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: .Summarx'.

This Annual Report contains the highlights of our findings using
IRIS data from NIMBUS III in mapping the global ozome distribution.
The éeasonal and regional variations of ozbne, especially in the Southern

Hemisphere, reveal note-worthy features that were not evident so far from

the sparse ground-based ozone observation network in this hemisphere.

‘The regression of temperature and héight fiei&é on radiance data re-
reals proﬁiéing firsﬁ results that will be expanded into a detailed study.
With the aide of such satellite data we hope to obtain mére quéntitaﬁive
indications of the differences in jet stream structure and in thevenergetics
of the.ﬁwo hemispheres. |

Spectrum analyses 6f upper wind data from the North American Section
.gﬁd from Australia have been completed. The fesults from this study will
be useful when the representativeness éf certain features of atmospheric

flow obtained from specific geographic regions has to be assessed.
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1.0 Introduction -

In fecen; yeafs tﬁe_data provided:by'meteorological satellites have °
swelled ipto a steady stream of.informaFion that allows much mo?e sophis-
ticated assessments of the state of the atmosphere thaﬂ'é.mere estimate
of cloud cover. Especially the infrared experimenﬁs carriéd by ;he NIMBUS -
satellite series were designed to‘prbvide an insight ihto the vértical
temperétﬁre structufe of the atmosphere from which; by appiying basic

dynamical principles,_one'may derive large—scale flow patterns over wide

regions of the globe.:

Wiﬁh such a cépability to depict atmospheric circulation features by
remote sensing techniques one may attempt to map details of flow behavior
over ;he vast regions of the Soufhern Hemisphere that afe almost void of
rouﬁiﬁe upper-air observations. The primary focal point for the present
ihvestigation has been to provide such circulation details for the South-
efn Hémisphere, using the IRIS data from NIMBUS IIi and IV.

Since sateilite data will have té be'caiibratéd against conventional
meteorological measurements, our study could not be restricted to the
Southern Hemisphere. Northern Hemiéphere fadiosonde and rawinsonde in-
formation, théréfore, figures prominently as a formulation of our analyses.

Whereas our previous Semiannual Report (Reiter, et al, 1970) could
report only moderate progress due td delays in the receipt of satellite
data, the present report highlights several important conclusions, mainly
from the ozone work that has been in progress.

To this date, one M.S. thesis (Mr. R. Abbey) has been finished in
draft form. Mr. Abbey's investigation deals with spectrum analysis of

upper-wind data in the jet-stream region and is intended as a statistical



-3- .

background study against which satellite.data~analyses may be compared.
Tﬁis.study has in Qart been supported by NASA Grant NGR 06-002—098.. Mr.

- J. Lovill has finished the major portion of his Ph.D. dissertation, dealing

wi;h detailed ozone distribution in both hemisphereé, as obtained from.
NIMBUS data. Mr. S. Srivatséngam is making considerable progress in estab--
lishing regression methods for estimates of temperature and height fields

from satellite radiance data. This work hopefully will yield, in time,

~a Ph.D. dissertation. Atmospheric energetics in both hemispheres, based

" upon satellite information, iIs the topic of. one investigation by'Mr._R.

Adler, also a Ph.D. candidate.

In the following paragraphs a short resume is given of ongoing work.

" In view of the forthcoming detailed reports by Messrs. Abbey and Lovill

this summary report confines itself to a listing of essential findings.
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2.1 Use of Ozone to Study Atmospheric Tfansport Processes .-

Prabhakara of. GSFC deveioped fegression techniques to arrive at the

total 0, content of an atmospheric columm from radiance measurements.

3
His dafa provided by_GSFC on magnetic tape for 83 days out of a 90—aay
pe;iod (April-July 1969), were analyzed objéctively at Colorado State
vUniverSity,using compﬁter programs that were discussed_ in our Semiaqnual
Repoff (Reiter, et al, 1970). Extensive comparisons between satellite
ozone data and ground based observations of total ozone were ﬁade..'Mr;_
‘Lovill's Ph.D. dissertation deals with these ozone studies in great
detail. | | |

2.11 Meridional Gradients of 0, Near Jet Maximum

3

Reiter (1971) summarized past research work on the ozone

distribution in the atmosphere that could be derived from ozone
souﬁdings; aircraft measurements and ground-based umkehr>technique§;
From these studies it becomes quite obvious that the.dynamically
induced vertical motions associated with jet maxima‘near the tropo-
pause extend into the lower stra;osphere and’induce an app;eciable
verfical transport of ozone. Specifically, it was found that the
stratospheric air on the cyclonic side of the jet stream, which is

subject to sinking motion, abounds in 0, concentration; whereas the

3

warm area in the jet core and on the anticyclonic side of the jet
maxima, being of tropospheric origin, is deficient in ozo;e con—
centfation. Since the ozone surplus on the cyclonic side, as well
as the deficit on fhe anticyclonic side, extends over a considerable

deptﬁ of the atmosphere, one would expect to find a marked hori-

to be present across the axes of well-

zontal gradient of total 03

developed jet streams.
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Thirty—three cases of relatively sharp meridional gradients of
total 03 in thé-Nofthern‘Hemisphere on the objectively analyzed

charts of 03 as observed by NIMBUS III, have been tested with re-

spect to the presence or obsence of jet maxima. Not only did we

find a strong correlation between such gradients of 03 and the
proximity of jet stream, but the magnitude of these gradients
appeared to stand in direct relationship with the intensity of the

jet stream, i.e., with the peak wind speeds,obéerved in its case.

This is illustrated in Figure 2.11.1, Numbers in the diagram

identify the individual cases»oflthe studf.

One individual case, of 7 May ‘1969, is illustrated further in
Figure 2.11.2. A‘sfrong Pacific cyclone and its 5ssociated jet ére.
éhown supefimpqsed on an objective analysis of the IRIS ozone values.

Maxima and minima of 0_ correspond well with the postulated vertical

3

‘motion fields near the jet core.

We will.attempt to apply the correlation outlined in Figure
2.11.1 to ozone concentrations in the Southern Hemisphere where upper-

wind data are sparse.
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Fig. 2.11.2 Overlay of the wind veloeity and cyclone cloud band on an

analysis of the meso-scale total ozone distribution.



'stream zones. They concluded that the relatively zonal qharac;ér'of the -

V2.12‘ Global Ozone Climatology: Te@pofal and Gquraphical Variations

Dynamically induced subsiding motioné, in combination with strong

horizontal advection, behind a short-wave'ttough_could produce large

‘positive changes in the total ozone concentration-over an extensive area.

'As was illustrated in Figure 2.11.2, the ozone concentration decreases

rather markedly on the west side of a ridge: With these correlations .
we can inspect longer term temporal and geographical variations of
ozone on a quasi-seasonal basis._ Many general circulation character-

istics may thus be portrayed by the ozone distributionm.

2.12.1 Northern and Southern Hemisphere Comparispns.

Several studies in recent years have shown distinct diffefences of
the atmosﬁheric general circulation of the Northern and Southern Hemi-
spheres (for a 8ummary; see Réitér, 1969). Whereas, earlier publications
pdstulated a more zoﬁal fiow in the Southern Hemisphére supposedly be-
cause of less land mass and fewer mountain ma$sifs, more receﬁt investi-
gétibns show that such statements may have to.be qualified somewhat.

| Wooldridge and Reiter (1970).have shown that significantly étronger
horizontal anisotropf of flow prevaiis at-cyclone wavelengths in the
Southern tﬁaﬁ the Northern Hemisphere, with meridiopal pefturbations

exceeding zonal flow perturbations. Eulerian spectral densities of the

_zonal component in the Southern Hemisphere were half of those in the

Northern Hemisphere. This would imply that there is less energy at

cyclone-wave frequencies in the Southern than in the Northern Hemisphere.

Wooldridge and Reiter (1970) suggest that this occurs because of a

relative lack of orographically induced planetary longwaves in the.

Southern Hemisphere' that are superimpoééd“upbn7fﬁé'hemiéﬁhéfiéfjef'éhl



Southern Hemisphere pertains to the long‘planetary-scale waves only

| Starr and Dickinson (1963) ‘have shown that standing eddies are very
important in transport processes of the Northern Hemisphere. Obasi (1963a)
pointed-out that transient eddy processes are_of utmost importanee'in the
flux of momentum toward the pole in'the Southern Hemisphere. VObasi (1963b)
also found that the conversion of.eddy hinetic to;zonal kinetic energy
hy such waves was about twice as great in the Southern Hemisphere'as in
the Northern Hemisphere. | | |

These‘studies imply that transport processes in the Southern Hemi-
sphere depend more on the cyclone scale disturbances than in the Northern .
Hemisphere. 1In the Northern Hemisphere much transport is associated'
with standing eqdies which have‘wave numbers of 1,.2, and 3.

Jet stream patterns in the Northern Hemisphere are strongiy influ-
enced‘by the hemispheric wave number three (Reiter, 1963). This results
in the formation of the three strongest mean Jet maxima over Japan,
Eastern North America, and Europe, (Kao and Hurley, 1962) On the
average these jet stream systems are stronger in the(Northern Hemis-
phere winter than in the summer. -

In the Southern Bemisphere Van Loon (1964, 1965) finds a differently
structured jet stream.system: In winter, the zonal momentum is greatest.
The momentum is distributed over Eyg_hemispheric-jet stream systems. In
the Southern Hemisphere summer only one jet stream system is reported
(over the Indian Ocean) by Van Loon (i964)a This singie jet maximum
has a greater velocity than either of the two jet maxima observed during
the winter in the Southern Hemisphere. |

Large-scale circulation patterns also show.a disparity between the

Northern and Southern Hemispheres. Planetary waves number two and three



shape the polar vortex in the Northern Hémisphere winter. In the

~gtratosphere, the circulation is such that upward motion is seen over the

North.Polaf Regions during the late winter during and after the break-
downs of the stratospheric polar vortex (Reed gg!gl., 1963; Teweles, 1964).v
Subsiding motions are wide-spread over the ﬁiddle 1étitudes (Reiter; 1969).
Since ascénding currentS'domiﬁate in the equatorial regions,.the general
circﬁlafion.of the s#ratbsphere is accompiished by two cells which produce
an obser&ed spring_maximum of ozone in middle and high latitudes of the
Ndrfhern Hemisphere (Reiter, 1971). . London‘(1963)-in a state-of-the art
paper présénted.seasonal and annual mean chgrts of total ozone data from

- sixty stations, most of which were in'the ﬁorfhern Hemisphere. He found
in both the éeasoﬁal and annual means that three ozone maxima were evi&ent
-in troughs extending from.the.high_latitudes toward the equatoral regions.
These waves in tﬁe ozone isolines conformed quite closély to the troughs

in the stratospheric circulation pattern.

2.122 Intef—hemispherical Comparisons of Monthly Ozone Variabiii%y‘_

Figures 2.122.1a to 2:122.ld répresent Spiine Function computer anal-
ryses of Northern Hemispheric total 6zone daté and Figures 2.122.2; to
2,122,2d sﬁow éimilar analyses for the Southerﬁ Hemisphere. The charts for
April represent the last twelve days of the month and the analyées‘for July,
the first twenty-one days of the month. More data were availabie for analysis
in the Southern than the Northern Hemisphere. For example in May in the
- Northern Hemisphere 22,519 points were analyzed; In the Southern Hemis-
phere 30,110 data points were available - an increase of 25Z. This de-
ficiency of points in the Northern Hemisphere is mostly a function of

data retrieval from the satellite at- the two acquisition stations. All
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orbits cannot be recovered oﬁing to memory storage on the satellite and

,an:insufficiehtly rapid data bit transmission from the spacecraft to

the station.

2.123 A Detailed Study of April in the ﬁorthern Hémispheré

Figure 2.122.la shows the mean total ozone distribution for April
in tﬁe Northern.Hemisphere. 'Two'features are abvious in thié_figure:
1) a"tight' ozone gradient extends from Eastern Nortﬁ America to
about 60° W in the western part -of the Atlantic Ocean, and over Eastern
Asia and Japan; (2) There are four to five major waves in the ozone
isolines. °

An analysis of the NationalkMeteorological Center-(NMC) upper
tropospheré and.lower stratosphere wind data iﬁdiéaﬁes that the fwa
regionsAwith closely spaced ozone isblines coincide with the average
location of strong baroclinic zones.v The ‘'tight' gradient of mean total
ozone concentration seems to be directly-identifiéble_with thé mean
position of stfong polar jet stream systems.

Four or five long waves also can be~identified_in the ozone isoline
pattern. These ozone ridges (maiima) and trougﬁs (minima) correspond
closely to long-wave features foﬁnd in the height contour fields at |
300 to 100 mb. Shorter, transient total ozone waves tend to be filtered
out in the averaging process ﬁéed to obtaig monthly means. Several of
these short-wave features are evident in this "April" map (Fig. 2.122.1a)
howe§er, since  only twelve days of data were.averaged.' The other months
have two to three times as many days to average, and thus identify mostly
staﬁéing wave features.

In Figure 2.122.1a the areas from the 300 m:stm-cm total ozone isoline:

‘ nor;hward (southward in the Southern Hemisphere; see subsequent diagrams)

to the thirty degree latitude line are widely dotted to indicate pre-~
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Aferfed giobal,regions of'éouthward total ozone transport by-the'standing?
long piéngtary waves. The finely dottedvareas ffom tﬁe 300 m-atm-cm iso-
line southward (northward in the Southern Hemispheré)-to-the tﬁirff
degreé latitude 1ine represent preferfed global regions of northward
total ozone transport. A_large region over which .the 300 m-atm-cm ling
1s displéced north of 30° N extends from Central Asia to Western Japan.
'Wiﬁh the exception of sligh£ displacéments to the north over Ifan and
Arabia and the'ﬁid-Atlantic,‘the remaining area of the Northern Hemié—
phere has the 300 m-:atm-cm isoline displaced to the south of 30°N. -This
implies that a larger amount of ozone is advected soﬁ;hward.of 30°N than
" is advected northward at this ;ime of the yeér. The orientation of the
300Am-atm-cm contour is mostly a functioﬁ of the standing planetary wave
'system énd the'resulting subsiding (ascending) and southward (northward)
mass transport which results in preferred regions of total ozone maxima
(minima). The average concentration of ozone alopng a latitude circle,
"however, is mostly a function of the zenith angle of the sun.

The 260 m-atm-cm contour for the months of April-June, and the 280
m-atm.cm contour for July have been marked especially, to emphasize pre-
ferred regions where ozone maxima exist in the tropics. - In April (Figure
2.122.1a) the 260 m.atm.cm contour tips far south and generallyvintercepts_
the equator over much of North Africa. '

In May, June, and July (Figures 2.122.1b, c, d) a very 'tight' ozone
gradient is evident ggain over Eastern North America. It is worthy to
note that this area of concentrated ozone contours has moved a considerable
distance northward from April to July. In April the average value of

total ozone off the east cost of North America af 450 N was 400 m.atm-cm.
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By July the value at this location had decreased to 340 m-atm-cm. This

- seems to correlate reasonably well with the weakening and movement toward

the north of the’baroclinic zones. ‘The tightly packed ozone coptouré

seen over Central Asia and Japan in April appear to persist through July,

but with considerable weakening after June over Japan. By comparison

the gradient over Easﬁern North America is.severa}‘times that of ;he
gradient over Japan in Jﬁly; but about equal'to thét found over Eastern
Asia. Even though there ére four standing planetary waves in July iﬁ—
dicated in ;he height contour fieid (Scherhag, 19693) and in the ozoné
contour field (Figure 2.122.1d), it appears as though much of the jet-
sfreamvactivity is concéntfated over Eastgrn North America and Eastern
Asia. The ozone'gradients_oyer the rest of the Northern Hemisphere are
considerably less thaﬁ over these two regions.

Schefhag (1969b) reports that the average wind velocity for several

' Japanese stations between 35 to 40° N at longitude 135° E for May at

200 mb was 40 ms_l. The total ozone gradignt in this region, using
Figure 2.122.1b, was 0.54 in atm.cu/km. Using Figure 2.11.1 correlating
ozone gradient and jet stream winds, we arrive at an estimated veloéity -
of 37 ms—l. This is in good agreement with the aétually measured winds,
even though the wind reports pertain to 200 mb, and the correlation
chart was developed for use at 250 mb. |

From Aprii to July in the Northern Hemisphere (Figure 2.122.1a-4d)
there are three to five long wa&es visible in the total ozone contours.
The month of June is the only month with a dominant three wave pattern.

A closed center of ozone concentration appears in high latitudes at

- approximately 175° E longitude. A dominate feature on the 200 mb mean

June contour map is a closed warm center west of Alaska in the same loca-

tion as the closed ozone contours (Scherhag, 1969b). This feature re-



.‘mained quaéi-étatiéﬁafy_during;Jﬁne and éppears,fo ha#e influeﬁce& r&tﬁép,'

‘:imarkedij-the'ﬁppef‘atmdsphéficvflow over Wesfern Nofth America and North-
east Aéia:  | | o

‘In April we found ﬁbst of the”3b0 m-atm-cm contour to fhe south Qf
latitude 3OQN. By July (Figure 2.122.1d) much of this contbur lies to
the north of this latitude. Thé months in-between réﬁresent a‘transition
period'du;ing which'thé general.circuiatién in.the Northern Hemisphefe
is in a state of decreaéiﬁg kinetic'énergy and during which‘most'centers
‘of action have shifted northward. | -

Several interesting temporal variations of ozone at different geo-
graphical locations are worth mentioning. One of these locations is the
‘United States. In April the 300 m-atm-cm contours extended to about 20°
- N in the longitude sector of the United States. But in May a small
portion of this contour is noted pushing northward acréss 30°N over
Texas; In.june this area has enlarged to cover most of the soﬁth—central
Uﬁited States. By July a greater part‘of the United States has an ozone
éoncéntration of less than 300 m-atm-cm. This feature appears to re-
preséﬁt an event thaﬁ increaseé stea&ily in'time an import of lesser
values of 6zoﬁe northward into an area cenfefed on the 95th meridian.

A region off the east coast of the United Statés, during April showed a
northward indentation of 300 m.atm-cm line, and in July was seen to be a
preferred region for a southward bulge of this contour line.

There wgstoﬁly oné region iﬁ the-Nor;hern_Hemisphere where the 300
m-atm.cm contour remained north of the 30°N latitude during all four |
months. This was'the region from Central Asia to Japan. The area over
whichvthgre was very little seasonal ozone variability at 309N was from

western North Africa to Iran (15°W to 60°E).
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‘The 260 m-atm-cm contour in April,lMéy, and June (280 m-atm-cm in
' July),charactefizes'the ozone distribution in tfopical latitudes. Re-
laﬁively high values of 03 appear over Africa and the Eastern Atlantic

Ocean. The departures from zonal mean values are not strong, but never-

theless suggest the possibility that this is:a'ﬁreferred region‘(BQW”to; R

60°E) for interhemispherical -exchange of stratospheric air masses.
.In general it appears that the western part of the Northern Hemis-
phere has the greatest seasonal variability of total ozone and that thé

eastern part has the least variability.



2.124t Montﬁly Séutherﬁ Hemisphere Vafiabiliﬁz

There éfe a tofal of eleven aétive ozongAsurface stations in the
entire SOufhern Hemisphere. As a confrast, the United States and Canada.
.alqnelhéVe thirteen stationsf of these'eleven‘Southern Hemispherié sta-
tions there are four between the equator and 30°S, five between BQOS and
60°S, and two from 60°S to the pole.. Witﬁ a network as thin a§ this only
a ﬁeryAbasic understanding of the ozoneosphere in the Southern Hemisphere
exists and fhis‘has primarily come from the Ausﬁralian network- of five
stations. The following maps (Figures 2.122.2a-d) are a first looklét
the longitudinal variatioms, thé long-wave isoline pattern, and the gra-
.dient of total ozone.in.the Southern Hemisphere. -

In April a 'tight' gradient is located approkimately along the 100th
Meridian between 40 and 50°S. This gradieﬁ; weakens considerably in May
but reappears nearly as strong in June and July. In May there are two
regions of strong meridional_O3 gradients ——.one'qver the Eastern Atlantic
and the other over Eastern Indian Oceans. vThe'gradients over both these
fegions are somewhat less tﬁan the gradient southwest of Australia mentioned
above. In June the.strong gradient southwest of Australia is again evi-
dent,. as in another regioﬁ of tightly—spacéd contours in the south cen-
tral Pacific Ocean. In July we find both of the features remaining in
essentially the same locations. Van Loon (1964) reports a broad westerly
wind maximum at 45-50°3 from 45—1OOOE. This is in more-or-less general
agreement with the ozone gradients in this region.

The.grédient southwest of Australia is nearly as strong in April as

it is three months later in July, the middle of the Southern Hemisphere



Dwinter..VOne ﬁigﬁfiinfer fromvthis<§hat'£h§ jét streaﬁ system over ﬁhis
_regidn is ﬁearly'bf,thébsame Velocity in the late summer as in:the middle
of winter. This would support the stateménts of.Southéfn Hemispheric
jet étreams;made-iﬁ Chapter 2.121. The ozone contoﬁrs indicate thatAthe '
Jet étream moves slowly nofphward from April.to iuiy as Qbser?ed from
" wind analyses.

| In the Southern Hemisﬁhefe ffoﬁ Aﬁril to July the oéone isoline
péttern iS'érrangéd in a pattern of four to five planetary waves. This
is similar to fhe wave pattern we observed in tﬁe Northern_Hemispheré.
At ‘least for the four ﬁonths discussed in this papef,;there appears to be_
four 'anchor' locations for the "ozone troughs"ﬁ 10003, 175°W, lOOOW,
and.a broad area in thé Soﬁth Atlantic. The latter location is ill;defined'
aﬁd variab;e on all mean maps.

In April we see essentiallyvthat all of the 300 m-atm-cm contour is
south of 3068. "The only exceptions to this are small areas over south
central Australia and in the south central Pacific. . This pattern appears
to be typical for the Southern Hemisphere in early fall. The variation
in the oscillation‘of the 300 m.atm-cm contour about latitude 30°S is
less in the Southern Hemisphere than in the Northern Hemisphere. Peculiar
seasonal variations of total ozone are indicéted over Australia. In
April a small positive anomaly is found over this confinenf, In May this
small area of maximum ozone has expanded and now covers over half of the
width of the continent (Figure 2.122.2b). By June the extension is com-

plete and the 300 m-atm-cm contour lies north of 30°S over the entire
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vccnfinen;; In Jul&sfhe positive anomalj sﬁrihké slightly, but'éxtendsl,
further westward. During this engire period (April to 3u1y) tﬁe total
ozone at 1059E and 30°S has shown in‘eSSeﬁce no variance. The increase

of total ozone over Australia, as winter approaches, seems to correspond
to a decrease of total ozone over the North Aﬁerican Continent. as summer
.approaches.

One other area with an anomalous maximum should be noted; In May
the 300 m-atm-cm contour has a slight 'bulge' to the north of 30°s off
the west éoast of 80uth.Americé (Figure 2.122.2b). By July this maximum
has extended to 20°S and covers all of the extreme southern paré of
South America. A final region noteworﬁhy of mention is the western part
of the Indian Ocean. Over this entire region an ozone minimum is re-
flected in the 300 m-atm.cm contour.

The 260 m-atm-cm contour in April, May, and June (280 m-atm-cm in
July) indicates relative high total ozone céncentfaﬁions in the tropical-
latitudes over Africa and the Eastern Atlantic Ocean.

Basic similarities of the distribution of total ozone'in the Northern
and Southern Hemispherés are the followinggv Both hemispheres show: 1
a preference for a four wave ozone pattern; (2) 'tight' ozone gradients
which, we hypothesized, are directly related to jéet stream system; (3) a

general increase (decrease) of 0, at a given latitude as.we progress

3
toward the winter (summer) season; (4) regions of relatively high ozone
concentration in the tropics.over the Eastern Atlantic Ocean and the
African Continent.

Basic dissimilarities in the distribution of total ozone are the

following: (1) whereas two and occasionally three regions of 'tight'

ozone gradients were observed over the Northern Hemisphere, two and
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f'SQmetimes bnly one such,:égibn could be séeﬁ.o?er the Southern Heﬁisﬁhere.v
AfThis‘differeﬁce may partly be based on the fact that different seasons.

in each hemisphere are being compared. ‘This should be remedied when -

NIMBUS IV data become available for a,qomplete year; (2) there are’ larger
variations of tofai ozone at a given latitude in the Northern Heﬁisphere.’

This may also bg due to the out-of-phase seasonal.comparisons.

2.125 Tﬁe Variation of Total Ozone at 6098 for 20 Days in May 1969

| Figure 2.125.1 shows a time—longitude distribution of total ozqﬁéﬂfﬁr
60°S. This particular latifude‘was selected.éo that coﬁparisons ééuld_be
made with radiance values that were computed for the first two—thirds

of May by Fritz (1970). Fritz's cbmputatibns were for v = 669.3'cm73._

.At this particular frequency he was measuring the radiance value of the

“high stratosphere; Ninety per cent of the flux which arrives at the

satellite comes from above 100 mb (Fritz, 1970). This is a good frequency

at which to observe and compare ozone variations, because it is centered

in a region of the stratosphere between 20 and 50 mb in which a large

pefcentage of the total ozone is concentrated.v

vUpon examinatioﬁvof Figure 2.125.1 several features are readily
apparent. Both maxima and minima of ozone progress stéadily to thé east.
Fritz describes the maxima and minima of radiance values as ’QaVes‘. This

seems to be appropriate here as well. These ozone ‘'waves' move in the

same direction as the radiance 'waves' described by Fritz (1970). Fritz's

low (high) radignce values corresﬁond to low (high) stratospheric tempera-
tures. His locations of high and low stratospheric temperatures are in-
dicated by w and ¢, respectively, in Figure 2.125.1. Note that warm
stratospheric temperatures correspond fairly well with high.qoncentratiops
of ozone. Low ozone values seem to agree with cold stratospheric tempera-

tures. This correspondence has been shown from earlier balloon-borne



ozonesonde packages (Craig, 1965; Lévilljand Millgf, 1968). The light . . "

lines sloping to the right with time are indications of the rate of east-
ward movement of the 'ozone waves'. Each line has a number associated
with it. The average rate of longitude movement for each wave is indi-

" cated in Table 4.3.

Table 4.3

Eastward Progreséion Rate of Total Ozone 'Waves' at
' 60°S for the Period 3-19 May 1969

Wave Number Progression Rate Average Concentration of Ozone
: (Degrees of Longitude/Day) Within Wave (m-atm-cm).
1 | | 5.6 : 380
2 : 5.7 ‘ _ . 350
3 : 7.1 ' 380
4 133 - 350
5 3.8 o 360

- The variability of the lonéitudinai progression of these waves is
quite large, ranging from 3.8 tovl3.3 degrees longitude day —1, witﬁ an
average movement of 7 degfees longitude day _l.v Studies of this type
should help relate stratospheric ozoné variations to thermal fluétuations,
and this in turn should promote a better underséaqding of the dynamics
of the_stratosphere.

2.126 Average Variation of Total Ozone with Latitude

Figure 2.126.1 represents the first attempt to describe the monthly
total ozone distribution in the Southern Hemisphere. London (1963),
basing his analysis on the ozone data available through 1959, arrived at

an average curve for the spring that extended from the equator to the
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North Pole. London had toieXtrapqlate the curve south of 20°NAand nbrth
.of 75°N. ,His‘curve is plotted in Figuré 2;126.17 Notice the remarkable
agreemént between his average curve for the spring‘and the average IRIS
curves for April and May. Theitotal number of ozone déta points used. to
construct the April-July line was 1.8 x 105. Mean total ozone is given
for the months of April, May; June, and July as ﬁéll. Immédiately evident
from Figure 2.126.1 are increasing oéone valuéé from the equatorial region
to the poles in each month. |

The 1argest gradient of total ozone is clearly found in the middle
latitudes (35-50°N) in the Northern Hemisphere. The location of the
steepest gradient in the Southern Hemisphere is not as well defined. Two
preferred areas are indicated in the Southern Hemisphere. One is in'the
subtropics from 20-25°S. The other is from approximately. 30-40°S. The
former may be influenced by the change in regression coefficients used
in the calculations. A slope of similar steepness; perhaps also some-
what biased by the regression coefficients, appears in the curve for
April at 18-25°N.

 Seasonal variatioﬁ of total‘ozone is smaliest in the tfopics. .In
the Northern Hemisphere this occurs at 15°N, in the Southern Hemisphere
at 20-30°S. The latter location may be influenced to a certain extent
by the regression coefficient-changeover, but nevertheless it is feit'
that'the smallest variation is in tﬁis 20-30°S latitude band.

London (1963) found from the exftapolated data south of 20°N that
the §mallest ozone variations occurred at the equator. These variations
amo;nted to approximately 4-5 m.atm.cm between summer and spring at the
equator. -However, Figure 2.126.1 indicates that at the equator, using

data that have not been extrapolated, the variability from the spring
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g:months (Aéril and May) to the summer months (June ;nd Ju1y5 is
15‘h-atm-§ﬁ. | - | | ' -

Anothér interesting feétu¥e.of ﬁhe figure is ﬁhat'the minimum ozone
values for‘ali latitudes for all four months are between 5 and 10°S. It
will be very interesting to see how this minimum migratés during ﬁhe other
" months wheﬁ NIMBUS IV data are analyzed. ;?

In the Northern ﬁemisphere the totai ozone in April.reaches a peak
kat-70°N; this corresponds fairiy well with London's (1963) winter peak at
60—65°N, But not at all with his cufveAfor spring. In the Southern
'Hemisphere'Juﬁe and July have peaks at 68°S and 60°S, respectively. >April
has a secondary peak at 66°S and ﬁresumable another omne southlbf 78%s. |
The unusual feature of an ozone minimum value at 70°S is difficult to ex-

" plain unless it is due fo an énomalous standing—wave situation nearb
Antarctica.

Severél important facts have been elaﬁbrated uéon in Figure 2.126.1:
.(i) For the first time the average distribution of ozope with latitude
has been determined by satellite for a.period of several months; (2)
the distribution agreés very well with the data from the long-term data
base in the Northern Hemisphere; (3) the latitudinal ozone distribution,
for the first time, has been described during the autumn and winter in
the Southern Hemisphere; (4) the smallest variation of ozone from
spring to summer was seen at 15°N. This did not agree with London's
'(1963) minimum of variation at,thé equator; (5) the lowest mean ozone
value for the period was at 6°s.

2.127 The Global Distribution of Ozone from 19 April to 21 July 1969

Using 1.8 x 105 ozone data points, Figﬁre 2.127.1 was constructed.
The figure is the final product of a computer analysis using a two-

dimension spline function.



‘Many of the features evident on this map have been discussed at-
length earlier in this sectionf- The large region of maximum ozone in
the tropics from the Atlantic Ocean eastward across Africa, that was

discussed earlier, is more easily seen in this figure.



-24—

'Fig, 2.122.1a

Total ozone distribution in the Ndrthern Hemisphere for
April 1969. (This is a preliminary analysis of the
satellite data. When final refinements of the data are

published, changés may be produced in the ozone isoline

analysis.)

-
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E Fig. 2.122.1b Same as 2.122.la except for May 1969.



Fig. 2.122.1c Same as 2.122.la except for June 1969.
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' Fig. 2.122.1d Same as 2.122.1a except for July 1969.
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Fig. 2.122.2a Same as 2.122.la except

Hemisphere.

APRIL

for April 1969, Southern

20E
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Fig. 2.122.2b Same as 2.122.la except for May 1969, Southern

Hemisphere.
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180 20E

Fig. 2.122.2c¢ - Same as 2.122.1a except for June 1969, Southern

Hemisphere.
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Fig. 2.122.2d Same as 2.122.la except for July 1969, Southern
Hemisphere.
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2.2 ‘Atmosphéric Therﬁal Strﬁcturé”f;om IRIS;§pectré

:All wofk in this afeazis based on IRIS radiapce values a;chived on tapes
'purchased from thevNational Space~S§iehce Déta_Center.’ Programé to extract
an& analyze data were described in thé semiannual report. |

The goal éf this effort is to obtain knowledge of the mean thermal
. structure of the upper troposphere and lower étrétosphére over the Southern
Hemisphere.and to use the thermal gradients, thickness patterns, etc. de-
ri§ed from the radiance information to study interhemispheric circulation -
differences. In addition to direct use of radiance values to indirectly
depict the relativevthermal structure, two other approaches, regression
and inversion of the IRIS data have been tested thus far.

Results and potential applications are discussed in the following sub-
secti&ns. They will brovide informatiqn in addition, but complementary, to

the ozone data.

2.21 Direct Regression of Temperature and Height Fields on Radiance

Computer programs to obtain "simultaneous" observations of temperature,

height, thickness, and IRIS radiance have been completed. The purpose of
thesé programs is to prdvide the observations necessary to the calculation

of regression'coefficients as in Smith, et al (1970). The programs screen

the radiance data, eliminate obviously bad data, and eliminate those positions

contaminated with clouds. The points along the satellite track that are
Acontaminaﬁed by clouds are determined by using the radiance at 735 cm_l
as a check. In.the presence of clouds, radiance at 735 cmfl, N(735),
with a weighting function peak in the low troposphere, will register less
than normal. The cloud check routinely tests each point along the orbit

in the 735 cnrl channel against the median value of the 735 channel in

a particular latitude band. If the particular location has a radiance
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value iess thaﬁ the median‘vaiue in the latitude band of that orbit by

ILO egs/ or'mére, the point is considered cloud cbnﬁaminatéd and elim-
iﬁated.. The rémainihg points are then smoothed over 5 points to obtain
the radiancevdata'that are compared to the coﬁventional informatidﬁ fFom
thé NMC grid data. The NMCvgrid data are interpoiated to the‘fdéifibﬁé.
‘along the satellite track to finally determine the Jsimultaneoﬁs" obser-<’

- vations. Tests of this method aﬁ levels throughout the upper troposphere
and lower stratoéphere areluhderway.‘ Section 2.22 describes a method iﬁ
whicﬁ limited use of regression (for 100 mb,temperature)vaids an inyg?—;.,

sion technique.
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2.22 'Linear Estimation of Atmospheric Temperatures from Satellite-

Observed IR Radigncés
A recent papeé by Rodgers (1969) gives an.aécount of thé statié-'
vtical estimation of tempefaturgs:as lineéficombinations of weighting
functionsvand satellite-measured IR radianées. |
'Thé fadiatiﬁe transfer'gquation for infrarga radiation whose
_sﬁrface gontribution (at the radiometer) is negligible,-ié-
o

Iv) = | Bw.p) G (vip) dp W

Py

where P, is the surface pressure, p pressure-level, v wave-number, B
Planck function and T transmittance.
" This equation can be written as a matrix multiplication of AB

- given by

AB = B (v,p) - B (v,p)
~ where B represents a certain mean atmosphere, which is not the actual
mean atmosphere. If the AB values are small the matrix transfer equation

can be written in the linear form

AL, = I, - I, =-§_Kiz'(Bz'Bz) | . (2)

Here Kiz is the weighting function for the ith wave-number at level z.

When the equation is thus of a linear form, the direct mathematical

solution for ABz is given by

AB = K.- AI ' (3)
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But the linearization causes the ‘instrumental noise radiance

to be comparable to AI Thus equaﬁion (2) becomes -

io

ABZ + e, - (4)

i

AI, = Z'Kiz
z

| ' . th
- Where e, is the instrumental noise for the i~ wave number.

i

Equation (4) has no exact solution but through estimation
theory, assuming AI, AB, e; to be distributed nofmally with zero

means, the best estimate fbr'B given I is obtained, which is given

'by

pBY = a1t Bk @t 4+ K E ~ K)

(5)
where E'-1 is the inverse of the iﬁstrumental néise Qariance—covariance
matrix, R_l the inversé of the Planck function variance-covariance
matrix (which is made to depend only on temperatures at different'levels'
by making.thevwave number the same in all the calculations of the flanch
function).

The restrictioﬁs on the use of this method are:

1. Only clear sky case temperature profiles could be obtained;

TN
A

2. The R matrix is misleading unless the temperature data is
from a limited geogfaphical region and a particular period of timé aBout
which the estimation is to be made. This is because of the deviations
of the AB distribution from the Gaussian in a mqre general case. This
may be particulérly festrictive in the Southern Hemisphere;

A 3. If AI is large compared to Bz or ﬁz the assumption of linearity

fails and the retrieved temperatures are closer to the mean atmosphere
than the actual atmosphere. This necessitates the building up of a

good library of near-simultaneous radiometer-radiosonde observations.
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xInhour actual use.of_the Rodgere statiatical method,'the.retriened '
temperatures‘deviate most from the actual temperatures near the 200 mb
1eve1 in mid-latitudes. This is beoanse of.the poor eorrelation of.the :
200 mb temperatures and the radiances of the: wave—numbers with weighting
functions (see Fig. 2.22.1 from Conrath et al (1970)) centered near

200 mb, such as 700 <:m-1 (Fig. 2,22.2). This should be eompared withb

Figure.2.22.3; the scatter for 675 cm-1 radiances and 100 wb tempera—'
.tures. Since we are 1nterested in the meteorology of the jet stream -

‘we would like to establish the ‘different tropopause regimes with . the

scatter of Figure 2.22.3,iand thue use the hemispheric isotherms at

the 100 mb level to obtain better temperaturee in the lower levels. As
related to the inverSion scheme.discuseed, we WOuld'select a special

R matrix.

Fignre 2.22.3Iindicates that a curvilinear-fit for that scatter:would
be better than a linear fit. -Lenear, 2nd, 3rd, and 4th degree curves'
were fitted to the data. The 2nd degree fit was not used since it gives
very'coid, unrealistic temperatures for lowervradiances. The cubic
fit is about the best for the data used. The temperaturesvderived by
using this fit and the near-simultaneous NMC grid temperatures along.
two orbits are given (Figs. 2.22.4 and 2.22.5). The agreement is very
good and the tropopause break regions are well indicated.

As 1s seen from Figures 2.22.4 and 2.22.5, the coldest temperatures
are over the Antarctic region; These had been obtained by a linear
extrapolation of the data of Figure 2.22.3. We did not have any con-
current radiosonde data to verify these temperatnres.’ Table 2.22.1,
consisting of data from Byrd Station (80.0S, 119.5W) USDC, 1968)

indicated that the July average temperature near 100 mb - actually at 16Km -
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fof tﬁis station is aboutv-95°C.i Hoﬁéver, Figure-2.22:6 tUSDC, 1969),
a climatglogiéal diagram, gives the”cgldest tempefatﬁre in this region
as -82°C which is about 23°C warmer thén»the more reéent sounding data
at Byrd. This indicates thaﬁ antarctic temperaﬁu;es»qbtained by
ex;rapolationvfrom Figure“2.22.3 have errors oniy of the order of 5°C,
if the.soundings are given brécedence.

A map of the Southern Hemiséhere 100 mb isotherms (Fig..2.22.7).
obtained by the method of the preseﬁt graﬁt indicates an extensive
warm region, asymﬁetricallyvdistributed over mosfkof the 25° - SSOS
-bglt exceﬁt the Pacific and South American regions. This seems to be
a very persistent featuré, as we have found its presence every day
over a 10 day period in early July, 1969. The meén July map (Fig. 2f22.6)
shows theAsaﬁe.smoothed reiative warm area. |

It is planned to investigate these and other mgteorological
features using 6 level temperatures and geopotential heights extending
' down.to 700 ﬁb. The vertical thermal structure will be obtained from

our modified Rodgers method with IRIS input.
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Fig. 2.22.1
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DATE
7—02;64
7-13-64
7-15-64
7-17-64
' 7—22—64

7-24-64

7-29-64

7-07-65
7-20-65
7-27-65

7-30-66

_ Total

Average

Table 2.22.1

16 km Temperature at Byrd'Stétion

(80.0S, 119.5W)

TEMPERATURE °C °

=-1042

-94.7°%C

Average, neglecting the 7-30-66 observation, is -96.0°¢C



T

°c for 9 July

nferred from Figure 2.22.3.

ms in

ther

 Fig. 2.22.7 Southern Hemisphere 100 mb iso

1969. Temperature i
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2.23';Energetics‘of Jét;Stréam Systemé in.fhe Northe;ﬁ“and Southern

Hemispheres . |

vSection 2.121 summarized éxisting knowledge or differences
Setween the general circulati&ns qfvthe Northern‘aﬁa.Soutﬁerﬂ Hemis-~
pheres. Some work using tota1 ozone derived from radiance measure-
ments -to observe differences bétwéen the hemispheres has already -
been accomplished and.reported in Section'Z.lZ of this feport.n
Temperature fields Aerived from IRIS data ca; also be ﬁsed to study -
.interhemispheric differences,  | |

The first thing to be considered is location of jet maxima.
Some work along this line has already been accomplished using 03
meridional gradients (see.Section 2.11). .The temperature related.
channels of IRIS may also‘be applicaBlé to this problem. Jef sfream
maxima are, of course, related to strong hor&zqntal temperature -
.gradients. Therefore, one might first approach a horizontal gradient
of a channel radiance, say N(695), as an_indicator. However, the
form of the weighting functions, with significént contributions to
the radiance from abéve and below the jet stream region may mask the
intense téﬁperature gradient of the jet. Thus, another technique
has been sought. Because vertical soundings south of jet streams
indicated warm tfoposphere and cold stratosphere and those soundings
' north of the jet stream have a cold tréposphere and warm stratosphefe

is being investigated. N, here is

a latitudinal profile of N 1

17Ny
the radiance in a channel with a weighting function maximum in the

middle troposphere, N, the radiance in a channel with a weighting

2

function maximum in the lower stratosphere. An example is shown in

Figure 2.23.1, a latitudinal profile along an orbit with the



AN ?_N(705)vN(685). _Also'shown is the contour heighﬁ of.the 250 mb VA
surface along the sateliite track as.analyzed:by:NMC. "To tﬁe north -
“of 55°N, the AN‘is small; while to the south it is large. The break
point between the high latitude and low létitu&e regions is around
55°N. The height profile shows that thié is‘ﬁhe approximate loca-
1'tion of the jet. Thus, the AN procedu;é may be useful in locating
jet streams. Difficulties may arise with the AN'technique when
applied to winter hemisphere data. The ﬁpper st?aﬁosphere in winter
has a cold pole while the stratospheric‘polar vprtex exists. Thus,
it may be difficult to use the simpie AN technique in winter befofe
the breakdown of the stratosphere polar vo;teg;. However, there
éppearé to be ways in which the radiance data itself could.bé used

to locate circulation features‘sucﬁ as jet stream maxima.

'Wifh the temperatures derived from the radiance data certain
parameters can be calculated which will be of intefest in studying
.fhe jef stream systems of the tﬁo hemispheres and the energetics ’
of those systems. These will include latigudinai temperature gra-
dients, both zonally avefaggd and at.specifié longitudes, and
available potential‘energy.

Changes in the available potential energy are closely tied to
changeé in kinetic energy. Under adiabatic flow conditions the sum
of the available potential energy and the kinetic energy is conserved.
~ Thus, a substantial dfqp over a few days in available potential
energy should be related to an increase in kinetic energ?. The
availéble potential energy (a) can also be expressed as the zonal
évailable potential energy (Az) plus the eddy'ayaiiable potential

energy (AE). The expression for A is:



. = | a2 g
N ) | .l_ o ] :
e T2 Mgt Maem™| 52 SIS
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The notatién follows Reiter (1969)1. Thus A is a function of the
spatiai diétribution of T only;

The intef—hemiépherié #omparisop of available potential energyf,"‘w
and of‘its compénents Az and AE would be interesting from the sténd-
point of the "zonality" of the two hemispheres.. A question may be
answered.as to how much of the total A is'contéined in AE,:bn ﬁhe.j'
averaée,_in both hemispherés.

o Thé AE is the main Sourcé of eddy kihgtic eﬁergy (KE) in the
troposphere. Wiin-Nielsen (1962) has shown that the kinetic ehergy '

can be broken ﬁp into a barotrqpic or mean (in the vertical) energy

(Kﬁ) and tﬁe ba;oclinic or shear energy,(KS). These in turn'can_be b?oken
down into zonal and eddy forms. F;om our standpoint the shear kinetic
energy is-important because it c#n be expressed as merely.a function

of the temperature. This can be seen as follows. By definition:

% : .
k. = L | {w? o+ w2 ap 2)
S 2g (» ()
: 0.

where

= - 3

: %

which is the deviation from the vertical mean [u] = 1 ou dp .

. . ‘ ® p, |

1. Average values are.indicated by brackets and departures therefrom by
parenthesis. The ordinates along which averages and departures are
computed are indicated by subscripts in parentheses.
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u=u  + - dp ' o . : .v, (4)

‘where u_ - uatp .
, - o o

'From (4)

Py p
[ul , | = u_ +—— ) e . ST
(® o p | p - . S
: )0 P,
debstituting (4) and (5) into (3):
P L
- du R . du \
Po o Po
Using the thermal wind relation:
ou _ Rf 3T ' : .
% p 3y ip - ' | ™
P ' P P
. 1l 09T
1 a1| RfE | O} ° = & p| dp
= Rf = 24 gp - £ 3
) (. p ooyl P pg AL
' po o o

~and (u) is a function of the spatial distribution T only.
» :

Thus, K. can be calculated from the three-dimensional temperature

S

field. KSE (shear kinetic energy 6f eddies) is also the main recipient

of the conversion of AE into kinetic energy. Changes in KS also parallel

CEanges in the mean or barotropic flow as seen in Figure 2.23.2. There-
fore, from the radiance-derived temperatures we should be able to obtain
a measure of the kinetic energy of the shear flow. This KScan then be

investigated as to temporal and spatial variations and interactions

with variations of available potential energy. Also, the KS can be



used to locatévjet streams and_éstimate-their intensity.
" The possible determination of height fields via regression would

enable much more complete calculations to be carried out.
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Fig. 2.23.2 Zonal and eddy shear flow and mean flow kinétic
energies as functions of time during January

1963 (Wiin—Nielsen, 1965).
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2.3 Statistiéal Charactéristics of the'Atmospﬁeric Circulation in the

Tropopause Regions of Both Hemispheres

Spectrum'ahalysis of the 200 mb aﬂﬁ 300 mb winds for 127 stations
in North Ameriéa and of the 30,000', 35,060"and 40,000 level winds for
lO‘Australian stations has been completed using'daﬁa for one year andeivé
years respectively. . Ffom such an analeisltechhfque’ah’indication of
thé_felaﬁivé'importaﬁce of various planetary and cyclohe wave regimes in
trépospﬁerig and stratospheric transport prpcesses is obtained. The
deﬁails of this investigétion will provide the basis fbr Mr. R. F. Abbey's
M. S. thesis which will be completed by the end of this year. |

The determination of the statistical fepfesentatives of the mass,
“momentuﬁ, and energy transports dérived‘from uppef-levei wind data from
differén£ geographic regions forms a major goal of this reéearch.‘.Onli
if tﬁe representativeness-ofISuch data has been established can meaning-
ful inter- and intrahemisphefic comparisons be madé;

To gain more‘insight inté hemispheric differences in atmbsphericv'
circulation, the above analysis of conventional data will be ﬁsed in
conjunction with the data from NIMBﬁS ITI énd IV and the results deriﬁed
therefrom. Thié pfocedure will npt_only provide a check on, and correlafion
between, the two types of data acquisition, but will also lend another
dimension to the problem of determination of the characteristics of the
general'circulation of the atmosphere.

Uéing the spectra thus computed, various interpretations of the actual
meaning of the processes which make up the respective spectra are présented.
The variance distribufion across North America during the data interval’
under consideration, 1 July 1967 - 30 June 1968, was determined (Figures
2.3.1 and 2.3.2). The 300 mb wind varianceé revealed a maximum area of

values located in the southeast, with especially high values in the Little



Rock and Jacksonville areas. An area of minimum,variahce occurred in

~ the Great Basin region to North Platte on the eastern boundary. This

distribution should be expected due to the profound and distinct impact

. of the subtropical jet stream upon the southern United States from Texas

eastward.

The axis of maximum meridional variance fof'the 200 mb level was

" orientated genérally east-west with .the influence of the Rocky Mountains

being quite noticeable. Maximum values occurred in three rggions:
Oregon-Washington; southeastern South Dékota—eaétern Nebraska-western
Iowa; New England. It is thought that the first and third areas mentioned
above are due_td the shift of the long wave.features of the genefal cir-
culation and consequently of the storm tracks, and the éecond area to
the”perturbiﬁg iﬁfluence of the Rocky Mountains upon.the originally zonal
current. |

Egch'of the respective spectra were examined and. the geograpﬁic
distribution of sbectrai dehsities at particular frequencies was estab-
lished.. The quantitative results of this analysié will be contained in
the M. S. thesis. |

Comparisoné are made between the 200 mb and 300 mb wind spectra as
well as between the observations taken at 00 GMT and 12 GMI. Preliminary
investigations show little difference between the 00 GMT and 12 GMT spectra
as should be expected. However, this appréach provided an internal check
on the representativeness of the spectra compared as well as filtering out
the diurnal effects which would tend to influence some of the longer period
spgctralhvalues due té aliasing. Since this study is more concerned with
the larger-scale motions, the above separation of spectra obviated' the need

to account for motions with a periodicity of less than two days.



~The 200 mb and 300 mﬁ spectra show éonsiderable geégraphic differ. ]
ences, éspecially from goufh to north. -This.should be expected due to -
“the sioping of the fropopause and the ievel of maximum wihds from eﬁuator
to pole. This pafticular characteristic is ndt és'easily discernable over
Australia, probably due to thé sparsity §f s;atiqné ghat could be analyzed.

‘Seasonal differences in ;he spectra were studied as well. Compar-
isons were méde between &ifferent geogr#phic regions using sélected,
staﬁioné.' The effect of the definition of "séason" on spectra was,alsé_
éxamined; however, furthef investigation in this area needs to be done
before significant conclusions can be reached.

Analysés of energy generation and destruction are currently being
made along the major storm tracks of North America using the area conserving
spectral analyses values between selected frequencies as input data. Sgch )
analysis will show the effects of the different scaieslof motion in the
energy processes of the generél circulation. |

One obvious conclusion already drawn from this study relates to the
many analyses p;eviously done aléng latitude circles. This study contains
spectra for stations along eVery 4° of latitude from 20°N to 80°N as one.
method of partitioning the stations. By averaging the spectra along
latitude circles serious misconceptions may result, and the value of
‘using'spectrum analysis as a statistical tool may be negated. Significant-
differences between spectra occur along any given latitude circle. The
-strong hofiZontal gradients of the kinetic energy spectra in frequency
space determined in this stqdy suggest that a regional treatment of the
multivariéte kinetic energy equation will have to con;end‘with a careful

evaluation of boundary flux terms.
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Tﬂe most significant peak to apﬁear in thg méridionai spectra.oécuré
h ‘at a periodicityiof 4;93 days. Approximatel&-éSZ k55/177) éf tﬂe stations

analyzed exhibit a spectréllpeak at this frequehcy; (Figufe 2.3.4).' How-
ever, this téndenc& is not_as.strong nor as evident in"the zonal épectfal dis-
tribution (Figuie 2.3.3). »The»meridional spectrél déﬁéities are greater thaﬁ
the zonal values by .almost a factor of two with the 300 mb vdlues. being ”
greater than the 200 mb (not shqwn) spectral densitiés. All maxima are
oriented from Texas f§ Maine indicatiﬁg the most favored position fo:va
storm track which agrees well Vifh'the "cyclone rise" found by other
'inQestigatdrs. Figure 2.3.5 shows.the mean annual position of the mostv
favored storm tracks (after Visher,‘l954). |

Stations possessing a‘peak at 4.93 days are indicated by a squafe in
the:above figures. Most evidént ip the v-component distribution is the
zonal band of stations with this frequehcy peak between 40°N and 50°N.
This agrees favorably with the two principal cyclone tr;cks shown in
Figure.2.3.5. Thé spectral distribution of the u-component of the wind
shows no significant pattern with regards to stations, and has a peak

value at 4.93 days.



'Fig. 2.3.1 U~component variance m2/sec2 at 200 mb for 1 July
1967 to 30 June 1968.

Fig. 2.3.2 V-component variance mz/sec2 at 200 mb for 1 July
1967 to 30 June 1968. '



Fig. 2.3.3 U-component spectral density (non—norma;ized)-[M2/sec2/day]
for 300 mb 00Z at a period of 4.93

Fig. 2.3.4 Same as 2.3.3 except v-component.



Fig. 2.3.5 Tracks taken by many lows; width of line suggésts
' relative abundance. (From Visher, 1954).



-57-

- 3.0 Pfogfam:for Next Reportiﬁg Period
‘”.The fesearch.résults reported in the:fofegding,chapters encourage us
‘to pfébe‘deeper into ﬁhe detaiied structure of ﬁhe uppef troposphere éndA .
stratosphere, méking extensive use éf_NIMBUS radiance ;éta. Meridional .
- gradients in total ozone as well as in radiance-derived tempérafﬁres were

mentioned as first indicators of the presence of jet maxima. Our know-

ledge of the structure and dynamics of jet streams (see e.g. Reiter, 1963,

Jet Stream Meteorology, Chapter in World Survey of<Climatdlogy, Vol. 4). -
has not yet been employed to its fﬁllest extent in "massaging" the avail-
able sgtelliteldata withéut.introducing statistical bias. Aﬁove éll, we
- will have to séarch for optimum techniqhes that will depict and differen-—
tia;e between the polar front and subtropical jet stream systems of middle
latitudes, and the easterly jet stream of the tropics, which is found
only durihg the summer and in the African and Asian longitude sectors.
The latter jet stream system with its wide-spread cloudiness and monsoonal
precipitation s&stems may not be.easy-to detect from radiance d;ta with
our present anélysis techniques. |

We intend to make a special effort on retrieving "unorthodox" aux-
iliary daﬁa from the Southern Hemisphere, éuch as GHOST and EOLE balloons
trajectories. Such data may help in verifying the position of long-wave
troughs and ridges in otherwise data—sparse.regions;

- Some of the preliminary results reported,especially on the cofrela-
tion between 6zoné gradients and jét stréam intensities, will have to be
tested against independent data samples, possibly from different seasons.
If the conclusions that may be drawn, for instance, from Figure 2.11.1,

can be generalized, they may well afford us with a diagnostic tool ‘that
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._could'be‘put‘t§ use for fhe planning and exeéution bfvflight operations
in the Southern Hémisphere; An gstimatg‘of jet sﬁream winds, tégether
.wifh cloud distributions from étandard satellite.survéillance,_would
enhanée appfeciably the éapabilities of:aviation meteorology and of

weather forecasting in regions void of radiosonde data.

4.0 Concluéions and Recommendations

‘The encouraging resﬁlts obtained during the past contract period

warrant an extension of dﬁr'investigatio?s to additional time periods.

It Becomes desirable to obtain as ﬂearly<as possible oneifull year of

IRIS data in order to achieve a global oéoné‘sﬁudy for all seasons of

both hemispheres. Especially the question of differehcés in the seasonal
-behavior of the jet streamAsystém in the Northern and Southern Hemispheres,
should be explofed more fully with such a'data bank.

The study on température and height fields bbtai&ed from radiance
data, as well és the investigation of atmospheric energetics in both
hemisbheres, will depend on a complete data set that extends ovef all
four seasons.

The computer programs established during the past contract period
will facilitate the reduction and analysis of satellite data, so that

our research will progress at an accelerated pace.
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