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1 INTRODUCTION

Over the last 50 years, a number of measurements of ozone In the middle atmosphere have been

obtalned from the ground and from balloons, rockets, _Lnd satellites. Numerous models hive

been developed to summarize various portions of these measurements since detailed knowledge

of the global distribution of ozone is important for studies of at_ospherlc circulation,

dynamic processes, and the radiation balance and the photochemlstry of the atmosphere. From

the ground-ba_sed ozone network, the latltudlnal-seasonal variations of total column ozone

were summarized by Dutsch Ill and the iongltudlnal v_rlatlons were included in a series of

monthl_ atlases for the period 1957 to t9S7 by London et al. [2]. Measurements of vertical

structure obtained from balloonsondes and rocket data at mldlatltudes in the Northern

Hemisphere were summarized in a 45" ar_ual model generated by A. Krueger and R. Mlnzner

contained in the United States Staaldard Atmosphere Supplements, 197S [3]. BoJkov [4]

generated models of ozone vertical structure related to total colum_ ozone _umount based on

Dobson data and early Umkebr measurements Models relat|ng the vertical structure of ozone to

total ozone based on approxlmatel M 7000 balloonsondes and a nttmber of rocketsondes were

8enerated by Hllsenrath et al. [5] as a "first guess" for the NimbUs 4 Backscattered

Ultraviolet (BUV) ozone experlment retrlevals of total ozone and vertical structure and for

the early Nimbus 7 SBLN/'rOMS total ozone retrievals. Similar models based on essentially the

same data base were generated by M_teer et aJ. [S) as a "flrst guess" for inversion of

"short _ Umkehr obser-vatlons to determine vertlcal'structure of ozone from the ground. The

22 vertical profiles in Is) were given as a function of latltude {low, mid and hlgh) and

total column ozone, but not season. Inconsistencies between rocket and balloon d&ta were

h_ndled differently by Mateer et al. [8] than by Hilsenrath et a2, [5]. Bhartla eZ aJ. [7]

have developed similar models using both ozonesonde and satellite data. Klenk et al. {8_

developed a model of ozone vertlc&l structure based on Nimbus 4 Blfl/ data at pressures less

than 15. S mb and on balloon data at lower altitudes. This model was used as a "first guess"

for vertical structure retrievals from the Nimbus 7 Solar B_ckscattered Ultraviolet (SBUV)

ozone expc:ime:.:. _Le ,oi_: co/_i3:cd of a &_pie peu'_,=_ri_ ,=p,'esentatlon of the _nnual

_nd latitudinal variations of ozone as a fqnctlon of pressure and assumed symmetry between

the Northern and Southern Hemispheres. Also included in this model Is the ozone covarlance

matrix which describes the variance of ozone in Individual at_ospherlc layers $uld the

covarlances between adjacent layers. An ozone oovarl_unce matrix is also included In the

models of M_teer et al. ISJ. Dutsch [9} compiled data on the vertical ozone distribution

using chemlcal-tMpe balloon soundings and early BUV results. A tabulation of monthly Nimbus

7 SBUV ozone profiles for the period November IS78 through October 197S is provided by

McPeters et al. [I0] In I0" latitude Increments from 0.17 mb to the surface. Results are

given in terms of column density and Its standeJ'd deviation, volume mixing ratio and number

denslt_. Heath et al. [II] have generated a set of atlases of total ozone for the period

April 1970 - December 1976 based on Nimbus 4 BUY data. Bowman and Krueger {12] have provided

a climatology of total ozone from Nimbus 7 TOMS measurements. Tolson [13] has generated a

ninth-order, ninth-degree spherical harmonic model to represent the monthly mean total

colum-nar ozone field over the 7-year period of the Nimbus 4 BUY data set. Annual and

semiannual components are determined for both latitudinal and longitudinal variations, and



thebiennial and longer term variations are deteralned as a function of latitude.

Hasebe [14] has modeled the latltudlnal and longltudlnal variations In the total columnar

ozone field over the 7-year period of the Nimbus 4 BUV data set using filtering techniques.

Global mean total column ozone and Its annual, semiannual, qu_ib|ennlal and longer term

components hive been determined through spherical h_rmonlc _lysis [13, 15].

Data on total ozone and lts vertical structure have been obtained from a number of satelllte

experiments. Shown in Table I {Krueger et al. [16]) is a tabulation of most satelllte ozone

experiments through 1978. Included are solar and stellar occultation, solar backscatter
ultraviolet, and infrared types. Since then, other satellites have been launched with ozone

measurement capablllty including Applications Explorer 2 {17], Dynamics Explorer 1 [18.19],

Solar Mesoaphere Explorer (20], EXOS-C [21] and instruments aboard the NOAA series of

satellites (TOt'S and SBUV 2) [22,23] and ERBS (SAGE II) [24].

Wlth the w_alth of recent satellite data allowing hlgh precision determination of ozone

vzu_lations wlth pressure, latitude, and time, it was decided to generate models of ozone

vertical structure based not just on one satellite experiment, but on multiple data sets from

satellites. This is the first time such models have been generated [25- 28}. The very good

absolute accuracy of the individual data sets allowed the data to be directly combined to

generate these models. The data used for generation of these models are from some of the

most recent satellite measurements over the period 1978-1983. A discussion Is provided of

validation and error analyses of these data sets. Also, inconsistencies in data sets brought

about by temporal variations or other factors are Indicated. The models cover the pressure

range from 2D to 0.003 mb (25 to 90 km). The models for pressures less than 0.5 mb represent

only the day slde and are only provisional slnce there was limited longitudinal coverage at

these levels. The models start near 25 km In accord wlth previous CIRA models. Hodels are

also provided of ozone mixing ratio _s a function of height using the conversion from

pressure to height given by Barnett end Corney [29]. The monthly standard devlatlon end

Interemnual variations relative to zonal means are also provided.

In addition to the models of monthly latitudinal variations In vertical structure based on

satellite measurements, monthly models of total column ozone and Its characteristic

variability as a function of latitude based on 4 years of Nimbus 7 measurements, models of

the relation between vertical structure end total column ozone [6], end a mldlatltude annual

mee_n model similar to {31 e_re incorporated in thls set of ozone reference atmospheres.

Varlous systematic vRriatlons are discussed including the annual, semiannual, quaslblennlal

oscillations, diurnal variations, longitudinal variations, end response to solar activity

variations.

Considering the good agreement among satelllte data _ets from 1978-1982 (generally wlthln lOZ

of the interim reference models below 0,5 mb) It is expected that the present tables will be

useful for many appllcatlons.

2. SATELLITE DATA FOR REFERI_CE MODELS

The reference models provided here of monthly latitudinal variations of vertical structure

are based on ozone data from five satellite experiments (see Table 2}: Nimbus 7 Solar

Backscatter Ultraviolet (SBUV), Nimbus 7 Limb Infrared Honltor of the Stratosphere (LIHS),

Applications Explorer Mlsslon-2 Stratospherlc Aerosol and Gas Experiment [SAGE), Solar

Hesosphere Explorer UV Spectrometer (SME-UVS}, and Solar blesosphere Explorer 1.27 ;_m Airglow

{SHE-IR}. Other ozone data sets are included to define the nature of systematic variations

other than the latltudlnal-seasonal variation.

The nadir-vlewlng SBUV experiment determines the vertical structure of ozone from absorption

of solar ultraviolet backscattered radiation between 250 and 340 nm. The resolution of the

ozone measurements is about 8 km in the vertical. For these studies, the first 4 years of

SBUV data were employed (November 1978 - September 1992) using daily zonal averages every I0"

in latitude over the illuminated portion of the earth from 20 mb to 0.5 mb. Data

contaminated by volcanlc emissionS after October 1980 (including El Chlchon) have been

removed [30].

Validation studies have been performed on the SBUV data employlng balloon, rocket, and

ground-based Llmkehr measurements [31]. The precision of the SBUV measurements _ras found to be

better than 8X for pressures between 1 and 64 mb. Constant biases of generally less than lOX

between the SBUV results and the balloon and gmkehr results may be largely due to errors in

ozome abaorptlon cross-sections assumed earlier. Ozone absorption cross sections



T_L_ 1 Satellite experiments to he.sure ozone [16]

Type Satellite Wavelengths Latitude Comments

Coverage

References

Occul ta-

tlon
Solar

Stellar

Back-

scatter

uv

Profile

Total

Infrared

Emission

Proftle

Total

am

Echo I 590.529.5

t._.,_= 1962 260

Ariel 2 200-400

AE-S 255.5

OAO-2 250

OAO-3 258-343

USAF 1965 284

USER 225-307

250-330

1966-111B 175-310

OGO-4 110-340

Nimbus 4 255.5-305.8

b,u.v.

AE-5 255.5-305.8

b.u.v.

Nimbus 7 255.5-305.8

s. b.u.v,

17"N Dec. 1960

33"S-13"S July 1962

50"5-50"N Apr.,May,

Aug. 1964
5"N Dec. 1976

16"S-43"N Jan. 1970

Aug. 1971

12"5-3"N July 1975

60"5-60"N Feb.,Mar,

1965

60"5-60"N Apr. 1965

60"6-60'N June 1966

80"S-80"N 1966

80"S-80'N Sep. 1967-

Jan. 1969

80"5-80"N Apr. 1970-

Jui.1977

20"S-20"N Nov. 1975-

Apr. 1977

80"S-80"N Nov, 1978

Nimbus 4 312.5-339.8 80"S-80"N Apr. 1970-

b.u.v.

AE-5 312.5-339.8 20"S-20"N Nov. 1974-

b, u.v. Jul. 1977

Nimbus 7 312.5-339.8 global Nov. 1978

t.o,m.s,

[/m

Nimbus 6 9.6

l.r.l.r.

Nimbus 7 9. S

i. l.m.s

65"S-90"N Jun. 1975-

Jan. 1976

65"S-90"N Oct.197B-

May 1979

Nimbus 3 9-10 spec- 80"S-80"N

t.r.l.s, tral scan

Nimbus 4 9-I0 spec- 80"5-80"N Apr. 1970

l.r.i.s, tral scan Jan. 1971

Block 5 global Mar. 1977

m.f.r. (4 f11ghts)

Tiros N 9.71 global Nov. 1978

h.l.r.s

VenkateswRran et al.[1061

Rawcllffe et al. [107]

Miller and Stewart [108]

Guenther et al. {i09]

Hays and Roble [110]

Rlegler et al. [111]

Bawcliffe and

Elliott [112]

lozenas et aJ. [113]

lozenas et al. [113]

Elllott et al. [114]

Anderson et aJ, [115]

Heath eta]. [54]

Frederick et al. [116]

Heath et al. [117]

Mateer et al. [118]

Heath et al. [i17]

Gllle et al. [55]

Nimbus Project [119,120]

Hanel et al. [121]

Prabhakara et al. [58]

Lovlll et aI. [122]



TABLE 2 Satellite data used for interim reference ozone models

Instrument Incorporated Incorporated

Pressure Range Time Interv&!

Nimbus 7 LIMS 0.4 - 20 mb 11/-/8 - 05/79

Nimbus 7 SBUV 0.4 - 20 mb ]I/78 - 09182

AZ-2 SAGE 4 - 20 mb 02,/79 - 12/79

SF[E UVS 0,07 - 0,5 mb 01/82 - 12/83

SHZ IR 0.003 - 0.5 mb 01/82 - 12/83

Nimbus 7 TONS Tot&1 ]I/78 - 09/82



incorporated recently by the InternatlorL_l Ozone Co--Iss1on of IAHAP are employed in the

inversion of the data employed In the present models (Verslon 5) [32-34].

The LIMS instrument, a slx-charmel cryogenlcally cooled radiometer measured 03 and

temperature in the stratosphere and mesosphere e_d HzO , HNO3, and NOz distributions in the

stratosphere from B4"N to 84"5 latitude from October 25, 1978 to May 28, 1979 [35,36]. The

LIMS ozone channel measures emlsslon near 9.6 _ wlth a fleld of view at the llab of less

than 3 km in the vertical and 18 km In the horlzontal (perpendlcular to the llne of slght).

Monthly zonal means of Kalman-flltered LIMS ozone values are incorporated In the model for

the period November 1978 through _ 1979 from 60"5 to 80"N and from 20 mb to 0.5 mb. Non

LTE effects become important above these altitudes [37]. Valldatlon studles have been

performed uslng balloon and rocket underfllghts, Umkehr soundings, and Dobson measurements

[38]. Comparison w|th the correlatlve measurements show mean dlfferences of less than I0_ st

mld latitudes for balloon-borne sensors and less than 15Z up to 0.3 mb for rocket data. The

comparison wlth balloon measurements near 20 mb indlcate LIMS data may he high by about 8Z at

low latitudes. At greater pressures there Is evidence of a significant bias relatlve to

balloon data in this region.

The SAGE instrument ls a four-channel sun photometer which measured solar intensity at

sunrise and sunset to derive ozone, aerosol, and NO 2 concentrations. Absorption of O.G pm

solar radiation by ozone allowed determination of the vertical structure of ozone to be

obtained up to 30 times per day from February 1979 until September 1981. After data

processing, the vertlcal resolutlon of the data was estimated to be I km up to approximately

40 km altltude and 5 km above 40 km. The horizontal resolution _ estimated to be 200 to

300 km in the viewing dlrectlon and 200 km perpendlcular to the field of vlew [39]. Dionthly

latltudlnal coverage depends on the time of year and solar geometry, but can extend from 78"5

to 7B°N. However, on any particular day, the vertlcal structure Is obtained at a discrete

latltude for sunrises or sunsets. Comparisons were made between balloon measurements and

SAGE profiles from 18 to 28 km, and average dlfferences were found to be less than lOZ

[17,40]. Comparlsons by McCormlck et al. [17] vith rocketsondes up to 50 km yielded average

differences of less than 14Z . An Inltlal comparison between SAGE and SeUV in March-Aprll

1979 Indlcated agreement to generally better than 15Z between 5 and 90 mb [39]. A

comparative study between the three data sets 5BUV, SAGE, and LIH5 for b__rch 1979 has been

performed by Flelg eta]. [41,42]. The LII_/SBUV comparisons are sho_ to be very good In thc

upper stratosphere, while the SBUV/SAGE comparisons are sho_?n to be very good In the lover

stratosphere.

Hesospherlc ozone mixing ratlos are avallable from two llmb- scanning experiments aboard the

Solar Mesosphere Explorer (SHE) spacecraft {which was launched 6 October 1981}. The first of

these, the 5b_E-UVS, is a two-channel Ebert-Fastle spectrometer. The Instrument measure_ the

Raylelgh scattering of solar photons at the earth's llmb at wavelengths of 255 nm and 29G.4

n_ f=_m wl:_:h the ozone profile is determined between 1.0 mb and 0.07 mb _43]. The f1=!d of

view of the instrument Is 3.5 km in the vertlcal by 35 km in the horizontal at the llmb.

Generally zonal means are not obtained. The primary orblts were over the longitude range

from 45"N to tOO*N, and the local solar time of measurement at the equator is 15 hours. An

error analysis indicates total errors should range from 5Z at 48 km to 15Z at 5B km (1.0 to

0.1 mb) [43,44]. The data chosen for the model are over the range 0.5 mb to 0. I mb over the

period January 1982 through December 1953.

The second SIdE experiment, SHE-IR, Is a near-infrared experiment that measures 1.27 pm

alrglow from which ozone densities from 50 to 80 km are deduced. The dayglow is prlnclpally

assoclated with photodlssoclatlon of ozone [45]. Honthly means from this experlment agree

fairly well wlth the 5ME-UV9 experiment and vlth Krueger a_d Minzner {3]. Thomas et aJ. [46]

describe the error analysts of thls experiment In some detail. Random errors are estlmated

to be less than IOZ from SO to 82 ks, and Lncrease to 20Z at 90 ks. Systematic errors are

estimated to be 15Z but could be as high as 5OZ. The data used for the model are monthly

means over the range 0.5 mb to 0.003 mb and over the perlod January 1982 through December

1983. The local solar time of the measurements is again about 15 hours. Latitudinal

coverage is consistent wlth the illuminated earth, and longltudlnal coverage is prlnclpally

from 40°N to IO0"N.

Reviews on mesospherlc ozone are found In [47-51]. Ozone measurements made in the Aladdin

program [52) by several technlques on June 29-30, 1974, are in good agreement with SHE



measurementsbelow70kin.Above75kin,Aladdinozoneis a factor of 2-3 lower than SME-IR.

It Is very possible that this is a real ozone variation [53].

Other satellite instruments which have obtained measurements of the vertical structure of

ozone include the Nimbus 4 BUV experiment [54] and the Nimbus 6 Limb Radiance Inversion

Radiometer (LAIR) [55]. Since the Nimbus 4 BUV experiment had problems wlth a serious drift

in bias, the Nimbus 7 SBUV data from 1978-92 was considered to be a better choice for the

model. The Nimbus 7 LIMa is generally considered an improvement over the Nimbus 6 LaIR

experiment and was therefore chosen for the model. More recent experiments such as SBUV 2,

SAGE If. and EXOS-C are still in the validation phase.

The models of total column ozone given here are based on 4 years of Nimbus 7 TOMS

measurements. The TOMS instrument is used to determine total column ozone by measuring

backscattered solar ultraviolet radlatlon attenuated by ozone employing a simple

monochrometer whose instantaneous field of vlew scans through the subsatelllte point and

perpendicular to the orbital plane. Backscattered and direct solar radiation are .sampled at

six wavelengths from 312.5 nm to 380 rim. The resolution of ozone measurements is about 50 km

In the horizontal. For these studies the first 4 years of TOMS data were employed (November

1978 - September 1982} using daily zonal averages every S* in latitude over the illuminated

portion of the earth. Comparisons of TOMS data wlth ground-based.Dobson and H-B3 data have

shown a retrieved precision of better than 27. and biases of 6Z where the TOMS measurements

have lower values than the Dobson measurements [$6].

Global measurements of total ozone from backscattered ultraviolet measurements have also been

obtalned from the Nimbus 4 Backscattered Ultravlolet (BUV} and the Nimbus 7 SBUV experiments.

The TOMS experiment, however, obtains more measurements per day than the other two and does

not appear to have the serious drift problems which occurred on the Nimbus 4 BUV experiment.

Infrared experiments which measure total column ozone from absorption of 9.6 _m radiation

have Included the Nimbus 4 Infrared Interferometer Spectrometer (IRIS), the DHSP Multlfllter

Radiometers (MFR), and the ongoing Tiros Operatlonal Vertlcal Sounders (TOVS). A study of

the relative biases between a limited &mount of the TOMS, MFR, TOV$ and SBUV total column

ozone results was performed [$7] showing excellent global average agreement between the TOMS

and _ (3Z} but not as good agreement between SBUV and MFR (SZ) or between TOVS and MFR

(TZ), where in each case MFR gave a lower value for total ozone. Significant latitudinal

biases relative to BUV data have been noted In the Nimbus 4 IRIS data [5g,59].

3. MODELS OF TOTAL COLU_ OZONE

The monthly latitudinal models of total column ozone are based on the archlved first 4 years

of data from the Nimbus 7 TOMS experiment. The total" column ozone values tabulated here are

5.5% higher than the TOHS archived data to be more in accord with the improved ozone cross

sections of Bass and Paur [33] and with Dobson measurements [56]. A more detailed correction

for the future TOMS algorithm improvements is given by Flelg et al. [60]; Shown in Figure I

Is total column ozone in Dobson units (the Dobson unit is defined as 10 -3 meters of ozone at

C'C and ah ztandard sea level pressure) as a function of latitude and month. Note ti_ high

values in mid and high latitudes in spring in the Northern Hemisphere and at mid latitudes in

local spring in the Southern Hemisphere. Also note the low values in September-October near

80"S. These low values reflect the recently discovered "ozone hole" in the Antarctic [61].

Much higher values of ozone were detected in the springtime Antarctic before the 1980s

[61,62]. Shown in Figure 2 is the standard deviation in percent of individual ozone

measurements relative to the zonal mean obtained each month for a l-year period (November

1978 - October 1979). Minimum standard deviations occur at low latitudes while the maximum

values occur near the "ozone hole." A comparison of monthly ozone values from year to year

over the 4-year period (November 197B - September 1982) gives an approximate Idea of patterns

of interannual variability in total ozone. Shown in Figure 3 is the interannual variability

expressed as standard deviation {in percent} relatlve to 4-year means as a function of

latitude and month, The variations are generally less than 4X {except near October, gO*S)

and are strongly related to quasiblennlal variations discussed briefly in the section "Other

Ozone Variations." The large variations in October, BO'S again reflect the recently

discovered antarctic ozone hole.

Shown in Table 3 is a tabulation of the latltudlnal variation of total column ozone in Dobson

units for each month based on the dayslde observations of ozone over the 4-year period. The

spaces indicate times when no TOMS measurements were available.
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TABLE 3. Zonal _4ean Total Column Ozone (Dobson units)

Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec

85" 467 467 411 371 333 311 283 - -

80" 470 465 414 371 332 308 291 -

75" 433 460 462 416 370 332 308 302 299
70" 436 459 455 415 368 334 313 308 309 314

65" 395 432 451 444 410 367 338 320 312 315 332

60" 392 428 441 431 406 372 346 327 317 317 332 358

55" 390 426 433 421 402 375 350 330 318 317 327 353

50" 387 418 420 410 394 372 346 326 313 312 322 349

45" 376 402 401 395 382 360 335 319 307 302 311 338

40" 354 374 377 373 363 341 321 310 300 291 297 320

35" 322 338 347 348 342 323 310 303 295 283 284 299

30" 292 303 316 325 324 311 302 298 290 280 276 281

25" 269 278 291 304 307 301 296 291 284 275 270 267

20" 254 261 271 287 291 290 289 286 279 270 263 256

15" 248 251 260 275 279 282 284 283 279 268 261 252

10" 246 246 254 267 271 275 280 281 279 267 260 251

5" 247 248 254 261 264 268 274 277 278 263 258 251

O" 251 250 255 259 260 263 268 273 276 263 259 253

-5" 255 254 257 258 258 -259 262 268 272 265 264 257

-10" 260 258 259 259 257 256 259 264 270 259 270 264

-15" 266 262 261 260 258 258 261 266 273 277 278 272

-20" 271 265 264 263 264 264 268 274 282 287 286 279

-25" 277 270 269 271 271 273 279 288 295 301 298 287

-30" 286 278 277 278 281 289 295 306 313 317 311 297

-35" 295 286 284 284 291 306 315 327 333 336 323 307

-40" 306 294 289 289 303 319 331 343 348 354 335 318

-45" 319 303 296 297 312 327 340 353 360 371 350 332

-50" 334 313 305 306 318 328 342 355 367 387 366 347

-55" 344 322 312 314 322 32B 338 351 368 402 381 358

-60" 344 325 315 318 323 337 344 339 353 402 390 365

-65" 338 324 317 319 322 340 325 324 374 388 366

-70" 331 317 312 313 - 307 291 333 376 364

-75" 324 30F 305 302 - 294 267 297 357 358

-uO" 320 299 299 - - 253 274 346 356

-85" 316 294 295 - - - 230 259 341 353



4. MODELS OF VERTICAL STR_ OF OZONE

As descrlbed in section 2 the vertical structure models of monthly latitudinal varlatlons

are based on the SBUV, LIMS, SAGE, SME-UVS, and SME-IR data tabulated in Table 2. The 4-year

mean of the SBUV data was given a weight of 2 due to the comblnatlon of extensive temporal

and spatial coverage, while the other shorter data sets were each given a weight of 1.

Although there is intereuanual variability, comparison of the SBUV data over the 4-year period

of measurements shows a remarkable similarity of structure from yeeu- to year. For exazaple,

shown in Figure 4 is the vertical structure at 0", 20"N, 40"N and 60"N for November of 1978,

1979, 1980 and 19BI. Note how the O" and 20"N proflles come together near 4 mb. The 60"N

profile changes in each case from the lowest profile at 4 mb to the highest at 1.5 mb.

Shown In Figure 5 is the Interannual variability of zonal mean ozone expressed as standard

deviation (in percent) relative to the mean of 4 years of SBUV data as a function of pressure

_.nd latitude for the months of November and July. As indicated in the previous figure, the

interemnual variability of zonal means in November is very low, generally less than 4X. In

contrast, the month of July gave the largest variability over this 4-year period wlth the

maximum variability occurring at high winter latitudes. The lntera_nual variability appears

to be strongly related to quaslbiennial oscillations.

Figure 6 shows the average standard deviation {in percent} _of the Individual data points

making up the monthly zonal means based on the 4 years of SBUV data. The standard deviations

are shown as a function of latitude and pressure and appear considerably different from the

lnterannual variability displayed in Figure S. Minimum standard deviations occur near the

equator and in the summer hemisphere. Standard deviations can exceed 15X at high latitudes

and result from substantial longitudinal variations in ozone as well as changes in the zonal

means during the month. The patterns for individual years look very similar to these 4-year

mean patterns.

In Figure 7 is shown an example of the agreement between the five data sets used to generate

models of the ozone vertical structure from 20 mb to 0.003 mb [25 to 90 km). Note that the

mixing ratio is displayed on a log scale to allow accurate representation of the two orders

of magnitude variation over this altitude range. It should be recognized that each data set

represents entirely different techniques of measuring the vertical structure of ozone. The

agreement shown here is fairly representative. Generally the SBDV ozone values redetermlned

with the improved ozone cross section (Version 5) glve better agreement with the LIHS and

SAGE data sets than the earlier versions.

Table 4 gives the monthly zonal mean ozone volume mixing ratios (ppmv) as a function of

pressure and latitude. The standard type face indicates only one data type was used to

determine the average. Italicslndlcate that the percent standard deviation from the model of

weighted data types exceeded 10 percent. An underlined entry indicates standard deviations

from the model of less than I0 percent, The dashed entry Indicates _ona? means were not

available at that latitude and pressure. As may be noted, in most cases at altitudes below

O.S mb the standard deviation From the model of weighted data types was less than 10 percent.

Considering the dlfference in techniques, this is noteworthy. Owlng to the lack of

longitudinal cover_e for the data types used above O. 5 mb and the somewhat larger

differences between data ty]oes, the (day_ide) model shove 0.5 mb should be considered only

provisional. Nlghtside mesospherlc ozone concentrations are generally much higher than

dayslde values [51]. Shown in Figure 8 are the ozone distributions given in Table 4 for the

equinox and solstice months,

Comparison of entries in Table 4 shows the nature of the annual and semiannual variations of

ozone in the middle atmosphere. The amplitudes of annual variations are generally highest at

high latitudes, and amplitudes are especially high near 15-S mb, 2.0-0.5 mb, and above 0.03

mb. Amplitudes are high at low and mid latitudes near 0.1 mb. There is a sharp change of

phase near 4 mb with maximum ozone values in summer below this altitude and maximum values in

winter in the upper stratosphere. Figure 9 shows the ozone annual variation in percent of

annual mean at SO'S and SO'N over the entire range of altitudes. Notice the asymmetry

between the two hemispheres. A substantial semiannual variation occurs near the equator from

1S - 3 mb, but the largest semiannual variation occurs at mid and high latitudes above 0.03

mb [B3]. and at high latitudes near 1 mb. Figure 10 shows the ozone semiannual variation In

percent of the annual mean at 30"S and 30"N for the entire range of altitudes. The annual

and semiannual components were solved For simultaneously . Note the symmetry in the low
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Figure 7. Comparison of measurements from five satellite

experiments of zonal mean ozone volume mixing ra_c,3 for
March, 50°S.



TABLE 4.

p (mb) -80" -70'

Zonal Mean Ozone Mixing Ratios (ppmv) as Function o£ Pressure

(standard typeface: only I data set used in average,

Itallcs: standard deviation of data types > IOZ ,

underlined: standard deviation _ 10Z )

averB4_e ozone (ppmv) for January

latitude

-60" -50" -40" -30" -20" -10" O" 10" 20" 30" 40' 50" 60" 70"

13

80"

003 55 ,72 .80

005 26 .35 .45

007 18 .21 .28

010 15 .15 .18

015 16 .15 .15

020 17 .16 .15

030 21 .19 ,18

050 31 .28 .26

070 41 .38 .37

100 54 .53 .52

150 76 .74 .73

200 89 .90 .92

300 1.13 1.17 1.21

500 1.41 1.50162

700 1.661.801.97

1,000 2.152.282.46

1.500 2.99 3.07 3. 2_____.6.6
2,000 3.92 3.97 4. 17

3.000 5.455.485.77

5.000 5.996.286.96

7,000 5.495.946,94

10.000 4,625.146.32

15.000 3.86 4.36 5.52

20.000 3.523,964.99

78 .70 .63

51 ,49 .46

35 .36 .36

22 .24 ,26

16 .15 .16

14 .14 .13 14

17 .15 .14 15

25 ,24 .22 22

35 .34 ,32 31

49 .48 ,48 49

73 .74 ,76 7___4

92 .96 .98 96

1.25 1,32 1.37 1.35

57 53

43 42

37 38

29 31

19 20

16

15 .15

22 .23

32 .32

49 .47

71 ,68

92 .89

.53

.41

.39

.33

.21

. 16

16

23

32

46

68

89

1.30 1.27 1.27

1.75 1.86 1.93 1.91 1.85 1.83 1,84

2. 142.282.362.352,302.292.292,312.45

2.632,822.973.033.033.043.053,103,33

52 ,52 .66 .81

38 ,35 .42 .50

37 .32 .30 .31

34 ,32 .28 .23

23 ,27 .28 .26

17 ,21 .25 .27 .28

,17 .19 .24 ,32

,24 .27 .30 ,37

• 34 ,41 .46 ,49

,49 .53 .69 ,69

,69 .75 ,79 1.01

• 92 .99

1,33 1.42

1.881.99

3.43 3.67 3.92 4.10 4. 19 4.23 4.2£ 4, 42 4,74

4.38 4,66 4.95 5.20 5.35 5.40 5.46 5,60 5.87

6.136.486.827.137.347.3..___557.317,277.2_._[1
7.638.208.669.079,369.148.798.337.79

7.82 8.54 9,08 9.56 9.96 9.68 9.16 8,35 7.60

7,308.108.669.159.719.629.037,967.11

6,41 7.08 7.45 7.78 8.15 8.09 7.66 5,92 6.41

5.68 6.10 6.25 6,36 6.42 6.27 6.12 5.81 5.84

.84 .83 -

• 62 .50 -

• 30 .27 -

• 19 I4 -

.23 17 -

24 -

37 -

47 -

53

67

93

1.04 1.28 1.19 -

1.4.8 1.77

2.16 2,26 2.0_ "/ 1.91 1,79

2.712,802.702.362,22

3,673,753.553.042,89

5.055,044.653,983,75

6.03 5,88 5.33 4.65 4.34

7.04 6 , 6__.__5.55.96 5.34 5,06
7.29 6,67 6.14 5.55 5.39

6,99 6,34 6.0..___225.37 5,27
6.525.985,835.014.91

6.10 5,78 5.52 4.62 4.45

5.925.675.194.344.14

p (mb) -80" -70" -60"

average ozone (ppmv) for February

latitude

-50" -40" -30" -20" -I0" O" 10' 20" 30" 40" 50" 60" 70" 80"

. O03

oq5

007

010

015

020

O30

050

070

100

150

.200

.300

.500

43 .55 .54 .54

21 .29 .37 .39

14 .18 .24 .28

13 ,14 ,16 .20

14 ,13 .14 ,14

15 .15 .14 .14

20 .19 .18 .17

30 .29 .28 .26

40 40 .40 .38

56 .5__! .53 .52

7.__66_75 .75 .77
92 .92 .94 .971

1.20 1,22 1.28

.60 .69 .73 .70 .65 .63

.44 .47 .47 .47 .44 .42

.41 .42 .42 .42 .39 .33

.35 .35 .36 .38 .38 .33

.21 .22 .24 26 30 .32

.15 ,16 .17 .18 .21 .26

.16 .16 .16 .17 .19

• 23 .23 .24 .25 .27

.32 .32 .32 .36 .40

.50 .48 .46 .48 .52

_73 .71 .70 .70 .71

_94 .92 .91 .93 .94

1.30 1.29 1.301,34 1.37

.60 ,57

.38 .39

.30 .35

.23 .29

.16 .18

13 .14

15 .15 ,15

24 .24 .23

36 .34 .33

50 .50 .50

78 .77 .7._E

o1 1.o1 .98
1.31 1391.41 1.36

1.831.931.961.911.591.631.73 1.831.821.851.881.94

.66 .73 .75 .77

.42 .43 .41 ,37

.30 .27 .23 .18

.27 .22 .17 .12

21 ,28 .24 .20

30 .31 .30 .27 -

23 .29 ,35 .38

29 .32 .39 .46

43 .45 .49 ,52

53 .64 .63 .84

72 .75 .74 .85

95 .95 ,931.04

1.37 1.35 1.32 1.50

2.02 2.14 2.22 2.25 2.16

• 700 2.00 2.01 2.12 2.25 2.37 2.42 2.34 2.24 2.22 2.25 2.29 2.40 2.60 2.86 2.98 2.95 2.60

3,58 3.9_______3.4.00 3.80 3.22

5.10 5.3...._8 5,22 4.79 4.11
6.246.295.925.414.82

7.45 7.04 6.47 6.07 5.69

7.73 7,00 6.49 6.42 6.30
7.32 6.726.316.466.31

1.000 2.732,682.732.863.003.093.032.902.862.913,023.2_____4_

1.500 3,813.713.713.813.984.1_._..!4.1__._03.953.873.984.204.5_._..88

2.000 4.65 4.61 4.6_.._8 4.80 4.9._8 5, 15 5. 17 5.06 4.99 5.09 5.30 5.73

3.0005.605.846.166.4___26.686.917.037.0..__887.05 7.0_._._4 7.0__._9 7.37

5.0005.526,287,107.588.0_ 8.609,0___229.379•238.9._..998.7_.__68.39

7.0004.845.786.9._..007.568.219.009.6010,2010.109.689.098.20
10.000 3,984.846,127.027.858,639.3310.0310.109.598.737.526,886.376.156.426.07

15.000 3.39 4.08 5.27 6.07 6.82 7.46 7.95 8.37 8.38 7.97 7.37 6.63 6.15 6,03 6.01 6.06 5.72
20.000 3.22 3.78 4.76 5.34 5.89 6.21 6.40 8.50 6.39 6.22 5. 12 5.94 5,82 5.82 5.80 5.54 5,30
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p (mb) -80" -70" -60" -50"

TABLE 4 - continued

average ozone (ppmv) for March

latltude

-40" -30" -20" -10" O" 10' 20" 30" 40" 50" 60 ° 70" 80"

.003 .37 .58 .66

.005 .21 .28 .31

.007 .15 .21 .24

.010 .12 .19 ,22

.015 .12 .15 .16

.020 .15 .15 .14

.030 .20 .18 .17

.050 .30 .30 .29

.070 .40 .40 .41

,100 .55 .54 ,53

.150 .7__.99 .7._.j7 .77

.200 .99 .97 ,98

.68

,38

.30

.26

20

15

15

27

40

53

78

1. O0

74 .82

48 .53

38 .43

33 .38

24 .25

17 .18

14 .15

.25 .25

.38 .35

. _51 ,50

,77 ,75

.99 .97

.81 .74 .69 .71

.52 .47 44 .46

.43 .41 40 .41

.37 .34 33 .34

,23 .21 20 .22

.15 .15 16 .16

.17 .17 17 ,17

.25 .24 23 .24

.34 .33 31 .32

.51 .50 48 .47

.7.__Es. 7_.& 7_._33.7__22

.96 .96 95 .94

76 .77

49 .48

42 .41

37 .39

26 .32

19 .24

17 . 18

25 .27

.36 .39

.48 .49

.71 .72

.93 .92

68 ,58 .57 .60 ,61

42 ,35 .33 ,31 ,27

36 .30 .26 ,22 .16

38 .34 .28 .22 .15

38 .39 .36 .31 .23

33 .38 .39 .37 .31

23 .29 .37 .43 .41

• 28 .30 .37 .46 .48

• 41 .43 .46 .50 .52

• 52 .54 .55 .58 6__.__!.1

.74 .74 .73 .74 .75

.95 .94 ,91 .91 .93

.300 1,331.351.361.381.391.371.3..__441.3..__331.341.331.32

.500 1.971.961.921.9__..331.951.9:31.89 Z.8.__881.8._..991.9.__q 1.9._..22

,7002.822.582.4_.___22.4.___002.4_.___02.3"72.322.3__.._9_02.3_._.002.3_.._!I2.35

1.0003.863.623.303.2____03. I____7-3. I___!I2.992.9___002.8___882.923.03

1.5005.015.044.6____664.4____664.364.284.0_..__663*833.773.8____664.10

2.0005.415.805.69" 5.5_.___35.45 5.37 5.12 4,80 4.714.85 5. 15

3.000 5.396.266.766.937.007.066.936.606.486,638.91

5.000 5.09 6.05 7.00 7.58 8.03 8.43 8.7"/ 8.9__5 8.9]. 8.90 8.84

7.000 4.65 5.40 6.51 7.32 8.00 8.68 9,34 9.9410.05 9.80 9.31

1.321.331.321.281.291.35

1.9_4 1.9____441.96 2.02 2.12 2.27
2.41 2.42 2.50 2.69 2.89 3.00

3.17 3.27 3.4__5 3.7_.5 3,9,..66 3.93
4.39 4.67 5.02 5.33 5.33 5,00

5.51 _--'--'_ _'---_ 6.42 6.18 5.74

7.21 7.6__._...,!17.7..__,.._37.41 6.88 6.49

8.65. 8.48 7.99 7.31 6.65 6,50

8.71 8.13 7.45 6.78 6.28 6.30

lO, O00 4.09 4.52 5.64 6.67 7.55 8.45 9.3610.2810.5910.12 9.2.__.___78.26 7.38 6.72 6.24 6.03 6.18

15.000 3.73 3.98 4.87 5.81 6.55 7.26 7,93 9.54 8.70 8.37 7,83 7.14 6,4----8 6.0----8 5.86" 5.96 5.95

20.000 3.613.854.495.195.7(36.106.426.666.676.576.47

average ozone (ppmv) for Aprll

latitude

p (mb) -80" -70" -60" -50" -40" -30" -20" -10" 0" 10" 20"

6.23 5.91 5.73 5.65 5.68 5.58

30' 40" 50" 60" 70" 80"

.0O3

• 005

• 007

,010

.0_5

.020

.030

,050

• 070

.100

. 150

.200

.300

.500

700

1. 000

I. 5OO

2. 000

3. 000

5.000

7. 000

10. 000

15. 000

20. 000

- .77 .83

- .35 .43

- .24 .32

- .25 .30

- .28 .27

- .28 .22

-" .26 , I£

- .32 .28

- .42 .41

- .8._Eo .81
- 1.o___6- 1.o5

1.54 1.50

.92

.54

.41

35

26

19

27

40

55

79

1.02

1.43

93 ,84 .77 .76

57 .50 .44 .43

44 .41 39 .39

35 .34 36 .36

22 .20 22 .23

16 .15 15 .16

16 .17 16 .17

26 .26 25 .25

38 .37 35 .34

54 ,54 53 .50

8._o 78
1.o1 1.o..__oo.9_
1.39 1.38 1.36

.79

1.01

1.40

.76

.79 .93

48 .62

41 .49

36 .39

22 .24

16 .17

17 .17

.26 .27

.34 .37

.49 .50

.75 .75

97 . 96
1.351.35

1.01

.72

56

46
33

23

19

27

38

49

74

95

1.33

.83

.61

.51

.48

.41

.31

.21

.28

.39

.49

.73

.95

.59 52 .56 63

.43 36 ,38 42

.41 34 ,32 30

.45 41 ,35 26

.44 43 .39 29

.35 37 .37 31

.23 .26 .30 3q

.29 .31 .35 39

.41 .43 .46 49

.50 ,53 .55 56

.73 .73 .73 73

.93 .91 .90 89

1.32 1.29 1,26 1.24 1.2.______4

2,50 2,38 2.2..__7 2.17 2,04 1.9.____6

3.50 3.34 2.96 2,77 2.5......__62.4....._2

4.64 4.64 4.19 3.87 3.52 3.25

s.59 6.065.8___445.4s 5. o__!4.___s7
5.65 6.39 6.65 6.5____I6.14 5.71

8.18 5.98 6.93 7.3_=__47.40 7.30

4.945.546.487,227.8_.__448.44

4.665.095.906.737.5:38..___46

4,184.505.2___336.086.9._59.07

3.73 4.154.82 5.45. 6.12

3.46 4,03 4.63 5.02 5.45

1.93 1.94 1. 9...._.441.94 1.94 1.94 1.89 1,84 1.83 1.86 1.90

2.362.372.372.372.40 2.41 2.332.262.282.372.48

3.072.992.983.003.063.113.032.963.033.183.35

4.163.943.893.944.084.214.184.164.314.484.57

5.3.____]5. 3.__._55. 39 _"_5.63 5.49

7.127.257.31.____ 7"_ 7.026.42

8.66 8,69 8.50 7.82 6.99 6.14

5.2:3 4.90 4.83 4.93 5.1._._3
6.99_ 6.586.49" 6.6_6 _6.95

8.828.638.428.658.77

9.27. 9.63 9.62 9.55 9.27 8.91 8.61 8.10 7.29 6.37 5.68

9.2110.1610.4510.00 9.25 8.64 7.95 7.22 6.47 5.78 5.40

7.02 7.89 8.62 8.80 8.48 7.95 7.49 6.86 6.29 5.77 6.40 5.30
6.01 6.46 6.79 6.85 6.79 6.66 6.49 6.11 5.74 5.41 5.24 5.26
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p (mb)

TABLE 4 - continued

average ozone (ppmv) for May

latltude

-80' -70" -60" -50" -40" -30" -20" -10" O" 10" 20" 30' 40" 50" 60" 70" 80"

.0O3

.005

.007

.010

.015

.020

.030

.050

070

100

150

2OO

300

800

• 700

I. 000

I. 500

2. O00

991.02

51 ,57

33 ,39

27 .30

24 .22

22 . 18

22 , 17

30 .28

41 .41

59 ,57

.2O

.29

.39

.51

8._S.S . 81 .76

1.12 1.05 1.03 1.05 1.03 1,01 1.02 1.02 1.00 .97 ,9___55

1.67 1.52 1.43 1.43 1.41 1,39 1.40 1.39 1,36 1.33 1.29

.92 75 .65

.$3 46 .42

.39 40 .42

.32 37 .41

.23 24 .27

. 17 17 .18

.16 16 .18

.28 27 .26

.40 39 .38

.56 S7 .55

.81 83 .81

.63 67 .75 .85 .84

.41 43 .52 .62 .63

.43 43 .45 .50 .51

,42 40 .39 39 .38

.26 25 .24 25 .25

,17 17 .17 19 .19

.16 17 .18 19 .20

.27 27 .27 27 .28

.38 38 .38 37 .38

.53 53 .53 51 .49

,79 79 .80 .78 ,76

.74 .64 56 .48

.56 .49 41 .33

.46 .41 33 .26

.36 .33 28 .21

.25 .24 21 .19

.20 .19 19 .18

.19 19 .21

.28 29 .31

.39 40 .43

.53 54 .54

.76 75 .73

.9.___4 91 .88
1.25 1.20 1.16

2.64 2.47 2.46 2.24 2.02 1.96 1.97 1,97 1.97 1.96 1.95 1.89 1.82 1.74 1.66 1.59

3.66 3.50 3.35 2.89 2.54 2.43 2.42 2.42 2.42 2.42 2.40 2.33 2.23 2.12 2.04 1,97

4.97 4.91 4.79 4,09 3.49 3. I8 3.09 3.07 3.06 3.07 3.03 2.92 2.79 2.67 2.59 2.59

6.30 6.39 6.61 5.85 4.98 4.33 4.1__0 4.05 4.04 4.06 4.02 3.88 3.74 3.62 3.54 3,64

6.52 6.77 7.38 6,94 6.15 5.41 5.10 5,03 5,05 5.11 5.08 4.94 4.81 4,72 4.62 4.75

3.000 6,076,397.467.767.547.066.746.686.776,936.926.826.736.606.316.30

5.000 5.79 5,73 8,78 7.57 8.15 8.39 8.31 8.27 8.57 8.71 8.84 8,50 8,20 7.59 675 6,19

7.000 5.465.316.217.128,038.779.129.189.279.208.988.708.167.356.285,47

10.000 4.93 4.93 5.6_..._9 6.57 7.61 8.74 9.64 9.95 9.44 8.94 8.57 8.09 7.57 6.75 5.63 4.84

15.000 4.43 4. 7..______445.33 5.95 6.72 7.60 8.28 8.55 8.39 7.91 7.59 7.10 6.57 5.92 5.06 4.43
20.000 4.134.615.095.475.926.366.636.776.866.7J 6.596.305.885.384.764.32

average ozone (ppmv) for June

l_tltudo

p (mb) -80" -70" -60" -50" -40" -30" -20" -10" O" 10" 20" 30" 40" 60" 60" 70" 80'

003

005

.007

.010

.015

.020

.030

.050

.070

.100

.150

.200

.300

.500

,700

I. 000

1. 500

2.000

3. 000

5. 000

7. 000

10. 000

15. 000

20. 000

.80 .78

,50 .50

.35 .37

.27 .30

,21 ,2Z

18 .17

18 .17

31 .30

45 .45

58 .57

82 .82

1.06 1.04

1.53 1.44

.69

.38

.34

.30

.21

.16

. 17

•28

.41

.56

.83

• 47

34

35

31

20

15

16

26

38

57

83

.47 .54 .62 .73

.38 .41 .43 .51

.38 .39 .36 .39

.31 .30 .28 .27

._9 .19 18 .17

,14 .15 15 .15

,16 .17 17 .17

.26 .26 26 .27

.37 .37 38" .39

,57 .58 98 .55

.83 .85 88 .84

87
63

46

29

18

16

19

27

38

.52

.80

.94 .88 .72 .57

63 .50 .39 ,32

42 .30 .25 .22

26 .19 .18 .17

18 .17 .16 .16

17 .17 .17 .17

20 .20 .20 .21

28 .27 .28 ,30

38 .38 .39 ,40

53 .57 .55 ,56

80 .80 .80 .78

1.0___& 1.0_____&1.1___! 1.081.03 I.o_.__Z .9____Q ..9__E .9.___#_3
1.471.481.491.451.391.351.301.241.18

2.46 2.42 2.26

3.56 3.54 2.96

5.01 S.16 4.29

6.50 7.11 6.19

6.77 7.74 7.27

6.20 7.38 7.96

5.64 6.37 7.53

5.32 5.74 7.04

5.025.296.53

4.825.195.93

4.68 5.25 5.57

2.02 1.98 2,00

2.56 2.46 2.46

3.56 3.30 3.22

5.06 4.51 4.30

6.16 5.55 S.30

7.43 7.05 6.91

7.93 8.27 8.43

7.82 8.47 8.94

7.45 8.11 8.88

6.487.047.67

5.76 5.97 6.20

2,00 1.99 1, 9.......__881.95 1.87 1.78 1.67 1,56 1.46

2.462.452.442.412.302.161.991.831.71

3.193. 163. 133.052.882.682.472,282.16

4.24 4.19 4.15 3.98 3,73 3.49 3.24 3.05 2.97

5,23 5.21 5,20 5.01 4.73 4.49 4.24 4.05 4,03

6.88 6.947.026.84 6.596.386.075.835.87

8.55 8.72 8.78 8.63 8.36 7.8___447.1__.._46.38 6.08

9,19 9.28 9.17 8.99 8.63 7.91 7.0.....__.._I5.91 5.37
9.239.118.678.457.957.426.525.294.71

7.97 7.84 7.38 7.22 6,83 6.36 5.66 4.68 4.18

6.366.406.206.156,005.645.094.333.94
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p (mb)

TABLE 4 - continued

average ozone (ppmv) for July

latitude

-80" -70" -60" -50" -40" -30" -20" -10" 0" 10" 20" 30" 40" 50" 60" 70" 80"

.003

.005

.007

.010

.015

.020

.030

.050

.070

.100

.150

.200

,300

.500

.700 -

1.000

1.500

2.000

3,000

6.000

7.000

10,000

15,000

20.000

.58

.34

.24

.20

.21

.21

.22

.31

¢3

,61

.89

66

41

29

24

20

17

17 16 .16

31 29 .26

46 45 .39

60 60 .57

85 86 .83

1.09 1.08 1.06

1.53 1,49 1.45

63 • 53

41 • 37

32 • 32

27 .29

20 • 19

16 . 15

2.05 2. 14 2.22 2.07 2.00

.48 .47 .51 .60 .66

.34 .37 .40 .42 ,44

.33 .35 .36 .35 .34

.28 .28 .27 ,25 .24

.17 .18 .16 .16 .16

.14 .14 ,14 .14 .14

.16 .17 .17 .16 .16

• 25 .25 .25 .24 ,24

.36 .36 .36 .35 .36

• 55 .55 56 .58 .57

.71 .85 .93 .80 .58

.49 ,55 .52 .40 .31

.36 .37 .30 .23 .21

• 24 .23 .19 ,16 .17

16 .16 .16 .16 .16

15 .16 .17 .17 .17

18 .20 .20 .20 .21

27 .28 .28 .28 .31

39 .39 .38 .39 .42

55 .55 .57 .55 .56

.82 .81 .84 .87 .,88 85 .82 .81 .81 .79

1.o_._! 1.o___&1.o_.._66
1.4____!144 1.46
1.99 1.89 1.99

1.11 1,12 1.09 1.04 1,00 ,98 .95

1.5(3 1.5.__.__.!1.46 1.39 1.32 1.26 1.19
2.00 2.00 1.93 1.81 "1.68 1.55 1.44

2.85 3.03 2.86 2.60 2.48

4.06 4.40 4.05 3.58 3.34

5.62 6.28 5.76 5.04 4.61

6.24 7.17 6.86 6.13 5.69

5.22 7.39 7.78 7.43 7.23

5.79 6.63 7.47 8,04 8.35

5.39 5.91 6.98 7,81 8.42

4.98 5.29 641 7.19 7.95

4.74 5.08 583 6.35 6.90

4.65 5.14 5.52 5,73 5.92

2.44 2.44 2.44 2.48 2.49 2.39 2.20 2.00 1.82 1.66

3,.23 3.19 3.18 3.22 3.19 3.01 2.76 2.52 2.30 2.14

4.39 4.31 4.28 4,31 4.18 3.91 3.61 3.32 3.08 2.97

5.47 5.38 5.37 5.38 5.21 4.90 4.59 4.28 4.03 3.97

7.15 7.12 7.15 7,18 5.98 6.88 6.37 6.00 5.86 5.64

8.62 8.76 8.87 8.85 8.67 8.34 7.88 7.11 6.21 5.84

8.98 9.26 9.34 8.17 8.99 8.59 7.97 6.88 5.79 5, 18

8.77 9,11 8,08 8,65 8.45 7,95 7.23 6.28 5.14 4 50

7.53 7.81 7.79 7.36 7.19 6.80 6.22 5.45 4.51 3,95

6.14 6.31 6.41 6.17 6.08 5.91 5.55 4.94 4.14 3.68

average ozone (ppmv) for August

latltude

p (mb) -80" -70" -60" -50" -40" ,-30" -20" -10" 0' 10" 20" 30" 40" 50" 60" 70" 80"

003

.005

.007

o!o
015

.020

.030

.050

.070

100

150

200

300

500 -

700

1.000

1.500

2.000

3.000

5.000

7.000

10.000

15.000

20.000

.62 .65 .69 .67

.9"7 .40 43 .43

26 .29 32 . 34

.2[} .25 28 .30

.25 .23 24 24

24 .20 19 18

.24 . l_q 17 17

.33 .32 31 30

44 .47 48 44

.60 .6 ; 62 59

.84 .85 88 87

.61 ,60 .61 .62 .65 .68

.41 ,40 .40 .41 .44 .46

.35 .36 .36 .36 .38 .36

.32 .31 .30 .30 .31 .27

.22 .19 .18 .18 .19 .17

.16 .14 .14 .14 .15 .14

.17 ,16 .!6 16 ,17 1_

.26 .25 .25 .25 .25 .24

.38 ,36 .36 .35 .34 .35

,54 .52 .53 .53 .52 .52

.82 ,79 .79 .79 ,80

1.01 1.G9 1.12 1.11 1.05

t.18 1.56 1.58 1.54 1.47

1,90 1,90 2.19 2.22 2.11 2.00

2.50 2.55 2,76 2.79 2.60 2.45

3.35 3.54 3,87 3.87 3.55 3.29

4.41 4.97 5,51 5.43 4.97 4.55

4.92 5.79 6,60 6.55 6.09 5.68

5.21 6.35 7,57 7.78 7.54 7.37

5.34 6.14 7.42 8,06 8.32 8,65

5.29 5.59 6.73 7.56 8.10 8.72

5.1t 4.94 5.88 6.74 7.36 8.14

4.63 4,59 5.33 5.99 6.43 6.98

4,14 4.53 5,16 5.59 5.78 5.96

.67 .65 .67 ,60 ,44

.43 .41 .41 .35 ,24

.32 .29 .28 .22 18

.23 .20 .18 .15 15

,t6 .15 .14 .14 13

14 ,14 .14 .15 15

16 ,17 .18 .18 19

25 .26 .27 ,27 29

36 .38 .38 .38 39

53 .53 .52 .53 54

.79 81 .80 .77 .7.._._5 7___3_3

1.02 1.01 1.01. 1.03 1.04 1.05 1.02 .96 .9__.2.2 90

1,43 1.40 1.39 1.43 1,46 1,45 1.38 1.30 1.23 1.18

1.9..______71.95 1.94 1.97 2.02 1.98 1.85 1.74 1.64 1.56

2.41 2.39 2.40 2.45 2.50 2.44 2.26 2.11 2.01 1.92

3.17 3.13 3.14 3.22 3,28 3.18 2.95 2.77 2.65 2.55

4.31 4.24 4.27 4,39 4.42 4.25 3.98 3,78 3.61 3.48

5.42 5.33 5,37 5.51 5.49 5.27 4.99 4.77 4,53 4.32

7.23 7.16 7.20 7.32 7.23 6.94 6.64 6.34 5, 86 5.43

9.04 9.07 9.15 9.07 8.69 8.31 7.81 7.06 6.18 5.30

9.46 9.54 9.60 9.39 8.93 8.45 7.73 6.78 5.69 4.68

9.43 9.51 9.53 9.16 8.60 8.01 7.13 6.11 4,94 4.06

7.74 7.84 7.89 7.58 7.19 6.78 6.06 5.21 4.28 3.62

6,22 6.31 6,43 6.26 6.0.__._.55.8.______..45.35 .4.66 3.95 3.45
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p (=b} -80"

TABLE 4 - contlnued

average ozone (ppmv) for September

latltude

-70" -60" -50" -40' -30' -20" -10" O" I0" 20" 30" 40" 50" 60" 70" 80"

.003 .42

.005 .27

•007 .24

.010 .24

.015 .27

.020 .26

.030 .28

.050 .33

.070 .41

.I00 .52

.150 .70

.200

.300

.500 1.7B

.700 2.38

1.000 3.19

1.500 4.26

2.000 4.86

3.000 5.34

5,000 5.36

7.000 5.28

I0.000 5.15

15.000 4.38

20.000 3.50

.58 59

.33 36

• 26 29

.28 31

• 32 31

.30 27

.28 22

.33 31

• 43 45

,5.__! 58
.6_._Qo.80
.9..._99

I, 35

.64

39

33

35

32

25

19

31

45

59

83

.74 79 ,77

.46 52 ,51

.38 43 .43

.37 37 .35

.30 27 .23

,23 18 .17

.17 16 ,17

.29 28 .26

.45 42 .37

.58 .54 .50

.84 .80 .77

.77 .77 .75 .76 .76

.48 .48 ,48 .49 .53

.40 .38 .38 ,40 .42

.32 .30 .29 .32 .34

• 21 .20 .19 .21 .22

.18 .16 .15 .16 .17

.17 ,16 .16 .16 .15

.24 .23 .24 .24 .23

.34 .33 .34 .34 .34

.49 .50 .49 .47 .46

1.01 1.05 1.06 1.03 1.00

1.40 1.47 1.48 1.43 1.41

1.98 2. 10 2. 10 2.02 1.96

,76 .76 .74

.99 .98 .97

1.41 1.38 1.36

.72 .70

,96 .96

.38 1.40

.69 .61 60 .56 .46

.47 .37 31 .28 .21

.38 .29 24 .21 .16

•31 .25 21 19 .16

.22 .19 17 16 .17

.17 .16 15 15 .18

.15 .16 16 17 .21

.23 .26 26 27 .29

.35 .38 .39 38 .38

.48 .49 .48 49 .5...__0

.72 .73 .70 67 .67

.97 .97 .94 89 .86

.40 I•40 1.36 1.28 1.25

1,88 1.95 1.93 1.92 1.94 1,96 1.95 1.92 1.89 1.87 1.93

2.34 2.48 2.67 2.64 2.47 2.38 2.36 2.35 2.36 2.38 2.40 2.38 2.36 2.37 2.41 2.48

3.18 3.38 3.66 3.62 3.36 3.16 3.06 3.04 3.07 3.15 3,23 3.23 3.23 3.30 3.37 3.34

4.38 4.72 5.10 5.07 4.71 4.35 4.13 4.08 4.15 4.34 4.48 4.51 4.54 4.66 4.69 4.33

5.16 5.72 6,23 6.26 5.90 5.50 5.21 5.13 5.21 5.45 5.60 5,59 5.60 5.67 5.52 4.87

5,89 6.86 7.58 7.80 7.63 7.36 7.08 6.97 7.04 7.25 7.31 7.17 7.03 6.82 6.23 5.22

5.94 6.86 7,76 8.45 8,91 9,04 8.99 8.96 8.98 8.98 8.80 8.41 7.89 7, 17 6.07 4.97

5.62 6.45 7.31 8.06 8.64 9.20 9.54 9.61 9.57 9.34 8.88 8.43 7.63 6.67 5.47 4.58

5,18 5.81 6.61 7.34 8.02 8,80 9.25 9.39 9.31 8.84 8,35 7.71 6.74 5.75 4.71 4.14

4.51 5.12. 5.85 6.38 6.83 7.31 7.81 7.94 7.91 7.45 7,04 6.58 5.76 4.94 4.13 3.75

3.97 4,75 5.42 5.79 6.00 6.14 6.30 6.38 6.42 6.15 5,92 5.71 5.18 4.54 3.89 3.53

average ozone (ppmv) for October

latitude

p (mb) -80" -70" -60" -50" -40" -30" -20" -I0" O" I0' 20" 30" 40' 50" 60" 70" BO"

.003 .57 .56 .54

.005 .38 ,41 .41

.007 .31 ,38 .41

.010 .29 ,38 .43

.0'15 .26 .32 .35

,020 .23 .24 .25

.030 .24 .21 .2U

050 .36 .33 .32

070 .45 ,45 .44

100 .5____E .55 .54

150 .78 .75 ,75

200 .97 .93 .94

61 .80

45 .58

44 .50

45 .44

35 .31

25 .23

!'9 , 18

31 .29

43 .41

• 53 .50

.76 .7'I

.96 .96

.93 .87 .80

.68 .60 .53

.52 .47 .42

.39 34 .33

.26 24 .24

.19 19 .19

.17 17 .18

.26 26 .26

.39 38 .37

.48 48 .46

.74 73 .71

.97 96 .9_

.84 .81

.55 .54

• 43 .42

• 33 .32

• 24 .23

.20 .18

. 18 . 17

,25 .24

.36 .35

.46 .45

.69 ,69

.92 .92

.76

51

39

30

22

18

16

24

35

52

79

93

.84 87

.55 55

.42 41

,30 31

.22 22

.18 18

.16 16

.25 .28

.36 .37

.83 .55

.66 .68

.92 .93

.75 .66 .65 .63

.44 .34 .30 .23

.33 .25 .19 .12

.28 .23 .19 .12

.23 .25 .25 .20

.20 .25 .29 .25

.1_ ,24 .33 .31

.26 .28 .36 .37

.38 .38 .40 .41

.56 .54 .51

.70 .69 .72

.93 .91 .94

1.31 1.28

1.76 1,79

300

500

700 2.16 2.18

1.000 2.83 2.87

1.500 3.86 3,93

2,000 4.75 4,91

3.000 5.92 6.33

5.000 6.19 6.87

7.000 6.00 6,61

10.000 5.76 6.08

15.000 4.86 5.27

20.000 3.92 4.64

1.30 1.33 1.37 1.39 1.40

1.86 1.92 1.93 1.94 1.96

2.33 2.40 2.36 2.31 2.33

3. 10 3.22 3. 17 3.07 3,04

4.26 4.47 4.43 4.27 4.14

5.34 5.64 5.66 5.47 5.27

6.93 7.39 7.58 7.47 7.24

7.70 8,30 8.74 9.04 9.17

7.39 7.99 8.47 9.06 9.53

6.66 7.14 7.50 8.18 8.90

5.96 6.30 8.44 6.92 7.47

5.60 5.84 5.82 6.03 6.24

1.39 1.37 1.38

1.97 1.97 1.97

2.35 2.37 2.37

3.03 3.04 3.06

4.05 4.03 4,09

5.11 5.03 5, 11

6.98 6.82 6.86

9.06 8.90 8.87

9.76 9.75 9.68

9.52 9.77 9.89

7.99 8.05 8. 16

6.36 6.33 6.44

1.41 1,40 1.37 1.36 1.36 1.37

1.96 1.94 1.97 2.07 2. 16 2. 16 2.09

2.34 2.32 2.44 2.68 2.84 2.88 2.94

3.10 3.18 3.44 3.80 4.05 4.06 3.97

4.27 4.53 4.98 5.41 5.66 5.49 4.96

5.35 5.67 6.09 6.42 6.49 6.07 5.26

7.10 7.32 7.41 7.30 6.92 6.18 5.18

8.89 8.66 8.01 7.33 6.75 5.92 5.03

9.45 8.83 7.79 6.91 6.24 5.52 4.81

9.48 8,53 7.26 6.27 5.54 4.99 4.45

7.79 7,09 6.21 5.52 4.97 4.49 3.98

6.26 5,90 5.45 5.05 4.70 4.19 3.62
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p (mb) -80" -70" -60" -50"

TABLE 4 - contlnued

average ozone (ppmv) for November

latitude

-40" -30" -20" -10" O" 10" 20" 30" 40" 50" 60* 70" 80"

.003

.005

.007

,010

.015

•020

•030

,050

.070

,100

.150

.200

.300

.500

.700

1.000

1.500

2.000

3.000

5.000

7.000

10.000

15.000

20.000

.50 .60

.33 .41

.24 .30

.18 .22

.15 .17

.17 .17

.21 .20 21

.31 .30 30

.43 .42 41

.5.._.&4.52 52

.74 .73 7_

.9..._.3_1 .91 91

1.20 1,21 1.24

1.59 1.64 i.72

67 .74 .82

48 .54 .59

37 .42 .45

27 ,31 .32

19 .21 .22

18 .18 .18

.20 .19

.30 .28

.41 .40

.49 ,46

.73 .72

,93 .93

1.28 1.32

84

59

45

33

23

18

18 .17

27 .26

39 .38

46 .46

72 .72

94 .94

1.35 1,38

.77 .76

.55 .53

.43 .43

.32 .33

.23 .24

.18 .20

. 18 17

.25 25

.37 36

• 46 47

.70 .70

• 94 .93

1.40 1.38

79 .80 .78 .84 .98 .97 .88

55 .57 .54 .54 .59 .52 .45

45 .47 .43 .41 .41 .32 ,24

35 .37 .35 .33 .30 .24 .18

25 .25 .26 .25 .24 .25 .22

20 .20 .20 .20 .20 .24 ,26

.16 .18 ,18 .19 ,24 .31

•24 .26 .27 .28 .31 .38

.37 .38 .39 .41 .43 .44

• 48 .57 .58 .58 .59 .58

.71 .73 .70 .70 .71 .79

.94 .95 .96 .95 .92

1.38 1.41 1.45 1.43 1.37

1.80 1.85 1.90 1.94 1.98 1,98_ 1.98 1.96 1.99 2.08 2.19 2.09 2.09 1,84

1.86 1.93 2.07 2.15 2.21 2.26 2.30 2.36 2,40 2.37 2 31 2.37 2,80 2.87 2.98 2.89 2.42

2.42 2.47 2.63 2.72 2.78 2.88 2,94 3,02 3.07 3.06 3,04 3.22 3,68 4.14 4.24 3.98 3.24

3.37 3.38 3.55 3.64 3.71 3.82 3.94 4.02 4,06

4.38 4.39 4.59 4.71 4.79 4.90 5.01 5.04 5.05

5.96 6.06 6.32 6.51 6 76. 6.85 6.90 6.81 6 70

6.39 6.76 7.29 7.93 8.40 8.67 8.82 8.69 8.36

6.03 6.45 7.09 7.8____...._48.49. 8.97 9.34 9.41 9. 11

5.59 5.87 6.46 7.11 7.76 8.41 900 9.45 9.43

5.05 5.26 5.81 6.22 6.67 7.23 7.74 8.17 8.23

4.67 4.90 5.40 5.6_______45.89 6.22 6.46 6.61 6.53

4.09 4. 19 4.60 5.34 5.87 5,75 5.26 4, 14

5.09 5.26 5.76_ 6.46 6.77 5.38 5.78 4 55

5.72 5.92 7.25 7.43. 7, 18 6.45 5.88 4 74

-- 8.35 8.2_____7__78.03 7.46 6.78 6.04 5.57 4 29
9.01 8.70 8.08 7.01 6.26 5.67 5.39 3.82

9.32. 8.73 7.83 6_39 5.72 5.31 5.00 3 42
7.93 7.46 6.78 5 78 5.33 4.98 4.52 3 18

5.37 6. t8 5.82__5.30 5.05 4.68 4.11 3 01

average ozone (ppmv) for December

latitude

p (mb) -80" -70" -60" -50" -40"-30" -20" -10" O" 10" 20' 30" 40" 50" 60" 70" 80"

.003 54 70 79

.005 28 35 .44

.007 20 22 .27

.010 17 17 .19

.015 17 17 .17

.020 18 18 .17

.030 22 21 20

.050 33 30 .29

.070 43 41 .40

.I00 58 57 ,52

,150 78 77 ,76

.200 94 93 .95

.300 1.20 1.22 1.25-__
,500 1.47 1.55 1.65

,700 1.65 1.77 1.94

1.000 2.11 2.23 242

1.500 2.92 3.00 3, 19

2.000 3.90 3.95 4.13

3.000

5.000

7.000

10.000

15.000

20.000

.80

.52

.35

.23

.17

.16

. 19 18

.28 27

.39 39

.50 48

• 75 ,75

. 95 .96

1.29 1.33

1.77 1.86

75 .66 58 57 .55

53 .47 44 45 .45

38 .36 37 40 .41

26 .26 28 33 .33

17 .18 20 22 .22

16 .15 16 17 .17

.16 15 17 ,17

.25 24 25 .25

.38 36 35 .35

.49 51 50 .49

.77 77 74 .71

1.00 1.01 97 .94

1.40 1.42 1.39 1.38

1.93 1.97 1.98 1.98

2.10 2.21

2.57 2.72

3.34 3,53

4.31 4.54

5.61 5.64 5.83 6.16 6.45

6.27 6.48 7.03 7,71 8. 18

5.79 6.13 6.9.__99 7.82 8.47

4.99 5.40 6,40 7.4_._1 8. 16

4.35 4.72 5.62 5.41 7.01

4. 10 4.38 5. 13 5.66 6,05

52 .60

42 . 41

39 .36

33 .34

23 .26

18 .20

17 17

24 .26

35 .38

48 , 49

72 .72

94

37

2.29 2,34 2.40 2.44

2.86 2.99 3.11 3. i8

3,77 4.01 4.18 4.27

4.81 5.08 5.25 5.32 5.35

6.71 6.96 7.04 6.99 6.97

8.57 8.90 8.89 8.55
8.97 9.38 9.49 9.08

8.75 9.24 9.60 9.36

7.44 7,77 8.04 7.93

6.29 6.40 6.44 6.27

79 94 96 -

49 58 57 -

35 .37 33 --

31 .27 21 -

27 .26 24

23 .25 27

19 .23 31

30 .34 39

45 .49 51

65 .71 70

76 .80 99

.97 1.02 1.04 1.25

1.42 1.48 t,50 1.78 - -

98 1.97 1.99 2.09 1.94 1,94 1.7t 1 6E,

2.41 2 35 2.38 2 57 2.72 2 68 2.21 2 I5

3.15 3.13 3.25 3.63 3.92 374 3.00 293

4.29 4.35 4.66 5.27 5.59 5, 10 4. 14 4 03

5.45 5.80 6.37 6.49 5.79 4.86 4.72

7.02 7.19 7,31 6.92 8.10 5.39 5.21

8.26 7.97 7.74 7.28 6.54 5.94 5.19 4.98

8.66 8.10 7.62 6.89 6.07 5.69 4.81 4.62

8.79 7.90 7.25 6.38 5.65 5.42 4.37 4.25

7.53 8.87 6.44 5,85 5.42 5. I0 4.08 4.00

6.11 5.85 5.73 5.48 5.30 4.77 3.86 3.77
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Figure 8. Monthly zonal mean ozone volume mixing ratios (ppmv) as function of

latitude (deg) and pressure (mb) for (a) March, (b) September, (c) June, and (d)
December.
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Figure 9. Annual variation of ozone volume mixing ratio in percent of annual mean
at 50% and 50°N latitude.
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Figure 10. Semiannual variation of ozone volume mixing ratio in percent of the
annual mean at 30°S and 30°N latitude.
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latitude semiannual varlatlons In the two hemispheres and evidence of propagation from the

mesosphere into the stratosphere,

Shown In Figure Ii Is the vertical structure of global mean ozone (weighted by cosine of

latitude} and the maximum and mlnlmum extremes of the tabulated values.

For convenience, Table 5 llsts conversion factor-s for deriving common units for ozone

measurements from volume mlxlng ratio.

Tabulated In Table 6 are the zonal mean ozone volume mixing ratios {ppmv) as a function of

helght and latitude using the conversion from pressure to helght given by Barnett and

Corney [2B].

5. ANNUAL MEAN MIDLATITUDE MODEL

The Krueger and Minzner annual mean ozone reference mode] (3]of 45"N based on balloon and

rocket data Is compared here wlth this set of reference models. The Krueger and Mlnzner

model has proven to be very useful and w_ included in the U. S. Standard Atmosphere, 197B.

Data from rocket soundings in the latitude range of 45"N ± 15", results of t_lloon soundings

at latitudes from 41"N to 47"N, and latitude gradients from Nimbus 4 BUV observations were

combined to glve this earlier estimate of the annual mean ozone concentration and its

variablllty at heights up to 74 km for an effective latitude of 45"N.

Shown in Figure 12a is a comparison of the vertical structure of the annual mean volume

mixing ratio glven by Krueger and Minzner [3]'with that of the _nual mean determined by

averaging the monthly values at 40" and 50"N based on satell]te data glven in Table 4. As

may be detected, there is good agreement between the balloon and rocket measurement model and

the satellite measurement model. Thls agreement Is even more noteworthy conslderln E the lack

of longltudlnal coverage in the balloon and rocket measurement model, Sho_n in FigtLre 12b

are the percent differences of the Krueger and Hinzner model [3] from the a_nnual mean model

based on Table 4 values Below altitudes of 0.2 mb, the agreement ls generally within ]OZ.

Above 0.2 mb, differences as large as 45Z occur, but differences at all levels are within the

error bars indicated by the Krueger and Minzner model, Both models give maximum mixing

ratios near 5 mb.

Shown in Figure 13 Is a comparison of the a_nnual mean vertical ozone distr]butlon from

ozonesonde data from Hohenpelssenberg (FI_C) (4B'N, It"E) over the period 1967-1985 and from

Tha[wil-Payerne (Swltzerla_d) {47"N,7"E} over the period 1957-1982 with the 47.3°N zonal

average annual mean based on the satellite data. Also the annual mean vertical structure of

Umkehr data from Arosa (Switzerland) ]955-1983 is compared, These threedata sets were

generously provided by B. BoJkov [B4]. Considering that the ozonesonde and Umkehp data do not

represent a zonal average but do represent conditions over a period of marry years, the

agreement is very good. Comparisons month by month of the ozonesonde data show better than

IDZ a_eement with the zonal mean mixing ratios but show evidence of local phase shifts

relat]v9 to the :ona] _ean ,'ar_ntlo_s. A numbe_ of other comparisons have been made wlth

these satelllte ozone reference models [65-B8]

6. MODELS OF TOTAL OZONE-VERTICAL STRUCTURE RELATION

Mateer et al. [6] developed models of the vertical structure of ozone as a function of total

column ozone and latitude. The models were based on balloon and rocket data. These models

of the relation of total ozone to vertical structure are incorporated here. Shown in Figure

14a are Iow-latltude {about t25") profiles for ozone mixing ratios for total column ozone of

200, 230, 250 and 300 Dobson units (left to rlght). Shown in FIEztre 14b are similar

m]d-latltude (ffi25 to 58") profiles for total column ozone in increments of 50 Dobson units

from 200 to 5S0 Dobson units (left to rlght}. Finally, shown in Fi&n/_e 14c are similar

hlgh-latltude {ffi58 to 80"} profiles for total column ozone In increments of SO Dobson units

from 200 to SBO Dobson units (left to right). Note that the substantial variability in

mlxing ratio extends to lower pressures (higher altitudes) at the higher latitudes.

Tabulations of the models are found In [6].

7. OTHER SYSTEMATIC VARIATIONS

A number of systematic variations of ozone in addltlon to latltudlnai-seasonal variations

have been analyzed. For brevity only a few references are included here. Emplrlcal analyses

have been performed on the qusslblennlal oscillation [69], solar cycle variations {70,71] ,



22

I,I
OC

OD
CO

i,i
OC

O_

RLL LATITUDES

.010

.015

400

.tl_

.mr_

.'Inn

.';CO

bQCO

bl_O

Z .IIX3

3-(X_

I_.I{IX)

7_

LO ._,r,

L$.(X30

I_.000
• 1 .|t .,E' .3 ,q -a dl I t.$ I

Yl/."" " '"'-

i,
1

3 ql I | IO I$ l_

03 [PPMV)

Figure 11. Global mean vertical structure
of ozone volume mixing ratio (ppmv)
(weighted by cosine of latitude) and the
maxima and minima of Table 4 monthly
latitudinal profiles.

TABLE 5. Unit Convers%on

To convert from volume mlxlng ratlo (ppmv) to

the units below, multiply by:

MASS MIXING RATIO (ppmm) 1.657

MASS DENSITY (kg'm -2) 1.6S7"Io-B'Pt

NLl_qI-_ DENSITY (m -3 } 2.079"I019"pt

PARTIAL PRESSURE (rib) Pt

where Pt Is the total atmospheric pressure In mb

(I mb = 100 pascal) and Pt is the total atmospheric

density tn kg.m -3 at a glven altltude.

Total column burden (_} in atm-cm

{1 atm'cm = 1000 Dobson units) above a given pressure (po)

can be calculated by integrating partial pressure p(O 3)

with respect to Jn(pt) :

P0

= 7.B96.10 -4 " of P(O3)'dln(p t)
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TABLE 6. Zonal Mean Ozone Mlxln8 Ratios (ppmv] as functlon of altitude

average ozone (ppmv) for January

alt. latltude

z(km) -80' -70" -60" -50" -40" -30" -20" -10" O" 10" 20" 30" 40" 50" 60' 70" 80"

80 .16 .15 .15 .18 .20 .23 .26 .28 .29 .31 .31 .28 .24 .23 .19 -

75 .26 .22 .19 .17 .15 .14 .15 .15 .15 .18 .19 .23 .27 .27 .22 -

70 . 48 .44 • 40 . 35 • 30 • 25 • 24 . 25 • 26 • 25 . 25 • 26 . 27 . 34 • 42 -

65 .82 .79 .76 .69 .64 .60 ,57 ,56 .54 .53 .53 .54 .64 .58 .57

60 1.16 1.19 1.22 1.20 1.19 1.17 1.11 1.04 1.01 1.01 1.03 1.04 1.00 1.14 1.00

55 1.56 1.65 1.76 1.83 1.87 1.86 1.78 1.68 1.65 1.67 1.70 1.74 1.78 1.85

50 2.36 2.43 2.55 2.63 2.73 2.77 2.71 2.62 2.60 2.82 2.65 2.77 2.92 2.78 2.53 2.11 1.86

45 3.90 3.90 4.03 4.10 4.19 4.28 4.31 4.29 4.30 4.35 4.50 4.75 4.92 4.89 4.14 3.32 2.96

40 5.82 5.89 6.22 6.56 6.80 6.98 7.14 7.23 7.21 7.19 7.15 7.07 6.86 6.40 5.64 4.83 4.38

35 5.53 5.97 6.94 7.78 8.43 8.91 9,31 9.62 9.36 8.95 8.34 7.72 7.20 6.61 6.14 5.51 5,26

30 4.09 4.61 5.79 6.74 7.51 8.04 8.52 9.06 9.01 8,47 7.54 6.83 6.37 5.93 5.81 5.07 5.06

25 3.13 3.47 4.35 4.83 5.04 5.07 5.10 5,05 4,88 4.88 5.03 5.27 5.48 5.46 5.01 4.30 4.18

average ozone (ppmv) £or February

alt. latitude

z(km) -80" -70" -60" -50" -40" -30" -20" -10" O" I0" 20" 30" 40' 50' 50" 70" 80"

80 .13 .13 .15 .17 .21 .26 .31 .31 .32

75 .21 .19 .18 .16 .14 .15 .15 .16 .17

70 . 40 . 38 . 37 • 33 . 29 . 26 • 26 • 26 • 26

65 .74 .71 .69 .67 .63 .60 .59 .58 .57

60 1.15 1.15 1.17 1.19 1.21 1.18 1.12 1.08 1.06

55 1.65 1.67 1.76 1,83 1.89 1.87 1.78 1.71 1.70

50 2.67 2.61 2.65 2.75 2.85 2.86 2.74 2.59 2.55

45 4.30 4.22 4.26 4.34 4.43 4.46 4.35 4. 13 4.04

40 5.65 5_99 6.39 6.64 6.87 7.06 7.08 7.03 6.97

35 5.05 5.93 6.95 7.56 8.16 8.84 9.31 9.73 9.59

30 3.65 4.41 5.62 6.46 7.26 8.02 8.69 9.34 9.42

25 3.02 3.43 4.19 4.54 4.90 4.98 5.06 5.08 4.95

.34 .36 .33 .27 .23 .19 .14

. 17 .19 .23 .29 .31 .29 .25

.26 .27 27 26 28 . 36 42 -

. 55 .54 .54 . 51 . 55 . 53 • 56 -

1.07 1.07 1.02 .93 ,85 .79 .87 -

1.73 1.75 1.73 1.67 1.57 1.45 1.51

2.61 2.67 2.75 2.83 2.82 2.75 2.58 2.26

4.17 4.38 4.66 4.95 4.93 4,63 4.13 3.34

6.98 7.03 7.23 7.21 6.77 6.19 5.64 4.95

9.29 8.90 8.31 7.61 6.96 6.49 6.39 6,15

8.93 8.18 7,17 6.50 6.29 6.13 6.42 6.12

4.90 5.10 5.30 5.46 5.59 5.59 5.39 5.28

average ozone (ppmv) fop March

ai_. latitude

z(km) -80" -70" -60" -50" -40" -30" -20" -I0" O" I0" 20" 30' 40" 50" 60" 70" 80'

80 .12 .19 .21 .25 .31 .34 .33 .23 .28

75 .16 . 15 . 15 .15 . 16 . 16 . 16 .16 .16

70 .28 . 28 . 28 . 27 . 27 . 27 . 27 . 27 . 26

65 .53 .53 .55 .57 .58 .58 .59 60 .58

60 .95 .96 1.02 1.09 1.12 1.11 1.10 1.12 1.1E

55 1.55 1.59 1.67 1.76 1.82 1.78 1.78 1.79 1.80

50 2.87 2.76 2.73 2.80 2.84 2.79 2.71 2.66 2.65

45 4.71 4.83 4.65 4.63 4.63 4.54 4.32 4.06 3.99

40 5.40 6.16 6.66 6.93 7.05 7.11 6.99 6.63 6.50

35 5.01 5.86 6.79 7.45 8.02 8.56 9.07 9.43 9.43

30 4.00 4.34 5.32 6.25 7.03 7.85 8.68 9.51 9.79

25 3.44 3.66 4. 12 4.57 4.82 4.97 5.08 5.15 5.10

.30 .33 .37 .38 .34 .28 .22 .16

.17 .18 .2I .29 .36 .39 .36 .28

.26 .27 .28 .27 .29 .35 .45 .45

.57 .55 .53 .53 .52 .52 .54 .56

1.11 1.06 1.02 .98 .92 .84 .82 .82

1.80 1.79 1.75 1.68 1.59 1.52 I.'48 1.51

2.67 2.73 2.76 2.71 2.64 2.67 2.74 2.77

4.09 4.31 4.51 4.64 4.75 4.83 4.72 4.43

6.65 6.90 7.11 7.37 7.34 7.02 6.54 6.08

9.31 9.05 8.68 8.37 7.88 7.25 6.64 6.50

9.38 8.67 7.81 7.06 6.54 6.16 6.01 6.16

5.14 5.32 5.44 5.40 5.42 5.45 5.50 5.40
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TABLE 6 - contlnued

avera4_e ozone (ppmv) for April

alt. latitude

z(Im) -80" -70" -60" -50" -40" -30" -20" -10" O" 10" 20" 30" 40" 50" 60" 70" 80"

80 - .25 .30 .34 .33 .31

75 - .28 .23 .18 .16 .16

70 - .27 .23 .25 .27 .28

65 - .46 .51 .55 .59 .62

60 - .86 .97 1.04 1.10 1.15

55 - 1.60 1.70 1,73 1.76 1.80

50 2.59 2.67 2.70 2.78 2.85 2.79 2.76

45 4.61 4.87 4.92 5.06 4.95 4.69 4.40

40 5.65 6.32 6.77 7.08 7.25 7.26 7.04

35 5.00 5.63 6.49 7.11 7.71 8.45 9.05

30 4.29 4.52 5. 15 5.86 6.58 7.57 8.67

25 3.40 3.91 4.42 4.62 4,78 5.04 5.17

.32 .32 .32 ,34 .41 .45 .44 .41 .36 .26

.16 .16 .16 .17 .20 ,25 .28 .31 ,34 ,32

.28 .27 .28 .29 .30 .31 .32 ,32 .35 .39
• 62 .60 .58 .57 .56 .56 .56 .57 .57 .57

1,16 1.15 1.13 1.10 1.08 1.07 1.03 .98 ,95 .94

1.85 1.85 1.84 1.83 1.80 1.75 1.68 I.'63 1.61 1.60

2.76 2.75 2.75 2.79 2.80 2.70 2.58 2.57 2.63 2.73

4.21 4.15 4.21 4.34 4.44 4.36 4.26 4.30 4.41 4,49

6.67 6.57 6.73 7.00 7.13 7.18 7.14 7.07 6.81 6.28

8.15 8.02 9.10 9.02 8.78 8.66 8.35 7.63 6.77 5.96

9.44 9.71 9.32 8.66 8.14 7.51 6.87 6.20 5.62 5.35

5.26 5.25 5.35 5.51 5.58 5.45 5.27 5.07 5.02 5.08

average ozone (ppmv) for Hay

art. latitude

z(km) -80" -70" -60" -50" -40" -30" -20' -10" O" I0" 20" 30" 40" 50" 60" 70" 80'

80 - - .30 .31 .32 .36

75 - - .23 .18 .17 .17

70 - - .24 .23 .27 .28

65 - - .45 .52 .57 .63

60 - - .87 .97 1.06 1.16

55 - - 1.68 1.73 1.73 1.81

50 - 2.45 2.54 2.90 2.91 2.85 2.82

45 - 4.55 4.90 5.45 5.41 4.96 4.54

40 - 6.44 5.76 7.41 7.52 7,41 7.07

35 - 5.92 5.90 6.79 7.45 8. 10 8.58

30 - 5.18 4.97 5.62 6.34 7.21 8.20

25 - 4. 13 4.49 4.83 4.98 5. 15 5.22

.40 .40 .38 .35 .35 .34 .32 .28 ,24 . 19

.17 . 17 .17 .17 .19 .19 .20 .19 , 19 .21

. 28 • 29 • 29 • 30 • 30 . 32 . 34 . 35 . 38 • 42

.64 .62 .62 .62 .61 .61 .64 .67 .69 .70

1.18 1.16 1.16 1.16 1.15 1.14 1.14 1.13 1.11 I.I0

1.86 1.86 1.85 1.86 1.86 1.83 1.76 1.72 1.67 1.63

2.81 2.80 2.80 2.82 2.81 2.73 2.63 2.54 2.49 2.50

4.36 4.31 4.31 4.36 4,35 4.24 4.12 4.07 4.05 4.21

6.81 6.75 6.86 7,04 7.04 6.94 6.84 6.70 6.42 6.34

8.74 8.75 8.94 8.98 8,83 8,61 8.18 7.45 6.44 5.70

9.00 9.29 8.95 8.43 8.08 7.60 7.07 6.32 5.31 4.50

5. 17 5,22 5.45 5.53 5.58 5.47 5. 17 4.82 4.41 4. 15

average ozone (ppmv) for June

alt. lat|tude

z(km) -80" -70" -60" -50" -40" -30" -20" -i0" O" 10" 20" 30" 40" 50" 60' 70" 80"

80 - - - .30 .31 .30

75 - - - . 18 . 17 . 16

70 - - - , 24 . 28 . 28

65 - - - . 52 . 56 . 61

60 - - - .93 1.05 I. 15

55 - - - 1.66 1.68 1.78

50 - 2.35 2.71 2.84 2.81 2.86

45 - 4.69 5.46 5.43 4.95 4.67

40 - 6.70 7.67 7.67 7.25 7.04

35 - 5, 86 6.53 7.44" 7.89 8.37

30 - 5.12 5.28 6.32 7.02 7.59

25 - 4,63 5.07 5.15 5.03 4.89

.31 .31 .30 .27 .26 .26 .23 .18 ,16 .16

.15 .15 .15 .15 .16 .18 .20 .20 .21 ,24

.27 . 27 . 27 . 27 . 30 • 32 , 35 . 38 • 43 . 47

. 64 • 64 .65 . 87 • 66 . 67 , 73 • 79 • 83 , 84

1.19 1.19 1.21 1.24 1.24 1.23 1.26 1.27 1,24 t20

1.84 1.84 1.84 1.86 1.86 1.85 1.82 1.75 1.67 1.59

2.86 2.84 2.82 2.84 2.84 2.75 2, 62 2.48 2. 38 2.33

4,51 4.44 4.40 4.42 4.34 4.19 4.07 3.96 3.90 3.95

8.96 6.93 7.00 7.12 7.03 6.88 6.68 6.38 6.19 6.19

8.70 8.89 9.02 9.00 8.85 8.54 7.89 7.03 5.97 5.42

8.29 8.63 8.49 8.00 7.78 7.30 6.77 5.95 4.85 431

4.85 4.84 5.07 5.02 5.01 5.00 4.78 4.38 3.80 3.52
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alt.

z(km)

TABLE 6 - continued

average ozone (ppmv) for July

latitude

-80" -70" -60" -SO" -40" -30" -20" -10" 0" I0" 20" 30" 40" 50" 60" 70" 80"

80

75

70

65

60

55

50

45

40

35

30

25

- .22 .25 .28 .29 .28

- .21 . 18 . 16 . 15 . 14

- .25 .24 ,27 .26 .26

- .48 .55 .59 .61 .61

- 1.00 1 I0 1.15 1.15

- 1.72 1.75 1.79 1.80

- 2.09 2.59 2.86 2.90 2.87 2.82

- 3.94 5.00 5.29 5.00 4.74 4.55

- 6.11 7.23 7.49 7.29 7.21 7.17

- 6.04 6.77 7.36 7.94 8,38 8.81

- 5.18 5.29 6.20 6.80 7.43 8.16

- 4.66 5.03 5.15 5.02 4.89 4.83

.27 ,27 .24 .24 .23 .21 . 17 .16 . 16

.15 , 15 .15 .15 .16 .19 .20 .21 .25

.26 .25 .24 .26 .31 .35 .38 .43 .48

.61 .62 .64 .66 .69 .73 .79 .94 .85

1.15 1.17 1.22 1.26 1.27 1.28 1.29 1,27 1.21

1.79 1.79 1.83 1.88 1.88 1.84 1.77 1.67 1.56

2,78 2.77 2.65 2.91 2.85 2.70 2.54 2.42 2.33

4.45 4.42 4.50 4.48 4.35 4.20 4.05 3.92 3.94

7,11 7.14 7.23 7.14 6.96 6.78 6.44 6.03 5.95

9.01 9.11 9.03 8.87 8.52 7.95 6.99 5.82 5.18

8,49 8.45 7.98 7.79 7.24 6,55 5.69 4.66 4.06

4.95 5. 10 4.97 4.87 4.80 4.63 4. 18 3.57 3.24

average ozone (ppmv) for August

alt. latitude

z{km) -80" -70" -60" -60" -40" -30" -20" -iO' O" i0" 20" 30' 40" 50" 60" 70" 80"

80 .24 .26 .29 .30

75 - .24 .21 .19 . 18

70 .27 .24 .26 ,28

65 - . 49 • 53 . 58 . 59

60 - .88 .96 1.07 1.15

55 - 1.25 1.69 1.80 1.82

50 - 1.96 2.26 2.69 2.98 2.95

45 - 3.26 4.01 4.92 5.25 5.01

40 - 4.76 5.92 7.15 7.57 7.46

35 - 5.27 6.28 7.39 7.87 8.21

30 - 5.26 5.13 5.78 6.42 6.91

25 - 4.43 4.53 4.96 5.11 5.04

• 31 .29 .28 .28 .29 .26 .22 .19 .16 .14 .14

.16 .15 .15 .15 .16 .15 .14 .16 .17 .18 .20

.27 .26 .26 .26 .26 .25 .27 .31 .34 .36 .39

. 60 .60 • 60 .60 . 58 • 69 .62 .65 . 67 , 70 , 71

1.17 1.16 1.13 1.12 1.13 1.16 1.20 1.20 1.17 1,15 1.12

1.82 1.81 1.78 1.76 1.78 1.84 1,86 1.80 1.73 1.87 1.61

2.87 2.80 2.75 2.75 2.83 2.92 2.91 2.77 2.66 2.58 2.50

4.73 4.51 4,40 4.42 4.58 4.67 4.60 4.44 4.31 4.16 4.01

7.37 7.24 7. 13 7. 17 7.34 7.30 7.09 6.84 6.49 6.02 5.49

8.69 9.26 9.30 9.38 9.24 8.83 8.40 7.75 6.85 5.79 4.81

7.56 8,61 8.74 8.75 8.36 7.81 7.28 6.45 5.52 4.49 3.76

4.92 4,84 4.96 5.10 4.99 4.87 4.77 4.49 3.98 3.49 3.18

average ozone (ppmv] for September

alt. latitude

z(km) -80" -70" -60" -50" -40" -30' .20" -18" C IC" 2C" 3C 4_" 50" 60" 70" 80"

80 .24 .27 ,31 .34 ,36 .36 .33 .30

75 .28 .30 .27 .24 ,21 .18 .17 .16

70 .30 .30 . 26 .26 .27 • 28 . 28 . 26

65 .47 .51 .62 ,55 .57 .57 .57 .58

60 .89 .92 .99 1.06 1. 11 1. 14 1. 16

55 1.44 1.54 1.67 1.74 1.79 1.82 1.83

50 2.06 2. 19 2.43 2.76 2.92 2.87 2.82 2.78

45 3.38 3.65 4.20 4.82 5.03 4.95 4.62 4.41

40 4.84 5.32 6.28 7.21 7,64 7.61 7.43 7.16

35 5.39 6.02 6.85 7.66 8,28 8.73 9.12 9.28

30 5.26 5.41 5.86 6.39 6.89 7.42 8.06 8.59

25 4.21 4.18 4.68 5.06 5.17 5.16 5.00 4.95

.28 .27 .30 .31 .30 .25 .21 .19 .16

.16 .16 .16 .16 .16 • 16 . 15 .16 .19

• 25 .26 .25 .24 .24 .25 .26 .26 .28

.59 .57 .54 .62 .52 .52 .50 ,49 .50

1.13 1.10 1.09 1.08 1.07 1,06 1.00 .90 .85

1.80 1.78 1.78 1.78 1.75 1.71 1.63 1.53 1.51

2.74 2.75 2.79 2.82 2.81 2.76 2.72 2.64 2.60

4.31 4.37 4.56 4.69 4.70 4.69 4.71 4.59 4.18

7.00 7,06 7.28 7.34 7.20 7.03 6.77 6.14 5.15

9.28 9.27 9.17 8.90 8.42 7.75 6.92 5.82 4.83

8.72 8.85 8. 16 7.68 7. 11 6.24 5.35 4.45 3.98

5.04 5.11 4,92 4.79 4.74 4.49 4.07 3.60 3.28
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TABLE 6 - contlnued

averaEe ozone (ppmv) for October

alt. latltude

z(km) -80" -70" -60" -50" -40' -30" -20" -10" O" 10" 20' 30" 40" 50" 60" 70" 80"

80 .28 .36 .40 .42 .40 .35 .31 .31 .31 .29 .28 .29 .31 .29 .24 .19 .12

75 .24 .23 .22 .22 .20 .18 .18 .19 .19 .17 .17 .17 .17 .20 .25 .27 .22

70 .37 .35 .34 .32 .31 .29 .29 .28 .27 .26 .26 .25 .24 .22 .25 ,34 .33

65 .61 .59 .58 .56 .58 .56 .56 .55 .54 .53 .60 .55 .55 .51 .46 .43

60 1.04 1.01 1.01 1.02 1.06 1.10 1.13 1.13 1.11 1.11 1.09 1.03 .96 .87 .78 .74 -

55 1.56 1.58 1.64 1.67 1.73 1.79 1.84 1.86 1.86 1.85 1.81 1.73 1.65 1.80 1.51 1.38

50 2.34 2.42 2.63 2.73 2.75 2.73 2.78 2.78 2.78 2.78 2.75 2.70 2.74 2.78 2.71 2.51 2.26

45 3.69 3.86 4.26 4.51 4,59 4.52 4.45 4.35 4.31 4.38 4.50 4.64 4.90 5.09 5.00 4.53 4.07

40 5.44 5.94 6.70 7.23 7.53 7.51 7.35 7.09 6.91 6,94 7.14 7.26 7.25 7.07 6.74 6.11 5.25

35 8.20 6.86 7.61 8.17 8.61 9.05 9.37 9.43 9.33 9.29 9.18 8.74 7.92 7.21 6.68 5.93 5.06

30 5.82 6.09 6.47 6.79 6.98 7.55 8.20 8.80 8.99 9.09 8.67 7.85 6.80 6.00 5.39 4.91 4.43

25 4.07 4.53 5.27 5.29 5. 10 5.09 5.07 4.97 4.93 5.02 4.94 4.82 4.71 4.59 4.38 3.93 3.42

averaEe ozone (ppmv) for November

alt. . tatltude

z(km) -80" -70" -60" -50" -40" -30" -20" -I0" O" I0" 20' 30" 40" 50" 60' 70" 80"

80 .16 .18 .22 .25 .28 .29 .29 .31

75 .23 .21 .21 .19 .19 ,18 .18 .19

70 .43 .41 .39 .37 .34 .32 .30 .28

65 .73 .71 .68 .64 .60 .58 .56 .54

60 1.17 1.17 1.16 1.15 1.15 1.14 1.13 1,12

55 1.65 1.70 1.76 1.79 1.82 1.84 1.85 I. 85

50 2.40 2.45 2.57 2.61 2,63 2.66 2,71 2.75

45 3.98 4.00 4.13 4.14 4.13 4.17 4.26 4.27

40 6.10 6.27 6.53 6.80 6.91 6.97 7.00 6.87

35 5.18 5.57 7.16 7.87 8.45 8.83 9.10 9.04

30 5.37 5.58 6.13 6.65 7.21 7.84 8.40 8.88

25 4.35 4.52 4.94 5.01 5.08 5.22 5.26 5.26

.33 ,34 ,34 .32 .32 .27 .21 -

.19 .18 .19 .20 .20 .24 .24 -

.27 .28 .27 .26 .25 .26 .34 -

.54 .55 .61 .58 .54 .49 .46 -

I.I0 i. i0 I. 09 I. 02 .89 .78 .79 -

1.85 1.84 1.80 1.72 1.63 1.48

2.78 2.76 2.68 2.65 2.67 2.66 2.43 2.17 1.77

4.29 4.32 4.37 4.58 4.96 5.00 4.60 3.97 3.03

6.74 6.75 6.89 7.07 7.14 6.96 6.40 5.78 4.42

8.72 8.87 8.47 8.05 7.36 6.77 6.]0 5.74 4.50

8.91 8.71 8.18 7.41 8.19 5.64 5.29 5.04 3.53

5.12 5.05 5.05 4.97 4.81 4.75 4.45 3.96 2.98

averase ozone (ppmv) for December

alt. . latitude

z{km) -80" -70" -60" -50" -40" -30" -20" -I0" O" i0" 20" 30" 40" 50" 60" 70" 80"

80 . 17 .17 .17 .19 .22 .23 .26 .30

75 .26 .23 .22 .19 .17 .15 .16 .17

70 .51 .47 .42 .38 .35 .31 ,28 .28

65 .85 .82 .77 .71 .65 .64 .62 .58

60 1.23 1.25 1.26 1.23 1.22 1.22 I_19 1.12

55 1.58 1.66 1.76 1.83 1.88 1.89 1.86 1.82

50 2.31 2.38 2.49 2,55 2.64 2.71 2.74 2.76

45 3.87 3.88 3.95 3.98 4.07 4,18 4.29 4.36

40 6.04 6.08 6.26 6.53 6.74 6.90 7.04 7.04

35 5.84 6.18 7.00 7.79 8.37 8.80 9.14 9.17

30 4.57 4.95 5.91 6.83 7.54 8.09 8.55 8.92

25 3.75 3.94 4.56 4.86 5.07 5. 18 5.16 5.08

.30 .31 .32 .30 .29 .27

.17 ,17 .19 .22 .25 .26

.27 .26 .27 .29 .29 .33

.56 .56 .55 .60 .64 .55

1.08 1.08 I.I0 1.08 .97 1.03

1.80 1.80 1.79 1.74 1.68 1.78

2.79 2.76 2.73 2.70 2.66 2.42 2.11 1.67 1.54

4,42 4,44 4.51 4.67 4.93 4.66 3.93 2.84 2.58

6.95 6,94 6.97 7.03 7.04 6.68 5.84 4.69 4.33

8.78 8.43 8.03 7.69 7.19 6.54 5.98 5.28 5.13

8.76 8.27 7.48 6.93 6.21 5.60 5.42 4.52 4.48

4.90 4.92 4.96 5.10 5.11 5.08 4.59 3.83 3.81
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Figure 12. Comparison of annual mean ozone volume mixing ratio (ppmv) at 45°N based
on the satellite data model of Table 4 and based on the balloon and rocket data model of

Krueger and Minzner [3]. On the left (a) is shown the vertical structure in the two

models and on the right (b) the percent difference from the satellite data model of the

Krueger and Minzner model.
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solar rotation variations [72-75,123] , dlm-nal variations [37,38,76.77] , longitudinal

variations [2,11,78,79],volcanic eruptions [69,80], possible response to nuclear explosions

[81]. lonE-term trends [71,82,83], 4-year oscillations (14], response to stratospheric

temperature [84-86], response to sudden winter warmlnEs [87], and response to solar proton

events [88,89].

The quaslblennlal variation in ozone Is thought to be related to the quaslbtennial variation

In equatorial zonal winds [90]. Shown in Figure 15 [13] Is the biennial component of the

zonal mean total ozone variation based on 7 _ars of Nimbus 4 BtrV data. The contour Interval

Is 2 Dobson units w_th the solid lines positive and the shaded area with dashed lines

negative. Referring back to Figure 3, It may be seen that in the low and midlatltude regions

the large Interannual variations correspond to regions of large quasiblennlal variation.

However, since the variation Is quasiblennlal as opposed to biennial, the phase Indicated in

FIgure IS wI11 change with time. There is also evidence that the perlod of the quasiblenn|ai

variation may vary somewhat with latitude [91] and that the latitude of maximum quasiblennial

variation may vary somewhat with time [14].

Evidence has accumulated that variations In ozone with a period of the order of 11 years

occur at various locations. On the other hand, there has been a lack of consensus as to

whether these variations are related to the ll-year solar activity-cycle. The early studles

which were performed were reviewed by KeatinE [70]. Recent empirical studies on the possible

response of ozone to ll-year solar variations include the works of Relnsel et al. {92] ,

Oehlert [93], Chandra [94], and Keatin Eet al. [15]. From a study of Umkehr data, Relnsel et

al. [92] estimate a 37. variation in ozone over the solar cycle near 36 km superimposed on a

37. per decade linear decline which may be associated with anthropogenic effects. Long term

variations In total column ozone have been detected using the global Dobson network. Shown

in _'lEur'e 16 are estimates of percent variation in global mean ozone based on those

measurements as determined by Angell and Korshover [83]. Maxlmum values appear to occur near

the times of solar maxima. It has now been establlshed that there are solar UV var|ations oP

the order of ST. at w_velengths between 180 and 208 nm associated with the 27-day rotation

period of the sun [95,96]. Analyses of satellite data are indicating a clearly detectable

ozone response in both the stratosphere and mesosphere to these short-term solar variations

[72-75,97,98,123]. Peak positive responses are detected near 40 km and peak negative

responses (associated with solar Lyman-¢ radiation) are detected near 70 km [ 123].

The SHE mesospheric measurements from which the mesospherlc ozone models are based are

dayside measurements. Observations and theoretical models show that mesospherlc ozone Is

higher on the night side [37,38,51,76,77,99-I03]. Shown in figure 17 is the nlght/day ozone

ratio at the eo.uator [January 13, 1979) based on Nimbus 7 LIHS data a/ter correcting for

non-LTE effects, assuming quenchinE rates of I and 2.10 -14 cm3s -t [37]. The photochemical

model results shown in the figure employ the photochemistry in the two-dlmenslonal model of

Garcla and Solomon [104]. The night/day ratios given in Figure 17 are also In good agreement

with the model of Allen et al. [51]. Thls model [51] appears to be fairly consistent with

most o.f the measurements obtained at different latitudes, seasons, and altitudes of

. mesospherlc diurnal variations.

Due to the temperature dependence of rate constants In the middle atmosphere, temperature

decreases can result In increases of upper atmospherlc ozone in regions approaching

photochealcal equilibrium [84]. Other processes can also lead to negative correlations

between ozone and temperature [105]. The sensltlvlty of ozone to temperature variations

reaches a maximum value near the stratopause of about 27, Increase In ozone per Kelvin

decrease in temperature. Shown in Figure 18 Is an example Of the negative response of upper

stratospheric ozone to temperature variations [73]. Shown Is the negative correlation

between zonal mean temperature and ozone from 2 mb Nimbus 7 LIMS measurements within 20" of

the equator. In addition to the stratospheric ozone response, the mesospheric ozone is found

to be strongly affected by temperature variations [20].

• 8. RECENT RESULTS

The Inversion algorithm for the SAGE ozone data has been refined and the resultinE SAGE data

was combined with the other satellite data sets and used to generate improved reference

models [124]. However, the improved models are within 57. of the tabulations provided here.

Also included in [124] are latitudinal seasonal models of nlghtslde mesospheric ozone based

on the Nimbus 7 LI_ data. Results concerning recent trends in column ozone and ozone

profiles are summarized in the most recent Ozone Trends Pane] report [125]. This report also

Identifies biases between measurlnE Instruments.
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