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VOORWOORD

In 1857 vestigde Buys BALLOT de aandacht op een verband tussen de wind
aan de grond en de luchtdrukverdeling. Vele auteurs hebben sindsdien bijdragen
geleverd tot dit onderwerp.

De onderhavige studie, die juist 100 jaar na de ontdekking van de ,,wet van
Buys Ballot” verschijnt, bevat een beschrijving van een diagram, waarmede de
wind boven zee op een eenvoudige wijze kan worden afgeleid uit stationaire
en niet-stationaire luchtdrukvelden.

Het diagram wordt op het K.N.M.L. gebruikt als een hulpmiddel bij het
opstellen van scheepsweerberichten, stormwaarschuwingen en waterstands-
verwachtingen.

De Hoofddirecteur van het K.N.M.I.,
C. J. WARNERS

PREFACE

In 1857 Buys BaLLOT drew attention to a relation between the surface wind
and the pressure distribution. Many authors have since contributed to this
subject. The present study, published just 100 years after the discovery of the
»law of Buys Ballot”, contains a description of an overlay with which the
surface wind over sea can be derived from stationary and non-stationary
pressure fields in a simple manner.

The overlay is used in the Royal Netherlands Meteorological Institute as
an aid for shipping forecasts, gale warnings and sea level forecasts.

The Director in Chief
Royal Netherlands Meteorological Institute,

C. J. WARNERS






1. INTRODUCTION

1.1 The knowledge of the relation between the pressure distribution and the
surface wind over sea has several practical aspects. This knowledge is for
instance an essential part of wind forecasting as at present e.g. shipping fore-
casts, gale warnings, forecasts for sea or swell and warnings for storm surges
are mainly based on pressure field forecasts (prebaratics) so far as concerns
middle and high latitudes.

But it is also of importance for certain oceanographic research to know as
exactly as possible how the surface wind is related to pressure. Owing to the
shortage of wind observations, in particular over sea areas outside the main
shipping routes, it often occurs that the wind can only be approximated with
the aid of the pressure distribution, which in many cases can easier be interpol-
ated over areas with scanty observations.

The principal methods for the determination of the wind speed at anemo-
meter elevation from the pressure field on M.S.L. can be summarized as
follows.

1.1.1 If the pressure field is quasi stationary and when the isobars are ap-
proximately straight the wind speed can be determined with the formula

G
vV=c-—, =cy D

f
in which v denotes the wind velocity, ¢ the friction factor, f the coriolis para-
meter, G the absolute value of the horizontal pressure gradient and v, the
geostrophic wind speed. 1)

1.1.2 When the pressure field is quasi stationary and the isobars curved the
windspeed can be approximated by the equation

y= Cg‘%l‘f(l —]/1 —-;—g)g = CVg @

In this formula represents r the curvature of the trajectory of an individual
unit of air and v,, the gradient wind speed. For the curvature r can be taken
the curvature of the isobar (r;) through the point concerned.

1.1.3 When the pressure distribution changes in time the wind can be
approximated by [4,3] R
- 1 oG
Ver + 7o 3

vV=¢

1) A complete description of the symbols used is given in section 7.
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1.1.4 When the pressure field is non-stationary but the pressure patterns are
moving practically without deformation Eq. (2) can be applied as well but it is
not allowed to use r; instead of r. The curvature r can be determined for in-
stance with the method described in [10] or with the formula [8]:
1 1 7 C @
ror —fGos Y
where C denotes the velocity with which the pressure pattern is moving and o

the angle between C and ,.

1.2 There exists much uncertainty about the accuracy of the above mentioned
methods. In the literature different values can be found for the friction factor
as a consequence of differences in opinion about the factors on which ¢ depends.
Moreover none of the methods holds in all cases in view of the theory on which
the equations are based. The relations are all approximations and the accuracy
depends on the extent to which the pressure field satisfies certain conditions.
These conditions are expressed by terms like ,,quasi-stationary”, ,,approxim-
ately straight isobars” and ,,stiff moving pressure patterns”. The application
of the equation (3) is also limited [9].

From a practical point of view it is of importance to know the order of
magnitude of the differences between the results obtained by application of
the various methods in comparison with the order of magnitude of errors
which have to be imputed to inexactitudes of the analysis of the pressure
distribution. For the determination of the surface wind from prebaratics for
more than 12 hours in future and from pressure analyses (baratics) of sea
areas with scanty observations it makes no sense to use other relations between
wind and pressure than the simple Eq. (1). But what rules must be followed
if the pressure distribution is known more precisely? It is generally assumed
that for stationary pressure fields with curved isobars Eq. (2) gives better
results than Eq. (1). Does this also apply to moving and developing pressure
patterns?

There are further cases where the pressure distribution in space is known
with a rather high degree of exactness while the local pressure changes (pressure
tendencies) are practically unknown so that Eq. (3) cannot be applied. What
errors can be expected when Eq. (2) is used instead of Eq. (3) and are these
errors of such an order of magnitude that they must be kept in mind for
safety’s sake when issuing ,,warnings”’?

1.3 This contribution deals with the mentioned problems. To that the relation
between surface wind and pressure has been subjected once more to a further
consideration. With the aid of the obtained knowledge a new and rather
simple diagram for the determination of the wind speed at about 10 meters
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above the sea’s surface from stationary and non-stationary pressure fields
could be constructed. The diagram used as overlay on weather maps enables
one in each separate case to oversee directly to which parameters special

attention has to be paid for the most accurate possible determination of wind
velocity.

2. THE RELATION BETWEEN SURFACE WIND AND
PRESSURE IN PARTICULAR OVER SEA

2.1 The relation between wind and pressure in the friction layer of the
atmosphere (the layer from the earth’s surface to a height of about 800 meters)
can be expressed by the simplified equation of motion:

d-\; -> > > -

E=G+fv><k+R %)
In this equation G denotes the gradient force, /v X k the Coriolis force and R
the friction force, all per unit of mass.

We consider as a first step a non-accelerated motion. Under that condition
we may write

G+fixk+R=0
This balance of forces is shown in fig. 1.

(6)

WIND DIRECTION
/

— ISOBAR

r
. \
Fi1G. 1. Balance of forces acting on a Y FVxk
non-accelerated moving unit \‘ 4
of air. 3
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It is generally assumed that R is proportional to v [1,6]. With the aid of
fig. 1 we can then derive:

tg f = cotga — c. cosec o @)
and G "
v=rc—
f
where § indicates the angle between R and — and « the angle between v
and V,.
Further can be derived
R = » fv €))
in which
/1 2cosa
x:Lg— =4 (10)

The coefficient » is usually denoted as the friction coefficient.

2.2 We shall now try to inquire on which factors ¢ and « are depending.
The ,,Austausch” theory procures the relation

R a1

in which 4 indicates the ,,Austausch” coefficient and p the air density. For a
non-accelerated air motion it follows from Eqs. (6) and (11):
0 AN

oz E oz
Assuming that G and Alp are constant within the friction layer, v =

= G x k0 above the friction layer and v — 0 at the earth’s surface,
the following relations can be derived from Eq. (12) (See e.g. [7], theory of
the EKMAN’s spiral)

G+fx k+ (12)

G
y = 7 Vl —2e*cos Az 4 24z (13)
and
e—lz
R=fv (14)
V1 —2eHcos iz + =2
Je
where }. — EA

Comparing the Eqgs. (8) and (9) with (13) and (14) it appears that for a certain
height, latitude and density, ¢ and » only depend on the ,,Austausch” coeffi-
cient.
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2.3 The determination of the ,,Austausch” coefficient in the friction layer
over sea is limited to incidentical investigations. The data show that 4 in the
lowest layers of the atmosphere mainly depends on the stability of the air.
The difference between the air temperature (7) and the temperature of the
sea’s surface (T;) can be used as a measure of stability.

Form data collected and investigated by BLEEKER and VERPLOEGH it appears
possible to determine ¢ and x as a function of 7—T, and the wind velocity
which can be used as a measure of the roughness of the surface of the sea.

BLEEKER [2] has investigated the relation between ¢ and T—T, for quasi-
stationary pressure patterns with straight isobars and with the aid of wind
records from the light-vessel Noord-Hinder (52N, 3E). The relation between ¢
and T—T; averaged over all wind velocities is shown in fig. 2.

28°

260 ~0.80

240

2° - -070

20°|-

18° 40.60

|6° -

14° {0.50
FiG. 2. L'z"’ !

. [8)
The relation between ¢ and T—Ts (—) ool L4 S
and between o and T—Ts (-—----). 4Te e T T2 e
T-Tg —»

VERPLOEGH [12] has determined the angle between v and v, for quasi-
stationary pressure distributions with straight isobars using observations of
Dutch ships on the North Atlantic. The results of this investigation show that
o is related to 7—T. A relation between « and v is uncertain but if there exists
a dependence it must be considered as an effect of second order.

Form the data of VERPLOEGH we assume as first approximation « proportion-
al to 7—T; inside the interval T—T, = —4°C and T—T, = 2°C and for wind
velocities << 25 m.p.s. We assume further from [12] « = 15° for T—T, =
—2.0°C and « = 20° for T—7T, = 1.4°C. The relation between « and T—T;
settled in this way is shown in fig. 2.

VERPLOEGH [11] has investigated moreover the relation between ¢ and v
with the aid of observations from Dutch ships on the North Atlantic in the
vicinity of 50° latitude. On the basis of these data and the investigation [2] it
may be assumed that ¢ mainly depends on 7—T; and further that c is practically
independent of v for windvelocities << 25 m.p.s.
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Using the relation given in fig. 2 the values for § and » have been computed
with the Eqgs. (7) and (8) and represented in fig. 3.

090
, oso
4
yd
/ -0.70
rd
P
yd -0.60
/”’
e -0.50
-
a44°)- —// -10.40
43°- ;_’__——%
420 +0.30
41 oL
40°- 020 1 FiG. 3.
Q. .
S (T TR S TR VI - The relation between » and T—7Ts (------ )
4 3 =2 -1t 0 1 2% and between f and T—Ts (—).
T-Ts—

2.4 The relation between surface wind and pressure derived in the foregoing
sections is restricted to non-accelerated air motions. For an extension of the
theory to accelerated air motions and non-stationary pressure distributions
we make use of the investigations published by HESSELBERG and SVERDRUP
[5, 6].

To that we write Eq. (5) in the form:

sz i 15
PEF\O TR X (1)
This equation can be approximated by
St G Rkt @GR — LGB~k 16
=GR Xkt 5 GHR— 5 GHR xE+.... (6
According to HESSELBERG the series (16) converges rapidly so that
S GHR X E+ 5 G+ E 17

may be considered as a useful relation between wind and pressure.
HESSELBERG and SVERDRUP have shown further that for non-stationary
pressure patterns the values of f and » appear practically equal to the values
derived from stationary pressure fields with non-accelerated air motion. This
experience implies that the acceleration is mainly a consequence of changes
of the gradient force which acts on an air particle.
When for a certain value of T—T; the angle § and the friction coefficient are
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constants and using a horizontal rectangular coordinate system x,y the
solution of Eq. (17) may be written

a; G a, G a; (9G, oG, a, [0G, oG,
I e o R ) o Cd 5
e |4 @G, a,0G, (182)
Trex T
and
a, a, a, @ @ as oG, aG,
A Gx—ﬁ( o ") Trela T .
Y= a, G, a, G, (185)
1 _—— =
froy  froy
In the Eqgs. (18a) and (18b) represent:
B 1+ 2x.sinp
h= (% . cos B)2 + (1-+ . sin f)?
- %.cosf
% = (. cos B + (I - . sin B)?
_ 2(x.cos ) (1+.sin )
@ = {(G¢ . cos B2 + (14 . sin B)2}2
~ (x.cos f)2— (1+x.sin B)
%= {0 . cos B + (1+x . sin P)

The coeflicients ay, a,, a; and a, can be computed for different values of T—T,
with the values of % and # as shown in fig. 3. The results are given in table 1.

TaBLE 1. Coefficients ay, a,, a; and a,
T—T5s —4 —2 0 +2°C
a 0,77 0,71 0,64 0,58
a, 0,16 0,18 0,20 0,21
a, 0,25 0,26 0,26 0,25
ag —0,56 —0,48 —0,38 —0,29

If we fix the y-axis in the direction of G then we may write G, = 0 and

8G,

GJ’
(754 r;

Sre

ry

(19)
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Furthermore can be written if fis considered as a constant
G,  ov,
oy oy
Resuming it may now be said that according to the Egs. (18), (19) and (20)
the wind at 10 meters above the sea’s surface depends on:

1) the geostrophic wind (G, and 9G,/dx);

2) the horizontal shear of the geostrophic wind (8G,/dy);
3) the curvature of the isobars (0G,/0x);

4) the difluence of the isobars (9G,/ox and 9G,/dy);

5) the isallobaric gradient (6G,/ot and 9G,[0r);

6) the stability of the air (T—Ty);

7) the latitude (f).

(20)

3. A COMPARISON OF THE DIFFERENT METHODS FOR
THE DETERMINATION OF THE WIND

3.1 For practical purposes it is desirable to know the differences between the
results obtained by application of Eq. (18) and the easier to handle Egs. (1),
(2), (3) and (4). It appeared impossible to collect sufficient data for an empirical
investigation, because such an investigation requires a long series of wind
records of a point on sea around which the pressure distribution in space and
time is known with a high degree of accuracy. From a theoretical point of view,
however, we may assume that Eq. (18) approximates the relation between
wind and pressure more precisely than the other equations. Further it is
known from experience that the surface wind only reaches the geostrophic
value under exceptionally unstable conditions. It will be shown in the following
sections that in a number of by no means exceptional cases, the application
of the Egs. (2) and (3) leads to values > 1 for the ratio v/v,, while the corres-
ponding values derived from Eq. (18) remain more realistic.

On the whole there are sufficient reasons to consider the differences between
the results of Eq. (18) on the one hand and the Egs. (1), (2), (3) and (4) on
the other hand, as a relative measure for the accuracy of the methods for the
determination of the wind mentioned in the introduction.

3.2 For a comparison of the different methods the equations have to be
modified so that the same parameters appear in the relations. Therefore we
substitute Eq. (19) into (2) and assume » = r;. We can then write

v 1 46Gx,f’6x
Ve Ean/ax< ]/ = ) 1)
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The ratio v/, in this equation depends on ¢, f and 8G,/dx.

For a stationary pressure distribution (9G,/r = 9G, /ot = 0) with equidis-
tant isobars (8G,/0x = 8G,/dy = 8G,/dy = 0) the ratio v/v, also depends on c,
Jfand 9G,/ox according to Eq. (18).

TABLE 2. v/vg computed with Eq. (18) and Eq. (21) for 55° latitude

T—T: =—4°C T—T: - +2°C
¢ =0,79 ¢ = 0,61
Bleax N N
v/vg computed with | v/ve computed with
(18) 2D (18) 2D
—8x 108 sec—* 0,23 0,27 0,24 0,21
—6 0,24 0,30 0,28 0,23
—4 0,30 0,36 0,33 0,28
—2 0,43 0,48 0,41 0,38
0 0,79 0,791 0,61 0,611
0,3 0,91 1,26 0,67 0,97
| 1,34 — 3 0,79 —3

1) Limit for 8Gx/ox — 0.
?) For 8Gx/ox > }f? Eq. (21) gives no solution.

Table 2 shows the corresponding values for v/v, computed with the Eqs. (18)
and (21). We see from table 2 that the differences remain small for cyclonic
curved isobars (8G,/0x << 0) but considerable deviations appear for anti-
cyclonic curvature (9G,/ox > 0). For 55° latitude (f = 12 x 10~4secY),
vy = 15 m/sec and a radius of curvature of the isobar = 600 km we find with
the aid of Eq. (19) 8G,/0x = 0.3 x 1078 sec—2. We see now from table 2
that for 8G,/0x = 0.3 x 1078 sec 2 and T—T, = 2°C (stable atmosphere)
v = 0.67 v, according to Eq. (18) but v = 0.97 v, if Eq. (2) is used. For an
unstable atmosphere (7'—T, = —4°C) Eq. (2) leads to v = 1.26 v,. These
improbable results obtained by application of Eq. (2) favour the reliability
of Eq. (18) which under the same conditions, gives more realistic values.

3.3 In the foregoing section it has been supposed that the isobars are equi-
distant. We will now trace the effect of horizontal geostrophic windshear
(6G,/oy) and difluence of the flow (0G,/éx = 8G,/dy) on the wind speed.
Table 3 gives the ratio v/v, as a function of 8G,/ox and 9G,/dy for a stationary
pressure distribution without difluence. Table 4 shows v/v, as a function of
0G,/ox and 9G,/ox for a stationary pressure field without geostrophic
windshear.
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TABLE 3. v/vg computed with Eq. (18) for 55° latitude
T—Ts = —4°C J T—Ts = +2°C
c=0,79 ¢ = 0,61
—1 0 [ 41 —1 0 1
3Gy/dy I | | 1=
X 10—8 sec—2 X 10—8 sec—*
an,J'ax
—4 % 10— sec—2 0,29 0,30 0,31 0,32 0,33 0,33
—2 0,43 0,43 0,43 0,42 0,41 0,41
0 0,80 0,79 0,78 0,63 0,61 0,60
0,3 0,91 0,91 0,88 0,68 0,67 0,63
1 1,37 1,34 1,24 0,83 0,79 0,76
TABLE 4. v/vg computed with Eq. (18) for 55° latitude
T—Ts = —4°C T—Ts = +2°C
c =0,79 c = 0,61
—1 0 1 —1 0 1
X 10—2 sec—3 X 108 sec—?
0Gx/[ox |
—4x10—8 sec—2 0,37 0,30 0,30 0,36 0,33 0,30
—2 0,52 0,43 0,46 0,47 0,41 0,42
0 1,01 0,79 0,98 0,69 0,61 0,65
0,3 1,17 0,91 1,12 0,74 0,67 0,72
1 1,83 1,34 1,63 0,88 0,79 0,88

From table 3 it can be seen that the influence of the geostrophic windshear

is small even when 0G, /2y reaches the extreme values —10—% and 4 10—% sec—2

corresponding with a geostrophic shear of 8 m/sec/100 km. The effect of difluen-

ce is much greater. However the values in table 4 are of little more than academic
interest because stationary and strong difluent or confluent flows never occur.

3.4 Among the methods for the determination of the surface wind from

non-stationary pressure fields the method mentioned in section 1.1.4 is the
simplyest one. The application is limited because stiff moving pressure patterns
do not frequently occur. The method appears most suitable for the determin-
ation of the wind in the axis of moving troughs and ridges.
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Substituting Eq. (19) into Eq. (4) and taking into account the orientation
of the coordinates as mentioned in section 2.4 we can derive

1 8G,/ox (1 c,,)

r Vi
Substitution of Eq. (22) into Eq. (2) leads to

v 1 cf? / G, /ox C,
N N i I
i)

22

Ve

In this equation the ratio v/v, depends on c, f, 8G,/ox and C,/v,. A similar
relation with the same parameters can be derived from Eq. (18).

Supposing the isobars equidistant (8G,/dx = 8G,/éy =0) and no de-
formation of the pressure pattern (9G,/0¢t = 0) and using the relation

oG, oG,

— =—C,— 24
ot T ox (24)
it follows from Eq. (18)
Ve G+ ag f 7 (8Gx/0x) (Cylv,)
Vg 1 + ay f2(0G,/0x)
and (25)
Yy
V_ =0y — asf_2 (an/ax) (Cx/vg - vx/vg)
i
TABLE 5. v/vg computed with Eq. (23) for 55° latitude.
T—Ts = —2°C (c = 0,72)
Cxlvg —04|—02| 0 | 02 | 04| 06| 08 | 1,0
8Gx/ox
—4 % 10— sec—? 0,29 | 0,31 | 0,33 | 0,37 | 042 | 0,50 | 0,59 | 0,72
—2 0,39 | 042 | 0,45 0,50 | 0,54 | 0,59 | 0,65 | 0,72
—1 0,52 | 0,54 | 0,57 | 0,59 | 0,62 | 0,65 | 0,68 | 0,72
0,3 - 1,44 1,17 091 | 0,86 | 0,80 | 0,76 | 0,72
| — | =] =] = | =] = | o089/ 0,72

) — Eq. (23) gives no solution.

Table 5 shows the values for v/v, computed with Eq. (23) as a function of
0G,/ox and C,/v,. In the column for C,/v, = 1.0 we find v/v, = ¢ for all
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TABLE 6. v/vg computed with Eq. (25) for 55° latitude.
T—Ts = —2°C (¢ = 0,72)

Cxlve —04|—02| o | 02| 04 | 06 ‘ 0.8 ‘ 1,0
0Gx[0x
—4x10—* sec—2 0,23 | 0,25 | 0,32 | 043 | 0,56 | 0,67 | 0,79 | 0,92
— ) 0,32 | 0,37 | 043 | 0,51 | 0,63 0,70 | 0,77 | 0,86
—1 0,46 | 0,47 | 0,50 | 0,56 | 0,65 | 0,72 | 0,73 | 0,81
0,3 0,85| 0,86 | 0,85 | 0,83 | 0,81 | 0,80 | 0,77 | 0,71
1 | 1,31 1,24 | 1,08 | 0,99 | 091 | 0,84 | 0,74 | 0,58

values of 8G,/ox. This cannot be correct. When the speed of a stiff moving
trough is greater than the windspeed of an air particle in the axis (which is the
case with C, = v,) the trajectory of that unit of air has an anticyclonic curva-
ture [10]. That implies that v must be greater than cv,. On the other hand if a
ridge is moving faster than the wind in the axis the trajectory of an air particle
in the axis has a cyclonic curvature which means that v must be smaller than
cv,. The computations based on Eq. (25) are in agreement with that as can be
seen from table 6. For C,/v, = 1.0 the ratio v/, is greater than c if 8G,/ox <0
(cyclonic curvature of the isobars) and v/v, << ¢ when 0G,/ox > 0 (anticyclonic
curvature). This result is again in favour of the accuracy of Eq. (18) from which
Eq. (25) has been derived.

3.5 If a pressure distribution is non-stationary there will mostly blow a wind
different from the wind which would blow if the same pressure pattern was
stationary. We denote the vector difference by ¥'. The method mentioned in
section 1.1.3 is based on the assumption that in the free atmosphere ¥ can be
approximated by R

., 108G

V= i (26)

This relation has led to the introduction of the notion ,,isallobaric wind”.
PHiLLIPS [9] has drawn attention to the fact that ¥ not only depends on
0G/or but moreover on 9G,/dx, 8G,/dy and 9G,/0x as can also be seen from
Eq. (18).

To compare the results of Eq. (18) with those obtained from Eq. (3) a number
of realistic models of non-stationary pressure distributions containing all the
characteristic features of the principal pressure patterns has been investigated.
A review of the models considered is given on the next page.
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F1G. 4. Model of a part of an occluded depression.

a. isobars (mb); ------ front. b. —— 8p/ot (mb/3 hours); ------ front.

F1G. 5. Distribution of v/vg computed with Eq. (18)
minus v/vg computed with Eq. (3) ——; front ~-—-- .

Fig. 4 shows as example model 3 representing a part of an occluded depression
with the assumed field of dp/ét. Fig. 5 indicates the distribution of the differ-
ences between v/v, computed with Eq. (18) and v/v, derived from Eq. (3).
Fig. 6 and 7 show the results when applying the Egs. (1) and (2) on this non-
stationary pressure field. Conformable computations have been carried out
for all other models.

Next the square of the areas where the differences for v/v, are smaller than
—0.10 and greater than +0.10 have been determined. The results are given
in table 7. From this table it can be seen that the considered methods show
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F1G. 6. Distribution of v/vz computed Fi1G. 7. Distribution of v/vg computed
with Eq. (18) with Eq. (18)
minus v/vg computed with Eq. minus v/vg computed with Eq.
(1) ——; front ------ . ).

in mean no great differences but pronounced deviations occur for the individual
models. It appears again that in certain areas of some models v/v, computed
with Eq. (3) exceeds the value 1 while the corresponding values for v/v, derived
from Eq. (18) remain acceptable.

TABLE 7. Part (%) of the model square where the differences between v|vg computed with
Eq. (18) and other equations are smaller than —0,10 and greater than +0,10

v/vg computed with v/vg computed with v/vg computed with

Eq. (18) minus Eq. (18) minus Eq. (18) minus

Model v/vg computed with v/vg computed with v/vg computed with

number Eq. (1) Eq. (2) Eq. 3
difference difference difference
<—0,10| >0,10 | total [<—0,10, > 0,10 | total |<—0,10| > 0,10 | total

1 10 3 13 12 3 15 6 1 7

2 9 6 15 14 6 20 2 1 3

3 20 0 20 21 0 21 0 9 9

4 61 0 61 0 2 2 19 0 19

5 17 3 20 0 16 16 41 0 41

6 0 4 4 0 14 14 13 0 13

7 32 1 33 0 9 9 44 0 44

8 28 5 33 2 22 24 72 0 72

9 0 16 16 33 0 33 23 3 26

10 0 9 9 48 0 48 12 6 18
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4. THE CONSTRUCTION OF AN OVERLAY FOR THE
DETERMINATION OF THE SURFACE WIND OVER SEA

4.1 We have seen in section 3 that in a number of cases the differences between
the results of Eq. (18) and the methods mentioned in the introduction can
hardly be neglected but on the other hand the application of Eq. (18) requires
extensive computation which is a drawback to employing it in practice.

However it appears possible to simplify Eq. (18) without an essential de-
crease of accuracy. R

If the positive y-axis coincides with G we can derive from Eq. (18) using the
relation v = v, sec «

a a3 0G, a, 0G,
7Gy_f_26_t_ﬁa_t sec o
v"l a,0G, a5 8G, o a \9G, 27)
+f2 o +f2'a7fg°l+ f2+f_2 gax| o

Taking into account the signs and magnitude of a,, a; and g « we now reduce
Eq. 27) to

a, a; 0G, a,9G,
— G — o — & o seca
fr froe  fro
— 4, 9G (28)
! _*-f_2 ax

TABLE 8. Part (%) of the model square where the differences between v|vg computed with
Eq. (18) and Eq. (28) are smaller than —0,10 and greater than +0,10

v/vg computed with Eq. (18) minus
Model v/vg computed with Eq. (28)
number difference
<—0,10 >0,10 | total
| r
1 | o 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 3 3
7 0 0 0
8 0 1 1
9 6 0 6
10 9 0 9
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To trace the reduction of accuracy of the approximation (28) we have computed
again the ratio v/v, for all models mentioned in section 3.5 using for « the
values given in fig. 2. The results of this inquiry are represented in table 8.
It appears that the differences between the computations based on Eq. (18)
and Eq. (28) remain small in almost all cases.

4.2 For the determination of the surface wind over sea from surface weather
maps a relatively simple diagram can now be constructed with the aid of
Eq. (28). We introduce the following notations,

a G ~ a3 0G, a,9G,
Vg = f 'y sec o, Vi=— f2 at f2 6t SeC o
~ a, 0G,
and q= 1 +ﬁ a
Eq. (28) can be written then in the form
Vs + Vi
V= 29
p (29)

The wind speed v can now be represented in a diagram as a function of v, + v,
and ¢ by means of isotacs.
We make use further of the following relations:

v, (x )=_ﬁp(x,y+éél)—p(x,y_%51) N
o of 3,

C o =

_aprte)—py—0)
of 6,

because it is assumed that 2G,/dy = 0.

Next we write

C o (30)

ay p(Xx+ 05, 9) +p(x— 085 ») —2p(x,») _

Q(X,J’)=1_Q_f2 0,2
- ay 2p (x + 85, y) — 2p (x, y)
Y 5 el

since it is assumed that &G,/ox =0, which means that p(x + 6, y) =
P (x — 85, y) with the exception of a flexion point in which case ¢ = 1.
Finally we may write
as \0p/ot (x, y + } 6) — 9p[ot (x, y — % &y)
V; = s
of d;
op[ot (x + % 84, ) — Oplot) x — 1 84, )
+ se
(as/ay) 8,

+

C o (32)
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a
If taking 6, = a—4 05 we can derive from Eq. (32)
3

a a
o, (0108 (x + 3583,y + } 6) —oplor (x—} b y—1 0y
a3 a3 as

of? 5,

We fix continually p (x, y) —p(x,y— ) =p(x + 05, ) —p (x, ) =5 mb
for cyclonic curved isobars and —5mb if the curvature of the isobars is anti-
cyclonic. For a certain value of p, f and T—T, v, can now be considered as a
function of d,, v; as a function of d; and ¢q as a function of d,, but this relation
is different for cyclonic and anticyclonic curvatures of the isobars.

Now plot d, along the horizontal axis of a diagram and §, along the vertical
axis. Since a certain value of d, corresponds with a certain value of v; a wind
speed scale can be added along the vertical axis. Further take the scale of 6,

v; = sec a. (33)

p p+Smb
,/ ,/
d ’
4 4
s /
o5 /
'\"9/ I/
VstV - P ANz
a -
p (X‘%,—_‘SJ,yO%BJ) 1 L. —= //
/
7
L vy
2 p’
-
f”
(x-5848;.y-183) ot
833y 50 e
p:5mb 8 by oo

F1G. 8. Schematic representation of the relation between d,, vs and v (: ) and directions
for the determination of the wind from a weather map (cyclonic curvature of the
isobars).

and 6, equal to the scale of the weather chart. The determination of the wind
speed with the aid of this diagram is rather simple as can be seen from an
example (fig. 8).

Suppose we want to know the wind speed at 10 m above the sea’s surface
at a point (x, ¥). Use a transparent diagram as overlay on an analysed surface
weathermap. Put the left side of the overlay perpendicularly to the isobar p
through (x, y) and the origin O on the isobar p + 5 mb as indicated in fig. 8.
The value of §, corresponds with a certain value of v; and d, corresponds with
a certain value of g. The isotac v, through the point P’ in the overlay represents

v = V/q.
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Next we read the pressure tendency (6pfat)1 in the point (x + i — 63,
¥ + 1 d5) and (8p/dt), in the point (x — ;’g — 63, y—4%6;).

23ecoc

of20, {@plot), — (617/3!)2}

For this computation it is convenient to take d; in such a way that

Compute v; =
2ag sec «
0f* 0
has an easy to handle value. Determine next v, -~ v; using the velocity scale
along the vertical axis. The wind speed can now be read from the isotac v,
through the point P for which holds v, = (v; + v;)/¢. In the case of an anti-
cyclonic pressure pattern the wind speed can be determined likewise but now
the relation between g and §, for anticyclonic curved isobars has to be used.
Fig. 9 shows how the wind speed has to be determined in an anticyclonic

pressure distribution.

—
Seol el P
1oV *Vs N e
........... V2
(X,y) T~
~~~~~ P~ —
Vs S , P T —— v,
P 2 ~~log
5, \\\\?,. 1
.
\‘\

wover O W P
p+5mb p+5mb

F1G. 9. Schematic representation of the relation between d,, vs and v (------ ) and directions
for the determination of the wind from a weather map (anticyclonic curvature of
the isobars).

4.3 The overlay explained in the foregoing section only holds for a certain
value of T—T, p and ¢, while difluence of the flow (8G,/ox) and geostrophic
windshear (9G,/2y) are neglected. To account for stability it is necessary
to have separate diagrams for different values of 7—T,. Fig. 10 shows a set
of diagrams which has been constructed for the determination of the wind
on the North Sea. For the computation of v; the small figures in the left hand
bottom corner of each diagram must be used. The difference (0p/or); —
(@p/or), expressed in mb/3 hours and multiplied by 4 gives v; in knots. The
diagrams have been constructed for ¢ = 1,25 x 10 3 cm/g and for ¢ = 55°
(f=12 x 10%sec ).
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When p and f deviate from these standard values the diagrams consequently
give incorrect wind velocities. The errors remain below 109, between 50 and
60 degrees latitude (with the exception of extreme weather conditions of very
high sea level pressure and very low temperature). If however corrections for
the deviations of ¢ and g from the standard values are required one can proceed
as follows. Instead of using the diagram for the correct value of T—T; the
wind speed has to be determined with a diagram holding for a smaller or
greater value of 7—T according to the indications given in fig. 11. This method

is based on the substitution of a, by a,* = ; (see Eq. (30)) and of a, by
a,* ~a Qi(see Eq. (31)) where g; and f; denote the standard values. The

use of fig. 11a reduces the errors due to deviating values of ¢ and g from the
standard values to less than about 3 9%,.

P 68" - - FiG. 11.
N \ w|

A\
60° «\‘s’ v‘\3“\ KA
\ ‘J\iﬁ' 20 é}Q\
55° e V'P ¥ \"QQ

N‘ 0
<l s
50° X"‘t\zo 3‘9 ] a. Diagram showing how to determine
\é’ ~, the wind speed with the overlay repre-
o . -
®

3 Rl sented in fig. 10 when ¢ and g deviate
480 , N from the standard values.
120 125 130 P
xID'Sg/cm-"
p 950 T T T ™
5 35—30
1000 S - 15'\ b. The relation between T, p and g;
Y . ! . isotherms.
mb 120 125 130 135 p
x10'38/cm:‘

It remains now to correct for horizontal geostrophic windshear (6G,/dy = 0)
and difluent pressure patterns (9G,/0x == 0). When there exists a considerable
geostrophic windshear in the point (x, y) the wind speed must be determined
by averaging the values obtained in the points (x, y + 6,) and (x, y — 6,).
In the case of a strong difluent flow in (x, y) the best approximation can be
obtained by taking J, to the right (normal position of the overlay) if the flow
is difluent and to the left (see fig. 12) if the flow is confluent. These manipul-
ations are based on the experience obtained by the investigation with the
pressure pattern models (section 3.5) that in a difluent or confluent flow Eq. (18)
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gives higher wind velocities in comparison with pressure patterns showing the
same gradient but equidistant isobars (see also table 4). Measuring the wind
with the overlay in a confluent or difluent flow as mentioned above we take d,
too great with respect to Eq. (31) so that we obtain a higher wind speed and
from experience just the right order of magnitude.

Fic. 12.

Direction for the use of the
HIGH overlay in a confluent flow.

5. ON THE DETERMINATION OF THE PRESSURE
TENDENCY FIELD

The application of the Eqs. (18) and (28) requires that the field of op/ot
be known with a high degree of accuracy. For the investigation with the aid
of pressure pattern models we could make use of the accessory pressure
tendency fields. In practice the distribution of dp/ét has mostly to be derived
from weather reports. The synoptic reports of land stations and stationary
ships give the pressure difference over 3 hours (dp/4f). In the reports of
sailing ships Ap/At refers to the pressure difference over 3 hours as measured
on board.

For the determination of the wind in non-stationary pressure fields it appears
in many cases that the approximation of 8p/ét by Ap/At is insufficient.
More accurate values can be derived from barograms but these records are
seldom available. Another difficulty which arises when analysing the distribution
of dpfot is the discontinuity in the dp/ot field along front lines and trough
axis. The approximation of 2p/ot by Ap/At in the vicinity of fronts is un-
serviceable as may be seen from an example. Fig. 13 shows the distribution
of Ap/At belonging to model 3 represented by fig. 4.
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Fig. 14 gives the differences between v/v, computed with Eq. (28) using the
field of dp/ot as shown in fig. 4b and v/v, computed with the same equation
but using the field of Ap/At represented by fig. 13 as an approximation for
ép/ot. We see from fig. 14 that the errors introduced by using Ap/At are
considerably greater than the differences shown in the figs. 5, 6 and 7. It is
evident that it is senseless to apply complicated relations between wind and
non-stationary pressure distributions if the pressure tendency field is known
with insufficient accuracy.

.l”ﬁ

mu-ozom(}ﬂ;g/, -q20 -;uo o\ /

F1G. 13. Distribution of Adp/dt ex- FiG. 14. Distribution of v/vg computed
pressed in mb/3 hours (——) with Eq. (28) using the field
belonging to the model re- of Op/ot represented by fig. 4a
presented by fig. 4; minus v/vg computed with
------- front. Eq. (28) using A4p/At as shown

by fig. 13.

6. CONCLUSION

A summary of the factors on which the wind at 10 m above the sea’s surface
depends is given in section 2.4. The advantage of the overlay developed in
this contribution is that it enables directly to oversee the order of magnitude
of the various factors for every separate case.

Some general rules for the determination of the surface wind over sea from
weathermaps may be mentioned here.

1) When the isobars are little curved the stability of the air appears a very
important factor.

2) When the isobars are strongly curved the stability can be neglected because
in that case the curvature of the isobars becomes the dominating factor.

3) Only when the pressure tendency field is known very accurately it is
justifiable to take into account the non-stationarity of a pressure system.

4) For forecasting it has in general no significance to account for shear,
confluence or difluence and non-stationarity.
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7. COORDINATE SYSTEM AND LIST OF SYMBOLS

In this contribution the earth’s surface has been represented by a plain in
which the location occurs by means of a right-angled coordinate system x, y.
The height perpendicular to the earth’s surface has been represented by z.
The other symbols used have the following meaning:

A ,,Austausch”coefficient

a,, a,, as, a, coefficients

% vecto_f indicating the motion of a pressure system
=&

x component of C

friction factor

=2wsing

= g:l grad p (grad p = horizontal pressure gradient)
6|

x and y component of G

&

unit vector perpendicular to the earth’s surface

pressure

frictign force

= | K|

radius of curvature of the trajectory of a moving air particle
(anticyclonic curvature r > 0; cyclonic curvature r << 0)

TR AR QMTS 400

r; radius of curvature of an isobar

s appendix indicating a standard value
T air temperature

T, temperature of the sea’s surface

t time

v horizontal wind vector

v =|7|

Ves Vp x and y component of ¥

Ve geostrophic wind vector (v, = /! G x I:)
Ve = ||

Vor gradient wind vector

-
Ver =|vgr|
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vector difference between the wind in a stationary and a non-
stationary pressure distribution

= | ¥ | if the isobars are straight and equidistant

= v if the isobars are straight and equidistant and the pressure
distribution stationary

angle between ¥ and 7,
angle between R and —V
friction coefficient

_ Vf;@
¥ 22
air density
latitude

angle between ¢ and ¥,
the angular velocity of the earth’s rotation
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SUMMARY

A relation between the surface wind over sea and stationary and non-
stationary pressure distributions has been derived with the aid of publications
of HESSELBERG and SVERDRUP and empirical data collected by BLEEKER and
VERPLOEGH. A slight simplification of the formula makes it possible to construct
a simple overlay for the determination of the surface wind over sea from the
isobar patterns on weather maps.
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