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ABSTRACT

The definition for stability £ of standing waves given in this paper is used to denote the relative magnitude
of annual variation of the waves. Analysis of the temporal (seasonal) and spatial (nieridional) changes of the
monthly mean circulation at 500 and 100 hPa shows its temporal and spatial demarcation and the bourdary be-
tween the middle-and-low latitude circulation and the middie-and-high latitude circufation in the wave feld.
Based on the annual march of D and the pasition of the boundary, a discussion is made of the seasonal trans—
formation of the Northern-Hemisphere mear circulation and the pattern of its development.

I. INTRODUCTION

As far as time and space are concerned, wave action in the mean circulation is one made up
mainly of standing waves and ultralong waves, which displays the spatial structure of long-
spell weather events (Wang Shaowu, 198!). [ts temporal and spatial variation has drawn
considerable attention in the field of the atmospheric circulation study. As early as in the
1950s, Tao Shiyan et al. (1957) and Yeh Tucheng et al. (1958a, [958b) discovered remarkable
seasonal transformation in the wave action of the secular mid-latitude mean circulation and
noticed its abrupt changes in the transitional seasons of June and October. In recent years
Huang Zhongshu (1979) and Yang Hefa (1982), based on the spectrum analysis of the mean
circulation at 500 and 100 hPa, revealed the spectrum discontinuity in the meridional distribu-
tion of the ultralong wave spectrum of the secular mean circulation. Obviously, standing
waves (ultralong waves) do show discontinuity of certain sense in temporal (seasonal) and
spatial (meridional) variations.

In this paper instability parameter [} in the annual changes of standing waves is defined.
Analysis made of the absolute magnitude of D in the monthly mean circulation at 500 and 100
hPa shows the temporal and spatial demarcation in the mean circulation. And the stable and
unstable belts of the standing waves in the mean circulation are determined from the analysis
of the relative magnitude of 1. By comparison of the unstable belt and the discontinuous

* This work is under the programme “Research on the Tropical Circulation and Its Prediction™. Ying
Yan and Zhao Yiping did part of the calculation work.
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belt of the ultralong wawves, a large circulation system, the wave boundary, is located. It is
found that this system separates the middle-and-low latitude and middle-and-high latitude
circufation systems in the wave field. From the discussion of the seasonal transformation in
the Northern-Hemisphere mean circulation using the position of the wave boundary and the
yearly instability march of the semispheric standing waves, abrupt changes, or rapid changes,
are found at the heights of 500 and 100 hPa, but they do not occur at the same time and in the
same  manner.

. TEMPORAL AND SPATIAL DEMARCATION FOR THE INSTABILITY OF STANDING WAVES
AND THE MFAN CIRCULATION

Let H (s,¢) denote the monthly mean height field in a certain month of the vear ¢ at
a given latitude, and s the serial nuniber of the grid points distributed along the latitude (s=1,
w+,N). The wave action in H (s,#) is assumed to be made of the filtered standing waves.

From H(s,t) the corresponding zonal deviation field

H*(s,t) = H (s,4) —[H (5,¢) ] (1)
is detrmined, where H (s5,f) being of good statistical nature, is a centralized field and, being
of good dynamic nature, can be taken as a vector in the ¥ -dimensional space, called zonal
deviation vector. Its model | 71*(#) | can directly give the absolute intensity of the standing
waves along a given latitude in the year f.

For yearly mean circulation, Eq. (1} becomes

H*(s)=H(s)-TH(s)]. (2)
Its modulus [F7*| gives the absolute intensity of the standing waves on the yearly mean diag-
Tam.

However, [ H*| is a rapidly-changing quantity dependent on season and latitude. Direct
use of the yearly absolute variation of | }f* | fails to show the difference in season and latitude
of the yearly change of standing waves. 1t is necessary to introduce a measure of the yearly
change of the standing waves free of the seasonal and latitudinal influence. Thus, the insta-
bility /) of the yearly change of the standing waves is defined as

D=/ TH* @y|* /IH*] , (3)
where the calculation signs are all in a geperal sense.

By using the monthly mean height data at 500 hPz during the 1951—1980 period {CMO,
1982} and at 100 hPa during the 1956—1982 period {Research Group on LTD; WBHP and
MOGP) and the grid point data at 100 hPa in September-December of 1982", the temporal
and spatial distribution of 77 is determined, as shown in Tables la~b.

The figures given in Tabies la—b show that the values of 1 at 500 hPa are much the same
as those at 100 hPa of high latitudes during the winter half year, and a little higher than those
at JOO hPa of low latitudes all the year round and of middie latitudes in summer, and remark-
ably higher at the poles throughout the year.

By taking 1.00 and 0.75 as the criteria for the determination of the magnitude of I} at
500 hPa and 100 hPa respectively, the monthly mean circulation at the two levels can be divided
into three circulation belis {zones) and two circulation seasons, all having marked difference

1} The grid point data are based on the work by the medium-and long-range weather prediction
teaching group, the WNanjing Institwte of Meteorology.
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in instability of the standing waves. Their demarcation lines and instabilily features are shown

in Tables

2a—b.

Table la. Tnstability D of the Standiug Waves at 500 hPa in the Northern Hemisphers

latitude } ! .
oy Jan. ‘ Feb. ‘ Mar. Apr. May | Jun. | Jul.  Aug. 1‘ Sept. Oct. | Nov | Dec.
! -—
45 3.18 ’ 3.00 3.B3 3.03 2.99 5.32 2.89 | 4.58 | 3.26 | 3.3B | 2.93 | 4.11
80 1.82 2.10 ‘ 2.08 2.15 1.71 2,90 [ 2.83 | 2,92 | 2,15 | 2.35 | 2,11 | 2.57
75 I 1,24 1.58 ¢ 1.35 1.54 1.17 | 1.95 | 1.50 [ 1.93 | 1.70 | 1.59 | 1.49 | 1,89
0 1.04 1 1.27 i 1.32 1.21 . 1.04 1.42 ;1,13 ; 1.4% | 1.45 [ 1.28 | 1.19 1 1.60
&5 0.93 1.05 ’ 1.15 1.04 1.01 \ 1.11 l 0.94 1,12} 1.23 ) 1.05] 0.98 | 1.23
60 .43 0.88 0. 96 a.86 0.88 0.92 1.04 | 1.03 [ 1.09 0.87 | 0.83 [ 0.94
55 0.70 0.72 | 0.74 0.70 0.7¢ | 0.81[1.33|1.15]0.97]0.72 1 0.68 : 0.69
50 0.59 0.62 ‘ 0.60 0.85 0.65 | 0.79 | 1.38 | 1.36 | 0.96 | .75 | 0.64 | 0.57
45 9.52 0.56 l 0.53 .69 : .68 - 0.75)1.08 | [.5¢ |1.01 0.82]|D.564 0,53
40 0,52 0.50 .61 0.86 ! .50 0.78% | 0.92 | 1.28  1.15 | 1.02 | 0.76 O0.56
36 0461 0.8¢ ; 0.84 1.14 1.17 | 0.83 [ ¢.79 | 0,92 | £.22 | 1.0411.03 | 0.68
30 l 0.85 ! 1.18 ‘ 1.43 1.42 1.28 0.83 | 0.61 | 0.60 | 1.05 | 1.07 1.11 | 0.94
23 1.18 1.44 1.70 1.43 l 1.08 0.58 | 0.50 [ 0.46 | 0,83 | 1.28 | 1.02 | 1.08
20 1.1% 1.30 1.10 1.17 0.51 0,62 | 0.44 | 6.45 | 0,73 | 0.65 | 1.03 | 1.¢2
15 1.17 1.28 1,02 1.04 L .36 0,64 | 0.50 | 0.50 ' D.68 | 1.55 | 1.45 } 1,12
10 1.82 1.52 . 1.20 1.25 | 1.0 0.76 | 0.72 | 0,67 O0.B6 | 1.32 | 2.02 | 1.65
Table 1b. Instability D of the Standing Waves at 100 hPa in the Northern Hemisphere
fatitude ‘l
Jan. | Feb. | Mar. Apr. May | Jun. | Jul. |Aug. | Sept. | Oct. Nov. | Dec.
°N |

- |‘ —_—— —_
30 1.11 1.09 1.24 1.14 1.36 2.52 | 0.98 | 1.36 ) 1.82 | 1.07 | 1.39 | 1.35
70 0.77 0.80 ¢.95 0.85 1.03 | 1.56 | .76 | 1.11 | 1.58 | 0.74 - 0.83 0.83
i1 0.567 0.68 0.73 0,69 0.9 1,08 | 0,84 | 1,24 | 1.32 ' 0.61 | 0.62 | 0,57
50 .58 0.60 0.55 0,76 0.92 | 0.75 | 0.77 | 1.14 | 1.76 | 0.74 | 0.60 | 0.50

\ f - o

40 0,62 0.71 0.83 1.23 .82 | 0.54 | 0.58 | 0.50 | 1.2¢ | 1.44 | 0.95 | 0.60
30 1.03 1.58 1.48 0.91 0.52 | 0,40 | 0,30 | 0.39 | 0.51 | 0.84 | 0,89 [ 1,15
20 0.81 1.06 0.78 ¢.86 0.658 ; 0.50 | 0.49  0.58 | 0,87 | 0.87 (.73 0.8%
10 1,04 ' 1.46 1.10 1.08 ' 1.19 |1.26 | 0.86 | 0.91 [ 1.28 | 1.57 { 1.12 | 1.10

|
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Table 2a. Three Circulation Belts (Zones) of the Northern-Hemisphere Mean Circulation at 500 and

100 hPa
i ;
! Height
Name Item _ e — —af-—Eh\—f —— e e — =
l | 500 hPa | 100 hPa )
- »
" Location ' south of 35°N } 30°N & to the south [ Y
Low-Latitude o '
. K ‘ Stable from June to Sept. Stable from May to Sept.
Cirgulation Feature _
Belt (Zane) Unstable from Oct. vntit ! Unstable from Oct. until
| nest May | next Apr.
| Locaion | North of 35°—60°N | 40°—60°n
( Stable from Oct. until next , Stable from Oct. until next
Mid-Latitude June | Apr.
Circulation Feature [ — .
Beli (Zone) Unstable from June to Unstable from May to
Sept. Sept.
Pelar Circulation Localion . Nerth of 65°N | 70*N & to the north N
Belt (Zone) | Feature { Unstable all the year unstable all the year

Tabte 2b. Two Circulation Seasons of the Northern-Hemisphere Mean Circulation at S00 and 100 hPa

ddle [at. and polar
regions

! Height
Nane Ttem
500 hPa | 100 hPa
' Month ll Oct-next May '| Oct.—next Apr.
g‘m";‘ _ ' Stable circulation belt in
freulation Feature middle lat.,, unstable in ditto
) } low lat. and pelar regions
[ .
i Month !l July—Sept. | May—Sept.
Summer . Stable circulation belt in |
; : low lat., unstable in mi- |
Circulation Feature ditto

There may be several reasons for the reversed annual march in the change of instability
of the standing waves between the low-and-middle latitudes and middle—and-high latitudes
(Yeh et al., 1958b). However, it is noteworthy that the seasonal variation in the zonal differ—
ence of the atmospheric heat source may be the decisive factor. The stable equilibrium of
ultralong-wave scale in the middle troposphere and the lower stratosphere at middle—and-
high and middle-and-low lalitudes given in literatures (Zhu et al., 1982 and Zhu, 1986) was
obtained when there existed marked zonal difference of the planetary-scale heat source.
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Calculation (Kubota, 1970) shows (hat this heat source occurs at mid-latitudes during winter
and at low latitudes during summer. [t is obvious that the planetary-scale strong ronal-
deviation heat source is of great imporiance to the yearly stability of the standing waves.

ili. STABLE AND UNSTABLE BFLTS OF THE STANDING WAVES

Fig. 1 is drawn from D in Tables la-b. It is seen that there are two circulation belts
which have relatively small values of [j throughout the year (discontinuous at 100 hPa in June),
- one in the middle-and-low latitudes and the other in the middle-and-high latitudes, called
{relatively) stable belts of the middle-and—low and middle-and-high latitude standing waves,
respectively. The heavy broken line indicates the annual march of central position. Between
the two stable belts there is a circulation belt having relatively great values of 1) throughout the
year (discon tinwous at 100 hPa in June), called the (relatively) unstable belt of the standing
waves. The heavy solid line denotes the annual march of their central position. In midwinter the
low-andmiddle Iatitude stable belt of the standing waves is located between [5°N and 20°N,
whichmay not in keeping with the actual sitvation. For the stability of the standing waves
at low latitudes it is better to make calculations from the mean flow field, but at present such
calculation is difficult to obtain.

o [%23.0

15125 10 075 07 10125.‘15
JFMAM_J”JASQND

JJ
{b)
Fig. 1. Instability of the standing waves in the Morthern~Hemisphere monthly mean cnrculaunn at
500 hPa {a) aod at 100 hPa (b).

In view of ils exceptional importance in the following discussion, the annual march of the
position of the unstable belt of the standing waves is shown in Table 3.

Table 3. Annual March of the Position (°N) of the Unstable Belt of the Northcru—l-[em.zsphere Monthly
Mean Circulation Standing Wawves at 500 and 100 hPa

' |

Motith 1 Jan. I Feb. r Mar. ‘ Apr. ‘ May , Jun. Jul. ! Aug.l Sept.L Oct. 'Nov.llDer:.
[, : i‘_ BN R N SR S
| | q l o Lo w0l
500 hPa I 23 24 26 ‘ 28 31 45 36 l 19 a0 ! 24
- g | i__. Jp—
100hba | 2 ' 2 | » | 50 || w0 %7 J 29

Note: 1n October the unstable belt of the weak standing wavés at 500 hPa is located a]ong BT“N aud in .Iune
the unstable belt of the standing waves at 100 hPa breaks off, - !
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It should be noted that Table la shows no maximum for value /3 between 30° and 40°N
at 500 hPa in October (remarkable maximum occurs along 19°N), and the weak unstabie belt
of the standing waves at 37°N, indicated by broken dots in Fig, Ia, is determined by means of
quadratic interpolation.  As a result, branches occur in the annual march curve of the posi-
tion of the unstable belt of the standing waves at 500 hPa in October.

From the above analysis, the hemispheric circulation system can be regarded as a unity
made of a middle-and-low and a middle-and-high latitude circulation systems. As far as
the stability of the standing waves is concerned, both the area controlled by the two systems
and the variation in stability vary considerably with season increase or decrease. During the
period from winter to summer the area controlled by the low-and-middle circulation system
extends to the middle {atitudes and during the period from summer to winter the area controlled
by the middie—and-high latitude circulation extends to the subtropical latitudes; in both cases
the stability of the standing waves increases greatly. Thus, there exists a good correlation
between the time (season) of the hemispheric mean circulation and the stable belt of the pre-
vailing standing waves, that is, the temporal and spatial charateristics of the mean circulation
correspond to each other quite well.

IV. LUNSTABLE BELT OF THE STANDING WAVES, DISCONTINUOUS BELT OF THE
ULTRALONG WAVES AND WAVE BOUNDARY

The discontinuous belt of the ultralong waves at 500 hPz given by Huang (1979} is the
latitudinal line along which secular changes in the ultralong wave spectrum (phase and ampli-
tude spectrumy) take place in the mean circulation. In view of the fact that the ultralong waves
account for a very large proportion in the secular mean circulation, the discontinuous belt
should be the boundary separating the two circulation systems with rather uniform wave spec—
trum in the secular mean circulation.

Having introduced the ratio of the total long-wave variance }7, in the secular mean cir-
culation to the total ultralong wave variance ¥/;, we have

r=V./V: (4)
and temporal and spatial distribution of » as shown in Fig. 2. In the calculation the ultratong
and long waves are selected as in Table 4.

Table 4. Sclection of the Uliralong and Long Wave Band

I Height |
L 500 hPa 100 hPa
Item L T B
Month Nov.-Mar. ‘ Apr.—Oct. Oct.—Apr. May-Sept.
Ultralong waves ‘ 1—3 l 1—4 1—3 1—2
Long waves ' 41— | a—8 | 4—6 3—4
i

Analysis sugpests that remarkable maximum belts of r exist at both levels {as indicated by
the broken line), called the maximum encrgy ratio belt.

Contrast analysis has been made of the energy ratio maximum in two ways. (1) By compari—
son with the zonal variability of the harmonic wave phase (wavenumbers L, 2, and 3) in the
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Fig. 2. Maximum belt of the secular mean circulation energy ratio of #(%:) at 500 hPa (a} and
100 hPa (b) in the Northern Hemisphere.

secular mean circulation (unit: degrees/latitude interval), the maximum belt and the annual
march in the zonal distribution of the amplitude spectrum, it is found that the maximum
energy ratio belt is in good agreement with the position of the strongest zonal variation in the
ultralong wave phase and amplitude spectrum. By the definition in literature as Huang (1979)
it can be used to represent the discontinuous belt of the ultralong waves in the secular mean
circulation. (2) By comparison of the maximum energy ratio belt with the annual march of
the unstable bell of the standing waves, as shown in Fig. 3, their positions are in surprising
agreement,

15

Fig. 3. Unstable belt of the standing waves and discontinuous belt of the uliralong waves (the maximuni
energy ratio belt) at 500 hPa (a} and 100 hPa (b) in the Northern Hemisphere.

The unstable belt of the standing waves and the discontinuous belt of the ultralong waves
are obtained from the study of the yearly variation in the mean circulation and the zonal varia-
tion in the secular mean circulation respectively. Statistically, the former is derived from the
study of assembling the diverging quantities of {H*{#), {=1,-,M} and the latter from
the study of assembling the converging quantities. The agreement of their positions suggest
that there exists an inner relation between the temporal and spatial characteristics of the mean
circulation and the unstable belts of the standing and ultralong waves should be a reflection in
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time {(yearly) and space (latitudinal) of the same circulation entity in the mean circulation.
Frem the analysis above, this circulation entity is in fact the boundary between the middle—and-
low wave system and the middle-and-high wave system in the mean circulation, called the wave
boundary for short.

From the study of the properties of the unstable belt of the standing waves and the dis-
continuous belt of the ultralong waves, the standing waves (ultralong waves) in the two circula-
tion systems divided by the wave boundary exhibit the following different characteristics:
(1) they both have their own uniform ultralong wave spectrum (phase and amplitude spec-
trum) and remarkably different ultralong wave spectrum; (2) the standing waves in the mid-
dle-and-low latitude circulation system are more stable in summer than in winter and those
in the middle-and-high latitude circulation system are more stable in winter than in summer;
and (3} the middle-and—low circulation system extends to a larger area in summer than in
winter and the middle-and-high latitude circulation system extends to a larger area in winter
than in summer.

Obviously, the wave boundary plays different roles in separating the two circulation sys-
tems and dividing the planetary front and the Northern-Hemisphere mean circufation.  This
can be seen from the annual march of their positions, as shown in Fig. 4. Thus, the wave
boundary is another large circulation system different from the planetary frontal zone. In
fact, the wave boundary exhibits the difference in the dynamic properties of the two circulation
systems and the planetary frontal zone exhibits the difference in the thermal properties,

N b
50° N
— 70t

L e ~ I
40°F

N ) o e - 50-|.
o [

I st
200+
15°F 0

TF MAMJI J AS ONTD J FMAMYJJAS ONOD

Fig. 4. Annual march of the pesition of the wave boundary and west jet stream axis at 500 hPa (2) and
100 hpa (b) in the Morthern Hemisphere.

¥, TIME AND PATTERN OF THE SEASONAL TRANSFORMATION OF THE MEAN CIRCULATION
IN THE NORTHERM HEMISFPHERE

This paper deals mainly with the mean circulation in the polar and extra-tropical regions,
based on the growth and decline of the two stable circulation belts in the wave field with stress
on the time and pattern of the seasonal transformation.

From Tables 2a—b, there exist two typical seasons, winter and summer, in the Northern—
Hemisphere mean circulations. In fact, the discussion of the seasonal transformation is one
of the seasonal alternation.

Table 5 shows the monthly change of the position of the wave boundary at the two levels.
As the position of the unstable belt of the standing waves i3 more objective than those of the
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discontinuous belt (the maximum energy ratio belt) of the ultralong waves, the former is used
to represent the position of the wave boundary in the circulation. However, the position of
the maximum energy ratio belt (62°N) is taken as the position of the wave boundary for June,
when the unstable belt of the standing waves breaks off at 100 hPa.

Table & Monthly Change in the Position of the Wave Boundary at 500 and 100 hPa in the Northern Hemi-

sphere (unit; latitude interval)

Jan. Feb. | Mar. Apr. \ May | Jun, \ Ju\.§| Aug. | Sept. | Oct, "Nov.l Dec
Month — - — —_ — — | e — — - - —
‘ Feb. | Mar, | Apr. May | Jun. | Ml Aug, | Sept, I Oct. iNov‘ Dec, = Jan.
—_— . _ . : — o : —
500 hPa 1 2 3 z 13 i—s —10 —1?‘ =5 | —1
100 hPa o ‘ S ' RN N R T t -8 | o
|

Note: The figure for October at 500 hPa is based on the position of the unstable belt of the strong standing

waves.

From the time when the wave boundary advances farthest north and retreats farthest south
we can determine that the transformation from winter to summer at 500 hPa occurs in June—
July and at 100 hPa, in April-May, and the transformation from summer to winter occurs in
September-October at both levels.

It is seen from Fig.l that at the time of seasonal transition qualitative changes take place
in the stability of the standing waves of the two circulation belts (according to the standard
given), and remarkable changes are also found in the area where the standing waves prevail.
The time needed for the transformation is much shorter than that needed for the persistence
of the winter and summer circulation systems. Thus, it might as well be said that/the seasonal
transformation, even for the hemispheric mean circulation, is also a process of “abrupt™ or
“rapid” change.

Detailed analysis shows that the transformation from winter to summer at 500 hPa covers
two stages. At the first stage (from May to June) the low-latitude stable circulation belt is
formed while the mid-latitude stable circulation belt has not disappeared. Thus, as far as the
whole Northern Hemisphere is concerned, the summer circulation has not taken its final form.
At the second stage (from June to July) the mid-latitude stable circulation belt disappears,
leading to the final establishment of the summer circulation. For this reason, the two simul-
taneous stable circulation belts in June can be regarded as the pattern of the seasonal trans-
formation from the winter circulation to the summer circulation.  This suggests that the trans-
formation from winter to summer is an abrupt south—to-north advance (from the lower to mid-
dle latitudes). However, the transformation from summer to winter at 500 hPa is a mere ab—
rupt process and no transitional state gets invelved.

Ii seems that the seasonal transformation at 100 hPa is much more complicated. Arcund
the transitional time there is a period of time when the wave boundary is displaced in the same
direction rather rapidly. Also found is a remarkable quantitative change in the width of the
stable circulation belt. During midwinter (from December to next February) and midsummer
(from June to August) both the mid-latitude and low-latitude stable belts are wider than in
their early or late stages,
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The difference in the time and pattern of the seasonal transformation at the two levels
shows that attention should be paid to the decisive thermal forcing effect of the underlying
surface. The outside forcing source for the atmospheric circulation in the troposphere comes
mainly from the underlying surface, which can delay the transformation from summer to winter
(Liu et al., 1983). The outside forcing source for the stratosphere comes not only from part
of the direct solar radiation but also from the energy leak from the troposphere to the strato—
sphere. However, from the viewpoint of the annual march of the wave boundary position,
the seasonal transformation even at the hottom of the stratosphere (100 hPa) is different in
quality from that in the troposphere, thus showing obviously its feature of being more directly
controlled by the annual march of solar radiation.

¥1. SUMMARY

From the above discussion we may come to the following conclusions:

(1} The mean circulation at 500 and 100 hPa in the Northern Hemisphere can be divided
into three circulation belts (zones): the low-latitude circulation belt, the midlatitude circulation
belt and the polar circulation belt, and two circulation seasons: winter and summer,

{2) There exists a wave boundary with remarkable annual march, which divides the mean
circulation into a middle-and-low latitude circulation belt and a middle-and-high latitude
circulation belt.  And the wave boundary is a large circvlation system different from the plane-
tary frontal zone.

(3) The seasonal transformation of the mean circulation from winter to summer in the
Northern-Hemisphere occurs at 500 hPa around June and at 100 hPa in April-May, and
the transformation from summer to winter at both heights in September. And the transfor-
mation at 500 hPa is more severe and abrupt than that at 100 hPa.

As the wave boundary is a planetary—scale circulation system, the anomaly of its seasonal
march is in some degree associated with that of the large—scale weather event in the Northern
Hemisphere. Studying the difference in its annual march will reveal the anomalous year. By
analyzing the years when anomalous weather events occur in the Northern Hemisphere, their
relationship can be determined. This will certainly make a great difference to the long-range
prediction of the hemispheric-scale cireulation and anomalous weather phenomena. The
key problem is how to determine the position of the wave boundary at a certain time on a cer-
tain isobaric surface. It is suggested in this paper that, by calculating and analyzing the change
with latitude in the analogous zonal coefficient of the height field, the problem can be easily
solved. Some progress has been achieved and will be presented in another paper of ours.
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