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THE MERIIONAL TRANEFER OF KINETIC ENERGY

by
Robert M, Gottuse

Submitted to the Department of Meteorolegy on 21 May 1960
in partial fulfillment of the requiresents for the degree
of Master of Sgienee

The seridional transpert of large-seale eddy kinetie energy
between 17,5°N and 77.9°N {s studied for the year 1981, Assuaing
the 3500-mb curface to be a representative level of the troposphere,
the sagnitude, direction and convergenee of the flux of kinetie
energy is computed from the geostrophic winds, Results show pole-
ward transport ocourring to about 70°N, with & aaxisum yearly aean
between 37.80N and 43,.06°N,

Upon further analysis of the kinetie energy transpert ters,
it is found that, in particular north of 88.5°N, the tetal flux
is accounted for by the contribution of the net meridional per-
turbation transport of perturbed kinetic energy. Vhen compared
to velues for the adveetion of latent heat and of sensible heat
in the atmosphere, it is seen that the adveetion of kimetise energy
by large—scale eddies is one of two orders of sagnitude less,
However, in the expression for the time rate of change of meri-
dional eddy kinetic energy within a latitude belt, the transpert
term is found to be the same order of magnitude as estimates of

).r’u ., @Seasured over the same regien,

Thesis Superviesor; Vietor P, Starr
Titley Professor of Meteorvlegy
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In the mathematical expression for the time rate of change
of kinetie energy in the atacsphere (Starr, 1961) it is shown
that the horisontal kinetiec emergy in a fimed regiem met in-
eluding the vhole atmosphere varies as & result of)

1, A produetion of new kinetiec emergy vwithin the regiem,

3. A dissipation of kinetiec emergy vithin the region

through frictiem.

3. The performance of wvork by pressure foreces and horison—

tal velocity components at the boundary of the regien.

4. Adveetion of kinetiec energy asress the boundary of the

regien,

It vill be the purpese of this paper to investigate the
nature of the last of the above terme -~ spe¢ifically, the meri-
dional advection of horisental kinetie emergy in the treposphere -
--itl particular regard to the sagnitude, direetion and senver-
genoce of the flux temm,

In general, other than to refer to vhat already has been
accomplished (Kao, 1984; Benton, 1957; Mintz, 1908), there is no
a priori vay to determine the direetiomn of the flux of kinetis

energy, a8 there vould be in the case of total emergy.
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Assumptions concerning the magnitude of the advectien ters have
been made, and it is generally accepted that in the middle and
higher latitudes the rate of meridional transfer ef hest energy
is of higher order of magnitude than of kinetiec emergy. Starr
(1951) 1in his discussion of the flux of total emergy in the
atmosphere neglects the latter term. He peints eut that a
transfer of kinetic energy of horisental motion asress a
symmetrical polar cap is due to the adveetion of existing kine-
tic energy across the boundary and through the work deme by
pressure forees at the boundary., Through the use of the equa-
tion of state, the second term becomes at least one eorder of
magnitude greater than the first (("Cp; > pcl’v'> '
since the microsgopic motions of the atmesphere are larger than
the gross atasospheric omnes.

To formulate the problem smathesatically, a gemeral expression
for the time rate of change of horizental kinetie energy is first
developed, and the @dvection term iselated for further analysis.
ldeally, the contributions at sany levels should be averaged to
obtain a mean value for the herizontal flux of kimetie energy in
the troposphere. However, at this point 500 ab is assumed to
represent a level vhere this flux has a ssan valuwe. This enables
us to utilizse geostrephic data for the year 19051 to compute, as a

first approximation, sean seasonal and yearly meridiona) kinetie



energy transport terms for the troposphere. The magn!tude of

the results herein obtained will be lower than if a higher

single level had been chosen where such stronger winds prevail
(1.e. the 200~mb surface). Kao (1934) using gecetrophiec winds
found that for January, 1940, the intense seridiona)l transport

of kinetic energy oeecurred between 100 and 300 mb with the greatest
porthward flux of kinetie emergy, and its greatest meridional con-
vergence and divergenece, ocecurring in the vieinity of the westerly
jet center., Thus it may be anticipated that the large oentribu—
tion of the levels above 500 mb to the total kinetie energy will
cause results obtained from vertical integratiom of data at sany
levels to be somevhat greater than theose of this study.

A seeond objeetive of this paper is to examine the cemponent
terms involved in the meridional transpert of kinetic energy to
determine those whieh contribute moet to the transpert, The re-
sults of this analysis will be shown to differ appreciably fres

assumptions previously msade by Kao (1904).



11, APPROACH TO THE PROBLEM

A. Mathesaticel Piatement of the Probies

For the sake of completeness and for the convenience of the
reader, the sathesatical expression for the time rate of change
of kinetic energy in the atmosphere as developed by White and
faltzman (1958) is repeated below, The horizontal equation of

motion in isobaric -eooﬂulnha |say be written as
N _
% _f?x_\?: -Vf—-? 1)

vhnq is the horizontal wind vector, ,, is the Corielis pars-
e
meter, k is the unit vector in the vertiecal I: st 15 the

geopotential of an isobaric surfaese, [/ 1s the 3D del-operator

4
in a pressure surface, and F is the vector frictional foree per

unit sass,

P
Upon scaler-aultiplying (1) by \V , we have

v f VeV = J.vg- VP

(2)

Expanding the total derivative and letting & =_Y
2

we obtain

%;i + V-VE + u)f;:.vvj-.b (9
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_— D
vhere D=\ £ )= %’?.E is the kinetic energy of
horizontal sotion per unit mass, and D 1s the rate of frictional

dissipation per unit mase,

The hydrostatic equation may be written as
..‘_"_fé_, = - ®)
aP

In isobaric coordinates the equation of contimuity is

—F
“‘3—‘;,1 =+ V-V (8)

Using (4) and (3) Equation (3) may be written in the fors
=TIV - L(EBW-wK - D

The first twe terme on the right side of (8) are advective terms
which vanish if the equation is integrated over the entire atmos-

phere leaving

£72£ dm = —-)—UJ-‘&)-\ "‘J Ddm m
~ M
where J‘n :#JX{’ Jp
Thus in the entire atmosphere the kinetic energy of the hori-
zontal wind may vary as a result of 1) a production term of the

form UJ‘. anc 2) friotional dissipation,

I1f we substitute spherical coordinatee in (7)
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dm= (—i‘g) o dx-LF-LP

o vm)=[%§7€%%*57%ﬁfj'

Integrating (7) between any twe latitude cirelee where /g

is tmg-;: vpjf“.u". ve :;:BA
4[] w0 = )| [beRppane
f// [ﬁ»(fff)arj 1_ cu./ drdd &"P

-] [f—(smﬂ £ o trth 4

fzr
? u),(ﬂ‘n — rﬁﬁ‘n

n‘tharhu of (8), ponxt‘muonmnd a lati-
tude circle, the first term vanishee Integration over the en-
tire: atmosphere wii) cause the third term to be 2ero, sinece UJ
is 2e#ro at the top and, for all practical purposes, at the bottom
of the atmosphe e,

Integrating the second term with respeect to A\ and noting

m*() 7|, YOy o

ﬁ: ” £dn =-3"‘ &[&5);@4{0 (®)

OOAPA. bﬁ Pz,

—U o - 55
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e

o (E+E )y = Ew + B

E+B)v = Er +EDL +ar & e

(10)

e

P— /7 7
But for geostrophie vinds A =0 and f,‘r =

There fore

(E+FW = £EX°

(11)

lub’uu ing (11) into (9) we

£]] =] ﬁ[ﬁ*«-zrw
ffffo«&»\ f)pu

The above equation states that the chenge of the kinetie
energy of the horisental geestrophic wind with time in & latitude
belt is dependent on 1) advection of kinetie energy asress the
boundary of the region, 2) an effect resulting frem the preduet
of u»/aad speeifie nlu-.-(, and 3) a friotienal dissipation
throughout the mass of the fluid, It sheuld be noted that (12)
does not eontain any term expressing the perfersance of work by
pressure forees at the boundary of the regiom as did the equi-
valent expression derived by Btarr, The change te pressure oo~

ordinates has ingorporated this eomntributiom inte the woﬂm
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vhich, according to White and Saltaman (1988), sctually repre-
sents a conversion ¢f potential and internal energy assoeciated
with the rising of varm air masses and the sinking of eeld air
masses, Henoeforih this study vwill comgern itself enly with the
investigation of the first term, expleoring in a quantitative
fashion the magnitude, diregtion, and cenvergense of the meri-
dional flux of horisontal kinetie energy. Upeam integration of

this term with respeet to ﬂ » W obtain

A
i SNV 7P

Aere ve assume that the 500-ad level! represents a layer

typical of the tr.po-ﬂoln. Thus (13) becemes
(a?)éi?' ool — (ﬂ?jgfm./z o

vhere each term denotes the kinetie emergy per unit velusme that
flows asross the given seridian at the eenstant pressure surfaee.
This then is the expression that is evaluated in the first part of
this investigation,

lo-h;orlu the second objective of this study, let us now
analyse further the nature of the compenent termes that salke up

the total kinetic energy flux, From the previeus section
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m—— z
TE = v («o?) Q1)

The quantities /( and 4 msay be separated inte s meen metion

(E '\-;') and a perturbation sotien A&, 4"4) such that
/ /

A= gn 4 all o= o= +7 Qe

N ¥

Thus (15) msay be expressed

(17)

(ot — . _ L_L_/l7
‘r@_"_“'zg.): ‘Arf-r()[;, +Muff-‘_’ JAr PR
5

For geostrophic flow along any latitude cirele (as we have

seen before)
— / ' S— /
= Ng = - -
=23 ar} ) ”"3 Mq + 1y 18)
and (17) becemes

(52905 =Ry + 5 (5725

(19)

But from (10) and (11)

Fo = EW = +
£ v (53*-;_'&)‘

(30)
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Therefore (1#) becomes

Ev = Af'/( 4 4!'"L) ; ;7 (31)
P % e B I¢'
The first term on the rhs of (31) expresses the net meri-
dional perturbation transpert of perturbed kinetie emergy, while
the second term represents the meridional transport of kinetie

energy associated vith the mean sonal current and the nerthward

transport of westerly momentum,

A. Avallable DPata

The data used in this study were cbtained by Or, B, Saltmman
and Dr, A, Fleisher of M,.1,T. as part of the M, 1.1, General Cir-
culation Project. From 500-ab hemispherie charts for the year
1931, values of height, & , were extrasted for every five-degree
latitude and ton-degree longitude interseetions over the ares
betwveen latitudes 15°N and 802N, This preesdure resulted in an
evaluation of the geostrophie vind components (and ecomsequently
the kinetie energy transport valuwe) at 36 points along each

2~

. 2
latitude cirele, Having defined £ = 4 17 . A
-

and A" were obtained by using finite differense techaiques

ageording to the geostrophie vind equation. The preduet of
z 2.
g ( &J___f_ﬂ'?) st sach
peint averaged areund a
3 z

latitude cirele represents the expression £ fo-" in (14),
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Consequently, 365 days of kinetie energy traneport valyes were
obtained aor?mn every five degrees of latitude from 17.5°N to
77.50N,

As has been previously shown, since 5—74;-/— is cemputed froam
geostrophic wind data, this term does not ineclude any flux of
kinetic energy resulting from mean meridional cells, Instead,
the data are sufficient only te evaluate the flux of energy due
to the horizontal eddies., Moreover, sinee the wind cemponents
are averaged over ten-degres intervals of longitude, only the

flux due to large-scale horiszental eddies is represented.

Sa. Jreatesnt of Date

Having obtained the data by the methods described in the pre-
vious seection, the prooess of tabulation commenced. In eash analysis
the basic data consisted of 365 days of transport terms fer sach
latitude frem 17.8°N to 73.5°N for five—degree intervals, Monthly
means and sample standard deviations were first obtained for these
thirteen latitudes; then the monthly data cembined into seasenal
and, finally, yaarly seans and standard deviations,

Confidenee limite were caloulated for both seasonal and ysarly
averages and have been ingcluded with the tabulated results, These
limits are defined as twice the standard error and indicate approxi-

mately the 99% eonfidence level, The formula used is ZE‘“:-‘{‘;

AT
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where £‘ is the standard errer of the sean of any quantity, W,
0; is the standard deviatien of the sample, and A 1s the
number of independent observations (in this case the mumber of

days of data),



111, RESULTS

A. _Piseussion of Numerigal Computations

As was anticipsted, the vinter seasea evidences the greatest
horizomtal flux of kimetiec energy; the largest individeal con~
tributions being made in December and Jamuary. During the win-
ter months (November-April) the flux of kinetic emergy is peole-
ward fras 17.0°N across 07.0°N, thence reversing direetiom (Fig, 1),
Zero total transport cccurs at about 70°N, The renge of msxisus
energy transport extends frem 33.8°N to 47.0°N, within the regiem
of poleward flux, with a maximsum of 10.4 x 10" ergs .“.1.;1
between 37,5°N and 43, 5°N,

Maxisum energy transport for the summer menths is about one—
third as much as for winter (Fig. 2). July and Aagust are the
sonths of minisum kinetic energy tramspert. A bread regiem of
saxisus transport poleward is evident between 37,.0°N and 63.0°N,
displaced northward about five degrees frem the corresponding
area for winter, Maximus susmer transport of 3.3 X 10" ergs
m-lub—l is found at 42.0°N, similar to the wvinter situation,
with a secondary msax of 8,3 x 10” ergs m-llb‘I at B3,0°N,

4 reversal of direction (equatervard) is again evident at 73,.00N

vhere the transport term changes sign,

"~ The yearly mean graph (Fig. 3) elosely resembles those of
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the individual seasons, having the same general eonfiguration

and latitudes of poleward and equater diregted transpert. The

maxisus morthward flux at 42.9°N has a value of 6.8 X 1011 ergs
-1 =/

2e¢ mb .,

In all three of the shove tabulations the averages for each
latitude, inclusive of the data for 63.0°N, far exceed the con—
fidence limits, This faet indicates that a large degree of
reliability be given to these results,

The data have been arranged in Table 4 to show the mean eon~
vergenoe of the flux of kinetie emergy of large-seale eddies inte
five—degree zonal rings., Divergenece is evident seuth ot 42,00N,
vith & meximus value of 2.6 X 10°. ergs see 'mb | between 27.80N
and 33,0°N, Above 43.50N comvergence is the rule exeept for the
sean summer data which show a weak belt of divergense between
47.5°N and 83.5°N, A saxisus value for convergence of
1.71 x 10"7 orgs sec 'ab } 1s found in the semal ring between
57.9°N and 63.5°N for the meen yearly data, while a secondary
max of 1,08 x 10'7 orgs see 'mb  shows up betveen 97.99M and
63, 50N,

The mean rate of meridional perturbation flux of perturbed
kinetic energy, 4"3’ (&":t_da':) , for seasenal and yearly

2
data is found in Tables 7 - 0, The data is alse pletted en

Figs. 1 ~ 3 so that the total eddy kinetie energy transport say



be more readily compared vith this perturbation csmpomeut. These
sraphs show the perturbation term te asesunt for nesarly all eof
the total kinetic emergy tramspert above 57.0°N and sere than
half between 47.5°N and 07,.50N, Below 47,.00N its esmtribution
was negligible for all prastieal purpeses, It sust be noted,
however, that confidense limits north of 37.5°N were larger

than the mean value camputed.

In an atteapt to subjest the results te a fimer amalysis,
individual graphs of the horisental flux of eddy kinetie emergy
were drava for ecash menth, Only in Jammary was it evideat that
periods of 3 to 4 days existed vhen paxissm flux wes displased
xatiudlnlly with time. Otherwise the general tendensy vas for
isopleths eof constant flux to have a gemeral nerth-scuth erienm~
tation with no appreciable tilt im the direetion of the time axis.
This seans that, in general, any significamt pelevard or equater
direeted flux of kinetie energy occcurs simultancously ever a wide

belt over many degrees of latitude.

R._Comparisss vith Othar findies

Mints (1908) and Bentea (19007) utilising the same data for
January-February and July-August, 1049, have cemputed meanm kinetie
energy flux values due to horiseatal eddies. These are summarised

in Table 5 and Fig, 6, Benton's results, obtained frea speetral
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analysis techniques, are for the 300-ab level, while Mints's
values are vertically integrated results fres 1010 mb to 200 mb.
In order to make a valid cemparison of the above with the results
of this study, only the seme four souths were used,

" For the winter sonths Benton's cemputations at the 300-ab
level are an order of magnitude higher than those of this study,
a result not unexpected, but still surprisingly high. Altheugh
larger in general, Mintz's integrated values were of the same
order of magnitude as the present study's. This fast is not
unusual when one comsiders the vary large eontributiea te the
kinetic ensrgy of the higher levels., For the summer sonths excel-
lent agreement existed with Mints, while Benten's results were
about 34 times larger, It is of interest to exsmine the speotral
distribution of th; perturbation flux of perturbed kinetie energy.
Results of computations fer the year 1061 for twve latitude eireles
(32.5°N and 73.5°N) are available threugh the ceurtesy eof Dr.
Saltaman, and the suthor is indebted te hiam for permission to
include this data in the present study,

To provide a brief mathematical baskground, let U(h,u) and

\/ (1.\,1\) represent the complex spectral functiens for the
zonal and meridieonal components of the geestrephie wind (W andqr
respectively), Then the spectral fumetiom for T—. the perturbe-

tion flux of perturbed kinetic emergy, is



A(ﬁ”)’x*Y (23)

vhere /5"
X(ﬂ;ﬂ) - mz_(\/(";h)U(uﬂ(IM V(g-q)f.c.) ”‘-u))

%’ WS

mpo
Y ) = TS VooVl Mo
™o

(23)

UCpgpt)= 45 (”A (»4,P,6)2 "e)‘ch

e B .
Vie#t)= 5 (" (59,00 & Cn
Finally T-uy be represented by 7:lnd —':. the zenal and
mean meridional components respectively of this quantity
T = 2 (X+Y) 0
nw=

vhere
(28)

Individual plots of the values of the spectral funetien
A (/, H) versus vave numsber (through vave nusber 18) for
the neasonal and yearly data for 23.5N and 72,5°N can be found
in Pigs. 7 through 9.

From Fig. 7 it is seen that the net perturbation transpert
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of perturbed kinetiec energy is southward asross 7%,8°N for both
winter and summer data., Disturbances of vave number two elearly
contribute most to this transport for easch seasen. A segondary
saxisum of southward transport results frea -.-n nusber feur,
while relatively strong meam northward flux is asesunted for by
disturbanges of wave nusber three and five,

At 23.9°N (Fig, 8) the winter season acoounts for a large
net southward transport, particularly the “ltl'lhii“ frea
wave numbers two and nine, despite a large polevard tramsport
resulting from disturbances of wvave nusber six, Exoept for a
southward contribution eceurring at wave number twe, the net
perturbation flux of perturbed kinetie emergy for the summer
msonths is mnorthward, vith maxisum poleward velues oeourring at
wave nusbers three and six,

The yearly mean:data presented in Fig. 0 clearly indicates
that, largely due to the disturbance coeurring at wvave nuaber
twvo, the perturbation flux of perturbed kinetic emergy is directed
toward the equator for both latitudes., Aerose 33.0°N the sean
value 18 ~ 108.7 x 10'¢ ergs see 'ab |, while acress 73.80N it is
- 154.8 X 10“ ergs “.-1“-1. (Compare with Table 0.) The large
poleward winter season contribution frem wave nusber six is still

evident on the mean yearly graph of flux asross 32.0°N,



1V. CONC LU I0NS

Utilizsing 500-ab hemispherie data for the year 1981, the
meridional flux of the kinetie energy of large-seale eoddies has
been computed agroes every five degrees of latitude frem 17,8eN
to 77.0°N, The magnitude of the averaged results veried frea 2

17 -1 =1
saxisum of 10,4 x 10 erge se¢ mb at 43.0°N during the winter
17 -1 -1
season, to & minimum of 0,047 x 10 ergs see md at 73,0°N,

also during the vinter. The yearly sean maxisum of 6.8 X 10“

ergs l..-ll.—l oecurred at 48,8°N

The flux was direeted poleward teo about 70°N, thenge equa-
torwvard for both yearly and seasemal mean data, Divergenge of
horisontal kinetie energy eut of five degrees semal rings emwtended
up to 40°N with a msaxisus yearly sean divergenes of 3,7 X 10" ergs
uo-l-h.-1 ogourring at 30°N, Convergence took plase north of
439N, with & yearly mean maxisus of about 1.7 x 10'| ergs see -mb
existing near 50°N and G0°N,

Kao (1984) stated that the meridionsl flux of kinetiec energy
could be approximeted by the produet. of the sean weleoeity of the
sonal ourrent and the rate of northward transport of westerly
somentus (see Equation 31)., This investigation has shown his
assusption to be generally valid south of 43,.0°N, Elsevhere over

the region studied, and in partieular nerth of §3.0°N, the tetal

flux is accounted for by the contributiom of the met meridiomal



perturbation transport of perturbed kinetie energy. In ocom-
junetion with the above finding, an imvestigatiom by Saltsman
inte the speetral distributiom of the perturbation flux tews
has shown mean seasonsl and yearly tramspert to be direeted
southward for 33.00N and 73.0°N, dominated by disturbanses of
wave number two.

Vhen oompared to the values in Table 6 for the flux of total
energy in the atmosphere as obtained by White and Starr (1084),
it 1is seen that the advestion of kinetie emergy by large-seale
eddies is ome to two orders of magnitude less tham the individual
contributions from the adveetion of latent heat and of semsible
heat., Thus the original assumption made by Starr is justified.

Saltsmen and Pleisher (1900) have eotimated the eddy eontri-
bution to the rate of conversiom of available potential emergy
into kinetie emergy for Pebruary, 19000, Their value of 3,873 ergs
sec ‘en Jab ! agree in order of magnitude with estisates of frie-
tional dissipation sade by Bruant (1041), as well as with & value
of approximately 1 erg sec .ca 'mb . for the rate of northward
trensport of eddy kimetic energy acreess 30°N as obtained frea
the Jamuary-Pebruary sean data of this study., Thus although
negligible in the case of total emergy tramspert, the mseridiensl

transport of eddy kinetic emergy is impertant to the met rate of

change of kinetie energy vithin a limited region. Im additien



if econtributions to the transport term arising from f',:;- and

N'f expressions are negligible or in the same direetion
v

as those of the & term evaluated herein, it may be oon-

cluded from Table 4 that the effeot resulting frem the uJog

integral of Equation (131) i{s positive south of 43.9°N,
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Table 1. Mean rate of mervidiomal flux of kinetiec energy at
$00 mb for November-April 1081,

=] =1
Unitas louom [LT] l-b

Latitude ¥eoan 20 + Y0 o8,

(dugrecs) N = 181
17.8 1880 + 424 3883
2.5 3037 £ Mo ar7e
7.5 o783 £1048 7010
2.5 oves 22734 18,901
3.8 10,302 2026 13,088
4.8 10,487 Y] 14,206
47.8 oo79 ;mn 14,004
83.8 6084 19030 13,006
0.8 24 11838 13,877
3.8 1394 21424 "0
7.5 300 £ 819 s
72.8 - a1 xen ey

77.8 - 274 % 7 2440



Table 32, Mean rate of meridional flux of kinetic emergy
at 500 mb for May-Octobervr 1981.

Unite: 1014"‘. uchllb-l

Latitude Nean %0+ o= 8.0,

(degrees) N = 184
17.8 230 4 300 1419
22.8 888 + m2 1818
27.8 910 & 370 1808
3.8 2179 + 809 2481
7.8 9030 2 o8 amE
4.0 3308 2 o1 se0l
4.8 2070 4 008 sssl
83.5 3208 £1000 7902
97.6 2473 : 07 6219
3.0 1830 & 708 e
7.8 aus 1 0 e
73.8 ~148 & 408 1748

7.0 3090 zm 1840



Table 3, Mean rate of total meridiomal flux of kinetie
energy at 300 mb for the year 1051,

14 -1 =1
Unite: 10 ergs mb sec

(vegroes) N = 368
17.8 738 + 273 2611
23.8 1809 + 388 3074
27.6 3396 + 509 5807
93.5 6048 41430 13,746
9.8 0666 +1142 10,910
2.6 o828 +1190 11,964

a7.8 6341 41211 11,569
0.8 4634 #1102 11,000
87.8 3143 $1019 70
02.8 14038 + 788 7811
7.8 400 + a7 4560
2.8 -0 4+ 366 3490

77.8 -273 + 237 2168
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Tabkle 4, Nean convergencs of the flux of tetal kimetic energy
into & ascnal rings at 300 mb for )951,
4+ neans conve rgence
~ seanr dive rgence

14 - -1
iUnites 10 erge mb weo

donal Belt Vivter Buawrer Year
(deg roes ) 1981 1001 1981
7.8 ~ 22.8 -1%08 - 208 - 864
22.8 - 27.0 -2168 -~ 223 ~-1727
27.8 - 3a.93 4300 ~1969 ~2722
22.6 ~ 7.0 - 410 - 880 - 0
97.5 - 432,98 - 38 _ - 209 oo 183
42,8 - 47,5 _ + 748 + 2% + 421
47.6 - 93.98 +3000 - 1% +1713
53.8 - 87.0 +3200 + 73 +m§
57.9 - 62.0 +2490 + 842 +1890
62.8 - 7.8 +i0!l . +1140 +1083
67.5 -~ ?a.0 + 63 + ll" + 498

72.8 - 77.8 + 137 + 24 + 186
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Tasle 3. Mean rete of mericional flux eof eddy kinetie energy
acoording to various sources.

14 -1 -1
Units: 10~ ergs sec mbh

(Minus sign indicates equatorward advection)

e January-Tebruary Data Julr-August Dats

Latitude Minte benton Gottuso Lat, Minta Bentoa Gottuso
(cegrees N) (1010~ (300 mb) (3500 mb)

200 mb)
T7.58 - 1086 77.5 ~ 830
78,90 - 0.0 78.0 - 800
78,8 . -~ 46 72.8 - 54
T70,C 700 1548 7.0 - 400 ~308)
67.5% - 20 87.5 3832
83,0 2800 88.0 700
82.8 56 2.9 1147
80.0 7400 18749 60.0 1800 4304
87.5 3874 57.8 810
55.0 10800 58.0 1300
52.8 7610 52.8 1332
80,0 10400 27206 80,0 1200 W40
47.3 12537 @ 47.8 1982
45,0 eTo0 45.0 1800
42.5 11581 42.8 19016
40,0 11700 35834 40,0 1800 4304
27.5 9242 37.5 1407
38,0 156300 ' 95,0 1800
32.5 4580 33.5 781
30.0 16800 55998 30.0 800 217¢
a27.9% 6014 27.8 128
25.0 12000 25,0 200
22.5 1228 23.8 483
0.0 8300 16489 20.0 100 0

17.5 1468 17.8 1%¢
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A

\l \
Table 6. Totall eddy kinetic energy versus flux of kinetle

energy due to large-scale eddies,
.

14
Unite: 10 eal sec

After Starr and White (1980) Gottuso (1981)

Latitude ——lntal Eedy Liax ol kinetis
{dexreee N) Bsneible latent Iatal ADRIXY
72.8 - 0,002
70.0 3.3 0.8 4,1
7.8 0.01
57.8 .08
56.0 5.8 3.3 .1
52,8 0.11
42.5 8.6 3.7 8.8 0.1¢
2.8 0.14
31.0 2.8 3.1 8.9

Note: Lata by Starr and White neg leet the
adveetion of kinetic emergy due to
large-scale eddies,
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Table 7. Mean rate of seridional perturbstiocs flux of per-
turbed kinetic emergy at 600 ab for May-October 1961,

-1 =1
Units: 101‘-!'- seg ab

Latitude neen 20 + (W o= 8,0,

(degrees) = 104
17.8 e $ 07 1404
23,8 184 4 28 1450
27.8 187 481 1226
2.8 w7 + 28 000
27.8 204 4+ 44 2960
4.5 226 ¢ 018 a7
47.9 064 $+ 4260
2.8 2160 4 844 8734
07.8 PE 1) + 804 8488
3.8 1896 4 o3 4311
a7.8 Yy + 438 2038
72.5 -131 + 308 2019

77.8 ~947 4+ 38 1808



Table ¢, vWean rete of mevidional perturbation flux of per-
turbed tinetic energy at 300 nb for Novesber-April 1651,

iq -1 =1
Unite: 10 ergs sec mb

Lat ) tude ean 0 ‘Fw o= R,0,

(degrees) N= 181
17.8 70 4+ 810 2198
23.6 -978 + %13 2072
7.8 -3%8 4 073 seas
2.9 811 #1120 7480
2.9 1410 1302 #3080
4.9 2901 $1048 11073
47.8 T 1608 11432
2.6 5030 #1771 11918
#7.8 7798 fless 11018
2.8 | 1333 41181 7043
67.6 408 + 044 4934
3.8 ~184 + 473 sl

77.8 ~184 $+ 319 2144



Table 9, Mean rate of meridional perturbation flux of
perturted kinetic energy at 500 mo for the
year 1681,

14 -1 =1
Units: 10 ergs seec md

Latitude Mean 2J +'r_'1 o= 8.0,

(dogrees) N = 385
17.8 173 2 180 1801
22.8 -109 + 224 2138
27.8 - 72 + 299 2808
22.8 %8 + 8471
.8 897 + 13 6984
4.8 1897 + 08¢ 8407
47.8 2037 + o s831
82.8 %83 2 oss 9433
5.5 3083 + 910 a6e7
03.8 1431 + 084 6342
e7.8 538 + %87 1608
72.6 ~187 + 270 2000
77.8 -200 1 197 1877
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