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1 Introduction

1.1 Wind, like other meteorological parameters, i s observed a t discrete

points but i t s field i s a continuum. In order to get an idea of th is f ield we

interpolate between the observations. If we are considering a scalar f i e ld , we

draw l ines of equal value of the parameter or i so l ines (eg. isobar, isotherm) a t

convenient in tervals (of the parameter). These i so l ines form certain pa t te rns ;

by physical considerations and experience we have come to associate weather with

certain of these pa t t e rn s . The process of drawing these i sol ines i s called

analysis aud its main aim i s the delineation of these pat terns and inferr ing the

associated weather. The main basis of synoptic forecasting i s that these pat terns

and the associated weather often move from one region to another.

1.2 For numerical computations and also numerical weather predict ion, the

values of the wind at grid-points (say at every 5 degree or 2 degree points) are

required. From a chart on which the i so l ines have been drawn, i t i s easy to do

t h i s further interpolat ion at grid po in t s . However, t h i s interpolat ion a t grid

points based on data a t observing s ta t ions i s generally done on the computer and

is cal led 'objective analys is ' Discussion of th is type of analysis i s beyond

the scope of th is repor t .

1.3 Wind i s a vector and i s described by two scalar quant i t ies l ike the

direction from which i t blows and i t s speed. A complete analysis of the wind

field requires analysis of the two scalar f ields describing i t . Lines of equal

d i rec t ion , called isogons, and l ines of equal speed, called isotachs, can be

drawn; and these describe the wind f ie ld completely. Another se t of two scalar

f ie lds tha t can be used to describe the wind field is the westerly (u) and the

southerly (v) components of wind. However, i t i s customary to analyse the wind

field with the help of streamlines and isotachs. A streamline i s a l ine parallel

everywhere to the instantaneous direction of the wind. I t refers to an ins tant

of time, l ike a snapshot. The equation to a streamline i s
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The streamline i s different from the t ra jectory which is the path traced by a 

parcel as i t moves. The two coincide only when the flow i s steady.

2. Evolution of Wind Analysis

2.1 The wind f ield i s represented and analysed in different ways. The winds

can be plotted at the s ta t ions as vector arrows with the i r directions showing the

wind direction and the i r lengths proportional to the speeds. A be t te r represen

tat ion of wind speed i s the in ternat ional ly accepted method of representation by

barbs and solid pennants, a full barb representing ten knots, a half barb five

knots and a solid pennant 50 kt. I t i s worthwhile p lo t t ing the arrows (direct ion)

with the aid of a pro t rac tor , i f the analysis i s used for computations. A visual

inspection of such a plotted chart gives an idea of the wind f ie ld. But there i s

a l imit to the information that can be assimilated by the eye, pa r t i cu la r ly when

the density of network (of observations) i s small.

2.2 \ quick analysis i s done by drawing the main flow-lines or rudimentary

streamlines - j u s t showing the major systems. These streamlines may also be d i s 

continuous as in Fig. 2. I t is a single set of l ines drawn tangential to the

winds. They serve the purpose of focussing attention on the main synoptic systems

in the chart . In t h i s type of analysis an idea of the speed can be obtained by

the qua l i ta t ive packing of the streamlines, i . e . by drawing more streamlines

(greater packing) in regions of stronger winds and less number of streamlines

(sparse packing) in regions of weaker winds. A jus t i f i ca t ion for t h i s procedure

follows. The wind vector can be written as

af te r Helmholtz, where i s the streamfunction and i s the veloci ty

potent ia l . The f i r s t term gives the non-divergent part of the wind and the

second the divergent or i r ro t a t iona l part of the wind. I t i s generally known

tha t the non-divergent part of the wind is an order of magnitude larger than the

divergent pa r t . So, for the present l e t us assume
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. . . ( 3 )

If we draw l ines of constant or streamlines, the wind direction wil l be para l 

l e l to these l ines and the speed wi l l be inversely proportional to the distance

between the streamlines (Fig.3) . The wind speed i s Between two

streamlines i s constant, so that the speed i s inversely proportional to the

distance between them.

2.3 The divergent par t of the wind, though small, i s very important in meteo

rology, as a l l ve r t i ca l motion and weather depend upon i t . I t also produces or

destroys the non-divergent par t . Also, the packing of the streamlines according

to wind speed is qua l i t a t ive . Therefore, i t would be advantageous to analyse

the speed-field separately by drawing isotachs . The streamline-isotach analysis

i s a complete analysis of the wind field (Fig. 4 ) . I t i s sometimes referred to

as kinematic analysis . We shall deal with th i s method in de ta i l in l a t e r sec t ions .

3. Differential Properties of the Wind Field

3.1 At an ins tan t the and components of the wind are functions of

and (at a par t icu lar l eve l , z = constant) .

These can be writ ten as Taylor expansions about an arb i t ra ry origin (subscript ' 0 ' ) .

We shall consider only f i r s t order terms; t h i s will be val id close to the

origin. Now introducing the variables
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into expressions (4) and (5) we get

These relations show that the wind motion is a combination of translation,

divergence, vorticity (or rotation) and deformation. These properties and

associated streamlines and isotachs are described in Table 1. In nature, various

combinations of these types of flow occur (Figs- 5 and 6).

4. Some Common Patterns in the Wind Field

4.1 The simplest type of flow we come across is a straight current, e.g. the

trades and westerly current (when not perturbed). Since we know that divergence

is small, the isotachs tend to be more or loss parallel to the streamlines or

cut them only at small angles.

4.2 The most important common patterns are those around singular points. A 

s:.ngular point is defined as a point where the wind speed is zero. Centres of

pure rotation, divergence and deformation discussed in the earlier section or

different combinations of these, are examples of singular points. We shall con

sider the common combinations that occur in nature.

i) Vortices: The main flow component of these patterns is rotation. Generally

divergence (convergence) and/or deformation is superposed on pure rotation.

In the case of rotation plus superposed divergence/convergence, the stream

lines are logarithmic spirals (Fig.6 a and b ). The angle of outflow/

inflow, , is given by

...(8)
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and i s generally small. The inflow (or outflow) i s generally marked only

in the f r ic t ional layer . Above the f r ic t ional layer , opinion i s divided

whether pure ro ta t ion should be shown or inflow (or outflow) should be

shown. If deformation is also superposed on th is pattern of ro ta t ion plus

superposed divergence (and convergence), we get pat terns as in Figs. 6 c.

and 6 d. 411 these are referred to as vor t ices .

i i ) Neutral points : The main component of th is type of flow i s deformation.

On th i s may be superposed some rota t ion and/or divergence. Fig. 6 e. and

6 f. show the streamline pat terns associated with deformation with super-

posed ro ta t ion . Neutral points (analogous to cols in the pressure

f ie ld) occur between two anticyclones or cyclones as in the sub-tropical

ridge and equatorial trough respect ively (Fig. 7 a and 7 b ) . A neutral

point also occurs between a vortex and the basic current eg. a cut-off low

a

(Fig. 7c) . The isotachs near/neutral point are in general e l l i p s e s , but as

we move outside, isotachs of the type shown in Fig. 7d have been suggested

by Palmer e t . a l .

4.3 The singular points in the wind f ie ld-vor t ices and neutral points - are

singular points in the isogon field also. They are meeting points of isogons.

Fig. 8 a,b,c show the isogon patterns associated with clockwise (anticyclone in

the northern hemisphere) and anticlockwise (cyclone in the northern hemisphere)

vor t ices and neutral points respect ively. The isogon values increase in a 

clockwise sense in the case of vor t ices and in an anticlockwise sense in the case

of neutral points .

4.4 The westerly current and the trades are seldom s t ra igh t currents . They

are perturbed and show wave pa t te rns . The troughs and ridges usually have a 

m i n i m u m of speed along the axis and maximum ahead and in the rear . Fig. 9 shows

the streamline-isotach pattern associated with a typical westerly trough.

4.5 Asymptotes of convergence or divergence are l ines to which neighbouring

streamlines converge or from which neighbouring streamlines diverge respect ively
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(Fig. 10a and b ) . These are not necessar i ly areas of veloci ty divergence as

that would depend upon the speed field also.

5. Pract ical Aspects of Streamline - Isotach Analysis

5.1 Since this type of analysis i s generally done in the t ropica l region

mercator projection maps are convenient.

5.2 I t i s necessary to draw the streamlines f i r s t and la te r do the isotach

analysis as the l a t t e r analysis requires the streamline f ie ld. The streamlines

are drawn by two methods:

i ) the direct or free-hand method and

i i ) the isogon method

The isogon method i s superior to the free-hand method, but i t i s time-consuming.

In operational offices i t is convenient to draw the streamlines by the free-hand

method. The streamlines are drawn everywhere para l le l to the wind d i rec t ion .

«
They are continuous l ines and can meet in regions of confluence. Though there :.s

NO re s t r i c t i on on the number of streamlines i . e . the i r packing, i t i s be t te r to

r e s t r i c t the number of l ines to a minimum in regions of weak winds in order to

avoid undue emphasis of weak systems. In the surface fr ict ion layer , cyclonic

andraft and anticyclonic outdraft are shown. Above the fr ic t ion layer the posi

tion i s not so clear (as mentioned e a r l i e r ) . Except in regions of very good data

coverage where the inflow or outflow i s conclusive, cyclones and anticyclones can

be drawn as closed vo r t i ce s . Anticyclones are marked 'A' and cyclones 'C' a t the

centre

5.3 In the isogon method of streamline analysis , isogon analysis i s made

f i r s t . The numerical values of the wind direction are plotted at the s ta t ions

(say in tens of degrees). Lines of equal direction or isogons (Fig. 11 a) are

drawn by scalar in terpola t ion, say at intervals of 30 degrees. Across each i so 

gon a number of short segments are drawn para l le l to the wind direction corres

ponding to the isogon. These segments serve as additional observations of wind
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d i rec t ion . Now the l ine segments are connected by tangential curves to obtain

streamlines (Fig. l 1b ) .

5.4 After completing the streamline analysis, the isotachs are drawn. Though

th i s i s a scalar analysis , i t i s be t te r to keep in mind the pat terns of i so 

tachs associated with typical streamline pat terns mentioned in the e a r l i e r sec

t i ons . Isotachs are drawn as smooth l i n e s . As in any other scalar analysis

minor kinks in the l ines are generally avoided. Elongated speed maxima occur

in the major currents l ike the trades and the wester l ies (Fig. 12). There can

be more than one maximum in a broad current. There are minima of speed in the

region of singular points (they are defined as centres of zero speed). The

isotachs can be drawn at intervals of 20 kt in main current, and a t 10 kt near

singular points . Near singular points the isotachs are c i rc les ; but when some

deformation i s also superposed, the isotachs are in general e l l i p se s . Near

neutra l points isotach pattern shown in Fig. 7 d has been suggested by Palmer

e t . a l .

5.5 I t i s necessary to maintain continuity in time and in the v e r t i c a l . For

maintaining time continuity the analysed chart of the previous hour (correspon

ding to the same level) i s put below the current chart to be analysed and they

are kept on a l igh t - t ab le* . The e a r l i e r positions of centres of anticyclones,

cyclones, neutral points and axes of troughs and ridges are marked ( l igh t ly ) on

the current chart . The positions of the centres and axes on the current chart

should be consistent with the e a r l i e r ones. In fixing these centres or axes,

use i s also made of the contour heights (except in equatorial regions) and also

of the fact tha t there i s a speed minimum at singular points .

5.6 Continuity in the ver t ical has also to be maintained, as most synoptic

systems of significance extend through some depth of the atmosphere. For this

purpose, the chart of the higher level (say 700 mb) is put above the lower level

* Analysis can be made on an acetate overlay also.
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char t (say 850 mb) on a l ight table I t i s checked whether the slope (or t i l t )

of lows and highs i s consistent with the fact tha t lows slope towards lower tem

peratures and highs towards higher temperatures*. Cold lows increase in in tens i ty

with height and warm lows decrease in intensi ty with height and may be replaced by

anticyclones aloft (eg, the heat low over northwest India - Pakis tan) . An excep

tion i s the t ropical storm (which is warm-cored) where (due to the ve r t i ca l momen

tum exchange in the cumulus-cumulonimbus clouds) the in tensi ty (cyclonic v o r t i -

c i ty) remains p rac t i ca l ly same upto great heights . Warm (cold) anticyclones

increase (decrease) in strength with height. A cyclone (anticyclone) which is

strongest at any level may appear as a trough (ridge) above or below.

5.7 The wind observations ( l ike any other meteorological parameter) contain

er rors (due to human fai lure and faulty communication). They can be checked by

climatological ranges and by time and space continuity i . e . by comparing with

neighbouring and e a r l i e r data. Large changes in ihe wind field in time and space

can occur only in association with well-marked systems. Another aid for checking

the data i s the re la t ion between wind and pressure (or contour height) and also

the correlat ion with weather. If any radical change is to be made in the ea r l i e r

pat terns on the basis of meagre data, there is a case for checking the data.

Of course, in regions of l i gh t winds, the direct ions can change rapidly with time

and are not of much significance (eg. in the t rans i t ion level around 400 mb during

the southwest monsoon).

5.8 I t i s advantageous to have an idea of the mean wind field of the region

of analysis . An idea of the synoptic climatology of the major systems in the

region i s also necessary. Only a few examples follow:- The monsoon trough and

monsoon depressions generally extend from the surface upto 500 mb (occasionally

when strong upto 400 mb) and normally slope southwards with height as the tempe-

* This assumes a re la t ionship between wind shear and temperature f i e ld based on
the geostrophic r e l a t i on . I t s v a l i d i t y in the equatorial region i s questionable.
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rature gradient in the monsoon i s from the south to the north (colder tempera

ture i s to the south). Tropical storms are ve r t i ca l and the cyclonic c i r cu l a 

tion (on synoptic scale) extends almost to 300 mb with marked inflow only in the

lowest l eve l s , outflow around 200 mb and l i t t l e inflow or outflow in between.

Further elaboration of th i s aspect i s beyond the scope of the present repor t .

6. Auxiliary Aids to Analysis

6.1 Vertical t ime-sections: The passage of troughs or other systems across

a stat ion can be identif ied on a time-section by the wind shi f t and contour

height changes. In data-sparse regions th i s information can be used for analys is .

6.2 S a t e l l i t e cloud data: Tropical storms can be eas i ly identified in s a t e l 

l i t e cloud p ic tures . The centres given by them can be used on wind char t s . For

lower in tens i ty systems like depressions and lows, the correlat ion between the

cloud and wind fields i s not so unique and i s s t i l l a subject of research.

However, low level cumulus sp i ra l s give an indication of c irculat ion cen t res .

At the c i r rus level , c i r rus shearing from cumulonimbus tops gives a qual i ta t ive

idea of the wind direction and speed. The j e t stream has some charac te r i s t i c

long patches of cloud associated with it. These cloud information can be of help

in wind analysis in data-sparse regions. Sate l l i te-der ived wind information for

the upper tropospheric levels i s now available on an operational bas i s , as a 

rout ine .

6.3 Facsimile charts from neighbouring regions are useful for analysis near

the borders of the region of analysis .

7. Main Uses of Wind Analysis

7.1 The main use of analysis (as mentioned e a r l i e r ) i s the association of

weather with certain upper a i r pa t t e rns . Generally upward motion and weather are

associated with regions of convergence in the field of cyclonic c i rcu la t ions ,

troughs and asymptotes of convergence in the lower troposphere and with regions

ahead of troughs and other regions of divergence in the upper troposphere. As the
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inaccuracies of wind data introduce large er rors in the computation of divergence,

i t is d i f f icu l t to use the wind analysis d i rec t ly for the computation of d iver

gence and ver t i ca l motion. A be t te r way would be to compute the vo r t i c i ty f ie ld

and judge the veloci ty divergence from the v o r t i c i t y equation

where where is the Coriol is parameter. The gain of cyclo

nic v o r t i c i t y of a parcel generally occurs in regions of strong gradients of

v o r t i c i t y i . e . near lows, troughs and j e t maxima.

7.2 Vort ic i ty i s one of the important quant i t ies that can be derived from

the wind f i e ld . Wind direct ion and speed can be picked out a t (5 degree or

2 degree) grid points from the wind analysis and the v o r t i c i t y can be computed

as follows:

Another very useful derived quantity i s the streamfunction I t can be

obtained from the v o r t i c i t y field by solving the Poisson equation

This i s usually solved on the computer by the method of re laxat ion.

7.3 Another use of the analysed wind field is to obtain the height f ield

from i t by using the balance equation and supplement or check the actual height

f ie ld . However, for these purposes the wind f ield i t s e l f is generally analysed

'object ively ' on the computer.

7.4 In aviation forecasting the l a t e s t wind field along the route i s required.

In low l a t i t u d e s , winds from the di rect analysis will be quite useful for th is

purpose.
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FIG. 4 STREAMLINE - IS0TACH ANALYSIS



Fig. 5 ( a ) Pure translation

Fig. 5 (b) Pure divergence Fig. 5 (c ) Pure convergence

Fig. 5(d) Pure rotation (Anticlockwise) Fig.5(e) Pure rotation (Clockwise)

Flg.5(f ) Deformation (Stretching) Fig. 5 (g) Deformation (Shearing)



Fig. 6 ( a ) Rotation (Negative)

plus Divergence

Fig. 6(b) Rotation plus

Convergence

Fig. 6(c) Rotation (Negative) plus

Divergence plus Deformation

Fig.6(d) Rotation plus Convergence

plus Deformation

Fig. 6(e) Deformation plus

Positive Rotation

Fig. 6 (f) Deformation plus

Negative Rotation

FIG. 6 SINGULAR POINTS



FIG. 7 NEUTRAL POINTS



FIG.7(d) NEUTRAL POINT

(Copied from Fig. 4 -14 of Ref. I )



FIG. 8 ISOGONS NEAR SINGULAR POINTS



FIG. 9 TYPICAL TROUGH LINE
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FIG. 11(a) 

ISOGON FIELD-6 OCT. 67 : 00 GMT - 850 mb

FIG. 11(b) 

STREAMLINES - 6 OCT. 67 : 00 GMT - 850 mb
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