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Radial Profile of the Surface Wind in the Typhoon· area 

Suguru ISHIJIMA * 

Abstruct 

It is attempted in this paper to obtain the model of the radial wind profile 

within a typhoon whose position (latitude tp) and whose pressure (Po' PR ) 

and wind (Vo ' V R) at the inner radius ro and at the external radius Rare 

known. The model introduced here does not require the data of ro because 

the boundary condition to be satisfied by the model yields the value of ro as a 

function of other knowns UP .. R, VR , PR , Vo ' and Po). The pressure profile is 

also automatically derived from the obtained wind profile. The validity of the model 

is checked by applying it for the cases of two typhoons. The computed wind and 

pressure radial distributions are generally supported by the available observa

tional data, excepting the cases in which input data of Vo are not appropriately 

selected for computation. 

1 • In trod uction 

For the theoretical Interest in obtaining the wind profile in the typhoon 

area one should seek for a solution of the equation of motion which satisfies 

the requirement of energy balance concerning the whole typhoon system, as 

done by Malkus and Riehl (1). Miller (2), etc.. However, unless such the 

special storm observation project as referred by these workers are at hand there 

always lies a difficulty to evaluate whether the obtained expression of the wind 

fits for the actual wind distributIOn due to the rarity of the observations in the 

typhoon atmosphere. 

On the other hand, varIOus empirical treatments have been performed to 

decide the wind formula that fit the results of the analysis of the available 

wind data. as seen in the works of Horiguchi (3), Takahashi (4) , Hughes (5), 

Graham and Hudson (6), etc.. However, since these workers dealt with the 

particular stage of the typhoon life and with the particular region on the typhoon 

track, so obtained formula can only be meaningful for the particular cases or 

condition that they picked up for the analysis. 

At present there exist two types of routine data available of the typhoon 

surface structure; one is data obtained by ships or at the land stations which were 

incidentally passed over by typhoons and the other is those supplied by the 

Received : Oct. 31, 1974 
* Junier College Div. (Geophysical Science), Univ. of the Ryukyu~ 



60 ISHIJI1\IIA: Radial Profile of the Surface Wind in the Typhoon·area 

typhoon reconnaissance flights. vVhen a typhoon stays over the ocean in the low 

latitude, the former type of data are normally expectable only in the typhoon 

peripheral region. The data of the central region are provided by the latter 

type. All the data we have for the formulation of the wind profile model are 

such elements as the peripheral pressure and wind, the size of the typhoon arca, 

thc center position, the central pressure and the maximum wind The purpose 

of this paper is to obtain the simplified wind model but applicable for any 

stage of the typhoon without losing consistency with the horizontal equation 

of motion once when the data of such elements as above are provided. 

2. Formulation of the model 

The equation of horizontal motion is given by 

~ ¥ + (\V • Y') \V + IK f X \V = - ~ V P -I- F (1) 

where f is Coriololis parameter, P atmospheric pressure, p air density, W 
horizontal wind vector, F vector of frictional force and U< unit vector 111 the 

vertical axis. Under the condition of steady and frictionless motion, Eq. (1) 

becomes 

(2) 

Assuming that the isobar pattern is circular to which the wind is every\vhere 

tangential and rewriting the above equation in the polar coordinate we obtain 

a 1 2 P 
a"OrC 2" v +p) - r.:iV= 0 

, where ~ = f + ( Y' X \V)z = f -1-~ a ~Vr) . Integration of Eq. (3) 
r r 

inner radius r=ro to the external radius R yields; 

PR 1 V2 Po 1 2 SR ·,,-+-2 R - (P+2 Vo ) = ro r.:1Vdr 

(3) 

from the 

(4) 

The solution of Eq. (4) was originally derived by James (7) for the case of 

V R = ° using the energy ratio ~ V~ / (P R - Po ) . A similar type of expre-ssion 

can, however,be proved to be applicable for VR:f= 0, and then we havefor fO~l'~ R 

-B -1 -1 
V=(r/ro ) (Vo +fB(l+B) ro)-fB(l+B) r (5) 

assuming that the energy ratio B is given by B = ~ p (V~ - V
2 

) / (P - Po) 

= ~ p (V~ - V~~)/(P R - Po) = Const, . VVe can also obtain the pressure profile 
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expressible in the form: 

p = p __ 1_ (y2 _ y2 ) (6) 
R 2B R 

The terms with suffixes 0 and R denote the values of the corresponding terms 

evaluated at r = ro and r = R. The features of Eq. (5) are that the profile 

takes the maximum wind V 0 at r = fO and decreases from it to the wind V R 

observed at external boundary r = R at the decreasing rate largely proportional to 

1'-8 near the inner radius and at the enhanced decreasing rate near the external 

radius reflecting the effect of the second term in the right of Eq. (5). 
B At 1'= R Eq. (5) can be given as below in term of X = (ro / R) , 

Xa + a (J 0 X= 1+ a iJ (7) 

, where a = B / (.1 + B), (J = Vo / y Rand 0 = V R/ f R. The above boundary con

dition is llsed to determine X, accordingly ro' for given values B, (J and iJ. 

An approximate solution for X in Eq. (7) can be obtained with aid of electronic 

computer by repetition of calculation with every decrement of X starting from 

the value .1 that is the largest value that it can take. 

Table 1. The dependence of ro upon B for the case in which cP =20 0 N, 
-5 -1 

[='1.96510 sec ,R=374 km, [R = 14.3 m/s. 0 =0.7, V R=12 m/s. 
~---- ~.---- -- . . -~-

(J B P
R

- Po (mb) ro (km) 
------~------ . -~----~ 

0.5 :n.6 44.0 
4 0.4 27.1 23.7 

(Vo = 48 m/s) 
0.3 36.0 7.6 

0.2 54.0 0.7 

O.S 34.6 31.5 

5 0.4 43.2 15.9 

(Vo = GO m/s) 0.3 6'1.6 4.3 

0.2 86.4 0.4 
---~----- -------- ------

An example of the dependence of ro upon B, accordingly upon V 0 and P R

Po is shown in Table I for the case in which the storm center is situated at a 

fixed point wittl the size and peripheral wind being kept constant (for instance, 

cp =20 0 N, R=374 km and iJ =0.7), changlllg B for the breakdown of (J • It is 

observed that the value of 1"0 decreases as B decreases, that is, as the depth of 
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pressure P R - Po increases. It is also revealed in Table 1 that the increase in 

(] , that is. the increase in Vo keeping B constant tends to show the decrease 

in ro' The concept implied in the above results are well supported by the 

conclusion given by Shimada (8) as a result of his analysis of Typhoon (Louise) 

5522 that the size of eye radius, an indicator of the position of maximum wind, 

shrinks and spreads as the central pressure falls and rises, respectively. 

3. Computed radial wind-profile in the typhoon area 

Such data as f , R, VR , PRI Vo and Po need to be prepared as the input 

for computing the radial wind profile from Eq. (5) and Eq. (7). The data of 

R, P R' and V R are obtained from the analysis of Japan Far East Surface 

Weather Map and those for other terms are from the summary report of typnoon 

flight reconnaissance. R is defined as the mean of the largest closed isobar Rl 

and that of its next smaller isobar R2 in the Map drawn in 4 mb interval 

contour. V R is estimated as the gradient wind computed from the radial gradi-

ent 4 mb I (Rl - R2)' P R is given by the pressure on the closed iso-bar with 

the radius R. Vo is the frictionless maximum wind that can be approximated 

20~ 

Fig. L The tracks of the typhoons picked up for analysis. 

7002 and 7011 denote No.2 and No. II typhoons occurred in 1970. 
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with the maximum gust wind which can be estimated to be the mean maximum 

wind provided by the typhoon reconnaissance but multiplied by 1.38 which is 

assumed to be the ratio of the maximum gust wind to the mean maximum wind. 

The ratio 1.38 is gained by lames (7) from the analysis of several typhoons. 

Po is alternated with the central pressure read from the curve connecting the 

central pressure reports of the flight reconnaissance. 
The wind profiles for two typhoons (Typhoon 7002 and Typhoon 7011) are 

computed at 9 hr and 21 hr each day for the period when they ~stay over the 

ocean. Their tracks are indicated in Fig. 1. In Table 2 we prepared a list 

Table 2. List of the input data for computation of the radial wind distribution and 

the computed values of Band ro for Typhoon 7002 

Date Lat. R Vo Po VR Pa B r 
0 

Jun: 70 (deg) (km) (mb) (mb) (m/s) (mb) (km) 

2909 12.2 289 26.0(18.7) 995 19.3(13.9) 1006 0.168 68.1 
29 21 13.0 300 42.2(30.4) 975 18.6(13.4) 1006 0.278 23.0 

30 09 14.0 400 59.1(42.3) 960 19.1(13.8) 1006 0.408 39.9 
30 21 16.0 311 39.4(28.4) 979 16.3(ll.7) 1006 0.286 24.2 

1 09* 17.9 500 89.4(64.4) 910 14.2(10.2) 1006 0.487 26.9 
1 21* 19.4 533 90.1(64.9) 905 15.5(11.2) 1006 0.468 30.7 

2 09* 2: .0 566 84.5(60.8) 910 14.4(10.4) 1006 0.433 28.9 
2 21* 22.4 366 71.8(51.7) 935 18.0(13.0) 1002 0.433 29.4 

3 09* 24.3 355 54.9(39.5) 955 19.9{14.3) 1002 0.334 33.6 
3 21* 26.0 366 45.0(32.4) 955 14.5(10.4) 1002 0.J32 8.7 

4 09* 27.7 311 42.2(30.4) 950 il.8( 8.5) 1002 0.190 1.5 

* July 

of the input data necessary for computation in the left and the computed values 

of B and r~ are in the right for the case of Typhoon 7002. The flight data of 

the mean maximum wind are so fluctuating and so intermittently observed as 

shown in Fig. 2 that smoothing was inevitable to gain the values at every 9 hr 

and 21 hr, disregarding the abnormally deviated ones. The values of V 0 in 

Table 2 are 1.38 times of those read from the smoothed maximum wind curve shown 

by solid line in Fig. 2. The mean maximum wind are shown in the parentheses. 

The smoothing was not made for the case of the depth of the pressure though its 

data being considerably fluctuating, because the pressure data is much more 

reliable than the mean maximum wind. The computed B showed 
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Fig. 2. Variations of the mean maximum wind Vo, depth of the pressure PR-PO 

and the size (radius) of eye re for the case of Typhoon 1002. 

the variation from D.17 to D.49 with the smaller values in the both early and 

decaying stages and the larger in the mature stage. According to Hughes's 

work (5) the values of x in the profile expression r -x would be somewhat sma· 

ller than D.62 in the inner region r< 10 lat. distance. \Ve find that this agrees 

with the result of the present study for the case of mature stage. considering 

that the present model becomes r- 8 when r is sma H. In Fig. 3 are presented the 

variation of the computed radial wind profiles for the whole period of the 

analysis. In the figure the wind speed with 28 percent discount of the original 

computed wind speed are given, taking into the effect of the frictional force 

which was neglected in the equation of motion expressed by Eq. (2), together 

with all available data of the surface wind in or near the typhoon domain. 

In addition, for the reference sake, the computed pressure profiles from Fq. (6) 

are demonstrated together with the pressure distribution obtained from the isobar 

contour pattern of the Map whose trend is shown in Fig. 3 by a pair of solid 

cirlces. 
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Fig. 3. Computed wind and pressure distributions for the case of Typhoon 1002 every 
9 hr(right) and 21 hr (left) during the analysis period. 
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Table 3. List of the input-data for computation of the radial wind distribution 
and the computed values of Band ra for Typhoon 7011 

Date Lat. R (~Js) Po VR PR B r 
0 

Aug. '10 (deg) (Ian) (mb) (m/s) (mb) (Ion) 

24 09 :6.6 6n 23.2(16.7) 990 2.3.3( 9.6) :.006 0.136 39.6 
24 21 li.4 565 37.3(26.9) 976 14.4(10.4) L006 0.229 26.9 

25 09 :-8.8 599 47.9(34.5) 965 15.8('~.4) 1005 0.299 45.5 
26 21 20.4 622 64.2(39.0) 960 13.4( 9.6) :"006 0.360 48.6 

2609 22.1 455 58.4(42.0) 935 17.1(12.3) 1002 0.398 47.8 
26 2_ 23.7 488 53.5(38.5) 960 18.0<-'.3.0) 1002 0.362 64.3 

27 09 26.4 544 61.2(44.2) 950 lS.1(E.3) 10\)2 0.404 60.3 
27 21 27.0 688 62.6(45.1) 945 14.4(10.4) !.OO2 0.391 66.5 

28 09 27.9 544 57.7(41.5) 945 :"6.2(1l.7) 1002 0.323 39.9 
28 21 28.9 644 52.1(37.5) 950 15.3(U.0) 2.002 0.286 33.4 

29 09 29.7 600 47.9(34.5) 950 16.0(ll.6) 1002 0.235 21.1 
29 21 3 .0 466 44.3(3 ' .• 9) 955 13.7( 9.9) 1002 0.227 13.8 
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Fig. 4. Variations of the mean maximum wind. the depth of the pressure and 
the size (radius) of eye for the case of Typhoon 7011. 
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The same was processed for the case of Typhoon 7011. The input data 

and the computed values of Band ro are shown in Table 3 and the computed 

wind and pressure profiles are in Fig. 5. The variations of the mean maximum 

wind and the depth of the pressure are shown in Fig. 4. It is observed that the 

mean maximum wind data are much more steady than those of Typhoon 7002 

which made it easy to figure out the trend of maximum wind. 

4. Discussion 

The computed values of ro are compared in Fig. 6 with the observed eye 

radius re , for the maximum wind is generally known to occur near outside the 

eye radius. In the figure the values obtained from the analysis of other 

ro(km) 

150 
/ro=7r8 117002 

0 OQ 7011 
a I o Iii 7009 

A A46734 

D 

[] 

100 

18Ckm 
50 

Fig. 6. The relation between the computed distance of the maximum wind 
occurrence ro and the observed eye radius re . The blank mark sare 

for the earlier stage and the half solid marks for the later stage of 
the analysed typhoons. 
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typhoons (Typhoon 7009 and Typhoon 6734) are .added in. It is obseved that all 

four cases the computed values are larger than the observed eye radius. The 

computed val ues of r 0 are several times of the observed eye radi us in the deve-

loping stage but the two come closer in the decaying stage. However, in the 

latter stage adoption of underestimated values of Vo might have caused the smaller 

values of ro as seen in Table 1. If for instance we take 48 mls ,and 36 mb in 

place of the correct values of 60 mls and 36 mb for Vo and PR - Po ' respectively, 

the value of ro would come out 7.6 km, while the adoption of the correct values 

give us about 30 km for ro' By the way in the decaying stage we have probably 

would made a lower estimation of Vo due to our subjective mind which tends to 

reduce down the value in extrapolation giving much weight on the decaying 

tendency. If we admit this point and select the larger values of Vo the values 

of ro in that period would have come out larger. Accordingly, it can be 

expected that occurrence of the maximum wind would appear in the distance 

several times of the eye radius away from the storm center. A further discussion, 

however, can not be made on this matter until more reliable data and knowledge 

on the variations of Vo and the size of eye radius are obtained. 

It is difficult to verify whether the computed profiles of wind are suppor

ted by the observational data, because the amount of the surface wind data is 

so much limited in the typhoon domain and there is the difference in the source 

of the data. The data reported by the land stations are shown by circled cross

ings and those by ships are presented by crossings in Fig. 3 and Fig. 5, without 

making any correction, for instance, to convert the observed values at the land 

stations into the status of the ship observation. Under such circumstances, 

when we examine in Fig. 3 and Fig. 5 the computed radial profiles in relation 

to the observational data, we must keep in mind that the observed values at the 

land stations are considerably smaller than those observed by ships and there are 

also some land stations which are deeply affected by the orographic effect, and 

that the aparted wind (weak and strong) data sometimes exist at the same 

distance from the center due to the asymmetrical nature of the typhoon. It 

should also be kept in mind that all the wind data are expressed in the error 

range 1.5 mis, for the data were converted from the number of the barbs of the 

wind mark used in the synoptic weather map. 

These limited amount of and, to be worse, worse quality of data, however, 

could help us to reach some conclusions. As for the case of Typhoon 7002, 

the computed wind profiles result in an overestimation of the wind in the 

developing stage (June 29 and 30) and agreement with the observational data 
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for the mature stage (from July 1 through July 2) and an underestimation in 

the decaying stage (from July 3 through July 4) especially in the inner region. 

Above points are naturally reflected upon the pressure profile yielding discre

pancies between the computed profiles and the ones given in the Map. It is 

suggested that an overestimation appeared in the developing stage can be 

attributed to the adoption of the overestimated values of the maximum wind 

Vo during that period while the disagreeable profiles obtained for the decaying 

stage must be associated with an underestimation of Vo (Ref. Fig. 2). For the 

case of 21 hr June 30 of Typhoon 7002 the computed pressure profiles are extre

mely deviated from the map analysed data. This is due to the fact that the 

pressent computation was performed by taking into consideration the sudden 

weakenning appeared around that time observed as the filling of the central 

pressure which results in the decreasing in the depth of the pressure and as the 

decreasing of the maximum wind (Ref. Fig. 2). 

As for the case of Typhoon 7011 we generally confirmed that the computed 

profiles of the wind and the pressure are far better expressive for the observa

tional data than those for the case of Typhoon 7002, although the disagreeable 

pressure profiles are still revealed in the decaying stage as same as for the case 

of Typhoon 7002. This disagreement in the decaying stage might be resulted 

from adopting the underestimated values of Vo in extrapolating for the blank of 

the data. The major reason of the improvement found in the wind profile for 

the case of Typhoon 7011 over that of Typhoon 7002 lies in that the values of 

Vo used as the initial input data could more reliably be estimated for the former 

due to the steadiness found in the variation of its intensity_ 

5. Concluding remarks 

The surface wind structure in a typhoon area is not so simple as treated 

in this paper, but to fomulate this we dared to stay with the simplified treat

ment that was possible under the minimum supply of the observational data. 

However, this naturally leads to the model that is unable to express the features 

that belong to the disregarded factors upon simplification. At this point we 

realized the difficulty to face with in examining whether the deviation of the 

computed profiles from what the available data would suggest are resulted from 

the exclusion of the complexity of the typhoon, or from the essential defect of the 

model itself. In order to clarify the former doubt, one should formulate the 

model that facilitates inclusion of the asymmetricity of the typhoon and the speed 

of typhoon motion, simultaneous derivation of the radial wind component, more 

consistent treatment of frictional force, etc.. This work would. however, again 
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encounter the barrier of the rarity of the observa·tional data, so long as one 

seeks for the model applicable for the whole span of a typhoon life. 

The major benefit of the approach taken in this paper for obtaining the 

radial profile of the typhoon wind is found in that it starts with the isobar 

pattern in the typhoon peripheral region plus the minimum information on the 

center region which are usually in hand and that it works consistently for the 

whole period of the typhoon life. 
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