefore the deily weather

chert will not be in any wry useful for the forecasting



of " upper winds. Yet this latter type of forecasting ié

of utmost importance in aeronautical meterorology.
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Examples of the usefulnass of this departure from
gradient wind are given in Showslter's paperfi(3), and
in Bjerkmes and P:lmen's "Serial Ascents".(4).

As for the relative magnitude of the wind components
other than the geostrophin component,’it is partly the

purpose of this paper to determine them numerically.

Theory

The Equations of lMotion.
The following follows closely Sutcliffe(s).
Begin with the equations of motion as developed in Brunt

(6) for axes oriented in any direetion:

%Hw("’”m%w@—”m%)fé%’ﬂ%** """" )
gﬁ; fchfzaﬂubfa“dﬁ3+-U““¢¢9 % “%:é?g P Cé)
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where u, v, w, are actual velocities including vertical
velocity.

@ =angle with east-west direction.
¥,Y,Z are exterior forces like surface friction. Although
the gravitational force is a vertical . force, acd is given
byayin the 3rd equation, yet it may nroduce a horizontaa

acceleration like its effect on a ball

/ by

on a hill. This force will &also be

G

included in the X,Y terms, | L
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The vertical velocity , by comparison with the
horizontaa veddcity is small. The terms.zédéwfgy%@ w’
and 2 w coogawﬁp @ in the first two equations are to
be neglected. Later the order of magﬁitude so neglected
will be determined.

After this epproximation equetions (1) and {2)

becone:

'2?%.-laJ0w4*jy9 QT#Q X = i (*)
%mwuméﬂ"‘*’@géf)/‘ - - &)

These combine to give:

W p2ipy e Vr-Ltop » A ~ - ~ = ()
e IV~ -5vp C
where is the horizontal wind, a vector quantity. (.

v
F is the horizontasl acceleration caused by

turbulence and gravity.

From(s,), ;-zp (%g) +zc'wm¢/%lz/; = -_,-é v/ﬁ = £

Assume that %%;é%%)and ff—aresmmﬁl by comparison with the

other two terms in the equation. - Then
%‘?W—év R .

From (6) g—;—+ u?}_‘/r - %_ fw%_;_/—,h (‘._zwm%(l//jz -—é— V/Q#' V=i
Put 2w e <ﬁ~/

From (7) voov‘/ 5‘* 7)’“w%i;*'/‘7=-’é’vf*/:'

For gradient wind V , ME //l7j ?V{ﬁ’
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Therefore, c‘/V:[/,/} —j'f)_v//é —(u %,‘i: # &QV)‘MQV + F

5 D2
= L e y}t/ P I A Ay
that is J J /z f 7—/ # i - 7—/— &)
Deal for the moment with the term ¢ %ji T-ﬁ‘%ii .
U=V¢a—=d'
[/mhld‘\
7’ é~3&7 has é : oY 2 U o U~ v~
e omponents ¢y 2% _ » p2d U J L il
Ct oy i or Ty o T T,

.that 1s Yan Y (Vo' & o (Ve a). 3(Va8) .9 O(th6)
at is [V epm o (/ir,) 4 e 'éf?ﬂ )Vﬁwa._ggx,.+.yhuﬁ "S%ﬁ\

Take &£ ~0
)V’, V/')B

Then these components become V45 v

-—

The first comnonent will be in the same direction as |/ ,

the second perpendicular to V.

Put v, the rsdius of curvature of the stream 11ne6<?59 }§
S the distance along the stream-line. Then the comnonents ‘ QB

—_—

A
The wind equation may now be written -

_ ' Qv v P Lt B & F
V= J(OV/O —“Vrr) ,ZA, %7)+ Virs i

5
are(/ag, V

i 1t be
Now I¥/Wfyf be decided to neglect all comnonents of

the wind except the geostrophic component, then there

will be no change in the pressure fields , end the

atmosphere will be in equilibrium with no changes occurring.

Here, then, ' appears a limit to forecastingfll The relative importance

of 2l1ll terms must be found.

Offhand it would be convenient if the most important
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term were the isallobarié term, sn@ that the other terms
were of smaller order of magnitude,

Considerations near the equator are golng to be
different. There the geostrophin term is negligible,

-

and the isellobaric term must play & very imnortant
role. There must also be, by comperison, large verkical

velocities,

The determinations of the relative megnitudes B8f the Terus.
)

To work with the original equetions (1) and (2) sesms
honeless, Tt will be necessary to use the sim~lifieé
equation (8). To find what oeder of magnitude was
neglected in the simnlification, the terus2: «wadas |
A %%ﬂ nust be comvpared with the other ternms of_‘the
equations(1) and (2). It will be sufficiet to compare
them with the termsﬂivﬂﬂhﬁfo and R M’Uﬂi~¢o

Take the sxes L-W, N-5, the ratios of the ter.us

to be compared are: W end O

9%

At latitude 45°, the first term is 45,

In any cese fﬂlfz does not materislly chenge the order of

S

.%yg,, so the order of umecsnitude of 7&5

alone will be found, It will naturelly be of the &:ine

3§ £

magnitude of

S - oS ‘
order of magnitude of tlie <lones of fronts or less.

How should the verticel comnonent of the wind velocity
be determined? In making isentropic charts 1t is assu.ed
that, as long as the eir remains unsaturated, it moves
up or down isentropic surfaces, that is, surfeces of

I S o - Lo ag
equal potentiel temperature. Therefore, - is the slope

£ =

of the 1sentropic surface in the N-8S dircction.
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where tany is the &lope in direction of
the wind,
)/is the angle of Winqywith N-S5 direction.

In spaces like the south-western U.S. the lanse-rate
in the atmosphere may be adiabatic, or nearly so, &nd then
the vertical motions may be apnreciable. Yet the winds will
not have corr-spondingly large horizontal components,
The lines of eqmal height may be draxmx far apart, or BEEFTY
at least drawn so. Then the vertical motion 1is indeterminate
by isentropic chart. Use of such & chert chould, therefore,
be restricted to the cases where the lapse-rate 1is
reasonably stable, |

Working with the iSen%POpiC surfaces for
for May 10-18 (incl), stations OL. WKS. ZN, orkF, the

following results were obtained:
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- Average Yalid/d7/¥U¢/ value of the ratio,%ﬁfis of the
order,mﬁsor less, combarable with the slope of frontal surfaces.
This, then, is the order of magnitude that is being neglected

in obtaining equation (8).

The orderhof magnitude of the terms for the horizontd wind compondnts

(1) Grafiedt wind. (Vg): This will always be comparable with the

actual wind velocity, sometimes smaller, sometimes larger.

(2).Teﬁf.gﬁ%:'%¥§ -V,
2V »

77 mean the change in the horizontal velocity per unit
increase in height above station. This cah convenlently be found
from balloon run observationg;CAQVZ both in magnitude and

direction per 1000 ft, at some FPFFYAY specified height .
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It may be argued that balloon-run observations are
not sufficiently accurste to give a reliable figure for
This can only be decided by studyémg the observations for
ahy one day and seeing if they show systematic changes both
in direction and magnitude.
Studying changes in directi-n first, the following
are the changes , every 1900 ft in the 11AM (EST) observations
of Feb. 16, 1939: .
‘HR.: Betwesn 4 and 14 thed £t direction changes gradually
from 350 to 280. |
Ve,

¢ Direction constantkg after 5000 ft, 270
CV,.,: After BOOO‘ft: Direction chenges fer 1000 ft are
-2032 0, =10, 0, 0, O, O, 0, O, -102
KY.: Direction 3io to 320.

WA.: Direction changes: O, O ,-20, -20, 0 ,0 ,-30, O.
Ignoring changes in direction for the moment the changes

in wind magnitude, with average per 100 ft are given below:
Only the &kxmxkkxm winds above the height where the directim

becomes steady or steadily inceeases are taken®

- Feb. 16, 1 PU
Station! Initial !
height Incresses z Ave
HR 2000 3 8.2 1 .2.0 4 -3 4 -1 5 4!
2 4 B A & '"
Ve 5000 6.2 .2.2 0 42
- ca 6000 | 4,2 4 O -7 10,7, 4 r3
EY 8000 | %2 9 4,6 4 -2 6
cv 00 |4 5.3, 5,36 25 2,075 4
KY 0 3 ,-5_ 0 18 11 Q5 3 -2 4
WA F
0 18 -6 -6 14 26 -22 -13 5 | 2
€O §
4000 8,7, 1 5 1 =1 1. 4 3
ac :
5000 12, 6,3 3 4 -4 .5 1.1 |3
HX ,
0 10,9 -2 -9 -4 30 13, 1 6.
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Station Iﬁgtial f Increases per 1000 ft Ave
PK 6000 | 7.8 .8 ,-7 2.7 ,0 ,-10 1

NU 5000 -1,-1,5 ,7 ,1,-3 1

ID 5000 6 1.-2,5 .5 .7 ,-2 05 3

KW TOO LIGT

cs 4000 b.9.7 6.5 4 -1.3 2 2 4

LY 0 6 -2 3 q-q 0.5 -1,1 -8 8.7 42

NG 2 0 T4 R | -2

0 2O F S =5 ;05 15 =5

RW 5,676 Z17 -k 19 3

aw 3000 8,10, -8 ,=2 -6 ,5,6.13 .10 -4, 10 |5

sU 8000 6,8,8_ 6,5, 11 7

XW 9000 14 10 -3 4

Another observation to be made is that when the winds

are easterly, the velocity decreases generally with height

(once past the turbulence layer). The results sEXpagE above

were taken from observations of westerly winds, in general,.

The one case of decrease of wind velocity is actually a case

of easterly winds.,.

Ther is a physicel explanation for this. Air-masses

moving eastward lose apparent weight, while air-masses

moving westward increases in apparent weight. Therefore,

a mass moving esstward will have its main mass movement

close to the sufface of the earth, this mass simply forcing

the older airmass aloft. On the other hand, a mass moving

eastwerd will move mostly aloft.
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The above results establish the existence of the term
;%é;; the increasse (or decrease) of wind velocity with height.
It is a very real term, which for west winds is of the order
of 3 to 4 miles per hour. per 1999 ft increase in height.

To find ~, it will be necessary to find the slope
'of the isentropic surface,{ﬁ% , Wwhere 43 is the horizontal
distance, taken in the dieeﬁtion AV , for a rise Ahin the

surface,

b~= 00042/ %é (ép)(

where w- is measured in m.p,h.
4k 1s measured in dekameters
aS is measured in miles.,

4?-=loqa~;¢7=0'3a;;:uéﬁ.
%‘—%_Z = /'424x/0¢¢4*<;—>—g in miles per hour
The isentropic charts used were those for llay10- 19, 1938.

RopxxihexxerkizgakxyeXazXEyx

&E STATION 2—}(;2‘ \@L&%-ﬂjﬁ?i‘) %%{M% z é;%\/, %7‘;‘( ”@
May '
10 | FO 0 15 1| © 0 0 0%
Bl |*%s0 6 L0075 | Z700 0.75 | 12%
su | 37| sokmz | ohoz | iR 1.14 | 102
oG | a0 23 023 | Zga 1,961 9%

OH 0 31 0 Fos0 0 0

ox | %o | 14 | .0304 |8 x10 4,49 | 3%

sL | oo 16 | .0198 |exio | 1.69 | 1i%

EO %0 7_l.o152 | —& — =
kP | "%%0 | 26 | .0115 |4x10 0.66 | o%
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s : w%pﬂ%&)qv it aré»f Vﬂ Vi
| Ak 0[2.4 ’:—-"I—? ' z) Ve _— ( 47,
DATE STATI@Ng(M/Z) Vﬂ(/, 0-0062%‘\/ a/é( 7 ) ff) v
nr { T o ~3 : 401
lia 2l ; o) 18x10 7.69 | 24%
110 ¢ 7kp | 32 30300 - T
5L S 5 00048 2x10 .14 | 74
= 5 = -
5 [ g
e B 2 |Qo118 | 8x107| 1.34 | 674
EO T = -- == i s
<=3 o
FO- 125 | 12 Joptir | 1oxt0” | 1.57 132
BI 700 28 Q008 4x107 | 0.46 27.
3790 St i '
KF _ __ - a - -
e ER7 ) & 5.0 239
12 WS P 29 | 002J6 12 5.05 7
[0 - 04 A
00 , |- 124
oh rige. 40 10108 3 4,63 | 7
.CX 0 4 0 : 2 0 O%
, ‘ ;
BU not [to be used indefinite
OA 0 19 Q | 0=4 &) 1 -
BI o i3 \ ; 0 0 i
1.3 OH N 10 100206 3 0.882 | %
780 : 3 - T
8L 50 , 8 ) 6 | 35
2 S 00185 12 3 | %
BU . __ | . - k- | -
CA | indeterminate i j
! ¢ : ! of
PO 1555 | 40 lopzte | 2 ot 3%
T 1 * ; ; 5
14 ox 2 18 lopA47 | 24 | 15.3 | 685%
5L | oo | qoo8a7| Z =7 | 0.83 217
WES 50 N | — P g ] . | 18%
K 2 20 | 90177 | B2 =14] 3.52 | %
BT | 5. ) ' 00k10 | 22 = .84 | 137
T 45 ; Q0410 = 104 5 |
BI | ‘o0 v 00138 | 2,95 | 744
15 7?-5 VA . \2\/131‘3 ] 15 i 2 | 4
< i i : o
16 BI L0 2 o | 0 T ¥ | %
OF Y%, 12 ooete | e | o625 5%
cx L 28 J067 5 X 17%
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. —
DATE jSTATIONZ)-;?/:‘:ML,; /fgzlj;%%:?é}%K{¢22%/€2?73V V _)
rd o, |Yco | 14 00289 . 5 2.06 147
Y& NA %0 | 26 10.0575 f 6 4.9 19%
18 s %70 | 35 |0.0402 5 | 2.86 | 8%

0A o | 7 0.0145 % -3 0.62 o%
19 x| o 9 10.0056 1 0.877, 10%

w - | Um0 | 26 0.0620 0 o | of

Na | © 63 o - 5 0 é 07
AVERAGES 118 0.020 | 6.7 | 2.43 | 16%

The term.%%:is generally of the owrder of 3 to 4 m,p,h
per 1000 ft increase ifi ht, which makes the term;?:%%in
the eqn for the horizontal wind an important one, as the

percentage values on the last page show.

(3) Term V_ -
77

" AN is the radius of curvature of the imstantaneous stream
line, It will have to be found by drawing the stream-line
picttire from the upper winds.

The procedure should be to draw stream-line pictures
for 5000ft, 10,000 ft., f4,QOO ft and at the same time
draw isobars at these levels as a possible guide for the
shape of the stream-lines. However, the first case drawn,
that for Jan.31, 1939, 8 AM, showed the stream-lines fér
sfrom conforming with the isobars at 5{@00 ft. But it is
qulte easy to draw a stream-line picture just from the 50
odd bailoun_onservations, pemembering to crowd them

together where the wind velocity is greater,.
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It-is also obvious that many streamlines will have to
be originated in areas where the wind velocities show marked
increase, in such cases where horizontal convergence will
~not account for the increases , but rather convergence from
layers above or below must be considered. Where the velocity
decreases without horizontal divergence, then the streamlineg
are brought to an end, indicating vertical motion out of the

horizontal surface that had been chosen.

For the 5,000 ft surfaces:

- v d‘o VZ ;;»-vL,L,f«{/;,“'a . v =29 yl 1// v
DATE | STATION ( N P »:Z\’”) A (owf-a) Y /; _7. %00 2.
JAN. !
28 NA 33 1009 800% oY 114
ca 27 | i 0 0
EO 23 ; S 0 0
19 13 169 340 1 8%
oA 2 0
ID 51 2630 | 900 | 8 164
, |
G Gw 12 144% 330 | 1 8%
JAN ! r
29 Su 23 - 0
0A = é 0
PQ 24 576 1150 1 49
7Y 34 1150 | 450 7 21%
KY 37 1370 | 1050 5.5 9.5%
TAN - T
30 oN 16 256 | 530 1.4 9%
KX 43 1850 500 10 23%
BH 40 1600 470 g 22%
JAN
31 DV 15 _225 270 2.3. | 15%
ca | 18 | 324 &0 o7
_EV 24 | 576 | 400 4 17%
| 22 L 484 520 2°5 1%

Vs - L AYE w P
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These calculations indicate that the wind compt “7x 18

generally not as important as the compt%ﬁ%%n Moreover, it
has the same direction as the vind itself, and so zm alters
the magnitude of the wind, on an average 11%, but not the

direction.

It is going to be more @ifficult to determine this
term, The reason is that the ballon runs indicate greatly
varying wind-speéds from one station to the next. Yet
the skreamlines do not necessarily converge and diverge to
the same extentfl As a typicai examnle of this, note the
winds &t 10,000 ft for 2pm, PST, Feb.éE, 1939. In xkkx The
Missigsippl River area, or the middle West the wind
velocities show a great dispersion. Yet the wind directions
do not vary greatly, so the streamlines must be drawn
paralle¥ to each other. (see p.21)

In spite of the difficult-y in deternmining this
quentity it must at lecst be considered qualitatively. It is
‘& term which changes the direction of the wind, «nd thereiﬂ
will 1lie its importance.

Vy - /3% ng‘_/ where /}, V 4V are in milesper hr

a8 jg in miles.

An attempt will be made to determing the magnitude of @.
OV is always the increase or decrease in the direction of the

stream-lines , over a distance ¢S,
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\g ! - V} = V} b
DaTE |smarTons |v (=) 4 o8 (i = (%
Sas ) ‘7ZC> sy Ty (/ )
JAN28
8AN 15 0 55 15 350 2.0 6%
5000
7eb20
Spm HU- VS 8 330 1.1 3%
10000 ; v a
UN- GW 55 28 300X 7 13%
PDR- FV | 40 ‘40 | 350 6 15%
Feb22
Spm RK- IIP 20 20 380 1.5 T%
5000
DO- KY 4 16 270 2.9 0%
Feb22
Spm FV- ZH 43 22 210 6 147
10000 | : i
| PS- v | 58 26 4o | 5 o
Feb22 | | | !
Tlopm | po- KY 29 |21 270 | : 119
5000 | ; g T e | #

¥C- PS 53 17 370 3.3 | 64

The abbve examnles wei€e choseh for cases where
neighbouring observations indicated &,uore or less,
systematic increase or decrease in wind velocity,
without much chenge in direction. Only such cases where a
significent increase wes indicated were chosen. Therefore, the
results give maximum values of the terms .

/Nowhere weas a velocity greater then 7 w.n.h. found, or
percentage ratio of actual wind greater than 15%. Therfore,
this term is essentially a small one, zm&x If there be
reason to believe thet its value will exceed 10% of the
actual wind value, then it can be computed by the above

formula.



26

' ) /
! =
(5) Term_ljfﬁ (7/0 2
An sttempt at the magnitude of this term can be made
by taking the pressure changes ab eltitudes for 24 hours
periode., These will be ebtained from the meteorograph
observations.
As an examnle take the stations SL, CX, BI, and
find<ﬁp for these stations. The distances SL-CX, SL-BI are
both 270 miles, This simnlifies the problem.
Knowing two components of the vector quantity TP, the
vector itself can be found by &n easy geometrical contruction,
_ :
For our case,
1 _ /9(
f @y@hgyé) in inches of Hg per hr per mile.
where A is the vector result of the issllobaric

ﬁi”f%rences vetween the statious.

a2 /3 -~ p0f
e .8, if /ﬁﬁ%gL /%ﬁ%LX' o o8 O R - , 1
and (%%Zu _ (;@)5/ ~ 094 K=0-09 - ’00: ol
te p =~ /2.2 ¢ A -
d L ‘7/0 %’2% r(Lé’)/j-?o)
'/l = 7?,/’2 - M/A\,

Sinoeﬂqis generally of the order C.1 this is &
dicouraging result. It wes this term that was to account
for .08t »nressure changes, and chan
movements, Howeverg it must be remembered that the
pressure changes, especially those due to frontal
baric fielﬁs, will be noted only over

thie shorter periods, and not over such long periods 8
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the case of Dec.2%,

en exemple of the magnitude that can be

1938

will be teken where the surfece barouetric

indiceted strong isellobaric gradients.

Q
4

Pege 2

Vi,V , Vs . They show

insgide the

shows

ER

o

(=3

shaded aresa,

thie "isellobveric" winds,

by the

at 10,000 ft

uncorrected for

distinct convergence Rzr and disoontinutity

Agein, to “ind the magnitude of the isallobaric
(&) b

wind &b the surface we can teke the isalloleric gredlieat

2t the suefece

end dee wnet the correspondi:

i wind componént

should be. The relation is y’/ < 3/7 52429
o3
where 4/4918 measured in
/LLJZ inches of Hg
st ner 3 hrs.
S is meeasured in miles.
Taking, arbitrarily, the maps for Tec. 138y the above
formula can be &anplied to isallobaric fiields as followsd
) éj ’4\// & i
parE| sravions| AP S as >7 S5
Al CH-YA 7 200 i1 mph
Dec2), -
Tec3 FR-PLA 16 430 12
AL
Decd | OH-SD 11 350 10
DRT i
Dec7 | DH-FO o L2008 14
Alf
Dec8 PTZ-PBE 16 3008 17
B ]
Tecl13| 4T-VC 15 . 280 15
Al ‘
Dec 17| NORTH 10 1 250 13
L DAKCTA
Dec23| LAKE 16 300 17 i
A | ONTARTOQ . | |
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Areas of large pressure tendencies were taken in
the above examples but they do m@k illustrate what magnitude
can be reaehed by the isallobaric wind at the surface of the
earth.

Aloft, the reverse procedufe will be used. T .&at 1is,
finding the isallobaric wind, after correcting for all other
wind components, the isallobaric gradient will be determined
or else qualitatively determined.

The relestion on page 27 will be more useful written in

the form: 4§ =/3/ﬂ”/o o B O
R o -
Ve Vs

where 285 is distance in miles between

isallobarkz®s differing by 10 units,

(6) Term-};f?.

This wes introduced in the equation, simply to
complete the theory. Such wind commonent is caused by
friction, gravity, or possibly some other way, like
heating by radiation. It cannot be measured and discudsed
as were the other terms, and for higher altitudes will
be considered negligible. However, it will be oonsidered
as of importance in the case of sloping isentropic surfaces,
and qualitatively used. Thus, an airmass blowing up-hill

will be retarded, blowing down-hill it will be accelerated.
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The changes in wind caused by each component

Having dealt with the @descuresins) nagnitude of the

wind components, it is now necessary to see how the wind

changes with each of these comnonents.

=V, - 1 7 ¢ g
vy [L()V/th__\ (y) /z{) 1/
=V3+ A Vs < l//

In the czse of the term-jTVftne wind component 1is

directed into the isallobaric low, or away frogﬁthe

2L
isallobaric high. - Mc\ \
\ 4\/
~ A

1 —

7 [ .
TR A R

E—L>o

(a) For «~>0) wind copmonent(V,) crosses
22

to left of changedV .

én

{tb) For zo—<0f Wind component (}/,) crosses

(c) %3—> tormmtofchmgeAV.
Ko g7 -
(d) For T'ind component[%) crosses to

w< g
%%<o§ left of change oV .

Rzermx
R&mxmkﬁxxngthXXXExxxkﬁxmxwxxxmhxxXKﬂ&xkaxxxxkx
XEXZEXRBXBANXIX |
Usually, the change<37, with height is a change in magnitude
only. That is the direction of the upper wind will unot
change appreciafbly with height. Hence the above rules
could be used ifi instead of the term "change Qﬁha the

term " ¥ " were used instead.

F -
v - B, L EY o '
Term jfi V> VL . ’
Remebering how $his term wes obtained, the rule

is as follows:
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(a) For cmclonie curvature of the

stream-lines, this component is

opposite to the actual Windi7, being

/‘} | still in the same dieection. That is,
it gHgyg slows the wind up.

(b) For anticyclonic curvature, the wind

is assisted by this compt.

(A) For an increase in velocity in the
A dipection of the wind this c‘omAponent
cresses to the left of the wind.
(b) For.a decrease in welocity in the
direction of the wind this component

crosses to the right of the wind.

For rapid calculation of each of these components:
(1) Geostrophic: Draw isobaric chart, at 5000, 10000 or
14000 or at two of these 4Ze.

Use Haynes’wind scale(Ref.1) or any other scale

to find geostrophic wind, in direction of isobars.
(2) Y ° j%fgu Y Draw isentropic chart, given ht ofisentropic

surface.
Findﬁ—g graphically (between 5 and 6 thsd of
4 and 5 thsd)

(between 10 and 11 thsd or 9 and 10 thsd)

&
>~

Findf;é from, isentropic chart.
yal

i
b
<|
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With <A in dknms,
29 in miles w = 00042 fs__% V.
fa)

V in miles per hr

| = /9a5n” e 2K

Then V,-*?'Pf/_lg) vav where £ is distance between

whExr® contours with height difference of 100 dknms.
y is vélocity

oV is increase per 1000 ft.

[
(3) Vo = *i%;@?i) : : Find ~-graphicelly in miles:
Y in miles per hr

= 2 2 v

) Ve =R¢2 X
(4) Y?:ZEE %%% Find € in miles: 4/in miles per hr
SN VY in miles per hr

24 23 AP T - LA

Pals)

® must always be measured in direction-

—_—

of y
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Example:
The first example of the application of this methdd was a

forecast for Mar.1, 1939, using morning chart and signals,
and forecasting for periods 24 hrs, 36 hrs, and 48 hrs ahead.
First an ordinary weather chart was drawn, no more
time being épent on it than necessary, them mdin fronts lecated,
anqithe rain areas iocated. It so hanpened that there were
no ,rain areas for the American forecaster to be concerned with.
Secondly, the isentropic surface was drawn for &= 295 F,.
Then the pressure field at 5000 ft and the wind chart at 5000 ft.
; . : Lo lCAT O
This latter chart gave good,of an upper frontal system over
New lexico, Texas and Eastern southern States.
Three Stations were singled out for forecasting,
WP, Ps; CX. Since Cheywnne is at high mkkkud® altitnde,
the préssﬁre map and wind chart for 10,000 ft were also drawn.
Beginning with lMinneapolis (MP) at 5000 ft:

MP¥ |/ =+330° 31 mph
Vs =310 30 mph

Vi = 5 mph -
- to right of v
Vo = o
Vs =0

V/=3”*ﬁ[' or practically o.
Therefore , no change in pressure field, and so no change

in airmass movement indicated for MP.



FO: /= 310" 24 p /-

Vs = 300 32
vV, = 8,88 .0
2 T
550
yo- (1.35)(28)5 _ 1
= 180
Vs 0
254
RZ: = 290 15
Vs = 300 20
V, = small
Vo =0 practieally
Vs =0
V=100 5

36.

HR: y = 290 17
v = 310 25
Vo réG-J’S’)o = 0

Vo = 0 practically

o= (1.35)017)8 <« 1
300 |

V= 330 12

BI: V= 260 14

Us = 290 22

v, ~ (8.85)(14)4 - 2 miles
240

Vg‘- 0
Vs = 0
V 'z 160 13

Summing thése results they indicate that the wedge of high

over the Dakotas is building up slightly. The air-mass that

will be over MP should follow pretﬁy closely the wind

trajectories as they are seen on the present map. Possibly

by the 3rd period MP will be affected by the low thaf is

indicated as approaching BI. But not enough moisture £0 give

precipitation. Hnece the forecast on page 37.

Now to arrsnge a forecast for Memphis(XE (PS)
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2. Developments expected during the forecast interval.

II. FORECAST

S H | Wthr. Spcl. Ceiling Vsby. Pption. Surface Winds 8000 Temp. D.P
t o Phenohena Winds
a u
t r (@) foggy < 1000 £ 2 none Calm < 6| Same 0-5 Same
i 0 smoky 1000-5000 2-4 lgt. T-.10 olo Lite 0-10 as 5° or as
o dusty > 5000 > 2 | mod. .11-.50 |1 1 |Mod. 12-22| Surf. fraction Temp.
n ® hail hvy. > .50 [3 2 | Str. 24-38 thereof, one
R thdrshwr. 3|3 Gale > 38 error
tornado
S sleet
frost
SA| o 75 |74 none |NE | 1ight poe| S 13 S
MP|e|_ @ > 5 > 4 | none E 1ight |2y S 24 e
Al @ 7 5 > 4| none SE light hpol S 24 20
sA| O > 5 . “4| none NVi mod 24p| © 24 /9
3 -~ 7 -
PS 2| o {5 |3 4 none NE 11ght2S8| s 39 25
Al @ 25 > 4 none SE | light hes| G 2 3/
p " i e W Iight
’ 5A 0 7 B > 4 non . 2.80| - 15 /3
X P Q > 5 |2 4 none W light P40/ 25 /3
5A| @ 2 5 | 4 none W light 7|5 25 /3
III. 6-HOUR AIRLINE FORECAST ( — )
Conditions over route
Ceiling
Flsibiliy
Winds at flying levels
Special phenomena (icing, thundershowers, etc.)
®

Terminal conditions

FORM AL6 SM 8-38
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PE: ¥ ’300 12 ; VS )y ! 230 om 10

= o @@ZZQ o B Vs = 0
plh 8.85(12)(6). /%zmlle vV, = 0

800
Ve = o

. 250 ¢ 1 mile v 230 10
hr
/
V' = 280 14

AG: I/ 250 32
s = 0
V, ' deflects V'to right

v ' 270 32

These results indicate that the centee of activity must be
closer to Georgia than to lMemphis or Vicksburg. A low
pressure centre must be active aloft and must.be moving

to the north west from the ocean. (Compare this analmsis
with that which would be obtained from the synoptic map
alone) The centre of the disturbance must be too far away
to affect Memphis, but nevertheless it should affect the wind
making it K a noftherly wind and moderatel

: AP: - 4
OL: : 100 12 b= 150 B

' Vs = 80 15
Vy B 0
v = -
- (8.85)(12)L-4) . 2 mph = (8.85)(24)4 = 3
200
| : (2.69)(24) .
. (2.69)(144) = 3 mph Ve (__7g%12_) .2
130 | TOL
V3 ==
3_(1352§1?2(1 v 2 V75 48

150 N 2 mph



The isallobaric winds at MP, VS, OL, AB would
indicate a high pressure build-up between these stations.
This will mean good weather for PS, and that no low pressure
from Texas will invade this area at least for the next

two days. Hence the foreczst.
Forecast for Cheyenne:

Vi 280 22 for 10,000ft,.

Vs 1 280 25
Vi 70
o
Vs = 0

v'- o good enough.
The winds for Cheyenne should continue as before, And observing
what thes weather is back of Cheyenne, the forecast is made

accordingly, in this case clear weather.

The pnurnose of the above abalysis is to give &
picture of what movements will take place when it is not

obvious otherwise.

Ranid Qualitative Rules

In the above case chosen for analysis the components
MJQ)Vs have generally been too small to e considered.
Unless some snecial conditions exist, likelarge wind
velocities, ranid increase in wind velocities with height,
or- gharp curvatures of the stream-lines, these components
may be neglected. In the’previous part of the paper an
sttempt wes made to select the emtreme cases.

Page 34 is the all-important summary of rulas,

quantitative and qualitetive. It should be kept
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in a conspicuous EBZREXXEXGHX poSition during the foreceass.
The tools for this forecasting are a protractor, a

convehient linear scale,( a cm. scale appears best) and

wind scales for finding gebstrophié winds, These may

well be made separstgly, and deéignated a8 scaies_for

5000 ft, 10,000 ft, and 14,000 ft respectively. There will

also he needed a scale for measuring distances on the map.
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