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                                ABSTRACT

        It is discussed that for determination of large-scale distribution of temperature
     in the stratosphere, analysis of thickness of layer bounded by two isobaric surfaces
     is more promising thac n analysis of the observational data of temperature. Monthly
     mean temperature patterns up to about 18 mb surface in the stratospere are presented
     for 15 months from April 1958 to June l959. The main characteristic features of
     the annual variation of temperature in t'he stratosphere are depicted.

1. Introduction .
    Seasonal variatlon of the atmospheric general circulation ls one of the most
important problems in science of meteorology. Concerning the lower atmosphere
or the troposphere, fairly dense observational network has been estab!ished and it
mal<es us possible to deplct the features of the geRera! circulation, except the
tropical zone where tlte networl< is stiU Row sparse. Muck efforts of meteorologists
are now directed to establish numerical models of the general circulation and lts
characteristic variation in the troposphere.
    Since discovery of the stratosphere by Teisserenc de Bort in l902, the observa-
tlonal networl< has been too sparse to describe tke hemispherical conditions in the
stratospkere for a long time. Recent substantiation of radiosoRde netwrork makes
us possible to analyze the hem2spherical conditiens up to 10mb surface or about
30km heiglit. Several attempts of analysis have been made for temperature, wind
and pressure conditions (T. Murakami (1962), A. D. Belmont (1963) and L. Peng
(1963 and 1965)). Many of them treated 3-month averaged conditions. Although
the resu!ts of these analyses could show the rough features of the annual variation,
it might oblige us to everlook some cltaracteristic change of shorter period. In this
paper, hemisplterical analyses of monthly mean eeinperature conditions and their
changes in the middle stratosphere wlli be atteinpteci by the aid of thicl<ness
pattern.

2. Determinatien of temaperature cenditions by aRalysis of thickness of a layer
   bounded by two isebaric surfaces

   A2r temperature measurement with radiosoRde !s usually sufferred from the
various sources of error, and the overall probable error of tke measurement might
be about Å}O.50C, after M. Ference, Jr. (195D. F. G. Finger, et. al. (1963), however,
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describe that the observed temperature data in the stratosphere corrected for solar
heating effect of tke instrurnent at a given station fiuctuates in an unreasonable
manner as inuch as 60C to 80C from one observation to the next. Such fact makes
us hesitate to analyze hemisph6rically the temperature conditions in the stratosphere

with temperature data of radiosofide, unless the error inight be diininished by
averaglng ln tlme or space.
    Temperature averaged over a layer bounded by two isobaric surfaces can be
easlly obtained from thickness of the layer, under a reasonable assumption that
moisture infiuence to the thickness !s negligib!y small in the stratosphere. Tke
thlcl<ness pattern can be easily got by graphical or nuinerical subtraction of the
contour patterns between two isobaric surfaces. Large-scale analysis of pressure or
contour pattern may genera!ly be given iinore reliability than that of teiT}perature
by meteorologists.
    In an analysis of contour of an isobaric surface in tlie stratosphere, the wind
data are usually given most weight, wkile tlie reported height of the surface is
eitr}ployed primarily to determine the numerical value usecl in labeling tlie contour
(Finger, et. al., (1963)). If tlie error :of rawin (radio-wind) observation in the
middle stratosphere may be regarded as 3m/sec after Ference (1951): the corres-
pondiRg error of the geopotentlal gradient of an isobaric surface may, under the
geostrophic balance, be eqtial approximately to 40gpm/1000km at 600N, 3egpm/
1000km at 400N and 15gpm/1000km at 200N, respectively. Since the thicl<ness of
10-25 mb Iayer is equal to about 6000gpm and proportional to the mean tempera-
ture of the layer ( =2000K•N•2400K), estimation of the temperature within error of
3% requires an error !ess than 180gpm for thickness determination, and the error
iess than 90 gpm for tke contour of each isobaric surface. The error of geopotential
gradient given above shows that the error of 90 gpm for the contour miglit be given
by horizontai distance of 23eO km at 600N, 3100 }<m at 400N and 6000 1<m at 200N,
respectively. During the periods of IGY and IGC, the distance between two
adjacent stations may, in the most cases, be shorter than such distanee, except over
Asia. It may be rnore promising to adopt the thic}<ness pattern for determination
of large-scale temperature pattern than to use the observational data of temperattire
itself.

3. Annual variation of the zonal mean temperature ill the stratosphere

    A series of hemisplierical conteur maps, daily and monthly mean, of iO mb, 25
rnb and so on, has been publislied by R. Scherhag. Using the month}y mean maps
of 10mb and 25mb (G Warnecl<e (1962) and Scherhag, et. al. (1962)), the zonal
mean temperature of 10-25 mb layer is obtained from April l958 to June 1959 for
latitudinal range from 200N to 800N (Fig. 1).
    It is we}l known that some stratospheric conditions iR same season varies
remarkably year to yeicr (C. V. Wllson and W. L. Godson (!963)). Some general
features of the annual variation, however, can be seen froin analysis of a particular
year. Establishment of the normal annual variaÅíion of the stratosphere should be
made in the future.
    In Fig. 1, general feature of high temperature in summer season and low
temperature in winter can be found at a!l the latitudes from 20aN to 800N. In
summer, an equatorward gradignt of temperature predominates, and the greatest
difference between 200N and 800N is about 110C in July 1958. A poleward gradient
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can be found in winter, and the greatest contrast appears in December 1958, with
a temperature difference of about 180C between 200N and 800N. Reversal of the
gradient occurs in spring (about May 1958, and betweeR February and March 1959)
and in early fall (between August and September 1958). ., .
    Concerning the month-to-montk change of the zonai mean temperature at high
Iatitudes, warming or non-cooling froiR October to November l958 is noticed. This
change appears only at 800N and 700N, and inay probably be accompanied with
appearance of A!eutian anticyclone (B. W. Bovi}le (1960)). Very strong warming
from February to March and cooling from March to April !959 occur at 800N and
700N These changes may be resulted from the final warmin.a (E F. Hare (196e)).
    At the middle latitudes, the temperature rises from November 1958 to January
l959, and falls subsequently. The fact that this change has an opposite sense to
seasonal change of insolation attracts the present author's interests. Some detailed

analysis of this phenomenon will be presented elswhere (R. Yamamoto and K.
Kawahira (1966)).
    The results o'f harmonlc analysis of the zonal ir}ean temperature are shown in
Tabie l. Annuai mean temperature decreases with increasing latitudes, .and -48.00C
    ts
      Table i. Harmonic analysis of annual variation of the zonal mean temperature
              of 10-25 mb hc yer, for period from July 1958 to 3une 1959.

Latitude

 (eN)

80

70

60

50

4e

30

20

Annual mean

temperatgre

   (oC)

-51.9

-51.1

-50.6

-49.9

-48.9

-48.5

-48.0

Annual component

Amplitude

  (oC)

14. 7

12. 5

9.4

Z6

5.1

3.7

1.8

Phase of
maxlmum
temperature

middle June

late 3une

late June

early july

middle July

middle July

middle July

Semi-annual component

Amplitude

  (oC)

2. 0

l.8

2.4

2. 5

2.4

1.4

L5

Phase of
maxlmum
temperature

middle February
middle August

early February
early August

late 3anuac ry
late July

middle January
middle July

middle .lanuary
middle July

late Decem})er
late June

early Deceml]er
eariy JuRe

at 200N and -51.90C at 800N, respectively. The annual oscillation general!y predo-
minates at all tke latitudes. The amplitude increases from low to high latitttdes, and
the phase is earlier at kigher latitudes. The amplitude of semi-annual oscil}ation
has no monotonic profile, but a maximum at the middle latitudes. The amplitude
at 200N is nearly equal to that of anRual escillation, and that at 400N is nearly
equal to a halÅí Tl3e phase is earlier at the lower Iatitudes, in contrast with tkat
of the annual osc!llation.

    Mericlional cross-sections of the monthly and zgnal mean temperature are
constructed above 100 mb surface (Figs. 2-1•N•2-15), uSing the tkickness pattern of
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10-25mb and 25-50mb !ayers derived from Warnecl<e's (1962) and Scherhag's
(1962) maps, and isothermal patterns on 25 rnb, 50 mb and 100 mb surfaces by H. E,
Muench (1962). Here, k ls assumed that the temperature averaged over a layer
represents that at the middle Ievel o'f tke layer.

    This series of cross-sections sliow the characteristic features oÅí the temperature

distrlbut2on in summer seasen such that the warmest region appears at highest
latitude and level, and the coldest one at the lowest latitude and level, as seen in

June, July, August 1958 and June 1959. In winter season, a warm beit can be
found at the high and middle latltudes, as in October, November, December 1958,
January, February and March 1959. The belt general!y ti!ts soutliwards with
altitude, and the tilting becomes greater witk progress of season untll December
1958. In September 1958 or transitional period from summer to winter, a relatively
cold region appears near 30 mb surface from 500N to 700N, and watm region at 80
ON in the lower layer. Tricnsitioii from winter to suminer may be seen in period
from March to May 1959. The temperature distrlbution at the high latitudes in
March 1959 may be essentially influeAced by the final warming, and the warmest
region is located near 800N, 20 mb. In April afid May 1959, relatively warm r,egion
appears near 80aN in the layer lower than 25 mb surface.
    Figs. 3-1-N•3-14 are the meridiona} cross-sectiofis of month-to-month change of
the zonal mean temperature drawn by using the same data as in Figs. 2-lnv2-15.
Warming from spring to summer is remarl<able at higher laeitudes, bnt cooiing can
be found at the Iower latkudes particularly ln lower aRd higher layers (April-May,
May-Jtme, June-July 1958). Frem summer to fall, cooling occurs in almost whole
region, except the lower and h2gher layers at the middle and low !atkudes (July-
August, August-September, September-October (1958). A warming at the high
latitude and Ievel from October to November 1958 may be accompanied with
appearance of Aleutian anticyclone. The temperature changes from fall to winter
at the middle and lower }atitudes are rather complex, and the detailed analysis
w2}l be found elswhere (Yamamoto and Kawahira (1966)). From January to Marck
1959, the temperature rises at the !atltudes higher than 400N, aRd falls at the Iower
latltudes. In a banded region extending from midd!e laeitudes nerthward-upWards

cooling appears from March to April 1959. From spring to summer, warming occurs
in the whole region, except the iowest layer.

4. Annual variation of the hemispherical temperature distributiens in the
   middle stratosphere

    Hemispherical distributions of the monthly mean temperature of 10-25mb
layer have been obtained from the contour maps of 10 mb and 25 mb for Apri! 1958
to June 1959 (Figs. 4-1•-"4-15). The distrlbution in summer has sucli general
feature that the temperature is highest near the pole and it decreases with decreasing
!atkudes (June, July and August 1958 and June i959). In a transitionai period
from summer to fall, the highest temperature can be found at the middle latitudes
(September 1958). From October 1958 to February 1959, the temperature distribu-
tion may be called winter type, in which tlte coldest region is located near the poie
and the ternperature increases with decreasing laSitude, except warm area in tlie
northern Pacific where Aleatian anticyclone appears. During the transieional period
from winter to summer, warmest area can be• 'found near the po!e or northeastern
Siberia, and the co}dest one over Ural or Europe (March, April and May l959).
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    Hemispherical distributions of month-to-month change of temperature of 10-
25 rnb layer are given in Figs. 5-ltw5-14. Warming can be found in the whole
area from spring to surnmer, except lowest latltudes (April-May and May-June 1958).
The rate of warmlng is larger at tke higher }atitudes. After the mid-summer,
cooling predominates vLrith Iarger rate at the higher latitudes from July to October
1958. From October to November 1958, a warming can be found over tke northea-
stern Siberia, which may be connected with appearance of Aleutian anticyclone,
although cooling appears in other area.
    The paetern of temperature change from November 19.58 to February 1959,
which is closely connected with appearance of rnaximum of zonal mean temperature
in January !959 at the middle latitudes, is rather complex (Yamarnoto and Ki,wahira
(1966)}. A strong warming eccurs ltear tke pole from February to March 1959,
which may be resulted from the final warming. It is noticed that the area o'f
strong warming is surrouiided by an area of cooling at the middle latitudes. From
March to April 1959, ceoling appears iii the area where stroRg warming eccured in
the previous months. Such features may perhaps be connected with mechanism of
the final warming.

5. CoRcluding remarks

    The eistributions of monthly mean temperature and its changes in tlie middle
stratosphere are presented by the i•aid of the thicl<ness pattern for 15 moRths.
These results give a reliable basis for research about the mechanisms of annual
variation and the characteristic changes of shorter period. IIVIore extensive analyses
in the stratosphere should be made in order to establish the normal feature of
annual variation for wind and pressure fie}ds in additlon to temperature.
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