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Preface
I would like to dedicate this publication to the memory of Victor P. Starr, 

emeritus professor at the Massachusetts Institute of Technology (MIT). Through 
his numerous inspiring papers and the education of many generations of students 
at MIT, to one of which I was fortunate to belong, Victor Starr has initiated and 
brought to fruition a new approach in the study of climate. In this approach, 
atmospheric and oceanic observations are interpreted in the light of basic physical 
laws, such as the conservation of mass, angular momentum, water vapor, and 
energy, thereby shedding light on how the climate system operates. It is my hope 
that the present paper will prove to be a meaningful link in the long chain of 
publications started by Starr and his collaborators at MIT in the late 1940’s 
toward the ultimate goal of a better understanding of the earth’s climate.

The particular research described in this paper has grown out of a discussion 
several years ago with Dr. Joseph Smagorinsky, the Director of the Geophysical 
Fluid Dynamics Laboratory, NOAA (GFDL), on the importance of estimating 
“error” limits for the atmospheric circulation statistics presented in an earlier 
NOAA Professional Paper. The author is very grateful to him for his stimulus and 

constant support.
Valuable comments on the manuscript were made by Drs. Jerry D. Mahlman, 

Syukuro Manabe, and Kikuro Miyakoda. The output of the GFDL general 
circulation model ZODIAC was generously provided by Dr. Manabe to test the 
adequacy of the rawinsonde network described in Appendix B. Mrs. Hilda 
Philander, Mr. Melvin Rosenstein, and Mr. Philip Tunison and his coworkers 
were most helpful in the preparation of the various figures and tables. Mrs. Betty 
M. Williams expertly typed the manuscript in its various phases of evolution. The 
author would like to thank all these people for their great support and enthusiasm.
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The Interannual Variability of 
Atmospheric Circulation Statistics

Abraham H. Oort

NOAA, Environmental Research Laboratories, Geophysical Fluid Dynamics
Laboratory, Princeton University, P.0. Box 308, Princeton, N J. 08540

ABSTRACT.—The year-to-year variability of various zonal mean general circulation 
parameters is described, based on daily data from about 600 Northern Hemi­
sphere rawinsonde stations for the two 5-yr periods May 1958 through April 1963, 
and May 1968 through April 1973. Most of the statistics presented are based on 
the 1958-1963 sample. The parameters studied include the wind components, 
temperature, geopotential height, and specific humidity, as well as their variances 
in time and space and their meridional and vertical transports. The main body of 
the report consists of tables and graphs of interannual standard deviations 
computed for the different calendar months as a function of latitude and pressure. 
A comparison between the results for the first and second 5-yr periods shows that 
the statistics do not depend generally on the specific 5-yr period chosen. Together 
with the results for the 1958—1963 mean conditions given in an earlier paper by 
Oort and Rasmusson, the present compilation should give a reasonably complete 
and representative picture of recent climatic conditions in the atmosphere of the 
Northern Hemisphere.

1. INTRODUCTION

Traditionally, the climate of the earth has been 
studied using observations taken near the earth’s 
surface. Temperatures, pressures, and precipitation 
amounts have been recorded over the inhabited 
earth for several decades and locally in western 
Europe for more than 2 centuries. Often such 
records show—after considerable smoothing—weak, 
but unmistakable long-term trends. In the case of 
surface temperature, Mitchell (1963) discovered a 
slow world-wide heating from around 1880 to 'the 
early 1940’s of about 0.4°C. This heating was 
followed by a slow cooling from the 1940’s up to the 
early 1970’s. Other indirect measures of the climate 
and its variability are found in historical records of 
the area covered by snow and ice, of sea surface

temperatures, and of many other parameters (e.g., 
Lamb 1972).

In the case of historical records, one generally 
discovers a long-term trend only after considerable 
manipulation such as applying running averages or 
other smoothing devices. Raw data series usually 
exhibit a large degree of random variability obscur­
ing any mean trend (e.g., van Loon and Williams 
1976), and only diurnal, semiannual, and annual 
cycles can be clearly distinguished as periodicities. 
The apparently random year-to-year variability will 
be the topic of the present paper. By itself, the 
range of the naturally occurring year-to-year varia­
tions is a very interesting and economically impor­
tant element of the climate issue (e.g., Schneider 
1976). If the variability is large it may, for example, 
span the range of both favorable and unfavorable 
conditions for growing certain crops.
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2 Interannual Variability of Atmospheric Circulation Statistics

Another aspect of the present work is that it 
extends and completes an earlier investigation (Oort 
and Rasmusson 1971) of the mean structure of the 
atmosphere for the 5-yr period, May 1958 through 
April 1963. Some of the unique features of the 
earlier study were the length of record (longer than 
any previous one used to study the atmosphere in 
such depth), the extensive network of rawinsonde 
stations, and the consistent method of analyzing the 
different meteorological fields for each calendar 
month. The present work will supply the needed 
measure of uncertainty (due to both natural variabil­
ity and errors in data and analysis) in the earlier, 
basic statistics. A further practical use of the 
present statistics may be as input for stochastic 
climate models (Hasselmann 1976) and as a basic 
reference to check the validity of climatic informa­
tion generated by general circulation models. For 
example, these statistics can establish within the 
limits of the present data if the model results of a 
particular January simulation fall within the range 
of naturally occurring January values or not.

The basic data set is the same collection of 5 
years (May 1958-April 1963) of Northern Hemi­
sphere rawinsonde data as was used previously by 
Oort and Rasmusson (1971). It covers not only the 
atmosphere near the earth’s surface but also the 
free atmosphere up to a height of about 20 km. A 
legitimate question is the relevance of only 5 years 
of data in the light of long-term trends such as 
those shown in Mitchell’s curves. Thus, of necessity 
the present effort is only a beginning, and the 
results need to be tested and improved by taking 
longer and more samples. However, the author will 
present evidence in subsection 5.3 that the main 
features of the statistics presented here are fairly 
representative of present climatic conditions. The 
evidence is based on the preliminary results of a 
comparable study for a more recent 5-yr sample for 
the period May 1968 through April 1973.

The question arises as to what measure or 
measures one should use to show the general 
character of the year-to-year variations. Presenta­
tion of all results for each year individually would 
clearly take up too much space, and would also 
probably overwhelm the reader. Therefore, it was 
decided to focus this study on the variability in 
terms of interannual standard deviations for the 
various zonal-mean parameters. Although one can 
probably think of several other relevant measures 
such as, for example, the range of the extreme 
values, the year-to-year standard deviation seems to

be one of the more stable measures (although not as 
economically interesting as measures of local varia­
bility) and also easy to compute from the present, 
relatively short samples. The standard deviations 
will be given mainly in tabular form as a function of 
latitude and pressure. They are based on the 60 
individual monthly-mean zonal cross-sections from 
the period May 1958 through April 1963. These 
results will be discussed in Section 4, but, because 
of their volume, the actual tables will be presented 
in Appendix A. The selection of the parameters will 
follow closely the list of variables used in Oort and 
Rasmusson (1971). Thus, simple linear quantities 
like the wind components, temperature, geopoten­
tial height, and specific humidity will be discussed 
first, followed by their variances and finally their 
covariances with the meridional and vertical veloci­
ties. Cross-sections of the standard deviations will 
be shown for a “typical” month irrespective of the 
season (see definition (1) in subsection 4.2), for the 
two extreme months, January and July, and for the 
year as a whole.

A coarser measure of the year-to-»year variability 
will be presented in Section 5. There the basic 
variables will not only be averaged in time and 
zonally, but also vertically before standard devia­
tions are computed. The only remaining functional 
dependence will be with latitude. Several diagrams 
will illustrate the latitudinal dependence for the 
basic atmospheric variables.

2. NOTATION AND DEFINITIONS

The following notation will be used throughout 
this publication:

a = radius of the earth 
cp = specific heat at constant pressure 
E =cpT + gZ + Lq = total energy per unit 

mass, or
= contribution from transient plus stationary 

eddies (used as subscript)
EKE + [V2] + [a*2] 4- [f*2])/2 = eddy

kinetic energy per unit mass 
g = acceleration due to gravity
H =cpT + gZ = sensible heat plus potential 

energy per unit mass
KE = (w2+t^)/2 = kinetic energy per unit mass 
L — heat of condensation
M = contribution from mean meridional circula­

tion (used as subscript)
MKE =([u]2 + \v]2)/2 = mean kinetic energy per 

unit mass
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p = pressure
p0 = pressure at ground level (where there are

no mountains p0 —1012.5 mb) 
pT = top level of vertical integration = 75 mb 
q = specific humidity (usually in units of g 

water vapor per kg moist air) 
t = time
T = temperature
u = zonal wind component (positive if eastward) 
v = meridional wind component (positive if

northward)
w = vertical wind component
Z = geopotential height
A = geographic longitude
p = density
cr(A) = standard deviation of A
(f) = geographic latitude
co =dpldt — —pgw = “vertical” pressure veloc­

ity (positive if downward)
= (t2—tx) 1 1 A dtA = time average of A

J*i
A’ = A-A = departure from

time average of Ar2n[A] = (27r)-> 1 A d\ = zonal average of
Jo A

A*

U

11 1 -li = departure from 
zonal average of 
Aa o

= (p»~Pt) 1 A dp = mass weighted
•Vr

“vertical” aver­
age of A

A" =A-A = deviation from 
“vertical” aver­
age of A

r ?rl2_ 1 A cos</> d<b
A = meridional aver­J 0 age of A over 

Northern Hemi­
sphere

A’" II 1 = deviation from 
meridional aver­
age of A

[A*k = [A12] + [A*2 * *]

Examples of nomenclature follow:

(1) [A2] = [A7*] + [A*2] + [A]2

where [A'2] = variance of A resulting
from transient eddies 

[A*2] = variance of A resulting
from standing (or station­
ary) eddies

(2) [vA] = [v'A'] + [v*A*] + [v][A]
where [v'A'] = meridional transport of A

resulting from transient 
eddies1

[v*A*] = meridional transport of A
resulting from standing 
eddies

[v][A] = meridional transport of A
resulting from (standing) 
mean meridional circula­
tions

(3) [coA] = [o)fAf] + [d> *A * ] + [co][A]
where [co'Af] = vertical transport of A re­

sulting from transient ed­
dies1

[co*A*] = vertical transport of A re­
sulting from standing ed­
dies

[co][A] = vertical transport of A re­
sulting from (standing) 
mean meridional circula­
tions

(4) M] = [Tvrj + \v*A*) + fvJXA]" + [%A]

= [vAl; + [vA]m + [vj(A]

where [v'A'] = vertical average of meri­
dional transport of A re­
sulting from transient ed­
dies1

= vertical average of meri­
dional transport of A re­
sulting from standing ed­
dies

= vertical average of meri­
dional transport of A re­
sulting from mean meri­
dional circulations

= MLf
/\/£s = meridional transport of A 

resulting from a net flow 
of mass across latitude 
circles (in general, very 
small).

1 The transient eddies as defined here include the contribu­
tions by transient mean meridional circulations. However these
contributions have been found to be very small (Starr and White
1954).



4 Interannual Variability of Atmospheric Circulation Statistics

3. NATURE OF BASIC DATA.

The principal data source is the MIT General 
Circulation Library which contains daily rawinsonde 
reports for the 5-yr period, May 1958 through April 
1963. These data were collected and processed 
under the direction of the late Victor P. Starr at 
MIT. Because the procedures used to arrive at the 
final general circulation statistics have been de­
scribed extensively before (Oort and Rasmusson 
1971), only a few of the more important steps will 
be mentioned here. In addition, the rawinsonde 
data from a later 5-yr period, May 1968 through 
April 1973, have recently been processed at GFDL 
in a fashion similar to the 1958-1963 data. (The 
data from the intervening period, May 1963 through 
April 1968, will be processed in the near future.) 
Their spatial distribution is also much the same as 
those of the earlier sample described below.

After some initial crude checks, the daily reports 
were used to compute monthly mean statistics for 
each of the nearly 600 stations, and for each of the 
60 individual months. These statistics consisted of 
averages, variances, and covariances of the wind 
components, temperature, geopotential height, and 
specific humidity. Only those stations were used in 
the further analyses that reported more than 10 
days of the possible 30 or 31 days in the month. 
Some properties of the station network will be 
discussed with the aid of figures 1 through 3. In 
figure 1 the number of Northern Hemisphere sta­
tions is given as a function of pressure. Both at low 
levels below 850 mb and at high levels above 100 
mb there is a marked decrease from the almost 600

JAN 1963

JAN 1959

(mb) 400 -

P 600-

FlGURE 1.—Number of Northern Hemisphere rawinsonde sta­
tions used in the analyses for January 1959 and 1963 as a 
function of pressure.

good reporting stations in the middle troposphere. 
Some improvement with time in the network is 
evident considering the two curves for January 1959 
and 1963. The latitudinal distribution at 500 mb in 
figure 2, as well as the map of the two-dimensional 
distribution of stations in figure 3, clearly show the 
data gaps south of about 25°N in the Tropics.

JAN 1963

JAN 1959:

FIGURE 2.—Number of rawinsonde stations in 5° latitude-wide 
belts used in the 500-mb analyses for January 1959 and 1963.

Values of the statistics at regular grid points were 
obtained from the values at the rawinsonde stations 
through an objective analysis technique using the 
zonal average of all data in a latitudinal belt as a 
first guess. The objective analysis technique is 
called CRAM (Conditional Relaxation Analysis

150W 180 150E

Figure 3.—Horizontal distribution of rawinsonde stations over 
the Northern Hemisphere at 500 mb for January 1959. The 
values represent the number of stations in a square of about 
1000 x 1000 km2 on the polar stereographic map.
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Method) and has been described by Harris et al. 
(1966). The next step was to average the fields with 
respect to longitude and construct zonal-mean lati­
tude versus pressure cross-sections. These sets of 
60 individual monthly cross-sections form the basic 
input for the present study of the year-to-year 
variability. The variability will be expressed princi­
pally in the form of zonal cross-sections of the 
standard deviation computed from the zonal-mean 
cross-sections for the 5 individual years.

4. YEAR-TO-YEAR VARIABILITY OF ZONAL
MEAN PARAMETERS

4.1 Representativeness of results

The value of the climate statistics published 
previously by Oort and Rasmusson (1971) would be 
greatly enhanced if one could present an adequate 
measure of their uncertainty. This uncertainty de­
pends on many factors which, however, may be 
grouped into two general categories. The first 
category is associated with data deficiencies and 
analysis problems. It includes the errors in the 
basic reports, the gaps in the time series at each 
station, and most importantly the spatial gaps in the 
station coverage over the globe. The second cate­
gory is perhaps more physically interesting. It 
contains the real year-to-year differences that would 
be measured if one had the relevant data every­
where, all the time.

In the tabulations of standard deviations to be 
discussed here, the two categories of uncertainty 
are both present and cannot be separated. It is 
even uncertain if the values will underestimate or 
overestimate the true variability. For example, let 
us consider the probable situation that only varia­
tions over data-rich (generally land) areas are 
sampled sufficiently and that our analysis method 
(with a zonal average of the data as first guess) 
would tend to miss any possible real variations over 
data-sparse (generally ocean) areas. This could lead 
to either an over- or underestimate depending on 
the degree of compensation between the two areas. 
The sampling problem associated with the non- 
uniform distribution of the rawinsonde stations over 
the hemisphere is discussed further in Appendix B. 
There, certain experiments with the output from a 
full general circulation model are described that are 
directly relevant to the present problem. Based on 
these model experiments one may infer that the 
spatial gaps in the rawinsonde network do not

greatly affect the present results concerning the 
year-to-year spread. At least in the Northern Hemi­
sphere, the sampling problem seems to be less 
serious than one might have thought and the 
present results seem in most cases to be a true 
measure of the year-to-year variability. For further 
information see Appendix B. Other sources of error 
include errors in the reports and incompleteness of 
the time series at a particular station, both of which 
would probably lead to greater departures from 
normal and thus to an overestimate of the true 
variability. Taking all factors together it seems most 
likely that the present variability values will tend to 
give slight overestimates of the true variability.

The basic averaging interval was chosen as 1 
month. This averaging period should be long 
enough to remove the variability due to synoptic 
weather systems and shorter lived phenomena. 
More slowly varying phenomena related to, for 
example, the index cycle may still affect the 
average (see, e.g., McGuirk et al. 1975). Ideally the 
choice of interval should depend on the shape of 
the time spectra of the parameters and on the 
location of spectral gaps. In practice, however, the 
spectral gaps (if present at all) are not very distinct 
and their position in the spectrum varies with 
geographical location, parameters, and height in the 
atmosphere. In working with actual time series it 
has been our experience that for most parameters 
the variability will decrease monotonically with 
increasing averaging interval as the interval is 
increased from a month to a year. This would 
suggest in general a rather flat spectrum (provided 
the annual cycle and its higher harmonics have 
been filtered out). An example of the effect of the 
averaging interval is shown in figure 4 for the 
meridional eddy heat transport averaged both zon- 
ally and vertically. Shown are the data points for 
the 5 individual years as well as two dashed curves 
for the 5-yr average plus and minus the interannual 
standard deviation (see definitions 2, 3, and 4 in 
subsection 4.2). The large seasonal variation in the 
magnitude of the variability as shown in figure 4 
also seems to justify our choice of 1 month as basic 
averaging interval.

It is of some interest to separate the total eddy 
beat flux into its transient and standing compo­
nents. This was done for the winter months in 
figure 5. It shows that the total flux is generally less 
variable from year to year than one would expect if 
its two components were uncorrelated. Actual com­
putations of the correlation coefficient between the 
anomalies in the transient and standing eddy heat
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fluxes give values of about —0.3 (Oort 1975) in 
middle and high latitudes.

In the previously published statistics (Oort and 
Rasmusson 1971) all daily reports for the same 
calendar month (for example, January) but from 5 
different years were treated as one sample. Thus, 
for reports taken once a day the sample would 
contain a maximum of 155 reports. On the other 
hand, in the present paper each individual January 
month is considered as a separate sample, contain­
ing a maximum of only 31 reports. The overall 
January average in the latter case of the five 
samples for the individual years is in general not 
the same as the one-sample January average in the 
first case. The reason for the difference is that only 
in the first case are interannual variations included 
as transient eddies. Of course, for linear quantities, 
the two kinds of averages should lead to the same 
results. We have compared the two types of 
averages for the linear quantities, the variances, 
and covariances, and found that the differences are 
generally between 10 and 20%. Only in case of the 
variances are the two averages systematically differ­
ent. As one would expect, the transient eddy 
variances are uniformly lower in the present case 
(about 10 to 20%), while the stationary eddy 
variances are in some places 50% or more higher 
than before. An actual comparison will be shown in 
table 1 in Section 6. In summary, in the present 
study the variability of a statistic simply indicates 
the year-to-year spread around the five-sample 

mean.
Another matter of concern is whether the mean 

and-variability statistics represent only atmospheric 
conditions during the period 1958 through 1963 or if 
they have a wider validity for the recent climatic 
conditions, say during the last several decades. One 
way to answer this question is by repeating the 
same analyses and computations for a different time 
period. Thus, the available rawinsonde data for the 
10 years following May 1963 are being reduced at 
GFDL by practically the same method as was used 
in the first 5-yr period. As a preliminary test, a few 
key parameters have been selected from the 1968- 
1973 period, and measures of their interannual 
variability for the month of January are compared 
with those for the 1958-1963 period in subsection
5.3. It seems that the two 5-yr periods give quite 
comparable results for the zonally averaged parame­
ters. Thus one may tentatively conclude that the 
general circulation statistics evaluated for the 1958- 
1963 period are representative for conditions during 
the last few decades.

4.2 Discussion of tables
As mentioned in the introduction, the basic 

results concerning the year-to-year variations are 
contained in a large number of tables. These tables 
will be discussed now. They show as a measure of 
the typical range of variations the interannual 
standard deviation (or) estimated as a function of 
latitude and pressure for all available climatic 
parameters. The presentation will go through the 
same list of parameters and in the same order as 
was used in Oort and Rasmusson (1971) for the 
mean parameters. It is obvious that the present 
tables will be most valuable when used in combina­
tion with or when at least related to the earlier 5-yr 
mean tables.

Because of the sheer volume of the tables they 
will not be presented here, but will follow the main 
text in Appendix A so that the flow of the text will 
not be interrupted. On the tables some selected 
isolines have been superposed, where practical, to 
aid the reader in grasping the essential features of 
the cross-section.

Assuming a normal distribution of the year-to- 
year variations, there is a 68% chance that a 
variation would fall between x — cr(x) and x + cr(x), 
and a 95% chance that it would fall between x — 
2rr(x) and x + 2rr(x). Of course, the assumption of a 
normal distribution is not valid for certain positive 
definite quantities like humidity, but cr still will be 
of some value as a rough measure of the variability. 
Moreover, one should keep in mind that the 
standard deviations are computed from only 5 years 
of data for the period 1958-1963, and will differ 
from the long-term true standard deviations. How­
ever, some evidence will be given in the next 
section that the differences should not be very large.

For each parameter, separate cross-sections of 
the standard deviations will be tabulated for a 
typical month irrespective of the season (“60 
MONTHS”), for a typical January month (“JANU­
ARY”), a typical July month (“JULY”), and for a 
typical year as a whole (“YEAR”). These four 
different cases are defined by the relations (1) 
through (4) given below for an arbitrary parameter 
Xij, where the first subscript indicates the year and 
the second subscript the month in the particular 
year. Thus, for example, for the 5-yr period May 
1958-April 1963, the subscript pair 11 indicates 
May 1958, 12 indicates June 1958, ... 21 indicates 
May 1959, . . . 512 indicates April 1963. The 
arbitrary parameter x may be a linear parameter 
like [71, a variance like |T'2], or covariance like 
[v'T'l
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For the “60 MONTHS” case:

5 12

<r(x) = | 1 X x« _ ( i **j/5 j
*=1 j= 1

60 (1)

For the “JANUARY” case:

<*(*) = | X Xi9 ~ X W5
' /C=l '

1/2

(2)

For the “JULY” case:

Xi3 - X X*3/5)
v k= l '

I 5.(t(x) = { ^ (3)

For the “YEAR” case:

'(x) = ] ^ ( ^ Xij/12)

/ 5 12

~(l 1 xkj/6o)
' k=i j=i 1 (4)

From these relations it is clear that in the 60 
MONTHS case the standard deviations were evalu­
ated from the 60 cross-sections of the deviations 
from the 'normal annual variation, while in the 
JANUARY, JULY, and YEAR cases the standard 
deviations were based on only five individual Janu­
ary, July, and yearly cross-sections, respectively.

For the sake of economy, no results are shown 
for calendar months other than January and July, 
but the statistics are available at GFDL. As in the 
earlier publication, the entries in the tables are 
given at every 5° latitude between 10°S and 75°N 
and for the 11 levels of analysis between 1000 and 
50 mb. The lowest line in each table, labeled

MEAN , represents just the pressure-weighted 
mean of the fr-values at the 11 levels. Thus these 
values should be quite different from the cr-values 
of the vertical mean parameters to be presented in 
the next section.

As regards the results, the highest variability was 
found in general in winter (JANUARY), the lowest 
in summer (JULY), an intermediate value for a 
typical month irrespective of the season (60 
MONTHS), and a very low variability from one 
entire year to another one (YEAR). In the following 
discussions the interannual variability will be always 
discussed in terms of the value of one standard 
deviation away from the 5-yr mean.

4.2a. Variability in mean values (Tables A1 through 
A7)

The zonal wind component (table Al) does not 
show its highest year-to-year variability in the 
region of the subtropical jet but rather at strato­
spheric levels in the Tropics and in the polar 
regions. In the Tropics the main contributor is the 
well-known quasi-biennial oscillation, while at high 
latitudes longer-term variations seem to play a 
major role (see Oort and Rasmusson 1971, pp. 314, 
315). The general magnitude of the standard devia­
tion is about 0.5 to 1 m/s in the lower troposphere,
1 to 2 m/s in the upper troposphere, while it 
reaches a magnitude of almost 10 m/s in the 
equatorial lower stratosphere.

The meridional wind component (table A2) shows 
a more uniform variability of the order of 0.5 m/s. 
This variability is quite large compared with the 
mean values of the meridional velocities of at most
2 to 3 m/s, and proportionally much larger than in 
the case of the zonal wind velocity. This is probably 
largely due to the difficulties involved in determin­
ing the small mean meridional velocities based on a 
fairly coarse data network. On the other hand, it is 
not inconceivable that the true variability could also 
be large.

The variability in the zonal-mean vertical wind 
component (table A3) is subject to the same degree 
of uncertainty as the zonal-mean meridional wind 
component from which it was derived. Because the 
highest vertical velocities are found in the middle 
troposphere, it is also the place where the table 
shows the highest variability (of the order of 10~4 
mb/s).

The temperature pattern (table A4) shows, just as 
the zonal wind pattern, a high variability in the 
upper troposphere and lower stratosphere with 
values of the order of 1 to 2°C. The highest values 
of about 5°C are found in the polar stratosphere.

The geopotential height (table A5) is, of course, 
related to the vertically integrated temperature. 
Thus, again maxima in variability are found at high 
levels in the Tropics (20 to 40 gpm) and in polar 
regions (20 to 100 gpm).

In contrast to the other parameters, the specific 
humidity (table A6) shows the highest year-to-year 
variability near the ground. This is understandable 
in view of the strong decrease of specific humidity 
with height. Values of about 0.2 to 0.5 g/kg are 
computed at low levels in the Tropics where the air 
tends to be most humid.
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The kinetic energy (table A7) exhibits high varia­
bility (about 50 m2 • s"2) in the vicinity of the 
subtropical jet, and as before in the case ol u, T, 
and Z, large standard deviations in the tropical and 
polar stratosphere.

4.2b. Variability in variances (Tables B1a through 
B6b)

The standard deviations in the transient zonal 
wind variance (table Bla) are rather uniform in the 
upper troposphere with values of the order of 10 
m2 • s-2. Surprisingly, for the year as a whole the 
interannual differences are somewhat larger than 
for either January or July. There does not seem to 
be an easy explanation for this large variance. The 
standing eddy component (table Bib) shows the 
highest standard deviations in middle latitudes at 
jet stream levels (of the order of 20 m2 * s 2 or 
more).

In case of the transient meridional wind variance 
(table B2a) the year-to-year variations are strongest 
in the upper troposphere at middle and high 
latitudes with values ranging between 10 and 20 
m2 • s-2. The standing eddies (table B2b) vary over 
about the same range but only at high latitudes.

Year-to-year variations in the standing vertical 
wind variance (table B3) are computed to have a 
maximum in the middle troposphere in middle and 
high latitudes of about 5 to 10 X 10“8 mb2 • s“2. 
Compared with the mean values, these variations 
are percentagewise higher than for the horizontal 
wind components. The difficulty in estimating the 
mean vertical motion field from the horizontal wind 
field probably leads to larger errors and deviations 
in this case. No estimates of the transient vertical 
wind variance could be made because of the (at 
present) insurmountable problem of computing in­
stantaneous vertical velocities based only on the 
rawinsonde network.

As for most previously discussed parameters, 
interannual differences in the transient eddy tem­
perature variance (table B4a) are again large wher­
ever the values of the variance itself are large. 
Thus, the highest values between about 5 and 10°C~ 
are found at high latitudes near the ground and in 
the stratosphere. The cross-sections for the stand­
ing eddy variances (table B4b) are very similar to 
those for the transient eddy ones.

The standing eddy geopotential height variance 
(table B5) shows very large rr-values at high lati­
tudes, between 5000 and 10,000 gpm2 in winter and 
about 2000 gpm2 in summer. Compared with the

mean variances published previously, the <x-values 
are very large, almost of the same magnitude. In 
this respect, this variance seems to be unique. The 
transient eddy geopotential height variance could 
not be evaluated because no individual monthly 
analyses were made for this component.

Finally, the transient humidity variance (table 
B6a) shows interannual differences of about 0.4 
g • kg-2 in the Tropics in the lower troposphere. 
The standing component (table B6b) appears to be 
most variable in the subtropics with cr-values over 1 
g2 • kg-2, but very small elsewhere.

4.2c. Variability in meridional transports (Tables 
C1a through C4c)

The interannual variability in the meridional 
transport of eastward momentum associated with 
transient eddies (table Cla) is found to be of the 
order of 5 to 10 m2 * s-2 above 500 mb in the 
extratropics and smaller elsewhere. The rr-values 
for the standing eddies (table Clb) are very similar 
to those for the transient eddies. In the case of 
mean meridional transports (table Clc), the variabil­
ity reaches values of about 10 m2 • s-2 above 300 
mb both in the Tropics and at higher latitudes. 
Relative to the 5-yr mean values the standard 
deviations in the transports are very much larger 
than those found in the previous parameter sets, 
probably reflecting problems in measuring mean 
meridional velocities.

The transient and standing eddy poleward fluxes 
of sensible heat (tables C2a and C2b) show interan­
nual differences of the order of 2 to 5°C * m/s at 
middle and high latitudes, considerably smaller 
than the mean values of the fluxes. The mean 
meridional flux (table C2c) shows a high variability 
of 10 to 20°C • m/s above 300 mb. However, this 
result may not be very important because the mean 
meridional flux of sensible heat is more than 
compensated by the mean meridional flux of geopo­
tential energy.

The year-to-year variability in the standing eddy 
flux of geopotential energy (table C3a) is generally 
as large as or larger than the mean value of the 
flux. It is about 100 gpm • m/s at high latitudes 
above 400 mb. In the case of the mean meridional 
flux of geopotential energy (table C3b), the variabil­
ity is about 2000 gpm • m/s near the surface and 
from 2000 to 10,000 gpm m/s above 300 mb at all
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latitudes. As was mentioned before, if one consid­
ers the total energy transport a large part of this 
geopotential energy flux is balanced by the mean 
meridional fluxes of sensible and latent heat.

The transient eddy poleward flux of water vapor 
(table C4a) shows a low interannual variability 
relative to the long-term mean flux (about 10%) with 
cr-values of about 0.5 g/kg • m/s below 700 mb in 
middle and high latitudes. Just as in the case of the 
fluxes of momentum and sensible heat, the standing 
eddy patterns (table C4b) are practically identical to 
the transient eddy patterns. The variability in the 
mean meridional flux (table C4c) is much higher, 
especially in the Tropics with cr— values up to 5 g/ 
kg • m/s or more. One of the reasons for this is, of 
course, the high variability in the mean meridional 
velocities as was discussed before.

4.2d. Variability in vertical transports (Tables D1a 
through D5b)

The problems in the determination of the vertical 
velocity are reflected in the large apparent year-to- 
year variations of the vertical transports. Thus the 
cr-values are frequently as large as or larger than 
the long-term mean transports, with the notable 
exception of the water vapor fluxes. Only the 
contributions due to standing eddies and mean 
meridional circulations could be evaluated.

The interannual variability in the standing eddy 
vertical flux of eastward momentum (table Dla) is 
found to be a maximum in the middle troposphere 
of the order of 5 X IQ"4 mb • m • s-2. The mean 
meridional circulation component (table Dlb) ap­
pears to be subject to similar but somewhat 
stronger variations of 5 to 10 X 10-4 mb - m s-2.

The standing eddy covariance between the verti­
cal and meridional wind components (table D2) 
undergoes year-to-year variations with a maximum 
cr-value of about 4 X 10~4 mb • m • s-2 at high 
latitudes.

The variability in the standing eddy vertical flux 
of sensible heat (table D3a) shows its highest values 
of 2 to 4 X 10-4 mb/s • °C in middle and high 
latitudes in the lower troposphere. For the mean 
meridional flux (table D3b) one finds maximum cr- 
values of 5 to 10 X 10-4 mb/s • °C in the middle 
troposphere.

The standing eddy vertical flux of geopotential 
energy (table D4a) shows high cr-values of 5 to 10 X 
10-3 mb/s • gpm in the upper troposphere at middle
and high latitudes with much smaller values else­

where. Again the fluctuations in the mean meri­
dional flux (table D4b) are greater and reach cr- 
values of 20 to 40 x lO-3 mb/s • gpm in the upper 
troposphere in winter.

Finally, the standing eddy vertical transport of 
water vapor (table D5a) exhibits a rather uniform 
pattern of variability with maximum standard devia­
tions of 0.5 x 10~4 mb/s • g/kg in the lower 
troposphere. In middle latitudes these values are 
only about 30% of the long-term mean transports. 
As was the case for the other variables, the 
variability for the mean meridional component (ta­
ble D5b) is larger than for the eddy component, 
with maximum cr-values of about 5 X 10~4 mb/s • g/ 
kg in the Tropics (again about 30% of the long-term 
mean transports).

5. YEAR-TO-YEAR VARIABILITY OF
VERTICAL AND ZONAL MEAN PARAMETERS

In the present section interannual variations of 
the same variables as before will be considered, but 
after they have been integrated both in the zonal 
and vertical directions. Thus the actual zonal and 
vertical mean values (x) for each individual year will 
be shown graphically as a function of latitude 
together with dashed curves of x ■+ cr(x) and x - 
(t(x). This method of presentation may provide an 
easier grasp of the essential features of the variabil­
ity than the table format used previously. The first 
subsection will deal with a year, the second with a 
month as basic time interval. Intercomparison of 
the results for both subsections should give insight 
in the increase of variance when decreasing the 
averaging interval from one year to one month.

5.1 One year as basic time unit
The basic results are shown in a series of graphs 

grouped together in the form of panels. Thus figure 
6 shows the elementary quantities, figure 7 their 
variances, and figures 8 and 9 the meridional 
fluxes. Before going into a detailed description of 
the individual graphs, some general remarks will be 
made about the plots.

The actual values for the 5 individual years (May
1958-April 1959, May 1959^April 1960,____ , May
1962-April 1963) are plotted as five different sym­
bols as indicated on each panel. Because of the 
considerable reduction of the original diagrams, the 
distinction between data points is not always clear. 
However, this problem does not seem to be serious 
since the principal aim is to show the general
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spread between different years. This spread is 
further emphasized by two dashed curves indicating 
the 5-yr average plus and minus the standard 
deviation. The abscissa in each graph runs from 
12°S to 76°N, the data points being plotted at 6° 
intervals. South of the Equator the results should 
not be trusted much, not only because of the 
sparseness ol the data but also because of the 
proximity of the border of the polar stereographic 
map used to analyze the fields.

The time-scale of the eddies included in the 
transient eddy variances and fluxes ranges from the 
period associated with the response of the rawin- 
sonde balloon, i.e., a few minutes, to the period of 
1 year. However, the diurnal period and higher 
harmonics are excluded since only 00 GMT obser­
vations were used. The principal contributors are, 
first of all, the cyclone and anticylone systems with 
time scales from about 2 to 10 days and secondly 
the annual cycle. As we will see later, this last 
cycle is particularly important in the temperature 
and humidity variances at high latitudes. In con­
trast with the transient eddies, the standing eddies 
contribute little to the variances and fluxes, at least 
on an annual basis. This is because the time­
averaging smooths out most of the zonal anomalies 
on horizontal maps.

The first column of three graphs in figure 6 gives 
the meridional profiles of the zonal wind compo­
nent, the mean kinetic energy, and the eddy kinetic 
energy. The profile of the zonal wind shows easter­
lies south of about 15°N and westerlies north of it 
with a maximum of about 11 m/s near 40°N. The 
interannual variations are largest at high latitudes, 
of the order of a few m/s. The mean kinetic energy
is defined by MKE = ^ ([u]2 * * + [v]2), where the

mean meridional component can actually be ne­
glected since it is several orders of magnitude 
smaller than the zonal component. There is a clear 
maximum in MKE near 35°N where the subtropical 
jet is found. The profile of the eddy kinetic energy
defined by EKE = ^(K5 + 0*2] + IV* + v*2])

indicates a rather high and uniform level of eddy 
activity north of 30°N. As will be seen later in 
figure 7, the transient components of u and v 
clearly dominate the eddy kinetic energy and away 
from the subtropical jet they even determine to a 
large extent the total kinetic energy. Interannual 
variations are of the order of 5 m2 • s 2, comparable 
with those in MKE.

The second column of three graphs in figure 6 
shows the mean temperature, geopotential height, 
and specific humidity. All three quantities have a 
maximum in the inner Tropics. Interannual varia­
tions appear to be small and do not depend much 
on latitude.

The variances of the zonal and meridional wind 
components, temperature, and specific humidity are 
depicted in figure 7. As was mentioned before, 
practically all the eddy variance is explained by the 
transient eddies. The stationary eddies appear to 
account for only 10% or less ofjhe total variance. If 
one disregards the peak in [u'2] near 30°N, associ­
ated with the seasonal cycle in the zonal-mean jet 
stream, the north-south and east-west variances 
look very much alike. This is in agreement with the 
almost identical patterns for the two components for 
different calendar months discussed in our previous 
publication (Oort and Rasmusson 1971). The inter- 
annual variations generally increase with latitude, 
but are everywhere small compared with the 5-yr 
mean values. Only in the case of humidity (because 
of its strong decrease with latitude) does the year- 
to-year variability decrease with latitude. The varia­
bility is especially large in the standing component 
in the subtropics.

In the three columns of diagrams in figure 8 the 
fluxes of momentum, sensible heat, and latent heat 
are shown.2 Each column is further broken down 
into the transient eddy, standing eddy, mean meri­
dional circulation contributions, and the total flux 
itself. In the case of momentum, the transient 
eddies clearly dominate the transport, except near 
60°N where transient and standing eddies are 
equally important. Interannual variability is found to 
be relatively large in the standing and mean 
meridional components. In the second column, the 
rhean meridional and total fluxes of sensible heat 
plus potential energy, H, are given instead of those 
of sensible heat, because the fluxes of sensible heat 
and geopotential energy largely compensate each 
other and may not be meaningful by themselves. As 
is well known, the eddies dominate the heat flux at 
middle and high latitudes, while the mean meri­
dional circulation is of greater importance at low 
latitudes. (The strong southward fluxes south of the 
Equator are probably not realistic.) The interannual

2 The transports of sensible heat, latent heat, and total energy
in figure 8 and later figures are given in units of m/s • °C, m/
s • g/kg, and m/s • °C, respectively. To convert to the same
units of 10* W • m/kg, multiply by 1.0, 2.5, and 1.0, respectively.
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YEAR

FIGURE 6.—Meridional profiles of the zonal and vertical mean values for the zonal wind in units of m/s, the temperature in °C, the 
mean kinetic energy in m2 • s~2, the geopotential height in 10* gpm, the eddy kinetic energy in m2 • s~2, and the specific humidity
in g/kg. Shown are data points for the 5 individual yr May 1958-April 1959,............May 1962-April 1963. The two dashed curves
indicate the 5-yr mean value plus and minus the interannual standard deviation.
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FIGURE 7.—Same as figure 6 but shows the transient and standing eddy variances of the zonal wind in units of m2 • s 2, of 
meridional wind in m2 • s~2, of the temperature in °C2, and of the specific humidity in g2 • kg-2.
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Figure 8.—Same as figure 6 but shows the momentum flux in units of m2 • s~2, the sensible heat (or sensible heat plus potential 
energy, H) flux in m/s • °C, and the humidity flux in m/s • g/kg. Shown are the fluxes associated with transient eddies, standing 
eddies, mean meridional circulations, and the total.
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variability for the eddies is largest at middle and 
high latitudes, while that for the mean circulation 
does not appear to vary with latitude. For the water 
vapor transport, the relative importance of eddies 
and mean circulation is very similar to that of 
sensible heat. Interannual variability seems some­
what larger at low latitudes. The ordinate scales for 
the eddy fluxes of water vapor and sensible heat 
were chosen in such a way that the flux levels can 
be directly compared energetically. (A water vapor 
flux of 1 m/s * g/kg is equivalent to a heat flux of 
about 2.5 m/s * °C.)

Finally, figure 9 shows the total energy fluxes due 
to all eddies, mean meridional circulations, and the 
sum total. It is clear that interannual differences 
are significant, but that, on the other hand, the 
main features are certainly present every year.

5.2 One month as basic time unit

When reducing the averaging interval from 1 yr 
to 1 month, the interannual variability, of course, 
increases considerably. This effect can be seen 
more quantitatively by comparing the earlier yearly 
diagrams with the monthly ones to be presented in 
this subsection. Separate diagrams for the 4 mid­
season months will show the annual cycle in the 
year-to-year spread for various climatic parameters.

The simple linear quantities like the zonal wind 
component, temperature, and specific humidity are 
given in figure 10. As one would expect, the figure 
shows strong subtropical westerlies and a large 
north-south temperature gradient in January, and 
much weaker gradients in July. Except at high 
latitudes, in the case of u, the range of interannual

Figure 9.—Same as Figure 6 but shows the eddy fluxes, the mean meridional circulation fluxes, and the total fluxes of energy in units
of m/s • °C.

variations is found to remain about the same 
throughout the year. This range is generally small 
compared with the amplitude of the normal annual 
cycle.

The first two columns in figure 11 show the mean 
and eddy kinetic energy. Again the range of 
interannual variability is found to be small com­
pared with the annual variation, except in the inner 
Tropics and at high latitudes. The third column in 
figure 11 gives the eddy temperature variance, and 
the first column in figure 12 the eddy humidity 
variance. Both quantities show interannual variabili­
ties for the months much like but greater in 
magnitude than those for the year as a whole (see 
fig. 7). The eddy and mean momentum fluxes in 
figure 12 show much larger year-to-year variations 
than for the previous parameters. Thus, at many 
latitudes the mean meridional flux is not signifi­
cantly different from zero.

Comparing the eddy fluxes of sensible heat, 
water vapor, and total energy in figure 13, with the 
corresponding mean meridional fluxes of sensible 
heat plus potential energy, water vapor, and total 
energy in figure 14, the greater spread in the mean 
fluxes becomes apparent. The observed variability 
in these mean meridional circulation transports is 
so large that only gross features, such as the 
presence of Hadley, Ferrel, and polar cells, are in 
evidence each year.

Finally, figure 15 gives the total fluxes of sensible 
heat plus potential energy and energy, the last 
beiwg perhaps one of the most important parame­
ters in the climate problem. These flux values were 
used recently by Oort and Vonder Haar (1976) in 
conjunction with radiation data at the top of the
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APRIL

if , profiles of the zonal and vertical mean values for the zonal wind in units of m/s, for the temperature in °C
two dalhH SPCC 1C I g/kg' ShoWn are data p0lnts for the 4 •nidseason months from May 1958 through A^rU 1963 The
two dashed eurves md.cate the Syr mean value plus and minus the interannual standard deviation.
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APRIL

FIGURE 11.—Same as figure 10 but shows the mean and eddy kinetic energy in units of m2 • s 2, and the eddy temperatu
in °C2.
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FIGURE 12.—Same as figure 10 but shows the eddy humidity variance in units of g2 • kg 2, and the eddy and mean meridional
circulation fluxes of momentum in m2 • s-2.
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OCTOBER

Figure 13.—Same as figure 10 but shows the eddy fluxes of sensible heat in units of m/s • °C, of water vapor in m/s g/kg, and of
energy in m/s • °C.
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Figure 14.—Same as figure 10 but shows the mean meridional circulation fluxes of sensible heat plus potential eneigy in units of
m/s • °C, of water vapor in m/s • g/kg, and of total energy in m/s • °C.
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OCTOBER

APRILAPRIL

JANUARY

OCTOBER

JANUARY

Figure 15.—Same as Figure 10 but shows the total fluxes of sensible heat plus potential energy (H) and total energy (E), both
of m/s • °C.
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atmosphere and oceanic heat storage values to 
infer, as a residue, the energy flux by ocean 
currents.

5.3. Intercomparison of 1958-1963 and 1968-1973 
periods

In the introduction the question was raised as to 
whether the 1958-1963 statistics described in the 
present paper are more generally valid. In other 
words, are the statistics representative for recent 
climatic conditions or not? This question was 
investigated through an analysis of the same param­
eters for a later 5-yr period, May 1968 through April 
1973. The results for the month of January are 
given in a series of graphs. Thus figures 16 through 
21 show a comparison between the two 5-yr periods 
for the same vertical and zonal mean parameters as 
were shown before in figures 10 through 15.

From a study of the figures, the close corre­
spondence between the two 5-yr periods becomes 
evident for all parameters. This seems to be true

JANUARYJANUARYJANUARY

JANUARYJANUARYJANUARY

Figure 16.—Comparison of meridional profiles for January for the 5-yr periods 1959-1963 and 1969-1973. Shown are the zonal and 
vertical mean values for the zonal wind in units of m/s, for the temperature in °C, and for the specific humidity in g/kg. The dashed 
curves indicate the 5-yr mean values plus and minus the interannual standard deviation.

for both the 5-yr mean values and the interannual 
standard deviations. There are only a few differ­
ences which will be discussed next.

(1) In figure 16 the zonal wind component shows
a higher variability near its peak at 30°N in the 
1968-1973 than in the 1958-1963 period. This same 
feature is also seen in the curves for the mean 
kinetic energy in figure 17. Both differences could 
very well be real.

(2) The humidity curves in figure 16 show slightly
lower values in equatorial latitudes for the later 
period, while the humidity variances in figure 18 
near 15°N are also significantly lower. Both effects 
may be real. However, they could also in part be 
due to a systematic bias toward too low humidity 
values in the U.S. humidity sensors during the later 
period (see, e.g., Teweles 1970).

(3) All energy flux terms containing the mean
meridional cell contributions show substantial dif­
ferences between the 1958-1963 and 1968-1973 
periods south of the Equator. Almost certainly these 
differences are not real. They must be caused by
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FIGURE 17.—Same as figure 16 but shows the mean and eddy kinetic energy in units of m2 ■ s 2, and the eddy temperature
variance in °C2.

data problems as well as analysis problems close to 
the boundaries of the polar stereographic maps 
which affect most strongly the mean meridional 
velocities at those latitudes.

The close overall agreement between the results 
for the 1958-1963 and 1968-1973 periods was found 
to hold not only for the vertical mean statistics but 
also for those at different levels (the comparisons 
will not be shown here). Thus, the tables in 
Appendix A also appear to be representative for the 
climatic conditions during at least the last few 
decades.

6. SUMMARY AND FINAL REMARKS

The year-to-year variability in atmospheric gen­
eral circulation statistics was investigated based on 
two extensive 5-yr sets of Northern Hemisphere 
rawinsonde data. The variability was expressed in 
standard deviations for the various zonal mean

parameters and was evaluated for the different 
calendar months, seasons, and the year as a whole. 
The results were shown both in tabular and graphi­
cal form.

The variability discussed in this paper is due to 
data deficiencies, analysis error, and real natural 
variability. The three effects cannot be separated 
clearly. One of the main problems with the data 
would seem to be the systematic bias in the location 
of the rawinsonde stations, since only continental 
regions are fully covered. To study this question, 
thb adequacy of the rawinsonde network was tested 
with the aid of “data” generated by a numerical 
general circulation model (see Appendix B and also 
Oort 1977). These tests seem to show that, in 
general in the Northern Hemisphere, the computed 
statistics should represent the true climatic condi­
tions, and that they are not seriously biased by the 
station network.

Some of the results for the year-to-year variability 
of various zonal mean parameters (discussed exten-
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Figure 18—Same as figure 16 but shows the eddy humidity variance in units of £ • kg~2, and the eddy and mean meridional
circulation fluxes of momentum in m2 • s~2.

sively in subsection 4.2) are summarized and com­
pared with the actual zonal mean values in table 1. 
Better than through words, a study of this table will 
give the reader a proper perspective of the reliabil­
ity and the relative magnitude of the computed 
range of variability compared with the long-term 
mean values for the different parameters. In table 1 
only January data are shown for two levels in the 
vertical (850 and 200 mb) and at three latitudes (0°, 
30°N, and 60°N). The actual entries for each 
parameter in the table are the mean values com­
puted as the average of the five different .(and 
individually analyzed) January 1959, January 1960 
. . . January 1963 samples plus or minus the year- 
to-year standard deviation around this mean (from 
the tables in Appendix A). Underneath between 
parentheses, one finds a different mean value taken 
from Oort and Rasmusson (1971) which was com­
puted by lumping all data for the 5 January months 
together in one sample. The following comments 
may help in the proper interpretation of the results.

(1) In the case of the first six linear parameters,
the two types of averages should be the same. 
However, in practice due to slight differences in the 
methods of analysis and in the data checking 
procedure the averages are different (this is particu­
larly true for [£] and [g>]). Nevertheless, the esti­
mate of the standard deviation should still be a 
fairly accurate measure of the year-to-year variabil­
ity around the 5-yr mean value.

(2) In the case of the transient and standing eddy
variances and covariances, the differences in the 
two types of averages are probably largely real and 
related to the inclusion of the year-to-year variation 
as a transient eddy in the first, but not in the 
second average (for further discussion see subsec­
tion 4.1).

A comparison between the 1958-1963 statistics 
mainly used here and preliminary statistics com­
puted for the later 5-yr period, 1968-1973, in 
section 5 showed that the chosen measure of 
interannual variability is relatively stable and there-
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Table 1.—Time and zonal mean values of various parameters for the “five-sample” January mean, plus or 
minus the interannual standard deviation around the mean. Between parentheses the “one- 
sample” January mean is given as tabulated in Oort and Rasmusson (1971). In both cases, the 
basic data are from the 5 months January 1959, January 1960, . . . and January 1963.

850 mb 850 mb 850 mb 200 mb 200 mb 200 mb units
0° 30°N 60°N 0° 30°N 60°N

[u] -1.9 ± 1.1 4.7 ± 0.9 2.0 ± 1.5 -5.3 ± 3.0 38.5 ± 1.6 9.3 ± 2.9 m/s
(-1.9) (4.5) (2.1) (-4.9) (39.8) (9.4)

[v] -1.4 ± 0.2 0.2 ± 0.2 -0.1 ± 0.4 2.2 ± 0.3 0.3 ± 0.5 0.1 ± 0.3 m/s
(-0.8) (0.2) (-0.3) (2.6) (-0.1) (0.0)

-1.3 ± 0.2 1.3 ± 0.3 -1.0 ± 0.4 -0.7 ± 0.6 0.7 ± 0.3 0.3 ± 0.7 10“4mb/s

[T]
(-1.0)

17.6 ± 0.4 
(2.6)

6.5 ± 0.3
(-0.5)

-14.3 ± 0.3
(-0.0)

-54.1 ± 0.4
(1.3)

-55.2 ± 0.2
(0.2)

-58.2 ± 1.8 °C

[Z]
(17.8)

1502 ± 3 
(1503)

(6.8)
1506 ± 9

(1507)

(-14.0)
1350 ± 25

(1350)

(-53.9)
12419 ± 10

(12419)

(-55.1)
12047 ± 19

(12046)

(-58.0)
11226 ± 38

(11223)
gpm

[q] 10.8 ± 0.3 4.0 ± 0.2 1.3 ± 0.0 g/kg
(10.7) (4.1) (1.3)

[u'2] 14 ± 2 38 ± 2 52 ± 3 57 ± 10 159 ± 10 111 ± 16 m2 • s-2
(16) (44) (59) (89) (213) (144)

[0*2] 4 ± 2 9 ± 5 17 ± 4 21 ± 5 96 ± 33 32 ± 7 m2 • s~2
(10) (7) (13) (33) (99) (23)

[v'2] 8 ± 1 40 ± 5 58 ± 6 41 ± 5 162 ± 11 121 ± 14 m2 • s-2
(10) (43) (64) (63) (207) (151)

[v*2] 0 ± 0 4 ± 2 11 ± 4 4 ± 3 19 ± 5 59 ± 20 m2 • s-2

fa*2]
(1)

5.5 ± 1.1 
(3)

5.9 ± 1.9
(6)

5.7 ± 2.4
(5)

4.7 ± 0.7
(24)

15.1 ± 5.2
(44)

7.5 ± 0.7 lO^mb2 • s-2
(11.8) (5.8) (2.0) (6.6) (14.1) (4.7)

[T'2] 0.8 ± 0.3 13.7 ± 2.1 36.6 ± 4.8 2.6 ± 0.5 13.7 ± 1.3 28.5 ± 3.5 °C2
(1.2) (16.8) (44.4) (2.8) (16.1) (37.2)

j-y*2J 0.4 ± 0.1 11.0 ± 2.6 52.8 ± 4.7 0.6 ± 0.1 8.0 ± 2.4 12.4 ± 3.0 °C2
(0.3) (9.8) (44.3) (0.8) (7.3) (7.8)

[Z*2] 0.4 ± 0.3 8.8 ± 4.2 34.8 ± 12.4 3.2 ± 1.0 41.9 ± 10.6 278.4 ± 65.1 lO^gpm2
(0.3) (6.2) (18.8) (2.9) (31.4) (206.5)

[q'2] 3.6 ± 0.4 3.6 ± 0.3 0.6 ± 0.1 £ • kg~2
(3.7) (4.0) (0.7)

[q*2] 0.4 ± 0.2 1.4 ± 0.3 0.4 ± 0.1 g2 • kg-2
(0.3) (1.4) (0.3)

[W] 0.8 ± 0.8 1.0 ± 1.1 0.1 ± 1.8 -10.0 ± 2.2 33.2 ± 8.5 4.3 ± 8.6 m2 • s-2

[v*u*]
(0.2)

-1.0 ± 0.3 
(1.5)

0.1 ± 1.6
(1.8)

-1.1 ± 3.3
(-4.4)

-2.5 ± 2.9
(35.8)

23.2 ± 8.0
(5.0)

-19.5 ± 7.4 m2 • s-2

[v'T']
(-0.4)

-0.1 ± 0.3 
(-0.1)

9.4 ± 1.4
(-1.5)

11.0 ± 2.4
(-1.9)

0.1 ± 0.6
(19.4)

1.6 ± 2.7
(-19.2)

5.2 ± 1.9 m/s • °C

[v*T*]
(-1.2)

0.1 ± 0.1 
(8.7)

3.8 ± 1.8
(12.7)

13.2 ± 3.6
(0.5)

0.0 ± 0.2
(2.3)

4.1 ± 2.3
(6.4)

10.7 ± 3.1 m/s • °C

[v'q']
(-0.0)

0.6 ± 0.3 
(3.6)

4.1 ± 0.7
(10.1)

1.7 ± 0.3
(0.0) (2.2) (9.8)

m/s • g/kg
(0.6) (4.5) (2.0)

[v*q*] 0.1 ± 0.1 1.5 ± 0.5 1.3 ± 0.4 m/s • g/kg
(0.1) (1.2) (0.8)
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fore represents well the recent climatic conditions 
in the atmosphere. The present variability statistics 
complement an earlier compilation of mean statis­
tics for the 1958-1963 period (Oort and Rasmusson 
1971). Together the two publications should give a 
fairly complete and definitive picture of the recent 
climate of the Northern Hemispheric atmosphere 
below 50 mb.

As a next step in this type of research, the 
climate in the Southern Hemisphere should proba­
bly receive major emphasis. Excellent preliminary 
studies have been made by, among others, Newell

JANUARY

JANUARY

JANUARY
JANUARY

JANUARY
JANUARY

Figure 19. Same as figure 16 but shows the eddy fluxes of sensible heat in units of m/s • °C, of water vapor in m/s • g/kg, and of

energy in m/s • °C.

et al. (1972, 1974), Peixoto (1973) and van Loon et 
al. (1972). Unfortunately, the spatial data gaps in 
the Southern Hemisphere rawinsonde network are 
very large, and many computed statistics, such as 
for instance the mean meridional circulation and 
standing eddy transports, will generally not repre­
sent the true climatic conditions (Oort 1977). There­
fore, additional information, presumably from satel­
lites or aircraft dropsondes, should be merged with 
the conventional rawinsonde data before one can 
arrive at a satisfactory description of the global 
climate.



28 Interannual Variability of Atmospheric Circulation Statistics
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JANUARY

Figure 20.—Same as Figure 16 but shows the mean meridional circulation fluxes of sensible heat plus potential energy in units of
m/s • °C, of water vapor in m/s • g/kg, and of total energy in m/s • °C.
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JANUARY

JANUARY JANUARY

JANUARY

Figure 21.—Same as figure 16 but shows the total fluxes of sensible heat
m/s • °C.

plus potential energy and total energy, both in units of
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Appendix A
Tables of Interannual Standard Deviations of Zonal Mean Statistics

Interannual standard deviations for the various general circulation parameters are presented in tabular 
form. The results are shown for a typical month irrespective of the season (“60 MONTHS”), for a typical 
January month (“JANUARY”), a typical July month (“JULY”), and for a typical year as a whole (“YEAR”). 
These four different cases are defined by relations (1) through (4) given in subsection 4.2. The bottom line in 
each table, labeled “MEAN”, represents the pressure-weighted mean of the cr-values at the 11 levels. For a 
discussion of the results one is again referred to the earlier subsection 4.2.

The tables in this appendix are grouped in four sections. Section A contains the standard deviations of 
the mean values, section B the standard deviations of the variances, section C the standard deviations of 
the meridional transports, and section D the standard deviations of the vertical transports. A listing of the 
tables follows.

Section A. Mean Values

Table Al.—Interannual standard deviation of the zonal wind component <x([u]).
Table A2.—Interannual standard deviation of the meridional wind component cr([v]).
Table A3.—Interannual standard deviation of the vertical velocity crflaj]).
Table A4.—Interannual standard deviation of the temperature cr([T]).
Table A5.—Interannual standard deviation of the geopotential height cr([Z]).
Table A6.—Interannual standard deviation of the specific humidity o-([q]).
Table A7.—Interannual standard deviation of the kinetic energy cr([KE]).

Section B. Variances

Table Bla.—Interannual standard deviation of the variance of the zonal wind component resulting from 
transient eddies cr([u'2]).

Table Bib.—Interannual standard deviation of the variance of the zonal wind component resulting from 
stationary eddies cr([u*2]).

Table B2a.—Interannual standard deviation of the variance of the meridional wind component resulting 
from transient eddies cr([v'2]).

Table B2b.—Interannual standard deviation of the variance of the meridional wind component resulting 
from stationary eddies <r([v*2]).

Table B3.—Interannual standard deviation of the variance of the vertical velocity resulting from stationary 
eddies cr([d)*2]).

Table B4a.—Interannual standard deviation of the variance of the temperature resulting from transient 
eddies cr([T'2]).

Table B4b.—Interannual standard deviation of the variance of the temperature resulting from stationary 
eddies o-([T*2]).

Table B5.—Interannual standard deviation of the variance of the geopotential height resulting from 
stationary eddies <x([Z*2]).

Table B6a.—Interannual standard deviation of the variance of the specific humidity resulting from transient 
eddies cr([q'2]).

Table B6b.—Interannual standard deviation of the variance of the specific humidity resulting from 
stationary eddies cr([q*2]).
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Section C. Meridional Transports

Table Cla.—Interannual standard deviation of the northward transport of westerly momentum by transient 
eddies o-([v'u']).

Table Clb.—Interannual standard deviation of the northward transport of westerly momentum by stationary 
eddies a([v*u*]).

Table Clc.—Interannual standard deviation of the northward transport of westerly momentum by mean 
meridional circulation <r([v]"[u]).

Table C2a.—Interannual standard deviation of the northward transport of sensible heat (cpT) by transient 
eddies o-([v'T']).

Table C2b.—Interannual standard deviation of the northward transport of sensible heat by stationary eddies 
o-([v*T*]).

Table C2c.—Interannual standard deviation of the northward transport of sensible heat by mean meridional 
circulation cr([v]"[T]").

Table C3a.—Interannual standard deviation of the northward transport of potential energy by stationary 
eddies cr([v*Z*]).

Table C3b.—Interannual standard deviation of the northward transport of potential energy by mean 
meridional circulation cr([v]"[Z]").

Table C4a.—Interannual standard deviation of the northward transport of water vapor by transient eddies 
o-flVq']).

Table C4b.—Interannual standard deviation of the northward transport of water vapor by stationary eddies 
cr([v*q*]).

Table C4c.—Interannual standard deviation of the northward transport of water vapor by mean meridional 
circulation cr([v]"[q]).

Section D. Vertical Transports

Table Dla.—Interannual standard deviation of the vertical transport of westerly momentum by stationary 
eddies cr([aj*u*]).

Table Dlb.—Interannual standard deviation of the vertical transport of westerly momentum by mean 
meridional circulation cr([a>][u]).

Table D2.—Interannual standard deviation of the vertical transport of southerly momentum by stationary 
eddies cr([co*v*]).

Table D3a.—Interannual standard deviation of the vertical transport of sensible heat (cpT) by stationary 
eddies cr([a>*T*]).

Table D3b.—Interannual standard deviation of the vertical transport of sensible heat by mean meridional 
circulation o-([o>][T]"').

Table D4a.—Interannual standard deviation of the vertical transport of potential energy (gZ) by stationary 
eddies cr([co*Z*]).

Table D4b.—Interannual standard deviation of the vertical transport of potential energy by mean meridional 
circulation cr([a>][Z]'").

Table D5a.—Interannual standard deviation of the vertical transport of water vapor by stationary eddies 
o-([co*q*]).

Table D5b.—Interannual standard deviation of the vertical transport of water vapor by mean meridional 
circulation a([d>][q]).
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Table Al. Interannual standard deviation of the zonal wind component m/s

60 MONTHS

P (MB) 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N

4rO- -079“- 1.7 k

0.9 1.2
i.>-^;LJi__^ro

MEAN

JANUARY

^ViVi''^ ■ ■ -'Ovo -'ww'••,vo:ov,v-‘ii''.‘2vv•'0f:tr-v-. o 
1*° . o 1.6 1.4

0.-8—-07-7-n 1.1 jr.T 0.4 \ 1.4
0.3 \ 1.3

0.6 M.l
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1.7 jy.9

1.4^x 0.7 1.5 T.r"l.7 Ufi
07S “ ~T)7U\ .1.2 /0.9 0.6 t 1.3 1 ^ y^rrr7 2.7y^Z-L

0.8| 1.2
-0-.9

MEAN
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0r9--- O' 9

1000

MEAN



34 Interannual Variability of Atmospheric Circulation Statistics

Table A2.—Interannual standard deviation of the meridional wind component <r([v J), m/s

a ([v]) 60 MONTHS
15 20 25 30 35 40 45° 60 N 65°N

P (MB) °N N 50°N 55°N °
10 °N 0 °N °N °N °N °N

°S 5°S EQ 5 1 °N

n. 3 0.2 0.3 0.3 0.4 ■y-Q±m yQyQy.6.40.3 0.4 0.4 0.4 0.4 0.3 0.3 0.2 0.2 W>J0.3 <ov,v,vcr:,4L*
.•-•nv.v.v' 0.4 0.3 0.3 0.3 0.3&»5  U,°-5 6.5 0.40.4 0.4 0.4 i0.4 0.5 0.5 0.4 0.3 0.4 0.4 0<gX -W7- 

o\ ifcS
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700 0.4_ 0.3 0.2 0.2 0.2 0.2
0 2
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850 0.4 0.3  ^

0.3 0.4 0.3 >>'X). 2 0.1 0.1 0 0.2 0.20.3 0.2900 0.4 0.4 0.4
<  0.3 0.3

950 0^4 0.4 0.4 0.3 0.3 0.2 0.1 0.3 0.4 0.4 ^k2__. iL.2-0.20": 3 “ '0.3
0.3 0.2 0.2 0.2 0.3 0.3 0.4 0.3 0.2 0.2 0.3 0.3 0.4 0.4

1000

      0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.4
MEAN 0.6 0.4 0.3 0.3 0.2 0.2 0.2

0.4 0.3
0.4   0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.3 0 450 .0.3 0.3 rt

Q.2 V - (r. r0O-2 '"^ . •on
/r.T cr.cr o 1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 'OTr TJ.T -100 0.3

. 0.2 —Or 2—-  - 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Os*
200 0.3 J3.1 0-.-2

"o7 2“ "(T.T 0.1 _ . -022^ -o - -Q^__ --0^2 0.1 0.2 0.1n 0.1 - '0. 2300 0.2 0.2 0.2 0.2 0.2 0
400 0.2 (L 2_ _ jQ*-2— *" U.” 0.1 f 

l°'2 0.1 Dn- nCi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 / 0. 2
0.2

  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
500 0.1 0.1 0.1 0.1 0.1
700 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1

0.2   0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1850 0.1 0.1 0.1
0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1900 0.1  0.10.1 0.1 0.1 0.1 0.1 0.1 0.0

0.1 0.1 0.1 0.1 0.1
950 0.1 £k-2 . 0.00.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1020-.^-^ 

^  0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2
1000 0.3 0.3 0.1 0.1 0.1 0.1 0.1 0.1

MEAN   0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.10.2 0.2 0.1 0.1
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Table A3.—Interannual standard deviation of the vertical velocity of[d>]), 10~4 mb/s

0([ 5 ]) 60 MONTHS
 ( ) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N °MB  55 N 60°NP  65°N 70°N 75°N

50 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3
100
200
300
400

500
700
850
900
950

1000

MEAN 0.8 0.6 0.6 0.5 0.4 0.4 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.6 0.7

JANUARY

50 0.1 0.2 0.3 0.2 0.1 0.1 0.1 0.1 0.1
100 0.2
200 0.3
300 0.5
400 0.5

500 0.4
700 0.3
850 0.3
900 0.3
950 0.2

1000 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.1
MEAN 0.4 0.5 0.7 0.6 0.7 0.8 0.6

JULY

50 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1
100 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2
200 0.2 0.2 0.3 0.3 0.1 0.2 0.2 0.3 0.3
300 MU 0.4 -4 0.2 0.3 0.4 5.5 4 _JL LA.

T N4
400 ^V-VlA n v k

c. n o n Jk——n £ n a n a

500
700
850
900 0.1 0.3 0.2 0.1 0.2 0.3 0.2 0.3 0.3 0.2 0.1 0.3 0.3 0.1 0.2 0.2 0.3 0.3
950 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.2

1000 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.1 0.1

MEAN 0.7 0.4 0.5 0.3 0.5 0.6 0.3 0.6 0.7 0.3 0.3 0.4 0.4 0.2 0.3 0.3 0.4 0.4

YEAR

50 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.1 0.1
100 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.2 0.1 0.1 0.2. --Gr-2-
200 .0.1 0.1 ^-GrT" -■0^2-. -a, 2-0.2-0-T-2— -0,2 --0-2^ 0.1 a.i 0.1 0.1 q^^-0^2 0.1 0.1^ 3 0.2
300 074^-- 0.4 "V

o-.r 0.4  0.2 0.2 0.1 °;> "> * 1 .0.2 0.£vP 0.1 0.4 0.30.2 0.3
400 0.3 OJsr 0.4 0.2 0.3 0.3 0.3 0)2 0.1 0:2 0T2" 0.2 0.2 \ o-i, " 0.3 0.4 0.3

0.5 0.5 0.2 N
/500 0.3 / 0.3 0.3 0.3 ^✓0.2 0v2 0.3 0.2 0.3 0.2 0.2 0.4 o

700 0.4 0.4 0.3 /O.i 0.2^ >*0.3 0.1 0.l"^S*_2. 0.1 —0*r2— -0:2-

\ \o

850 0.3 0.3 0.2 0.3 / 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
900 <L -- -Ow-2- - .- -—cur 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.12 0 2
950 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MEAN 0.3 0.3 0.3 0.3 0.1 0.2 0.2 0.2 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.2 0.2 0.2
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Table A4.—Interannual standard deviation of the temperature °C

a (ET]> 60 MONTHS

P (MB) 10°s                 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 505 5 °N 55°N 60°N 65°N 70°N 75°N°S EQ °N

50 0.8 0.9 0.9 0.8 0.8 0.7 0.7 1,2 .

 100 oTe 0.6 0.6 0.5 0.3- -O'.5- - 6 0.5 0.5
200 FT8 0.4“ 0.6 0.5' "0.4 0.4 0.5-'

0.9300 0.6X 0.4 0.3 0.4 .4 0D 0.4 .674- 0.50-r> -"0.5 0.4 0.4 0.4 0.4 0.4 *077“
0.3 .4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.6 0.7400 0.4 0.3 \

0.2 0.2 0.2 .3 0.3 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0 5 0.7 0.8500 0.4 •0.4 y
0.4 0.7 0.9700 0.3 0.2 0.2 0.2 .3 0.3 0.4 0.3 0.4 0.4 0.4 0.4 0.5 0.4 ^er.5

0.3 0.3 0.3 0.4 .4 ,075 0.-5, 0.4 0.4 0.3 0.4 0.4 >orr 075 ~ -075 0.6 0.8
850 0.5 0.5 0.5 0.7
900 0.3 0.3 0.2 0.3 .4 0^5 0.3 0.3 0.3 0.4 0.4 ( 0.9/

3 .4 0.50.4 0.3 0.  ° S" . . _ o 4 0.3 0.3 0.3 0.3 0.4 . 0
50 5 0.5 0 6 .8 0 99 . \0 4 "Or k.

076 0.
1000 ' 0 8.6"( 5n0.4 0.3 .4 0.4 0.2 0.3 0.4 0.3 0.3 0.4 0.4 0.7 0.9

   .4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.7
MEAN 0.9 1.10.5 0.4 0.3 0.3

50 0.4/ mm

100 0.5 0.3 ft: 0.7 0 .ijf
9 -

0 s  or^-5 oT9
20 0. 0.5 0.5  v 0.6 0.7

0.7 'o. 4 0.3 >r~5- - -G-.-5 - -07 7 “(773 r300 ““■  UX c **1& 9^ 
6 6 0.6 0.5 0.6 0.7400 '0.6/ 0.4 0.3 0.3 . ■ " 0.3 .- ' 0

0.6 0.6 0.5 0.80 0.4 0.2 0.1 0.650 0.2 0.2 _ oj>__.
0.7 U~X 0.4 0.4 0.7700 0.1 0.1 0.1 0.2 0.2 0.4 ^.0.5^ •-  “ TT. ZT ~  N
0.1 0.2 0.3 0.4 0.4 / 0.8850 0.1 0.1 0.4 -0 TV"0,5 7)7 6
0.1 0.2 076 07 6 0 4900 0.1 0.2 0.3 , - “  - ^ . / 1.0

. / 0. .9 T>.0.1 8 0 "5 OjK950 0. -^- — .  0 3 :

9<3r0,5Do.75 0.4 0.3 0.4
& 0.2 0/5 0.9 0.9 0.61000 07 k 0.3 0.3

/
          0.4 0.6 0.8 1.0 1.1 1.4MEAN 0.5 0.3 0.3 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4

JULY

mm mmmm?*-* 0.6 0.6 (U5 0.4 0.4 0.3 0.3 0*5 0.6 0.650 0.6 0.6
mm “ ~ny.7 0.8 0.7 * *' "0.4 0.4 0.3 0.2 0.3 0(5 0.7 0.8 .5100 075 0 6 0.7 0

200 0*5- - -074-° 5 (h 6 0.7 0.8 0.6 ^ "0.3 0.2 0.4 __0.4 . '0.6 0.9 0.9 0.7__ — Q-* S- 
300 -(k5 -' .3 0.2 0 30.3 0.2 0.3^ 0.5 0.6 0 . '0.6 0.6 O'”. 6 0.6 . .- 7)74 ”> o73 0.3oi

074 6^5 0.5 5.3 0.2 0.2 0.4400 0.4 0.3 0.3 0.4 TJUS ^ 0.4 0.3 0.2 0.3 " “— 0.5- -  - ys
500 0.4 0.3 0.2 0.3 0.3 0.4 °U. 0.4 , 0.4 0.3 0.2 0.3 0.4°-3 0.3 0.2 0.3 ,a-§"  

0.3 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.2 0  700 0.3 0.2 0.2 0.3 .4O5CT.6
0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.5 0.8850 0.5 0.2 0.1 0.1 0.3 0.4 0.4 0.2 0.2  

0.3 0.2 0.1 0.3 0.4 0.3 0.2 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0 0.7900 0.4
950 0.3 0.4 0.4 0.2 0.3 0.3 0.1 0.1 0.2 0.3 0.2 0.^ 0.60.2 0.3 0.4 0.5 0.4

1000 0.3 0.5 0.5 0.4 0.4 0.2 0.1 0.2 0.2 0.3 0.2 0.2 0.3 0.4 0.4 0.4 0.4\ 0.7
\

MEAN 0.4 0.5 0.4 0.3 0.2 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.50.5 0.4 0.3 0.3  

 0.6 0.7 0.8 0.9 6 O.h
r3- H*s 0.8 07!

-(h 4-0.5-Q-.5 _ 0*5 0\5^ 0.6 
0.3 "1)74" ■ 
0.3 0.3

0.3 0.4
500 0.3 0.2 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.1 0.2

0.1 0.1 0.2 0.3 0.3 0.3 0.2 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.3 0.4
700 0.2 0.1 0.2 0.5850 0.1 0.2 0.2 0.3 0.4 0.4 0.4 0.3 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.1

0.2 0.2 0.2 0.2 0.3 0.5900 0.2 0.2 0.1 0.2 0.4 0.5 0.4 0.2 0.1 0.1 0.1 0.2 0.3 0.4
950 0.3 0.3 0.2 0.2 0.4 0.4 0.3 0.1 0.1 0.0 0.1 0.2 0.2 0.3 0.3 0.2

0.3 0.2 0.2 0.3
1000 0.4 0.5 0.3 0.1 0.3 0.3 0.1 0.2 0.2 0.1 0.1 a. 2 0.2 0.2

MEAN 0.4 0.3 0.2 0.2 0.3 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.5
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Table A5. Interannual standard deviation of the geopotential height cr(\Z]),
gpm

a ([z]) 60 MONTHS

P (MB)

~ T ~ - 10,
500 9 n ll
700 ~ S------IQ850
900
950

1000
MEAN

JANUARY

500
700
850 6“ ") 12
900
950

1000
MEAN

JULY

12 / 7
-9- ~

500
700
850
900
950

1000 9 \ 11
MEAN

YEAR

11____U-------9
- -9 ~ 6 ; ii

MEAN
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Table A6.—Interannual standard deviation of the specific humidity cr(\q]), glkg

a ([q]) 60 MONTHS

MEAN
JANUARY

-0,$0 4 <3-3- O.Z 0:..3:
Ov4, . ' <SA/. 0-.3- 9.1 -0,3
0,4 D,4s^0.^:- 0,2 6.1
O,.4 S-.-5 JDv4: 0,3 • 0.2

MEAN
JULY

MEAN

YEAR

MEAN
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Table A7.—Interannual standard deviation of the kinetic energy cr([KE]), 102m2 • 5

a ([KE]) 60 MONTHS

P (MB) 5°S 10°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 0.10 0.12 0.1&':
100 TVS-

200  .10 0.15 m 19
0.10 0 0.13 0.33' M" 0 :Z7 fritnr."0.06 0.07 o!

300 0.07 KlO' M $80$ ,16 0.,17 0. 21
400 0.04 0.05 0.05 0.,19 0.,14 0.,14 0. 19

500 0.03 0.04 0.04 0.04 0.03 0.04 0.09 0.14 0.16 0.14 0.13 0..15 0.17 0.16 0.,15 0.,11 0.,11 0. 13
700 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.06 0.08 0.08 0.06 0.,07 0.08 0.09 0.,08 0.,06 0.,06 0. 07
850 0.04 0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.04 0.05 0.04 0..04 0.05 0.05 0.,05 0.,04 0.,05 0.,06
900 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.04 0.04 0.04 0..04 0.05 0.05 0.,05 0.,05 0.,05 0.,06
950 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0..04 0.04 0.05 ,05 ,05 .05

0.05 0.05 0.,05 0..05 0..06 0.,06
1000 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0..04 0. 0. 0. 0.,06

MEAN 0.04 0.04 0.06 0.05 0.06 0.08 0.11 0.17 0.19 0.16 0.15 0..14 0.15 0.L5 0.,15 0..12 0..12 0.,13

JANUARY

50 Q.-L5.
100 »*••••'*»w Vw.vaW
200 0.04 0.10 0.12 0.08 'Omos
300 0.03 0.04 0.04 0.04 QhiXQ
400 0.03 0.04 0.04 0.05 0.4i^s: q;.; 

0.2
500 0.01 0.03 0.03 0.04 0.02 0.08 0.16 mm mm. 0.14 0.11 0.17 0.16

QAth700 0.02 0.03 0.04 0.03 0.03 0.02 0.06 *lJoti3 0.06 0.10 0.15 0.14 0.10 0.07 0.09 0.09
850 0.01 0.01 0.01 0.02 0.03 0.03 0.02 0.04 0.07 0.07 0.04 0.07 0.10 0.11 0.10 0.06 0.07 0.08
900 0.01 0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.06 0.06 0.03 0.05 0.07 0.10 0.09 0.09 0.10 0.09
950 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.06 0.05 0.02 0.05 0.07 0.10 0.10 0.10 0.10 0.08

1000 0.02 0.02 0.03 0.01 0.01 0.01 0.02 0.02 0.04 0.03 0.02 0.04 0.06 0.08 0.09 0.09 0.09 0.07

MEAN 0.02 0.04 0.04 0.04 0.21 0.28 0.34 0.25 0.14 0.21 0.29 0.28 0.23 0.18 0.20 0.20

50 0.16 NEW! 0.01 0.01 0.01 0.02 0.02 0.02 
100 0.06 oTrf^biifr ' 0:130.2 0.09 0.06 0.07 0.06 0.04 0.05 0.07 0.06
200 0.11 0.20 0.11 0.08 0.16 0.06 0.13
300 0.06 0.05 0.03 0.16 0.03 0.11 0.l£jL32 <5-40 
400 0.05 0.02 0.02 0.04 0.09 0.05 0.10 o.ii&rrr'o.^M
500 0.02 0.04 0.05 0.04 0.03 0.03 0.01 0.02 0.04 0.07 0.09 0.06 0.04 0.08 0.10 0.08 0.08 0.09
700 0,04 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.03 0.04 0.05 0.03 0.02 0.05 0.05 0.04 0.03 0.06
850 0.07 0.03 0.02 0.03 0.03 0.02 0.02 0.01 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.04
900 0.05 0.03 0.02 0.03 0.03 0.02 0.01 0.01 0.02 0.02 0.03 0.03 0.01 0.01 0.02 0.02 0.04 0.07
950 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.01 0.03 0.05

1000 0.01 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.04 0.05 0.04 0.03 0.01 0.02 0.04

MEAN 0.04 0.04 0.06 0.06 0.05 0.04 0.03 0.03 0.05 0.06 0.09 0.07 0.04 0.06 0.07 0.08 0.10 0.13

50 <mzzmmmmWMtmw 0.17 0.09 0.06 0.04 0.04 0.04 0.06 0.12 0.19^ 19
100 oOfir■ ‘07(72“ TT.W^U.UH “0TU7 0.05 0.06 0.08 0.10 0.09 0.08 0.09 0.12 0.17 0719“ U.l» U. 14 U. 11

200 0.04 0.03 0.05 0.03 0.08 0.13 0.18 <0211? ,0.15 0.09 0.10 0.10 0.12 0.16 0.16 0.11 0.09 0.08
300 0.03 0.02 0.02 0.02 0.05 0.06 0.07 0.15 0.16 0.11 0.05 0.05 0.10 0.13 0.11 0.07 0.10 0.13
400 0.02 0.01 0.02 0.01 0.01 0.01 0.05 0.10 0.09 0.04 0.02 0.06 0.08 0.11 0.09 0.06 0.10 0.13

500 0.01 0.01 0.02 0.01 0.01 0.01 0.04 0.07 0.07 0.04 0.04 0.06 0.06 0.08 0.06 0.04 0.06 0.07
700 0.01 0.02 0.03 0.03 0.02 0.01 0.01 0.02 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.02 0.03 0.03
850 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.03 0.02 0.01 0.01 0.02
900 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.03 0.02 0.01 0.01 0.02
950 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.02 0.02 0.03

1000 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.02 0.03 0.03 0.03 0.03 0.03 0.03

MEAN 0.02 0.02 0.02 0.02 0.03 0.03 0.05 0.07 0.07 0.05 0.04 0.05 0.06 0.08 0.08 0.05 0.06 0.07
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Table Bla.—Interannual standard deviation of the variance of the zonal wind component resulting from
transient eddies <j([u'2]), m2 • s 2

o Uu’2]) 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 8
100 9
200 7
300 . -5 - 
400 3

500 2
700 2
850 2900 1
950 0

1000 0
MEAN

10

50
100
200
300
400

500
700
850
900
950

1000
MEAN

50 5- - 
100 - - 
200 5 9 8 4 _10 8

___7-------67 I(te25vj|i2v^?30
300 8 1____ 6- - " T ° ° ° 4 — -5 J. _ 6
400

500
700
850
900
950

1000
MEAN

50
100
200
300
400

---------T-
500
700
850
900
950 2

21000 2
MEAN 10
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Table Bib.—Interannual standard deviation of the variance of the zonal wind component resulting from
stationary eddies cr([u*2]), m2 • s~2

a ([u ]) 60 MONTHS

P (MB)

1000
MEAN

JANUARY

1000
MEAN

JULY

“6""
____ Z-

500
700
850
900 5 -5-
950

1000
MEAN

YEAR

-----2

MEAN
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Table B2a.—Interannual standard deviation of the variance of the meridional wind component resulting
from transient eddies cr([m2 • s~2

60 MONTHS

P (MB)

MEAN

JANUARY

MEAN

JULY

MEAN

YEAR

MEAN
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Table B2b. Interannual standard deviation of the variance of the meridional wind component resulting
from stationary eddies cr([v*2]), m2 • s~2

60 MONTHS

----3_ _

1000
MEAN

JANUARY

6.__

MEAN

JULY

f 6------ 7

1000
MEAN

YEAR

1000
MEAN



44 Interannual Variability of Atmospheric Circulation Statistics

Table B3.—Interannual standard deviation of the variance of the vertical velocity resulting from
stationary eddies cr([d)*2]), 10~smb2 • s~2

a ([ u *2 ]) 60 MONTHS

P [MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.4 0.4
100 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.5 0.6 0.6 0.6 0.5 0.6 0.8 0.9 0.9 1.1 1.2.
200 1.5 1.2 1.2 1.4 1.8 _ - -278- ~r,r-—379 2T9~~ 2-2-0- -2rl 2T3 2.5 2.6 3.2 3.7

 T.(T - - - rrrrfZTy300 7.5 ~ 372 3rr "4.9 L ^
id\ Ton^ $.« <|3. W$M :;f;S •400 4.6 4.4 4.9 4^r $v-& 8.? 7,:A ( 6.1. " $:.Vs.V

dill
500 4.3 4.6 :! :5:>:0, y&*'.WM- ■ 6-73 •7\6 9.1 Mm .,6.7 .. ■SA: .. 111 .

107-4:
700 2.3 2.8 3.4 3.0 3.8 4.8 4.1 3.1 4.2 4.4 4.4 3.7
850 0.9 0.9 1.1 -J72- “T.*5 “‘ 17 5- -H-6- 2 —1—6— —l-r-5 — “i r8 -17 5-'- r.7 -- 1.-9- — 2- L_ _2.2 2.1 2.6 3.1
900 0.5 0.4 0.5 0.6 0.8 0.8 0.8 0.8 0.9 1.0 0.8 0.8 1.2 1.4 1.4 1.3 1.7 1.-9-
950 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.4 0.5 0.6 0.5 0.5 0.7 0.7

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.2 0.1

MEAN 2.2 2.3 2.5 2.5 3.5 4.1 3.8 3.9 4.8 5.1 4.2 3.1 3.6 3.5 3.4 3.2 4.3 5.6

JANUARY

50 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.3
100 0.3 0.2 0.2 0.3 . 0.4
200 1.8 1.4 0.7 2.9 2T3~ - 2-.2- 2
300 T.V ■ ~2-?GL . .l.£ . 2.. 0—
400 3.7 3.4 3.3

500 3.8 3.4 3.2 2.5
700 2_.3 _ _2._4_ _2._3
850 0.8 ” 1.2 1.1"
900 0.4 0.7 0.6
950 0.1 0.2 0.2 0.8

1000 0.0 0.0 0.0
MEAN 2.0 1.9 1.7

50 0.1 0.0 0.1 0.1 0.1 0.1

100 0.7 0.2 0.3 0.3 0.3 0.2

200 0.9 0.5 1.0 1.6 1.3
3.330  020 L.9 1.1 1.6^ -e.r ~ 7.5

400 4.1 2.9~ 4.0

500 3.9 2.8 2.1 _ 2.2 3.1 4.5

700 2.i_-j^r "i.o “m— _ 2.6
850 0.8 0.4 (T.T”"7577“ ~r.~o --T.-6--1.-4- --3rrt- —173"- 1.8 -2-Q - •0-.8- " 73.1 0.2 0.3 0.2 0.2 0.3
900 0.4 0.3 0.4 0.4 0.5 0.7 0.7 0.6 0.8 0.9 1.0 0.6 0.4 0.1 0.2 0.1 0.1 0.2
950 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.3 0.2 0.0 0.1 0.1 0.1 0.1

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0

MEAN 1.0 0.9 1.5 2.2 4.0 3.8 1.6 3.0 1.7 3.2 4.6 2.4 2.1 1.3 1.0 1.1 1.6 2.3

YEAR

50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.0
100 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.1 0.2 0.2 0.1 0.0 0.0 0.1 0.2 0.2 0.1
200 0.2 0.2 0.3 0.3 0.2 0.2 0.3 0.2 0.4 1^0. -0.9 0.3 0.2 0.2 0.4 0.5 0.5 0.5

f300 0.5 0 6 ^1t8- ~lT. W-3 —. J3.9 0.6 0.8 0.8 0.4 0.7^2.0 1.7^ 0.4 0.5 0.5 0.7 - ±-.2- -
400 0.6 173 . a.i ^.1 9.7“ ~5 tr 0.6 0.8 0.6 0.7,( 1*2 1.8 - -27Z 

f \ / 2 1 ' f

500 0.9 \ ..3 . 21 01.9 0.6 1.8 2s. 2.61 1^ \ 1.4 1.5 /0.9 Vl v. 2.6 2.2 / 0.8 0.5
700 0.9 ''07-9 . - — *. 6 0.7 "r.-a ^ rriT^ Mc-----L D - CT ' 0.7 (7.8- *6.5 0.4 0.4 0.6 0.7 v 2 1.7
850 0.3 0.3 0.3 0.2 0.3 0.5 0.5 0.3 0.3 0.3"“0.4 0.2 0.2 0.3 0.3 0.4 0.6 D7T
900 0.2 0.1 0.1 0.1 0.2 0.3 0.3 0.2 0.2 0.3 0.2 0.1 0.1 0.2 0.2 0.2 0.3 0.4
950 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0

MEAN 0.5 0.6 0.9 0.6 0.5 0.7 0.8 0.5 0.6 1.3 1.1 0.4 0.4 0.4 0.4 0.7 1.0 1.3
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Table B4a. Interannual standard deviation of the variance of the temperature resulting from

transient
eddies (t([T'2]), °C2

a ([T’2]) 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 1.8 I100 1.8 1.5 i.i ~TTT rr

200 0.7 0.9 0.8 1.1 1.4
300 0.5 0.6 0.8 1.2 1.3 1.0 1.0 1.2 1.1 0.9 1.2 iTtr■ 2 4400 0.5 0.7 0.8

"irr
1.0

x
1.1 0.9 0.8 0.8 0.9 1.2 1.5 1.8 1.8 1.9 •

500 0.9 0.7 0.7 0.7 0.7 0.7 0.6 0.7 0.9 1.1 1.5 1.8 _ <*!m: WM. XT' :;':3
700 0.7 0.5 0.4 0.6

iju
0.7 0.6 0.6 0.7 0.9 1.2 1.6 mM i.i- ’ 0.6 3 6850 .5 0.6 0.6 .30 0.7 0.6 0.7 1.0 1.1 1.5  |( i* 4 • 2 :t :  ‘ •3-ri1.9 '0

900 0.4 0.3 0.4 0.4 0.5 0.5 0.6 0.8 1.0 1.3 1.7 .3, .5 ••3^ lx 7 3,6 AA
950 0.2 0.2 0.3 0.4 0.4 0.4 0.6 0.7 0.9 1.2 1.6 i7^ 'Mi. • • 3.21000 340.3 0.3 0.3 . ^/0.4 0.5 0.5 0.5 0.6 0.9 0.9 1.3 1.7 N 3v0-' . ••••5x5

MEAN 0.7 0.6 0.6 0.8 0.8 0.7 0.7 0.8 1.0 1.2 1.5 1.9 2.1 2.5 3.K 3.1 3.2 3.8

50 1.3 1.1 3:.:6: ̂  y^r-9-
100 1.3 1.0 0.8 0.4 0.6
200 21.0 1.0 0.5 1.0 1.6 1.0
300 0.5 0.5 0.9 1.0 0.9 1.0 1.7 2.0 1.7 1.3 1.1 1.5 1.2 1.0 0.7 1.1 “i'.'jr
400 0.7 0.5 0.5 0.6 0.7 0.6 0.3 0.4 0.5 0.8 1.6 1.6 1.2 • ;3.»-
500 Jim1.8 1.9 1.0 0.6 0.9 1.1 0.9 0.9 1.3 1.9 3.1 xH^4 1^x3! .:2.:8v i| 3 >.-2-. 2:1700 0.3 0.4 0.3 1.5 1.8 1.1 0.4 0.9 1.3 • 1,7

xX$;«• . 3,2 2,7' **>850 0.2 0.1 0.3 0.9 0.9 1.0 1.6 '\,.84.4
0.9 " :.3!» 3::": 5;i

900 0.1 0.2 0.2 0.4 0.4 0.4 0.9 1.4 iTS^ WM
950 0.1 0.2 

r*:.^ •$>£•
0.2 0.2 0.2 0.3 0.9 1.0 1.4 1.5 1 ,3.1 

1000 0.1 0.2 '  •: ’ •' &:•:$' 
J f 7,8 •6>X9 ' 5x 50.4 0.4 0.4 0.4 1.0 0.7 1.4 1.3 1 •5 ifi ( • 5,^ 8^: :;7:v2: • ::.i5:K6c

MEAN 0.8 0.7 0.6 0.9 1.0 0.8 0.8 1.1 1.3 1.6 1.9 2.7 2.7 2.6 3.5 4.6 4.9 4.2

50
100
200
300
400

500
700
850
900
950

1000
MEAN 0.7 0.8 0.6 0.8 0.8 0.5 0.4 0.6 0.8 0.8 0.8 0.9 1.1 1.1 1.6 2.4 2.7 2.3

YEAR

50 Vimmmz 2,3- mmmxr 1.6 1.0 0.9 0.8
100 trf“ -T^rnrtr crr^iP ^rrr2-~irT* 0.7 0.3 0.3 1.0 1.6 1.5 4 .'3- mm
200 0.3 0.5 0.2 0.3 0.5 0.4 0.5 0.9 1.1 0.9 0.9 1.6 <300 0.3 0.3 0.2 0.4 0.4 0.5 0.7 0.9 1.0 1.4 1.9 1.4 ■ 

0.4 0.4 TT  ..........400 5 rr8-2-i«ft 274^760.2 0.2 0.3 0.2 0.4 0.7 1.2 1.8 1.7 1.3

500 0.4 0.3 0.3 0.2 0.2 0.2 0.4 0.6 1.0 1.2 1.2 1.8
700 0.4 0.2 0.2 0.3 0.3 0.2 0.4 0.7 1.1 1.0 0.9 1.7
850 0.6 0.3 0.4 0.3 0.2 0.3 0.5 0.6 1.1 1.1 0.4 1.8
900 0.4 0.2 0.4 0.2 0.1 0.2 0.5 0.7 1.2 1.1 0.5 1.8
950 0.5 0.2 0.3 0.2 0.2 0.3 0.5 0.8 1.1 1.0 1.0 1.7

1000 1.0 0.4 0.2 0.2 0.1 0.2 0.4 0.8 0.8 1.0 0.8 1,2

MEAN 0.5 0.4 0.3 0.3 0.3 0.3 0.5 0.7 1.0 1.2 1.1 1.6
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Table B4b.—Interannual standard deviation of the variance of the temperature resulting from stationary
eddies a([T*2]), °C2

a a?*2]) 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°li

50 0.1 0.2 0.3 0.6 0.8 1.0 1.0 1.2 1.5 1.8
100 0.3 0.4 0.4 0.6 0.8 1.0 1.1 1.0 1.0 1.3
200 0.1 0.1 0.1 0.2 0.4 0.6 1.0 1.3 1.4 1.9
300 0.1 0.1 0.1 0.2 0.2 0.3 0.7 1.1 1.3 1.4 1.2 1.1 1.3 1.6 1.6 1.7
400 0.1 0.1 0.1 0.1 0.2 0.3 0.5 0.7 0.8 0.9 1.0 1.7 2-

iil
500 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.4 0.7 1.2 1 :i.3 mm
700 0.0 0.0 0.1 0.1 0.2 0.2 0.3 0.6 1.1 11 ' • mm y tr&iZZ.
850 0.0 0.1 0.2 0.3 0.7 1.2 1.6 1.6 1.6 MX |||3,$ P jy 'Mf900 0.1 0.1 0.2 0.3 0.6 1.1 1.4 1.4 1.6 VX-X: 2,8 \xm Mb

WM M-y 3 xMm950 0.1 0.2 0.2 0.2 0.4 0.7 1.0 1.1 1.4 r$t

1000 0.2 0.2 0.2 0.3 0.4 0.5 0.8 1.0 1.6 3,-6 \ ■ ::WmiMM

MEAN 0.1 0.1 0.1 0.2 0.3 0.5 0.7 0.9 1.1 1.5 1.9 2.6 3.5 4.2 4.9 5.3 4.3

JANUARY

50 0.1 0.1 0.3 0.3 0.5 0.5 0.2 mm®x-mAmy&ZMZ.Wfi$:
100 0.4 0.5 0.5 0.5 1.0 1.3 1.1 WX S&S ■Xr$yy. ¥:«7Z-
200 0.1 0.1 0.1 0.2 0.2 0.3 0.6 3.7 3,2 2 A Wm

TT •
300 0.1 0.1 0.1 0.2 0.3 0.4 0.9 Tiu.......iTu 1.0 0.5 0.2 ~o74
400 0.1 0.1 0.1 0.1 0.2 0.3 0.5 1.1 1.5 1.5 •1.5 1.5

500 0.0 0.0 0.0 0.1 0.2 0.3 0.3 m
700 0.0 0.0 0.1 0.2 0.2 0.3 0.7
850 0.1 0.1 0.1 0.2 0.3 0.4 0.8 . 6
900 0.1 0.2 0.4 0.3 0.3 0.5 0.9 Ttt&y: mm

Wi Wtt.iST& M- r950 0.0 0.1 0.1 0.2 0.3 0.7 1.3 *

1000 0.1 0.1 0.3 0.5 0.7 1.0 1.8 7. A, Wm-.

MEAN 0.1 0.1 0.1 0.2 0.3 0.4 0.7 3.3 3.9 4.7 4.7 4.1

50 0.1 0.2 0.3 0.4 0.6 0.7 0.% ' 1.1 :;igf.o 1.7 _ L-2---- Ir.tf 0.6 0.7 0.9 0.8 0.7
100 0.4 0.2 0.1 0.5 0.7 0.6--" r.3 1.8 2.0 2 1.8 0.9 0.3 0.4 0.4 0.3 0.2 0.3
200 0.1 0.1 0.1 0.2 0.5 Cl-I- 1_.X — 1T.% ~7>? 1.0 0 r.e- -_0.6 0.5 0.4 0.2 0.5
300 0.0 0.1 0.2 0.2 0.3 0.4 0.6 0.7 i7 2 f1.5 1.3 ~T72~ 1 “LT5“ —lr-2- -Q,6_
400 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 079^ 1J.„ —■O »-9 - i 1,0 1.0 1.5 1.4 1.2

500 0.0 0.0 0.1 0.1 00.1 0.1 0.1 0.2 0.6 0.9 0.5 0.5 0.7 .? ">.-Q ^ 1.4 1.5 1.4
700 0.1 0.0 0.0 0.1 0.3 0.4 0^_ 0.1 0.4 0.7 0.4 1 0.7 0.9 0.8 0.6 a^4 1.5
850 0.0 0.1 0.2 0.5 0.8 ier' 1.1 1.3 1.4 ' 1.3 1.3 1.5 r.K 0.6 0.2 0.3 0.5" ~~~ U77
900 0.3 0.1 0.2 0.3 0.6 0.8   . 1.3 n&,

s 1.7 2 l
<£ fcLS — 3r.T “• ir0~174“ “7.0

950 0.1 0.2 0.2 0.3 0.4 0.6 0.3 0.5 \l.3 1.7^ liSti*::: ^0 1.2 1.5 2.3
1000 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.6 \.l 1.1 1.1 i.4 1.6 1.6 1.3 1.1 1.2 1.3

MEAN 0.1 0.1 0.1 0.2 0.4 0.5 0.5 0.6 1.0 1.3 1.2 1.1 1.0 0.9 0.8 1.0 1.1 1.1

YEAR

50 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 0.8 0.7 0.8 H-2 1.5 1.9 1.7 1.2
100 0.1 0.3 0.3 0.3 0.5 0.7 0.5 0.4 0.3 0.1 0.1 0.2 O.'S,v i-1 1.6 1.7 1.4 _ Ml
200 0.1 0.0 0.1 0.1 0.2 0.4 0.5 0.3 0.2 0.4 0.4 0.3 0.6 i.4 1 1.2 ^IcrCT 0.8
300 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.4 0.5 0.4 0.2 0.1 0.2 0.3 0.3 0.1 0.1 0.1
400 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.3 0.4 0.3 0.2 0.3

500 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.2 0.4 0.5 0.4 0.5 0.7
700 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.2 0.3 0.3 0.4 , 0.6 0.5 0.4 0.6 0.8
850 0.0 0.0 0.1 0.1 0.3 0.7 1.0 0.8 0.7 0.5 0.4 0.7 >.<r rrr 0.6 0.5 0.9
900 0.0 0.0 0.0 0.1 0.3 0.6 0.7 0.6 0.5 0.3 0.4 0.8 ,1.2 1.6 , 1.6 <1.9 0.8 0.7.
950 0.1 0.1 0.0 0.0 0.1 0.3 0.3 0.3 0.3 0.3 0.4  / 1.6 1.70.8 nr" 1.1

1000 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 .  m0.3 0.3 0 4 0.9 ( W1.7 Immm $

MEAN 0.0 0.0 0.1 0.1 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.6 0.8 0.9 0.8 0.8 0.8



Abraham H. Oort 47

Table B5.—Interannual standard deviation of the variance of the geopotential height resulting from
stationary eddies cr([Z*2]), 102gpm2

60 MONTHS

P (MB)

i7Akmm
6.9 t 13.4
7.3 '12.9

;a-ta;i;x3aia
6.2 T^n 11.3

6.6 /10.8 11.5 \
MEAN 10.7 18.2 27.9

JANUARY

11.8 16

/1o76 16.9 12.7 14.1
' 16.3

:337i :'aM ,m 4 4-9,$ /*0 45 JT
IV 606.1 ' \ 15.4Vli^ av: .^1.7 .77. fr 4 ' 4^

4.6 ^.4 14.2 13.5 i57o ITTo'^
2.1 4.'2“'~6.^"“'8rr^l0.8 14.8 12.6 12.4 13.6
2.2 4.2 6.4 7.7 ,11.0 16.8 14.6 ^ "8."9
2.5 3.9 6.1 7.9/ 11.9
3.1 4.3 6.0 8.2' 12.0

MEAN 11.0 16.2 20.7 24.9 28.0

JULY

9^2___9.^ ^ 10.6-
7.9 *0.9 13.6 16.2 13.5

5.? -815.7 16.8
4.4 \U.4 12.9

500
700
850
900
950

1000
MEAN

YEAR

4.4 n 5.7
12.7

5.4 ^74

4.6- 56l2

500
700
850
900
950

1000
MEAN
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Table B6a.—Interannual standard deviation of the variance of the specific humidity resulting from
transient eddies <j([q'21), g2 * kg~2

a ([q12]) 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50
100
200
300 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0400 0.0 0.0 0.0

0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
500 0.1 0.1 ___0U_-JL.L. - Q>10.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1700 0.3 0.3 0.3 0.3 07-3-----

'• :%$; -V3h4 0.1 0.1 0.1 0.1 0.1850 0.3 0.4 0.10,5- 0.3 __Q*A.0.4r0^u___0.4 0.1
~0»-2—— Q..2——0*2

900 0.3 0.3 VlV:t). 3 0.1 0.1 0.1 0.1
0.2 0.2 0.2 0?^ 0.1 0.1 0.1 0.1

950 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2)
1000 0.4 0.3 0.3 0.2 0.3 0.3 0.3 0.1 0.1 0.1 0.

0.2 0.2 0.2/ 1
0.1 0.1 0.1 0.2

MEAN 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50
100
200
300 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0400 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0?3^500 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1700 757J
850   
900 erf1-0 0.2 0.3 0.1

0.1 0.3 0.1
950 m 0,4 0.2 0.3 0.3

1000 P4-:3.." M 0.2
MEAN 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0

JULY

50
100
200
300 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
400 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

500 0.0 0.0 0.1 0.1 0.1 _JL_L 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
700 0.2 0.1 0.0 0.1 0.1 0.1 0.0 0.0
850 SEBPfc4 0.2 073 —9t-2——€h-2—— 0 2—— 0-H2—— 0.1 0.1
900 i 0.2

t
0.2 0.2 0.2 0.2 0.2 0.2

950 && ' -50t.-6i: \ 0.3 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.3
1000 m. ■ X-4 0.3 0.3 0.3 0.2 0.1 0.1 0.2 0.2

MEAN 0.2 0.2 0.1 0.2 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50
100
200
300 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0400 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.2

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2
500 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.0700 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
850 0.3 
900
950 0.2 

.r 0.2 0.2 
1000 0.1 N}.3

MEAN 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Table B6b. Interannual standard deviation of the variance of the specific humidity resulting from
stationary eddies cr([q*2]), g2 • kg~2

60 MONTHS

P (MB)

MEAN

JANUARY

500
700
850
900
950

1000
MEAN

JULY

500
700
850
900
950

1000
MEAN

YEAR

MEAN
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Table Cla.—Interannual standard deviation of the northward transport of westerly momentum by
transient eddies cr([v'u']), m2 • s~2

a ([v<'ll’]) 60 MONTHS

P (MB) 10°S 5 EQ°S 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 2 100 2.6 mt-m
3.8 2.7 2.7 2.5 ^4*

200 |fc>3-7 2.7 3.8, •• ft.5-; 4.3
300 2.3 2.7 2.9 ?>$ •
400 2.5 ■"TTfr- 1.6 2 ?^

C 0

.i

N 0 3? bl*# I ‘ 5 • 5, 8 ‘. 6 ■m]0m

500 1.7 1.0 1.0 1.2 1.5 1.7 2.1 2.4 3.3 mmmm
700 1.5 0.9 0.6 0.9 1.5 1.4 1.3 "~17T 2.3 , 2.4 2.2 2.2 2.4 2.6
850 1.6 0.9 0.8 0.8 1.0 1.2 1.2 1.4 TTT-y.o
900 1.0 0.7 0.6 0.6 0.8 0.9 1.1 1.5 ~2t0 2.2
950 0.6 0.5 0.5 0.4 0.5 0.6 0.9 1.4 2.3 2.6

1000 0.6 0.5 0.5 0.4 0.6 0.6 0.8 1.1 2.1 2.4

MEAN 2.1 1.5 1.4 1.5 1.6 1.8 2.2 2.8 3.2 3.4 3.8 3.8 3.5 3.4 3.7 4.0 4.4 5.0

JANUARY

50 3.4 2.5---1.3 2.0——1.9..2 1.3 2.3 2.5
100 yykz&rrT*). 1 3.4 4.4 2.9 2.1 3.8 /4^.4200 2.2 2.3 1.9 2.5 3.9 £: •’ ?U- M
300 .2^ 4.5 3.8 2.7 2.6 \nH:
400 'TTo 1.0 1.0 1.5 1.7 2.1— 5,9- *.* !
500 1.7 0.5 0.9 0.8 0.8 1.0 0.8 1.2s

700 1.3 0.5 0.6 0.6 0.7 0.9 1.0 1.5 \3.r
850 1.9 0.8 0.8 0.9 1.4 1.4 1.2 1.5
900 1.0 0.8 0.7 0.6 0.8 0.8 1.2 1.8 1.8s
950 0.5 0.8 0.7 0.5 0.5 0.3 1.0 1.7 1.6

1000 0.6 0.8 0.7 0.6 0.8 0.6 0.6 1.2 1.2

MEAN 2.1 1.2 1.3 1.6 1.5 1.4 1.6 2.8 3.8 4.4 4.4 4.2 4.1 4.8 6.0 7.1 7.3 5.3

50 2.5 \L6,2"3.0 2.3 1.1
100 2.6 2.7 3.3 2.6^.
200 W* 3.0 __2^2-TrT5

3 6 4 2.6300 . ~ ~ 175 1.4 1.4 2.5 mm.
400 3.2 1.3 0.5 0.8 0.8 1.0 0.8 0.9 0.9 3.3 3.m ’ 4 • 5,2 7,7

ly/ 2.9^ mm500 1.5 1.0 0.5 0.6 0.7 1.0 1.0 0.6 1.4 2.2 1.7 ^2.2 ^jl4-
700 ^L5 0.6 0.5 0.9 1.5 0.9 1.1 0.7 0.8 1.1 1.1 1.0 2.0 2TTT-~ 2 ~iv6— --- -3rrJ----*r?
850 1.4 0.4 0.4 0.5 1.0 0.7 0.7 0.6 0.6 0.5 0.9 1.2 1.1 0.9 1.7 2.2 2.1 2.0
900 0.9 0.1 0.2 0.7 1.2 1.1 0.9 0.6 0.6 0.8 1.4 1.5 1.2 1.0 1.3 1.5 1.2 1.6
950 0.8 0.3 0.3 0.4 0.7 0.5 0.5 0.5 0.5 0.9 1.5 1.6 1.4 1.1 1.1 1.2 1.6 2.7

1000 1.2 0.5 0.4 0.7 1.2 1.1 0.6 0.5 0.5 0.7 1.4 1.3 0.7 0.7 1.0 0.9 1.4 1.9

MEAN 2.0 1.5 1.1 1.1 1.2 1.0 1.2 1.3 1.3 1.5 2.1 2.7 3.0 2.2 2.0 2.8 3.3 4.2

50 4.4 4.0 — 0.5 0.4 0.8 1.3 1.2 1.2 1.0 0.8 1.2 v&v0 m1.3 3.6^- m
100 arr  -— 279" 0.7 10 0.5 0.3 0.2 0.8 1.4 1.0 0.4 0.6 0.8 1.0 >\ 2.3 2.2
200 1.6 1.2 1.2 0.9 0.7 0.7 1.4 2.7..~m . /—" 20 0—■— 1.0 3.1 67 1.3 1.7
300 1.2 0.8 0.5 0.5 0.6 0.4 1.3 j( 2.4 2.6 3.0 3.7 3.1 2.4 2.2 3.7 3/6 1.2 1.9
400 0.8 0.7 0.7 0.5 0.4 0.6 1.2 I 2.8 2.7 2.1 1L9 1.2 2.8

500 0.5 0.3 0.4 0.3 0.4 0.6 1.0 1.5 1.3 1.9 1.7 ijL 2.4 2fx 1.7 1.3
700 0.8 0.3 0.1 0.3 0.4 0.3 0.4 0.4 0.2 0.8 1.0 0.5 0.7 o.V——079—' 0.8 1.0 1.2
850 1.4 0.6 0.2 0.4 0.5 0.5 0.4 0.5 0.4 0.4 0.8 0.6 0.8 0.8 0.5 0.5 0.7 0.8
900 0.9 0.4 0.4 0.5 0.6 0.5 0.4 0.4 0.4 0.4 0.8 0.8 0.8 0.7 0.4 0.2 0.4 0.8
950 0.5 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.3 0.7 0.9 0.9 0.7 0.7 0.7 0.9 1.3

1000 0.3 0.2 0.3 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.7 0.9 0.8 0.6 0.9 0.8 0.7 0.8

MEAN 0.8 0.5 0.4 0.4 0.4 0.5 0.8 1.3 1.1 1.4 1.7 1.4 1.2 1.4 1.8 1.6 1.1 1.4
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Table Clb. Interannual standard deviation of the northward transport of westerly momentum by
stationary eddies cr([v*u*]), m2 • s~2

O ([v u ]) 60 MONTHS

P (MB)

MEAN

JANUARY

1.1 ^<4

6,0- 5r4 M $.3

MEAN

JULY

3.5 4;

MEAN

YEAR

l _1*0.
~D77"

(T.B- ~~ -i^O___1U)-
500
700
850
900
950

1000

MEAN
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Table Clc.—Interannual standard deviation of the northward transport of westerly momentum by mean
meridional circulation cr(\vf[u]), m2 • s~2

a ([v]" [u]) 60 MONTHS

P (MB)

4.2.9 2.5  5TT5™370.....37 5 31.3 1.9

1000

MEAN

JANUARY

500
700
850
900
950

1000

MEAN

JULY

4.5 4.0 1.0 1.0
1.1 3.4 0.7 1.6

<L r3- "479 3 79- —3-*.2^ _ 1.8
2.6 4.0

0.8 -1^ 'Or6--ir6-2 -1.-7

MEAN

YEAR

2.5 ,1.6 0.4 0.
--072“*"Cr.7 1.5 1.3

3.1“ ~2“.-5 1.8
Jr:4---1-.8-2 2.3

MEAN
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Table C2a.—Interannual standard deviation of the northward transport of sensible heat (c„T) by
transient eddies (t([v'T'D (units in m/s ■ °C are equivalent with l(f W ■ m/kgj

a ([v'l1]) 60 MONTHS

P (MB) 10 S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 0.9

r.z
0.9 \ 1.1 1.2 0.8 0.5 0.5 0.6

100 T. T, ^79- 0.8
200 1.2^. 1-077 0.6 0.7 0.9 ICO 1.3 1.6
300 0/6 0.6 0.5 0.6 0.6 O.V ^0 1.3
400 0.5 0.4 0.3 0.4 0.5 0.6 0.8 ~i.-0L 1
500 0.5 0.4 0.3 0.3 0.4 0.5 0.7 0.7
700 0.4 0.3 0.3 0.3 0.4 0.5 0.5 0.5
850 0.4 0.3 0.4 0.4 0.4 0.4 0.5 0.7
900 0.3 0.2 0.3 0.3 0.3 0.4 0.5 0.6 k0.2 0.2  i.i950 0.2 0.2 0.3 0.3 0.5 0.7 0/8 -

1000 0.2 0.2 0.3 0.3 0.3 0.3 0.5 0.9 2-.;:8
MEAN 0.6 0.4 0.4 0.4 0.5 0.6 0.7 0.8

50 0_.6_ _ 0.3_
100 0.5 ) 1.1
200
300
400 1.1 ^-076" “077---- CTT9\ 1.5

500
700
850
900 ^ 1.1
950

1000

MEAN

50 0.4 0.3 0.8 ^ 1.4 1.5 1.1 ^0.5 0.4 0.4 0.5 0.6 0.5 0.5 0.5 0.6 0.6 0.4 0.3
100 172" i n~-J>0.9 "o:r--■6r6- 1 7)76 0.8 0.8 1.0_ 0.8 0.7 _0j.Z_. - 0.4 0.7 O.2.- -176
200 1.6 ., "07<r " 0.8 0.5 0.5 0.5 0.2 0.6 £.1 1.7 1.6 1.6 2.1 1.1 "175-“ “173“ "f. 3 1.4
300 07 % 0.3 0.2 0.4 0.3 0.4 0.5 0.7 —079- 7)78 " a.i 1.5 1.2 1.8 ^ jQr5-->. 1.4 2.1
400 0.4 0.2 0.3 0.2 0.2 0.3 0.3 0.5 0.7 0.9 0.5 073“ “074 “079"1 -K0" ^ 0.9,7' 1.4 1.8

500 0.4 0.5 0.4 Ci~i0.3 0.3 0.2 0.2 0.4 0.6 0.6 0.6 0.7 1.4 1.3 1.8 1.7 1.1
700 0.7 0.2 0.1 0.1 0.2 0.2 0.2 0.4 0.4 0.3 0.3 0.4 0.7 0.6 0.7 “0.7“ V-i 0.9
850 0.3 0.3 0.2 0.1 0.2 0.3 0.2 0.1 0.2 0.3 0.3 0.7 1.0 0.8 0.9 0.5 /1.0 1.1
900 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.3 0.5 0.5 0.5 0.8 1.1 0.7 0.5 0.5 U.o 1.1
950 0.3 0.2 0.2 0.0 0.1 0.1 0.2 0.4 0.4 0.4 Vo0.5 0.6 0.7 0.5 0.4 0.6 1.0

1000 0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.3 0.3 0.3 0.2 0.3 0.4 0.5 0.7 0.6 0.8nn 1.2

MEAN 0.5 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.6 0.7 0.6 0.7 1.0 0.9 0.9 0.9 1.2 1.2

YEAR

50 0.9 0.8 0.8 0.6 0.2 0.1 0.2 0.4 0.3 0.2 0.5 0.8 1.3
100 0.7 0.5 0.2 0.4 0.3 0.3 0.2 0.2 0.3 0.4 0.3 0.3 0.5“ “078““ 1.1 1.3 1.6
200 0.4 0.3 0.3 0.5 0.6 0.2 0.4 0.5 0.3 0.5 0.8 0.8 0.9 0.8 1.0^ ^ 1.6 1.9 1.9
300 0.2 0.2 0.2 0.3 0.2 0.1 0.2 0.6 0.7 0.7 0.9 0.6 0.7 0.5 0.5 CTr8---- 078 — 1.0
400 0.1 0.1 0.1 0.1 0.1 0.2 0.4 0.6 0.4 0.4 0.8 0.8 0.6 0.7 0.9 1.0 ! - In 0- ^1.0

500 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.5 0.6 0.4 0.3 0.6 0.5 0.2 0.6 1.2 1.3
700 0.2 0.2 0.1 0.1 0.1 0.2 0.4 0.6 0.6 0.3 0.2 0.3 0.5 0.6 0.7 0.8 "o.r- 4.1
850 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.4 0.5 0.3 0.3 0.4 0.5 0.5 0.7 0.9 ,, 0.6 0/8"
900 0.3 0.2 0.1 0.2 0.2 0.3 0.3 0.5 0.5 0.2 0.4 0.6 0.8 l-.ff 1.41.2  11 1.6- 1.9
950 0.4 0.3 0.1 0.1 0.1 0.2 0.4 0.6 0.5 0.2 0.4 0.6 0.8 f'l.3 1.8

1000 0.6 0.4 0.2 0.2 0.1 0.2 0.3 0.5 0.4 0.2 0.5 0.5 0.5 , 1.3 1.7 mm 2.3-

MEAN 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.5 0.5 0.4 0.5 0.5 0.6 0.6 0.8 i.i 1.2 1.4
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Table C2b.—Interannual standard deviation of the northward transport of sensible heat by stationary
eddies cr([v*T*]j, mis • °C

— *-* ” 
a ([v T ]) 60 MONTHS

20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N
P (MB) 10°S 5°S EQ 5°N 10°N 15°N  

&& 4'*&4 6 vfi •
50 2.4 a. 0

100 2.:* . 2:,$ 3.1 3vl 2,9 3L1
200
300
400

500
700
850
900
950

1000
1.8 2.1 2.6 2.7 2.4 2.4

MEAN 0.1 0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0 1.3 1.5

JANUARY

0.60.0 0.0 0.1 0.0 0.1 0.1 0.1 0.3 0.4 1.350 1.1  ft::;:::
100 0.2 0.2 0.2 0.4 0.9 1.4 1.2 0.7 0.4 0.7 1.1 m ■ammm

3.2 3.7 3.3 2.8
W&r

2.3200 0.2 0.2 0.2 0.2 0.4 0.8 1.5 1.8 3vfi
. 

1.7
UA2*.4

300 0.2 0.2 0.3 0.4 0.8 1.3 1.5 1.0 0.9 1.3 1.1 1.6 1.9
2'C«~

400 0.1 0.1 0.1 0.2 0.4 0.5 0.4 0.4 0.5 1.2 1.7 1.5

500 0.0 0.1 0.1 0.2 0.3 0.5 0.3 0.1 0.7 if
0.3 0.4 0.7 1.0 1.5

/&m 3,6 :xofcs9 0.9
0.2 3-- 1 1.70.1

1.8 WiM. •2V700 0.1 0.1 Us 3.^ 1.8

850 0.1 0.1 0.1 0.2 0.4 0.6 0.7 1.3 mm
0.1 0.2 0.4 0.8 1.4 1.8 WM

 

. 3.4
:£.-7 ........ .....................

0.1 0.1 0.1
0.1 0.1 0.1 0.1 0.1 0.3 0.8 1.5 1.7 i

3*1900
7 z;i 3.*/ —950 r 1.51.4  $g&j|1 o1000 0.1 0.1 0.2 0.3 0.3 0.4 0.9 1.3 1.6  . '\ 2A- '

0.2 0.4 0.6 0.8 0.9 1.2 1.9 2.6 3.0 3.1 2.8 3.0 2.7 2.8 3.2
MEAN 0.1 0.1 0.1

0.450 0.0 0.0 0.1 0.1 0.2 0.3 0.3 0.2 0.3 0.4 0.4 0.4 0.4 0.3 0.2 0.3 0.3
0.4 0.4 0.3 0.4 _(L6_ _ 0-6- 100 0.2 0.2 0.3 0.6 1.J3 — -Tri— -0,9--- -l-rO-■ -Gt*9— 0.9

1 4 1 C200 0.2 0.1 0.1 0.3 —Or 8--—XJL 1.6 mm 1.9 “771n 0.4 0.9 (I. Z 1.3 .  
"7)r8- uq 0 $79.7 0.8 --1.3 ' "0 9 --07& 11 • " ‘ .3300 0.1 0.0 0.1 0.2 0.1 0.3 0.6 - ' t J

 0.8 "lT30.6 0.6 0.5 1.4400 0.1 0.1 0.1 0.1 0.1 0.2 0.4 0.6 0.9--4^ 1.1 /

1- - "
\o 1.6500 0.0 0.0 0.1 0.1 0.2 0.2 0.1 0.4 0.8 0.8 0.8 0.7 0.5 0.6 0.5 1.5

0^90.7 0.7 0.6 0.4 0.1 0.2 1.2 1.2700 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.6 0.8
850 0.1 0.0 0.1 0.1 0.1 0.3 0.6 0.7 0.5 0.6 0.9 ■. 0.8 0.6 0.5 0.6 1*^

T
900 0.1 0.0 0.1 0.2 0.3 0.4 0.8 0.8 0.7 0.9 " .! 0.7 0.5 0.8 0.8 0.8 0.7

0.9^ i.2; 0.9 0.7 0.6 0.6
950 0.2 0.2 0.1 0.2. 0.2 0.4 0.6 0.5 0.6 ^1.3 0.7 0.5

0.7 0.6 ~ cr.r 0.4 0.3 0.6 0.6 0.4 0.4
1000 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.4 o'.r

0.4 0.5 0.7 0.9 1.0 1.0 0.8 0.5 0.5 0.6 1.0 1.1 1.1
MEAN 0.1 0.1 0.1 0.2 0.3

0 9 L.4 1.5 1 3 0.8
50 0.0 0.0 0.0 0.0 0.1 0.1

. ^^   . ^0.1 0.1 0.2 0.3 0.4 0.5 0.6
0.1 0.1 0-1 0.1 0.2 0.4 0.4 0.4 0.3 0.3 0.3 0.4 0.3100 0.4 O.T TJ.7"  0.9 0.50 2  0.63 0.5 0.4 0. 0.4 0.6 DTJ0.4.  

200 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1
0.3 0.3 0.3 0.52  0.6 0.60. 0.2 0.3   0.5 0.5

300 0.0 0.0 0.0 0.0 0.1 0.2 0.2
0.2 0.4 0.3 0.3 0.4 0.3

400 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.2

0 0.2 0.2 0.2
500 0. 0.2 0.3 0.4
700 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3

0.6
850 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.4 0.6

0.3 0.4 0.5 0.5 0.9 0.9
900 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.2 0.1 0.2 0.2 0.4 1.0
50 0.1 0. 0.1 0.0 0.1 1.0

9 1 0.2 0.3 0.3 0.2 0.1 0.2 0.2 0.4 0.4 0.6
0.1 0.3 0.4 0.4 0.4 0.9 0.8

1000 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.2 0.6

0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.4 0.5 0.5
MEAN
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Table C2c.—Interannual standard deviation of the northward transport of sensible heat by mean
meridional circulation o-([v]"[T]"), mis • 10°C

a ([v]" [T]") 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 sak ' 1.6 1.5 1-8 . 1.9 1.7 1.6 1.4 1.5 1.5
100 w* 1.9 1.9 1 $ o 1.5 1.<C 0.7 0.6 0.5 O.b 0.7 0.7 0.8
200 ■*1.8 1.6 1.4 1.5 1.5 1.3 >44- 0.9 0.6 0.6 0.6 0.7 0.8
300 -frr9----0v9- 0.8- 0.6 ~ 0.5 0.6 0.5 0.5 0. b U. b 0.8 0.7 0.7 0.6 0.6 0.5 0.7 1.1
400 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4

500 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
700 0.4 0.3 0.4 0.4 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3
850 0.7 0.6 0.7 0.6 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.3 0.4 0.5 0.5
900 0.8 0.7 0.8 0.7 0.6 0.7 0.6 0.6 0.6 0.5 0.5 0.5 0.6 0.7 0.7
950 0.7 0.9 0.9 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.8 0.9

1000 1.2sN°‘9x : o 0.9 0.8 0.8 0.9 0.9 0.9 0.8 0.9
t

1.1

MEAN 1.1 1.0 0.8 0.7 0.6 0.7 0.6 0.6 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.5

JANUARY

50 i.8 2 i.8 1.5
100 077 0t8----M---- CUZ

200
300
400

500
700
850
900
950

1000
MEAN 0.9 0.8 0.7 0.8 0.8 0.9 0.9 0.7 0.6 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

50 '•x2V.2x.;Xx2v.Ix-;Xx2vi^ 1.2 1.5 1.6v. 0.7 0.6 0.9 0.7 0.7 0.7 0.6 0.5 0.5 0.8
100 1.8 1.2 1.0 l7T~ TT3—— 1 . l~*v 0.7 0.4 0.2 0.2 0.3 0.3 0.6
200 1.7 1.7 1.9 _0.,7 ——-0r9““"0.3~—9t-8-^ l.CL^ 0.7 0.7 0.6 0.5 0.3 0.4 0.6
300 0.6 0.6 0.5 0.4 0.5 0.6 0.3 0.4 0.6 0.6 0.6 1.1 1.6
400 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.2 0.3 0.3 0.2 0.2 0.3

500 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
700 0.5 0.3 0.3 0.3 0.2 0.2 0.2 0.3 0.3 0.3 0.1 0.1 0.2
850 0.6 0.7 0.6 0.6 0.6 0.5 0.2 0.3 0.4 0.4 0.3 0.3 0.3
900 0.9 0.7 0.6 0.7 0.4 0.3 0.3 0.4 0.7 0.7 0.7
950 0.9 H79 0.5 0.5 0.6 0.8 0.6 0.5 0.5 0.7 •’-rrf

1<0---- TTfr-
1000 0.9 0.7 0.4 0.4 0.6 0.7 0.5 0.6 0.6 0.7 0.>\1.1 1.4

MEAN 1.1 0.9 0.8 0.7 0.6 0.5 0.5 0.4 0.4 0.4 0.5 0.3 0.3 0.3 0.4 0.3 0.4 0.6

50 1.6 1.4 1.3 i 2-— 0.6 0.3 0.6 0.7 0.7 0.7 0.6 0.4 0.2 0.8 0.9 0.8 0.6
100 "(777 0.4 0.5 0.8 0.8 0.6 0.3 0.4 0.5 0.4 0.3 0.2 0.1 0.1 0.2 0.1 0.2
200 1.4 1.3 1.1 0.7 0.4 0.5 0.6 0.5 0.4 0.3 0.2 0.2 0.3 0.3 0.1 0.1 0.2
300 0.2 0.3 0.4 0.3 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2
400 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

500 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
700 0.2 0.2 0.1 0.2 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
850 0.6 0.3 0.2 0.2 0.3 0.3 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.1
900 0.3 0.3 0.4 0.3 0.3 0.4 0.3 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1
950 0.3 0.6 0.7 0.4 0.3 0.4 0.3 0.2 0.1 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.2

1000 0.6 1.1 1.1 0.7 0.4 0.4 0.4 0.3 0.2 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3

MEAN 0.4 0.4 0.4 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Table C3a.—Interannual standard deviation of the northward transport of potential energy by 
stationary eddies crf[z;*Z*]j • (Units in 102 gpm • mis are equivalent with 10* W • mlkg)

 

CT ([v Z ]) 60 MONTHS

30°M 35P MB 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N  40 45 50 55 60 65 70 75°N
 ( ) °N °N °N °N °N °N °N °N

mmrnm
50 0.00 0.01 0.03 0.04 0.04 0.05 0.07 0.10 0.15. 0.43'> 0.22 0.33

0 4j£i
Mm? i&db:

100 0.07 0.04 0.04 0.08 0.11 0.16 ,0721“ ■orzr 0.23 0.25 0.27 0.30 rjg&sm mm 0,63
200 0.04 0.04 0.05 0.08 0.11 0.17 'll.22 0.26 0.30 0.39 0.42 0.46 mm

0.10r~07ir “0.1-7- MM. 0.36 0.45 0-.67300 0.02 0.02 0.02 0.03 0.05 0.08 d 22
400 0.01 0.01 0.01 0.02 0.03 0.04 0.06 0.09 0.13 0,700.17X 0.27 0.34 0.43 0.35 0.38 0.44N • 0>:8!9

0.2 0.5:-x-x-x-
0.01 0.01 0.01 0.01 0.02 0.03 0.05 0.08 0.09 0.12 20500 bv 0.26 TJ .Tff" -0J2L 0.48

0.15 0.14 0.10 0.10 0712 16700 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.05 0.08 0.10 0.13 — CL 23
0.03 0.04 0.05 0.06 0.07 0.09 0.10 0.10 0.10 0.08 0.07 0.10 0.16850 0.01 0.01 0.01 0.02 0.02

0.02 0.02 0.02 0.02 0.02 0.03 0.05 0.06 0.07 0.09 0.11 0.11 0.13 0.13 0.12 0.09 0.10 0.21
900

0.07 0.09 0.11 0.13 0.15 0.18 0.18 0.13 0.12 0.15
950 0.02 0.02 0.02 0.03 0.03 0.05 0.08 0.07

1000 0.01 0.02 0.03 0.03 0.04 0.05 0.07 0.07 0.07 0.08 0.10 0.11 0.13 0.17 0.20 0.15 0.11 0.12

0.34 0.40 0.48MEAN 0.02 0.02 0.02 0.03 0.04 0.06 0.08 0.11 0.13 0.16 0.21 0.25 0.29 0.27 0.30

JANUARY

. 0.06 0.09 0.14v -0.2350 0.01 0.02 0.05 0.06 0
100 0.06 0.05 0.06 0.09 .0. 0*&0.12_ 0

320 0.06 0. '3^42 0. 2 0.370 0.05 0.03 0.03 SIKH* ..................
300 0.01 0.01 0.03 0.03 0. ■4). 2r’3U2& -OrIf - Q.,22 

0.09 ‘~0.11 0.14 0.13*400 0.01 0.00 0.01 0.02 0.

0.00 0.01 0.01 0.01 . 03 .,03 0. 08 0. 11 o.ij> ,280. 39 0.40 0.,240.,45 0. 0.28 0,40500 0 0 . 0. 32

700 0.01 0.01 0.01 0.01 12 24 fL-lTT 07 7 ;,13 ,08 0.16 0 290 ■ 15\ 00 02 0.,03 0.,06 0. 0. ■“ X “d . . ..
850 0.01 0.01 0.01 0.01 0 03 .,03 0. ,18 0.18 ,11 ,08 0.120 ,06 0..09 0714“-“0v2er‘ 0. 0. 0. 0.,14 ^. CL27

02 ..02 .,04 .,07 0.13 . 19 .,20 0.19 0.,16 0.,13 0.12 ,04 12
900 0.01 0.01 0.01 0.01 0. 0 0 0 0 0 0. 0.

0.01 0.01 0.01 . 01 ,.03 .,06 0.,07 0.10 0.,14 0.,21 0.19 ,18 ,20 0.15 0.11 0 ,13950 0.01 0 0 0 0. 0. . .
0.02 ,130. 0.16 ,18 .17 0.15 ,14 0 ,16

1000 0.01 0.01 0.02 04 0,.05 0..09 0..12 0.09 0.,09 0. 0. 0. 0. .

MEAN 0.02 0.03 . 0.10 ,.12 ,.12 0..15 0.27 0..40 0.,46 0 53 ,380.02 0.01 0 0 . ' 0..46 0..43 0.33 0..35 0.0

50 0.00 0.01 0.02 0.03 0.03 0.03 0.04 0.06 0.08 0.08 0.09 0.08 0.15 0.11 0.10 0.15 0.16 0.12
0.08 0.04 0.06 0.12 0.12 0.06 0.18 0.27 0.23 0.18 0.18 0.13 0.08__QJ3& -or?!" . 5“ .~24“ -0> L& 100 0 2 U J

200 0.04 0.02 0.04 0.07 0.08 0.08 0.16 0.29 0.26 0.15 0.09 0.18 fT.26 0.22 0.30 0.32 0.33 0.41

0.01 -0.02 0.04 0.08300 0.01 0.04 0.04 0.03 0.08 0.03 0.10 0.16 'Qi22_ 0._2Q_ 0.20 0.19 0.49

400 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.04 0.12 0.12 0.06 0.06 0.08 0.05 0.06 '•0^24 0.26 0.33

0.140. 2 '̂<1:20.
500 0.00 0.01 0.00 0.01 0.01 0.01 0.02 0.04 0.05 0.04 0.01 0.02 0.05 0.05 0.09 0.31

0.01 0.01 0.02 0.04 0.05 0.05 0.06 0.09 0.08 0.04 0.04 0.05 0.04 0.04 0.05 0.07 0.139
700 0.03

0.02 0.01 0.01 0.05850 0.03 0.03 0.03 0.04 0.06 0.04 0.05 0.07 0.07 0.04 0.04 0.07 0.02 0.04

900 0.03 0.02 0.03 0.05 0.05 0.06 0.08 0.09 0.04 0.09 0.14 0.13 0.08 0.04 0.07 0.06 0.05 0.14
0.09 0.13 0.09 0.05 0.10 0.16 0.17 0.12 0.05 0.06 0.07 0.07 0.13950 0.05 0.03 0.04 0.06 0.07

0.03 0.07 0.15 0.17 0.13 0.06 0.06 0.06 0.06 0.09
1000 0.02 0.03 0.04 0.07 0.07 0.07 0.09 0.05

0.12 0.14 0.16 0.23MEAN 0.02 0.02 0.02 0.04 0.05 0.04 0.07 0.10 0.10 0.08 0.08 0.09 0.10 0.08

YEAR

50 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.04 0.04 0.06 0.08 0.09 0.10 0.08 0.14 0.20. -9J-8
0.20 0 23100 0.04 0.02 0.01 0.02 0.04 0.07 0.10 0.09 0.05 0.07 0.08 0.05 0.08 0.18 0^23 ~ 0.22 . ;

-orft
200 0.02 0.01 0.02 0.02 0.02 0.02 0.03 0.05 0.07 0.07 0.08 0.09 0.09 0.18 Q. 21 0.22 0.}&~

300 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.03 0.04 0.09 0.09 0.09 0.16 0719 - 6^202(V.22 0.16
0.06 0.04 0.08 0.10 0.09 0.10 0.09400 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.05 0.04 0.07

0.07500 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.05 0.03 0.05 0.06 0.04 0.05 0.07
0.03 0.05700 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.03 0.03 0.01 0.02 0.01 0.03 0.03 0.02 0.01
0.02 0.05850 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

0.02 0.02900 0.01 0.01 0.00 0.01 0.01 0.02 0.04 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.05 .
0.02 0.02950 0.01 0.01 0.01 0.01 0.02 0.04 0.08 0.07 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

0.01 0.01 0.02 0.02 0.011000 0.00 0.01 0.01 0.01 0.02 0.04 0.06 0.06 0.02 0.02 0.02 0.02 0.02

MEAN 0.08 0.09 0.09 0.09 0.090.01 0.01 0.00 0.01 0.01 0.02 0.03 0.03 0.03 0.03 0.05 0.04 0.05
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Table C3b. Interannual standard deviation of the northward transport of potential energy by mean
meridional circulation cr([vf[Zf)9 1(P gpm • m/s

60 MONTHS

P (MB) 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

3.T 3-3:’ 2,9 2,6

i.fl Z.Z
MEAN

JANUARY

4 . 3-^0 5.6 $.li2 JiugwJrl. 1 
-'jM- 3,9; 3.2 • 3>X

MEAN

JULY

2,3

MEAN

YEAR

MEAN
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Table C4a.—Interannual standard deviation of the northward transport of water vapor by transient 
eddies ofti/g7]) • (units in glkg • mis; to convert to transport of latent heat in 10* W • mlkg multiply

numbers in table by 2.5).

60 MONTHS

4 . •&A- -0,5
4 • 0-,

MEAN

JANUARY

orr oTT
MEAN

JULY

0.3 0.3 o.r^o^j-----
500 0.3 0.3 0.3 0.2 0.2
700 0.3
850 ;&« X3 0.2 0.3 0.LO4-Tn^s0.3 0.2
900 0.2 0.3 0.2
950 0.3 /QvS • • Qw0.2 0^2-  0.3

1000 0.3 0*2^0.!

MEAN

YEAR

0.2 ✓'(LI 
0.2 yo.i .0.4 0.2/
g^o.407T

MEAN
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Table C4b. Interannual standard deviation of the northward transport of water vapor by stationary
eddies cr([v*q*]), g/kg ■ m/s

a <£/ r—v * —q K ]) 60 MONTHS

P (MB) 10°N 15°N 20°N 25°N 3Q°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N

500 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1
700 0.1 0.1 0.1 0.1 cl i n —e_2----------- 0t3------- 0v9------ -0. 2 0.2 0. 2
850 0.1 0.1 0.1 0.1
900

0.1 0.1 0.1 0950 0.1 0.1 0.1 QL/ 2
1000 0.1 0.1 0.1 d. 2

MEAN.

JANUARY

MEAN

JULY

Oj3-0.2'^-3

MEAN

YEAR

1000 0.1 -flTT

MEAN
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Table C4c.—Interannual standard deviation of the northward transport of water vapor by mean
meridional circulation (r([v]"[q])9 glkg • mis

60 MONTHS

10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

MEAN

MEAN

JULY

MEAN

YEAR
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I ABLE Dla. Interannual standard deviation of the vertical transport of westerly momentum by
stationary eddies cr([d)*u*]), lO~Amb • m • s~2

a _* _*([ w u ]) 60 MONTHS

 ( ) 10°S 5°S Eq °NP MB 5 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.5 0.7 0.8 0.8
100 0.2 0.2 0.3 0.4 1.3 1.3
200 0.7 0.7 0.7 1.2
300 0.7 0.7 0.7 1.2
400 0.8 0.7 0.8 1.0 5.3 4,7 )

500 0.7 0.8 0.8 1.0
700 0.8 0.8 0.9 1.0
850 0.5 0.6 0.6 0.9
900 0.4 0.6 0.6 0.7
950 0.2 0.3 0.3 0.4

1000 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2

MEAN 0.6 0.6 0.6 0.9 1.3 1.4 2.3 3.0 2.9 2.5 2.1 2.3 2.2 2.4 2.3 2.9

JANUARY

50 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.4 0.3 0.4 0.7 1.1 0.5 0.7 1.2
100 0.3 0.4 0.5 0.5 0.5 1.0
200 0.7 0.7 0.8 1.1 Wm
300 0.9 0.7 1.2 1.4
400 1.0 0.9 1.0 1.0

500 0.6 0.7 0.9 0.8
700 0.5 0.6 0.4 0.4
850 0.5 0.6 0.6 0.3
900 0.4 0.5 0.5 0.4
950 0.2 0.3 0.3 0.3

1000 0.0 0.0 0.1 0.1

MEAN 0.6 0.6 0.7 0.7 0.6 1.5 2.4 2.0 3.7 1.4 2.3 2.5 2.3 3.0 3.3 3.3 2.4 2.2

50 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1
100 0.4 0.3 0.3 0.4 0.4 0.8 0.8 0.3 0.2 0.4 0.6 0.4 0.2
200 0.5 0.8 0.8 1.0 1.6 1.7 1.1 1.1 1.1 0.9 0.8
300 0.5 0.7 0.9 0.7 1.6 1.7 173 1.8 1.0 0.8 1.2
400 0.5 0.5 0.8 0.6 1.1 1.5 1.0 1.7 %2JP 0.7 0.7 2.4

500 0.7 0.6 0.9 1.1 0.8 0.7 1.2 1.3
700 0.2 0.8 1.4 1.1 2m 0.8
850 0.1 0.6 0.8 0.5 1.5 2^Ti 0.5
900 0.1 0.6 0.7 0.4 1.2 1.2 0.8 0.3
950 0.1 0.2 0.3 0.2 0.6 0.7 0.5 0.1

1000 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0

MEAN 0.4 0.6 0.8 0.7 1.2 1.5 1.3 11..00 1.2 1.9 1.4 1.0 0.8 1.0 1.1 0.6 0.6 1.0

YE7

50 O.U 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
100 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.1 0.3 0.3 0.2 0.2 0.2 0.2 0.1
200 0.2 0.3 0.1 0.4 0.5 0.2 0.3 0,5- ^^.4 0.4 -e-,5- — CL. 5^ 0.3 0.2 0.1 0.3
300 0.3 0.3 0.3 0.4 0.4 0.(5 0.6) 0.3 0' v5"  orr-n.ir 0.9 0.6 0.5 ' Q. 4 ^0-r6--(5^ 0^4
400 0.2 0.2 0.3 0.3 0.2 0.4* 0,5 IT 74 0.3 Q.$\ 0.6 0.7 0.7 0.8 0.6 077 ^ V0"! 1.0* ~o. T

\
500 0.1 0.1 0.3 0.4 0.3 0.2 0.3 0.2 0.4 ' 0.8 0.8 >0T4" \ 0.7 0^5_ 0.7 0.8 0.9 0.8
700 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.3

Q.l
^5-0.515.4

850 0. 2 0.2 0.2 0.1 0.2 0.1 0.1 0.1 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.2
900 0.2 0.1 0.2 0.2 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2
950 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

1000 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MEAN 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.2 0.3 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.4
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Table Dlb.—Interannual standard deviation of the vertical transport of westerly momentum by mean 
meridional circulation a([d)]'n [u]), 10~4mb • m • s-2

 1  1

a a

3 3

60 MONTHS

 ( ) 0°N°S °S EQ 5°N 1  15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55MB 10 5 °N 60°N 65°N 70°NP  75°N

50
100

6200 77l 6.6 .4
300 9.4 8.8 7.9

7.8400 9.5 8.6

7.9 7.2 6.6500 _>. j j . y 1.3700 2.8 3.0 2.8 2.7 9 4.1 3.5 3.22^ 2.6 3.0 3. 2^_6___
850 — - 1.0 7“ 1.7 1.0 0.5 0.6 "TOTTT T TT  .7 1.3' 1.2“ 1.0 03 ' 1 ,7 0. 7 0.7 0.7

l.i 1.3 1.2 0.8 0.4 0.3 0.6 0.8 1.2 0.9 0.8 0.6 0.4 0.4 0.4 0.5900 1.2 0.7
0.7 0.4 0.7 0.7 0.4 0.3 0.2 0.2 0.4 0.5 0.4 0.4 0.3 0.2 0.2 0.2 0.3950 0.6

1000 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

MEAN 2.2 2.4 2.8 2.5 1.9 2.0 4.6 5.5 5.2 5.7 5.2 4.7 4.4 3.5 2.2 2.4 3.0 2.8

JANUARY

50
100
200
300
400

500
5700 T74 "3.9 — Q T9 _ 7. ^^3.9 -trr“ITT

J

—- .» _ . _ .2.8 3.9 2.5^ 0.3 1.1850 TTr8 l 2 7
900 0.4 1.1 0.9 1.8 0.6 2.2— 0.5 0.2 1.0

0.3 1.1 1.5 1.0 0.2 0.2 0.7950 0.3 0.5 0.4 0.8
0.1 0.1 0.1 0.1 0.1 0.3 0.4 0.2 0.1 0.1 0.21000

MEAN 3.6 5.5 5.8 4.4 5.3 6.4 4.1 4.2 3.1 4.04.8 3.1 4.0 3.1 6.1 6.3 7.5

JULY

50
100
200
300
400 3.2 2.6 2.5 2.2 2.5 3.5 I1*5

_ ] 2.6 3.9 Jl.l 2.9 s5^2 ^4.3 /l .2 2.7 1.3 ^5 2.7 
500 3.6 2.2 2^JU— —

- - ^" 1,2 1.0 're T  0.6 3.4 2.87 / 0.8 1700 2 2  U  xc X ' -« X1  « 1 . 43
0.7 0.4 0.5 0.1 0.4 0.7

850 1.5 0.9 0.6 0.5 0.2 0.6 0.4 —
0.4 0.8 0,9 0.3 0.3 0.1 0.2 0.3

900 0.7 0.9 0.3 0.4 0.2 0,4 0.3
0.2 0.4 0.4 0.2 0.2 0.1 0.0 0.1950 0.3 0.6 0.2 0.2 0.2 0.2 0.2
0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0

1000 0.1 0.2 0.1 0.1 0.0 0.1 0.0

1.4 0.7 1.3 1.4
MEAN 2.0 1.5 1.5 1.3 1.6 2.2 0.9 1.1 1.4 1.8 33..33 4.5 3.1 1.0

50 1.0 0.5 0.2 0.4 0.6 0.4 0.4 0.1 0.0 0.1 0.1
100 0.4 0.2 0.2 0.5 0.3 0.1 0.4 0.6 0.9 0.5 0.8
200 0.9 1.4 0.5 0.9 0.1 1.1 ■rrr--~T72T~ .1.8- “T77T-—2TT 

300 0.8 1.6 0.6 1.2 0.3 1.2 .2.6 3.3 2.3 2.3 3.5 2.7 2.6
400 1.1 1.4 1.5 1.6 0.5 0.3 —2.6 1.9 2.4 4.0 2.7 2.2

2-----\ 1.6^
500 1.6 20 < 0.8 1.8 ^49 f .5 3.6 2.4. 1 1-5 0.9 0.4

0.8 \2jJS 2.0 0.5 0.6 0.2 0.5 0.6 lTT —3rr5—-nT 1.0700 1.7
850 1.2 0.4 1.2 0.4 0.4 0.3 0.1 0.1 0.3 0. 6 0.5 0.3

0.6 0.8 0.3 0.2 0.2 0.1 0.1 0.2 0.4 0.4 0.2900 0.8 0.3
950 0.4 0.2 0.3 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1

1000 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0

1.5 1.5 1.5 0.8 0.9 1.2 0.8
MEAN 1.1 0.9 1.3 1.2 0.4 0.5 0.9 1.4 1.2 1.4 2.1



Abraham H. Oort 63

Table D2.—Interannual standard deviation of the vertical transport of southerly momentum by
stationary eddies (r([d)*v*]), 10~4mb • m • s~2

a ([ a) 60 MONTHS

 ( ) 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°NP MB

0.2 0.2
1.0 0.9

2 A 370

MEAN

JANUARY

MEAN

JULY

0.1 0.1
0.5 0.6

^r.T" l.l 0.6 1 2,
1.9R.S • 1.3 \

500
700 1.4 1.0 ^0-1-O'. 7 1^5_ _ -0.-6
850
900
950 0.6 0.4

1000 0.1 0.1

MEAN 1.3 1.4

YEAR

0.0 0.0
0.2 0.1
0.4 0—5— -Pif*
0.4 , 0.6 o76^^0-5-o.5tt.*7 o.9 ~cr.-fr
0.2 0.6

500
700
850
900
950

1000

MEAN
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Table D3a.—Interannual standard deviation of the vertical transport of sensible heat (c„T) by stationary
eddies cr(\<b*T*y9 10-4mb/s • °C

0 ([ w T ]) 60 MONTHS

P (MB) 10°S 5°S EQ 5N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 0.0 0.0 0.0 0.0 0.1
100 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.4 0.5 0.5 0.5 0.7 0.8

0.1 0.1 0.2 0.2 0.4 0.4200 0.2 0.1 0.2 0.3 0.5
300 0.2 0.2 0.3 0.4 0.6
400 0.2 0.2 0.2 0.4 0.7

500 0.1 0.1 0.2 0.3 0.5
700 0.1 0.2 0.2 0.3 0.5
850 0.1 0.2 0.2 0.4 0.8
900 0.1 0.2 0.2 0.2 0.6
950 0.1 0.1 0.1 0.1 0.2

1000 0.0 0.0 0.0 0.0 0.0 0.2 0.2
MEAN 0.1 0.1 0.2 0.3 0.5 1.4 1.3

JANUARY

50 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.3100 0.0 0.0 0.1 0.2 0.2 0.3 0.2 0.2 0.4200 0.1 0.0 0.1 0.1 0.2 0.2 0.4
300 0.2 0.1 0.2 0.4 0.7 0.8 0.7 0.9 0.4400 0.2 0.2 0.1 0.3 0.7 1.0 0.7 iTTT^jrr9—rrr

500 0.1 0.2 0.3 0.2 0.4 0.6 0.4
700 0.1 0.2 0.2 0.2 0.3 0.6 0.7
850 0.1 0.1 0.0 0.1 0.5 0.5 0.5
900 0.1 0.1 0.1 0.1 0.3 0.4 0.4
950 0.0 0.1 0.1 0.0 0.1 0.2 0.3 1.6 1.1

1000 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.4 0.2
MEAN 0.1 0.1 0.1 0.2 0.4 0.5 0.5 1.9 1.4

...JULY
50 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.1 0.2

100 0.2 0.1 0.1 0.2 0.2 0.2 0.3 0.1 0.1 0.2
200 0.2 0.1 0.3 0.6 0.8 0.7 0.3 0.7 1^0.9300 0.3 0.3 0.5 0.8 0.8 l./f' 1.2 lTT

0.2 0.3 0.4 0.7 Ql^l^"tr.8 1.1

500 0.2 0.2 0.3 0.5 0.7 0.7 VI , j)o 0.8 0.9 0.6 0.7 0.6
700 0.1 0.1 0.2 0.2 0.4 0.7 0. 7 0.7 0.6 0.7 0.5 0.4
850 0.1 0.1 0.2 0.3 0.5 0.5 0.3 0.6 0.9 0.6 0.5 0.7 0.7
900 0.1 0.1 0.1 0.2 0.4 0.4 0.2 0.4 0.7 0.7 0.6 0.8 0.9
950 0.0 0.0 0.0 0.1 0.3 0.2 0.1 0.1 0.4 0.4 0.3 0.6 0.7

1000 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.2 0.1 0.2 0.2

MEAN 0.1 0.1 0.2 0.4 0.6 0.6 0.5 0.6 0.7 0.7 0.7 0.6 0.5 0.6 0.5 0.5

YEAR

50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.2100 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.2 0.2200 0.1 0.0 0.1 0.1 0.2 0.2 0.0 0.2 0.2 0.3 0.2 0.1 0.2 0.1 0.2 0.2 0.2 0.3300 0.1 0.0 0.1 0.1 0.3 0.3 0.3 0.4 0.4 0.3 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.2400 0.1 0.0 0.0 0.1 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.2 0.4 0.4 0.2 0.3 0.3 £
5 /

r8
500 0.0 0.0 0.1  -0 0.1 0.1 0.2 0.3 -0.2 0.1 0.3 0.3 0.3 ' 0.6 0.2 0.3 0.4 0.5 1.1700 0.0 0.0 0.1 0.1 0.1 0.1 V0.2 0.2 0.1 0.2 0.3 0.4 [ 0.6 0.4 0.2 0.3 0.3 0.8 850 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.3 0.2 0.2 0.3 '-OriT' "0.4 0.2 0.3 0.3 \ 0.6900 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.1 0.3 0.3950 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.3 0.3 0.1 0.2 0.2 0.41000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1

MEAN 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.4 0.2 0.2 0.3 0.6
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Table D3b. Interannual standard deviation of the vertical transport of sensible heat by mean

meridional circulation of[d>]'" [T]'"), 10~:imbls • °C

oil [ t r > 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.2 
100 0.3 0.4 0.3 0.2 0.2 0.2 0.1 0.1 0.0 0.1 0.2 0.3 0.4 0.4 0.4 0 6200  0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0
300 “07^—tr 0.3 0.2 0.1 0.2 0.3
400 0.4 0.3 0.1 0.3 0.4

500 0.4 0.3 0.1 0.2 0.4
700 0.4 0.2 0.1 0.2 0.3
850 0.2 0.1 0.1 0.1 0.2
900 0.2 0.1 0.0 0.1 0.2
950 0.1 0.1 0.0 0.1 0.1

1000 0.0 0.0 0.0 0.0 0.0

MEAN 0.8 0.6 0.6 0.5 0.4 0.3 0.4 0.3 0.2 0.1 0.2 0.3

JANUARY

50 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.2 0.1 0.1 0.1 0.4
100 0.4 0.6 0.7 0.4 0.1 0.2 0.2 0.1 0.0 0.1 0.1 0.1 0.3 0.5 0.4 0.4 0.4 0.2
200 0.0 0.0
300 0.3 0.1 0.1
400 0.1 0.1 0.8 1

500 .3 0.1 0.1
700 0.1 0.1
850 0.1 0.0
900 0.1 0.0
950 0.1 0.0

1000 0.0 0.0

MEAN 1.2 0.7 0.6 1.0 0.4 0.4 0.5 0.2 0.1 0.1 0.3 0.4 0.5 0.9 0.8 1.0 1.2 1.0

JULY

50 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2100 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.2 0.1 0.2 0.2 0.3 0.4200 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2300 0.3 0.1 0.1 0.1 0.1 0.2 0.1 0.4 0.4 0.1 0.0 0.1 0.2 0.1 0.3 0.3 0.3400 0.2 0.2 0.1 0.1 0.3 0.1 /**“ 0.1 0.0 0.2 0.2 0.1 0.4 f
-------

"“OTTr*( 0.80.5 0.5 0.5500 0.4 0.2 0.2 0.1 0.1 0.3 0.1 0.1 0.0 0.1 0.2 0.1 0.4 ' 0.6 0.8700 0.1 0.1 0.2 0.0 0.1 0.2 0.1 0.3 0.4 0.1 0.1 0.1 0.2 0.1 0.3 0.2^"SL 5 0.7850 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.2 0.1 L0.0 0.1 0.2 0.1 0.2 0.1 oj 0.6900 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 00.0 0.1 0.1 .3X0.1 0.2 0.1
950 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.31000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

MEAN 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.3 0.3 0.1 0.0 0.1 0.2 0.1 0.3 0.2 0.4 0.5

YEAR

50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 _CL1100 0-0 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 o.o 0.1 0.2 0.2 0.2 0.1/ -on" 0.3200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.<5 0.1 0.1300 •0.-3- -0T3- “0:3- \ 0' 1 ^0.-2- -■0.2 0.1 0.0 o.o o.l 0.1 0.1 0.2 0.1 4.1/^0 5^ .4400 - ^9~2^ 0.2 0 20-i__0.4 0.4 0.3 ' t O
0.1 o.o 0.0 o.l 0.1 0.2 0.2 0.1 0.6 0^5

U.3 0.2 05 0.5500 0.5 0.4 0.2 0.2 0.2 0.1 0.1 0.0 0.1 0.1 0.2 0.2 0.2 1 0.3 V•^0.6 __OJL
700 0.4 0.3 0.2/■0.1 _a-4 0.1 0.1 0.0 0.0 0.1 0.1 0.2 0.2 V 0.3 0.4 0.3
850 0.3 0.3 0.2 0.2/ 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.2 \o. 2 0.2 0.3
900 jy'i0.3 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1

“DTI 0.-2 __ _00.1 _ ^^ 2— 0.3950 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0^1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.iN

MEAN 0.3 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.2 0.1 0.2 0.3 0.3
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Table D4a.—Interannual standard deviation of the vertical transport of potential energy (gZ) by
stationary eddies crf[aj*Z*]), lO^mb/s • gpm

O ([ b> Z ]) 60 MONTHS

10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N

0.6 0.7

6 7.6 7.0

1000

MEAN

JANUARY

0.8 0.9

■i%,iJ $4 • 9.i
8,8

3.63.4 1,1

0.6 1.2
0.3 0.7
0.1 0.2

MEAN 5.0 4.0

JULY

0.3 0.6
.Uk 0.7 0.8 9""^ 9

".T----1T7'

500
700 1.8 1.3
850
900 0.5 \1.2
950 0rr 0.7 0.3 “0v8---0r9" 0.5

1000 0.2 0.1

MEAN 1.3 1.7

YEAR

0.1 0.2
0.4 0.4

l.JL^ 0.9
r. 3 1.4' •U0_ ^1-t4""'1.B’n 0.8
1.4 1.4

MEAN
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Table D4b. Interannual standard deviation of the vertical transport of potential energy by mean

meridional circulation offw]'" \Z]'"), 10~2mb/s • gpra

a(
w r [Z]'" ) 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.1 0.0 0.1
100 0.1 0.2
200 0.3 0.4
300 0.4 0.6
400 0.4 0.5

500 0.3 0.4
700 0.2 0.2
850 0.1 0.1
900 0.1 0.1
950 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MEAN 1.7 1.3 1.3 0.8 0.8 1.0 0.7 0.5 0.2 0.3 0.6 0.9 1.3 1.2 1.7 2.7 3.3

JANUARY

50 0.1 0.1
100 0.3 0.1
200 0.5 0.1
300 0.6 0.2
400 0.6 0.2

500 0.4 0.2
700 0.2 .0.1 
850 0.2 0.1 
900 0.1 0.1 
950 0.1 0.0 0.0 0.0 0.1 0.2 0.2 0.0 0.0 0.1

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0

MEAN 2.6 1.2 1.4 0.9 0.9 1.3 0.6 0.3 0.1 0.4 0.8 1.3 2.4 2.3 3.3 3.9 3.5

50 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.2 0.2
100 -0^2^ 0.1 0.1 0.0 0.1 0.0 0.1 0.2 0.0 0.1 0.1 0.1__ Q..-2---Or y
200 ^8 ■ cfp 0.3 / .6^a.4^'"or 0 -4 — "J _CL tl 7:‘> . 3 0.3  ?_ -rrr 1.30.2

0.4 ( lCaJ 0.6 /l. 3 it). ^rr1300 0V5. JL4 0.4 6 0.5 1.4 1.3
400 0.5 0.6 T Vl —0- 3 1.2

N 0.4, 0.9 /0 4 .20.3 \ 0.-6 [ -  < 1.6 1.7 ;! 23
0.5 0.5 0.5

500 0.^' 0.4 5 0.2

tr
f 0.2 \"0 0.3 ^ 0.4 0.4 0.2 s 1.5

0.£/700 0.1 0.2 0.1 0.2 V0.2 0.1 0.3 0.1. 3850 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.2 0.1 0.3 0.1
900 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.2
950 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MEAN 0.6 0.2 0.3 0.2 0.2 0.4 0.2 0.1 0.2 0.3 0.2 0.6 0.6 0.9 1.2

50
100
200 '0.6
300 ' 2.4 Lo
400 1.2 1.0 1.1 0 \

0 s 0.4"\ 0.6 '0.4 0.2 0.1 0.1 0.3 o>N  l 0.4 \ 10.7 \1.3 ' 1.7
^— 0.5 ^---- °;5 l

1 \
500 o. ~ 0.8 ^ 0.3 0.4 0.4 0.3 0.2 0.1 0.1 0.2  0.68 9\5 0.3 v  ) 0.4 V
700 0.-5- -T)A 0.3 0.3 0.1 0.2 0.2 0.1 0.1 0.1 0.0 0.1 0.1 Terr" 0.2 0^3" -0-5- ~0t4-
850 0.2 0.2 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2
900 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MEAN 0.6 0.5 0.5 0.4 0.2 0.3 0.3 0.2 0.1 0.1 0.1 0.1 0.3 0.5 0.3 0.6 1.1 0.9
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Table D5a.—Interannual standard deviation of the vertical transport of water vapor by stationary
eddies (r([cb*q*]), 10~4mb/s • g/kg

([ w* q*]) ^0 60 MONTHS

P (MB) 10°S 5 EQ°S 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 7 5°N

50
100
200
300 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
400

500
700
850
900 0.2
950 ;&3;;

1000 "oTT o.i

MEAN 0.2 0.2

50
100
200
300
400

500 0.3 ^ . 03 <L2 0.1 0.2 0.0 0.1 
700 ^04orr-o,4 ■ . 0.2 °-2:0v2- 0,3 Md__0^
850

-ID
.........mM ■ ✓firsts, 0.1: 0.2 0.3 0,4-0 40.4 0,3

0.2 0.0900 0.1 0.3 fl*&. . .0/4 O.V-~0-?4 0.3
950 0.1 0.1 0.1 0.1*^ 0,4. ........M 0.30,3  0.3__H~2-

1000 0.0 0.0 0.0 0.0 0.1 o.o 0.1 0.1
 o.; 1 0.1

MEAN 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50
100
200
300 0.0 0.0 o.o o.o o.o o.o o.o o.o 0.0
400 0.1 0.1 o.i o.i o.i o.i o.i o.o 0.1
500 0.1 0.1 0.1 0.1 0.1
700 XL^O.2^2 <L3 • d,;3 : Hi u.Z Mk 0.1 0.2
850 WpMrf. 

'■

 4 2
i 0,.3, • Q.A ■ 9:>;2 0

 :
^2,Ml 0.1 0.1

$n:  900 o.i 0.2 0.3 0.1 0.1 0.1
o.'i950 ^ 0.2 0.1 0.1 0.1 0.1 0.1

'“oTT* or. i ' ~MM1000 0.0 0.0 0.0 0.0 0.0 0.0 0.1 ‘ 0.0 0.1 0.0 0.0 0.1 0.1 0.0

MEAN 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.1 0.2 0.1 0.1 0.1 0.1 0.1

50
100
200
300 0,.0 0,.0 0 .0 0.0 0.,0 0.0 0.0 0.0 0..0 0..0 0..0 0..0 0,.0 0..0 0..0 0.,0 0.,0 0.,0
400 0,.0 0,.0 0,.0 0.0 0.,0 0.0 0.0 0.0 0..0 0.,0 0..0 0..0 0,.0 0..0 0..0 0..0 0.,0 0.,0

500 0,.1 0,.1 0 .1 0.1 0.,1 0.1 o.i 02 o.i ..0 0,.0 0..0 0.,0 0,.0 0..0 0,.0 0..0 0.,0 0..1
700 .1 .1 0 .1 yy^. 02-rn*- 0

0, 0, -O'.1 0,.0 0..0 0..1 0,.0 0..0^ 0..0 0,.0 0..1 0..1
850 0..1 0,.1 orf M.0,.0 0..1 0..1 0..1 0,.0 0..1 0..0 0..0 0..1 0.,1
900 0,.1 0,.1 0, h.0 0.1 .,1 oWt M0 ■ 0,.1 0..1 0..1 0,.0 0..1 0.,0 0,.0 0.,1 0..1
950 0,.1 0..0 0,.0 0.0 0..1 0.1 0.1 0.,i 0..0 0,.0 0.,0 0,.1 0..1 0..0 0,.0 0.,0 0..1

1000 0..0 0..0 0..0 0.0 0..0 0.0 0.0 0.0 0..0 0..0 0..0 0..0 0,.0 0..0 0..0 0..0 0..0 0..0

MEAN 0..1 0.,0 0,.1 0.1 0.,1 0.1 0.1 0.1 0,.1 0..0 0..0 0..0 0,.0 0..0 0,.0 0,.0 0.,0 0,.1
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Table D5b. Interannual standard deviation of the vertical transport of water vapor by mean

meridional circulation cr([d)]'" [q])9 10~4mb/s • glkg

a( [ co ]"' [q] > 60 MONTHS

P (MB) 10°S 5°S EQ 5°N 10°N 15°N 20°N 25°N 30°N 35°N 40°N 45°N 50°N 55°N 60°N 65°N 70°N 75°N

50
100
200
300 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2
400 0.1 0.2 0.2 0.3

500 0.3 0.3 0.3 0.3
700 0.8 0.6 0.6 0.7
850 4-9 1.0 0.8 0.7 0.8
900 0.9 0.7 0.6 0.6
950 0.6 0.5 0.4 0.4

1000 1.2 -UTT 0.2 0.2 0.2 0.1

MEAN 0.4 0.4 0.3 0.4

50
100
200
300 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.1 0.1
400 0.2 0.1

0.1 0.2 0.1 0.2 0.2 0.1
500 0.3 0.3 0.2 0.2 0.3 0.1
700 0.6 0.7 0.4 0.4 0.3 0.2
850 X 2.9 0.6 0.7 0.5 0.3 0.2 0.4
900 0.5 0.6 0.5 0.3 0.2 0.4
950 0.5 0.5 0.3 0.2 0.1 0.2

1000 1 —077 0.2 0.2 0.1 0.1 0.0 0.0

MEAN 0.3 0.4 0.2 0.2 0.2 0.2

50
100
200
300 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.3 0.3 0.1 0.1 0.1 0.1 0.0 0.1
400 0.1 0.1

0.2 0.2 0.2
500 0.5 0.5 0.5
700 0.7 l/ir-nr’T^
850 1.3900 0.6  1.4.4 

0.6
950 1.2.2

0.5 0.7----078"
1000 o73 o~zr 0.2 0.3 0.2

1.4 1.2 1.4 0.7 1.3 1.6 0.8 2.1 2.1 1.0 0.8 1.2 0.9 0.4 0.7 0.4 0.6 0.6

50
100
200
300 0.1 0.1 0.1 0.1
400 0.1 0.0 0.1 0.0 0.0 0.1

0.5 0.3 0.4 0.00.3 0.0 0.0 0.0 0.0 0.0 0.00.1 0.2 0.1 0.0
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1

500 0.3 0.3 0.3 0.2 0.2 0.3
700 0.2 0.1 0.1 0.1 0.1 0.1 0.1

0.4 0.5 0.6 0.3 0.3 0.4 0.2
850 3.0 2.9 0.2 0.2 0.1

2.2 277" 1 0.6 0.6 0.7 0.4 0.2 0.4 0.3 0.3 0.2 0.2
900 2.6 2.8 2.0 2.7 1.0,> 0 0.6 0.6 0.7 0.4 0.3 0.2
950 0.2 0.4 0.2 0.2

LJL__ 2.2 .yr>- 0.4 0.5 0.5 0.5 0.3 0.2 0.1
1000 0 0.6 0.1 0.3 0.2 0.1

n os n a . Q.vt-- "0.3 0.1 0.2 0.2 0.2 0.2 0.1 0.0 0.1 0.1 0.1 0.0 0.0

MEAN 1.3 1.1 1.0 1.0 0.4 0,
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Appendix B
A Test of the Importance of Spatial Gaps in the Rawinsonde Network, using General Circulation Model

Output

The measures of uncertainty presented earlier in this paper are not due only to real year-to-year 
variability, but also contain the effects of data deficiencies (see subsection 4.1). These deficiencies include 
errors in the basic reports, gaps in the time series at each station, and the spatial gaps in the hemispheric 
station coverage. In this appendix the problem of the spatial gaps, probably the most serious data 
deficiency, will be investigated further.

It seems that the credibility of the present interannual statistics depends to a large extent on how much 
the gaps in the Northern Hemisphere rawinsonde network actually affect these statistics. In other words, 
the important question arises as to how different the statistics would be if the rawinsonde stations were not 
concentrated over the continents but rather were distributed uniformly over the hemisphere with, for 
example, a horizontal resolution of 500 km. One simple and fairly realistic method to investigate this 
question is through the use of meteorological fields generated by a full general circulation model. In this 
case, the network is probably ideal since “data” are available at each point of a regular grid and for each 
time step of the model. If one now assumes that the particular numerical model used generates a model 
atmosphere that sufficiently closely resembles the real atmosphere, one may perform certain relevant tests 
(see also Oort 1977). For example, by first deleting the meteorological information at grid points far enough 
removed from any “rawinsonde grid point” and then simply interpolating at these grid points from the still- 
available information at the rawinsonde grid points, one may compute a certain set of model general 
circulation statistics. This set then can be compared with a control set of similar statistics computed by 
using the basic information at all grid points of the full model. The comparison should clearly show the 
influence of the data gaps on the model statistics and, by inference, also on the real atmospheric statistics. 
Such a procedure will actually be followed here using the daily output for 5 winter months from a 2-yr run 
of the so-called ZODIAC model developed at GFDL by S. Manabe and his coworkers. The ZODIAC model 
is a global, general circulation model with a seasonal cycle. It has 11 levels in the vertical and a horizontal 
resolution of about 250 km (see, e.g., Holloway and Manabe 1971, and later references in this appendix).

In a first experiment all model grid point data were used to compute, for each winter month, zonal- and 
vertical-mean statistics of the kind presented in subsections 5.2 and 5.3. Similarly as before for the real 
atmosphere (see figs. 10 through 21), the results for the 5 individual months are plotted as a function of 
latitude, and dashed lines are added showing the 5-month average plus and minus the inter-monthly 
standard deviation. Because there were only 2 years of “data” available for the model run, 5 winter months* 
are used here instead of 5 January months as before. However, this difference in procedure is probably 
insignificant. The results of this first experiment are shown in the top graphs of figures 22 through 26 for 
various meteorological parameters. They will serve as the control data for the second experiment to be 
described below. No transient eddy terms are included because their calculation would require very 
extensive additional data processing.

'January, February, and December from the first year and January, February from the second year of integration were used. It 
should be mentioned that the first year of integration was still a test period for the ZODIAC model during which various corrections 
were made in the computer code. Therefore, the values of the “month-to-month” spread in figures 22 through 26 may be larger (and 
perhaps more realistic!) than they should be for this type of model. To make meaningful comparisons between the model and the real 
atmospheric interannual variations as shown in the main body of this paper, the ZODIAC model should be run for at least 5 yr. 
However, very large amounts of computer time would he required.



72 Interannual Variability of Atmospheric Circulation Statistics

RAWINSONDE MODEL

FULL MODEL

Figure 22.—Meridional profiles of the zonal and vertical mean values for the model zonal wind in units of m/s, the model temperature 
in C, and the model specific humidity in g/kg. The top graphs are for the “full model” and the bottom graphs for the “rawinsonde 
model results. Shown are data points lor 5 winter months from a 2-yr integration ol the ZODIAC model. The two dashed curves 
indicate the 5-month mean value plus and minus the intermonthly standard deviation.

In a second experiment the information at grid points more than 200 km away from a rawinsonde 
station (see station map in figure 3) was deleted. Next the same analysis scheme as was used before for the 
analysis of real data (see Section 3) was employed to interpolate between rawinsonde gridpoints to again 
obtain a complete gridpoint field. For these new “analyzed” fields the same zonal and vertical mean 
statistics were then evaluated as for the control data. The results are shown in the bottom graphs of figures 
22 through 26.

From the comparison of the top (“full grid-point version”) and bottom (“rawinsonde-network version”), 
graphs one can now estimate the effect of the spatial gaps in the rawinsonde network on the evaluation of 
different meteorological fields. One may argue that the objective analysis method used by us is probably not 
the best possible one, but in our opinion the use of a different analysis scheme would not materially change 
the plots. Because the evaluation of the ZODIAC model is not the object of the present paper, the model 
results will not be compared here with the real atmospheric results presented earlier in the main body of 
this paper. It should be mentioned, however, that the model results seem sufficiently realistic to warrant an 
interpretation in terms of the real atmosphere (see Manabe, Hahn, and Holloway 1974, Manabe and 
Holloway 1975, Manabe and Mahlman 1976, and Hayashi and Golder 1977).

The plots for mean quantities like the zonal wind, temperature, and specific humidity in figure 22 are 
very similar, especially in terms of the interannual spread. One apparently unsatisfactory feature is the 
appearance of too-strong easterlies in the equatorial regions in the rawinsopde-network version of the model. 
The stationary variances in figures 23 and 24 are also very well simulated by the rawinsonde network except 
for the magnitude of the variance of the zonal wind component. The fluxes of momentum, sensible heat, 
latent heat, and total energy due to stationary eddies in figures 24 and 25 again show a fairly good
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RAWINSONDE MODEL

fed"

FULL MODEL

Figure 23.—Same as Figure 22 but shows the stationary eddy variance of the model zonal wind in units of nr • s 2, of the model
meridional wind in m2 • s 2, and the model temperature in °C2.

agreement between full and simulated model results. Only south of the Equator are significant discrepancies 
found. They must be caused by analysis problems close to the borders of the analysis grid. As mentioned 
before, transient eddy statistics were not evaluated for the ZODIAC model. However, one would expect that 
they would be simulated quite well, in fact much better than the stationary statistics, because of their more 
zonal distribution (at least on a monthly basis). In the case of the fluxes by the mean meridional circulations 
in figure 26, the simulated model results deviate somewhat more from the full model results than in the case 
of,the stationary eddy fluxes. However, in summary one can say on the basis of these intercomparisons that 
the gaps in the rawinsonde network do not materially affect the model results. Therefore, one may also have 
some confidence that the results for the real atmosphere given earlier in the paper represent a true measure 
of the year-to-year variability.
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RAWINSONDE MODEL

FULL MODEL

Figure 24.__Same as figure 22 but shows the stationary eddy variance of the model geopotential height in units of 1000 gpm2, of the
model specific humidity in g2 • kg'2, and the model stationary eddy momentum flux in nv s"2.
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RAWINSONDE MODEL

FULL MODEL

Figure 25.—Same as figure 22 but shows the model stationary eddy flux of sensible heat in units of m/s • °C, of latent heat in ml
s • g/kg, and of total energy in m/s • °C.
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RAWINSONDE MODEL

FULL MODEL

Figure 26.—Same as Figure 22 but shows the model mean meridional flux of momentum in m2
of total energy in m/s • °C.

s 2, of latent heat in m/s • g/kg, and
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