An Update of Stratospheric Temperature Trends

V. Ramaswamy, NOAA/ GFDL, Princeton, USA (vr@gfdl.gov)
Melvyn E. Gelman, NOAA/ NCEP/ CPC, Washington, D. C. (Melvyn.Gelman@noaa.gov)
M. Daniel Schwarzkopf, NOAA/ GFDL, Princeton, USA (ds@gfdl.noaa.gov)

J.-J. R. Lin, NOAA/ NCEP/ CPC, Washington, D. C. (roger.lin@noaa.gov)

Introduction

The SPARC stratospheric temperature
trends analyses have now been extended
through to the year 2000. This repre-
sents an update of the work reported in
WMO (1999) and Ramaswamy et al.
(2001). While a focus in the earlier work
was on the trends over the period 1979-
1994, we present in this paper updated
trends for the period 1979-2000, and
compare the changes in the decadal-scale
trend estimates for the two time periods.

In contrast to the data available from
various platforms for evaluating the
1979-1994 trends, SPARC updates
beyond 1994 have been made possible
for the Angell, Berlin and Russia sonde
data sets, the (Nash) SSU and MSU satel-
lite data sets, and the CPC analyses (see
Ramaswamy et al., 2001, for a descrip-
tion of the various data sets). The SSU
time series extends only through 1998.
Also, the SSU data extends only up to
~70 degrees latitude in contrast to MSU
which extends to 90 degrees. We sum-
marise the trend results from the latest
analyses performed as part of SPARC
Stratospheric Temperature Trends
Assessment {STTA), following closely
the style of discussions reported in the
earlier work. Updated trends estimates
are computed using the maximum likeli-
hood estimation methodology, in the
same manner employed earlier to deter-
mine the 1979-1994 trends. The metho-
dology consists of fitting the time series
of monthly-mean values with a constant
and six variables (annual and semi-
annual sine, annual and semi-annual
cosine, solar cycle and linear trend). The
derived trend and standard error are the
products of the computation. We descri-
be here the estimates of the mean trends
and the 2-sigma uncertainties resulting
from the STTA analyses. As pointed out
in the earlier paper, estimates of statisti-
cal uncertainties could be more sensitive
to details of the trends determination
method employed than the mean trend
Tesults themselves.

Results

Figure 1 (p. I) (left panel) illustrates the
1979-2000 trends in the zonal, annual-
Mmean lower stratosphere temperatures,

as obtained from the MSU and SSU
15X satellite data sets. The right
panel shows the 1979-1994 estimates
from the same two satellite data sets
(see also Plate 1 in Ramaswamy et al.,
2001). Also plotted are the 2-sigma
level uncertainties in the trends for
each time period. Considering each
satellite data separately, the trend
estimates in any latitude belt do not
change appreciably, to within statisti-
cal uncertainty, in going to the longer
time period. For both satellite data,
differences in the mean trend values
between the two time periods tend to
be larger at the higher latitudes; for
MSU, such differences are considera-
bly smaller than for SSU. The SSU
mean trend estimates are more negati-
ve for the longer period, especially in
the mid-to-high latitudes in both
hemispheres. For MSU, there is a
slightly lesser cooling trend in the
high northern altitudes for the longer
time period, with the difference not
being significant. For the 1979-2000
period, the SSU mean values are
considerably colder than the MSU in
the high latitudes of both hemispheres.
Differences between MSU and SSU
may be partially attributable to the dif-
ferent height regimes from where the
signals are received for the two sensors
(see Ramaswamy et al., 2001). The
peak in the SSU 15X signal emanates
from a higher altitude than in the case
of MSU. The slightly shorter record of
the MSU could also be a contributing
factor. The large variance seen at the
equator, especially for the SSU, is likely
due to the fact that QBO variance, an
intrinsic feature of the climate system,
has not been explicitly factored in the
trends determination. Overall, the
uncertainty estimates for the MSU and
SSU are such that a consistency can be
said to exist in their respective trends,
over each latitude belt, in both hemi-
spheres, and for each time period
considered, irrespective of whether the
trend at any latitude is statistically
significant or not. Considering that
the MSU is a microwave-sensing ins-
trument and SSU an infrared one, it is
noteworthy that both satellites indica-
te approximately similar trends,
within the realm of statistical uncer-

tainty. Of particular note is the fur!
that, over both periods, the two sai:!-
lite data sets indicate a statistical!:
significant trend to be present in th
mid-latitude {~30-60°N) Northern
Hemisphere (NH) (see also Ramaswa:i
et al., 2001 for the 1979-1994 trends
discussions). It is somewhat encours

ging that this continues to be a robuis!
feature for the longer time perind
considered. It is further interestiiiy
that, in contrast to the shorter periu:,
the 1979-2000 trends more clear!y
indicate the presence of statisticall
significant cooling trend in ti
Southern Hemisphere (SH) polewuril
of 20 degrees. For both data, MSU 11
particular, the uncertainty estimai.

are less for the longer time period.

Figure 2 (p. I) illustrates the zonal, annu!-
mean trends, and the 2-sigma uncui
tainty for the 50 hPa level, as obtair !
from the non-satellite data sets.
with the satellite data (Figure 1), in an
overall sense, almost all latitude belis
in the zonally averaged sense havi
mean trend that is generally one
cooling. Considering the entire 1974
2000 period, the zonal pattern of ti:
mean trend values in Figure 2 is suin
to be generally consistent with the !
tern for the satellite data sets in Figur: 1
with a relatively larger cooling in 1l
high southern and northern latitude:. =
statistically significant cooling in thi
mid-latitudes, and a cooling trend tint
is accompanied by a larger uncertaii:t:
in the equatorial and high latitudes. In
the SH, from the CPC analyses, the 1nn-
ger period exhibits an increa:«d
cooling trend than over the earlier [
riod; however, the 2-sigma estima:
remain large enough to suggest the! il
is difficult to discern a statisticall:
significant change between the 1w
time periods, as in the case of the sal«|-
lite trends. At the equator, the son:i«
data sets do not indicate statistica!ly
significant results for either time p«-
riod although there is hint of a lesser
ambiguity for the longer time per:nd
The large variation at the equator i:,
especially for Berlin over the 1¢74
1994 period, as in the case of the sut:|
lite data sets, likely due to nul
accounting for QBO in the trend esti-
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mation analyses. Between ~15-3( ™.,
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the data sets suggest more of 2 tenden-
cy for a statistically significan: rooliog
trand than over the shortor pariod,
The Angell mean trends are slightly
calder then Berlin in the low latitudes
for the 1978-19%4 period, but the AgTEE-
ment betwoen them jx considerably
better for the longer periad, In the
noerthern mid-latitudo [A0-607M), 2]l the
data smts tend ta yisld a statistically
significant cooling over bath lime pe-
tinds. For aach data sat, both the mean
trend and 2-sioma estimates computed
for the northern mid-lattudes Lsing
the additional vears ara remarkal|v
consistent with the earfier detarming.
tinn for the 1979-1594 period.
Coherency amongst the data sotg regar-
ding this featuro (s excellent far (he
langer period, too, just as was noted for
the 1979-18994 periad [Ramaswamy et
al, 2001). Added to the similar infar.
mation content for these latitudes
amerging from the satellite dats
(Figure 1), there is a robustness 1o the
ides of an unambignous coofing of te
mid-lalilude northern stratosphers
over the pas! two decades; [t is 10 he
nated that the CPC data suggests a sta

tistically significant cunling aver
almoat all the 84 belts for 1l limaer
period. consistent with the satellite
data |Figure 1). Poleward of 605N, the
statistical significance iz somewhat
degeaded in all the data sets for bath
Lime periodds, primarily due 1o the
increase in the dynamical varialdlity,
For each data set, there is a slepastion
of lesser uncertainty for the longer time
period in the high latitudes {ses also
Figure 1), There is an extremely aricid
consistency between the Berlin, Russis
and CPC dala sets at 70 and 80°N for
both perioids: Noar the pole, all data
sets vield & large uncertainty yet thow
are mutually consistent in indicating a
larger conling thare than sl GOSN, The
trend values in the high northern lati.
tudes are not distinguishable in a
statistical sonse betweon the two Hime
perioda, consistent with the 5817 and
MSU resulis [Figure 1). From the
sonde data, a statistically sipnificant
cooling becomes more discernible for
almost all latitude belts [an impartant
exception is the high northern lati-
tudes) over the longer period, consis
tent with the Fature seen in Figure 1
for the satellite data, The good agres-
ment between the data sets stronglv
confirms the notion of an unambiguons
cavling of the global lower stratosphers
over Lhe last two decades, with the area
af statistically significant cooling being
mare extensive than just the northern
mid-latitude regions as was noted far
the 1979-1894 perind {WMO, 1994),

Figure 3 (p. 1) illustrates the annusal-
mean vertical profile of the trends in the
NH averaged stratasphere (100 1o 1 LiPa)
over thi 197941 5u4 peviod from sande
[Berlin and UKRAQR) and salellite
(MBU and Nash S817) data sels, The
satellite values (MSL and 55U havae
been plotted at the altitude of the Ptk
rmission altitude whersas, in actuality,
the estimates reprosent the trend DVEL i
broad altitude layer (sen Rarmasvenmy o
@l 2001). In the Jower stratosphers (10-
00 hlal, the varous data seie gxbihit
rensistency in terms of both the mean
trends and the Z-sigma valups Thus.
throughout the lowet stralasphore, mot
ondy can it be assertod thay statistically
significant cooling has oecurred. byt
that this is consistent for the dif ret
instrumental data. The mean aouling
trond estimaties in the 100.30 hi*a and
30 hPa region are ~0.90-0.75 K/decadn
and 0.9 K/decado, respectively, The
prosence of a statistically sionifican
trend, Hewever, should be dis aukshed
lram tha fact that there s o nen-negli-
gible spread in the estimate from any
data set at any of the lower stratosmieric
alltudos, with the uncedainty belnag at
lmast =005 K. This hints a Litnd to the
aceuraey with which the stratospheric
decadal-scale changes can be pinned
down currently sing the 95% level
canfidence estimates.  Above 30 1Ps,
the only values that are available alobral-
ly ara thu Nash S50 trepds. The vertical
trend profile confirms the general pichue
exprassed varlier for northern mid-
latitude (45°N) |Ramaswamy o af.,
2001 | mpaning that there is a docrosse in
the Loaling trend emurming in the made)s
stratosphere, with o minimuam (~0.25 &/
decade) ooeurring at =5 BPa. Abiove i
alttude, there is an fnc vasing cooling
trend with altituds threugh ta the
siratopangse (~1.2 K/decade at 2 hPal,
The NH snnually-averaged cooling is
statistically significant fram 100 1o
1 hPa. |t is unfortunate that there is g
eritical lack of ather data sers that ean
provide corroborative information an
the global trends in the middle and
npper stratosphere, a limilation thal
canstrins slightly the robustness of the
curtantly-derived trend values in the
upper stratosphere, capecially when
coentrasted with the situation for the
lowar stratpsphers,

Discussions

The NH annual-mean lower steato-
sphisric (30-100 hPa) weoperatre wends
[1978-19894) are statistically significant
anid exhibit a remarkable degree ol
consistency in terms of thea trends and

the 2-sipma estimates amonpst the oiffi-
rent radiosonde and satellite dapg sats. In
the middle and upper stmatosphers, 1hore
is only nne data set thal i availahlo
W estimate hemispheric trends.
Monetheless, the WH stratosphera, inoan
annually averaged spnse, displays o sia-
tistically sipnifican couling fram the
lowir thmiugh ta the upper stratosphers,
The shape of the trend in the vertie]
profile of temperature dacrease is an
imporant and distine aspect of clima
change aver the past two decudes, |t
raiks a4 a mujor, atulisticallv sienificant
change discerned in the climate varablus
for the 1979-2000 tHme piriad.
Motwithstanding this determination of
A unambiyuots cooling, it is importanl
to-bear in mind the uncertainty in the
fretd estimates when parsuing the attri

butlon issue, For the conal w-Averaped
lawer steatpsplere. the annual frean
radissonde trends over the 19782000
period indicate a siatistically significant
cooling over almost 2] th mid-lu-higl
fatitucle in the two hemisphsres, with the
satellite data, too, hinting at this feature
over all areas except the high northesmn
lawtodes. This derence is an impertinl
Wpatite 10 e conclusion in WO [ 1999
antd F"--]I:Ji!h'-u'-'-'lfll}' el al, (2001) with
regards (o e 1979-1004 trends, when
the statistical significance af the couling
b the 30- 100 hi%a region was confipd 10
aaly the northern mid-latitudes, There
are suggestions that a longer period of
evaluation vields the tendency far o st
tistically significant cooling wven at low
Latitudes

A realistic assessment of
scuthern lutitudes is somewhal hampa-
red by the lack of availability of an
acenuate sumber of data sets. in contmst
to thee casn for the NH

With the nbservation-derived trends
on the hemispheric and zonal, annoal-
mean e scales an a firm footing,
there is a challenge to sxplain Lhe
vauses of the observed temperatucy
variativns and chunges an these Spic-
and-time scales, In particular, it is
important to address the question of
Uset rulative roles of well-mixed green-
hewuse gases, ozone, water vapour and
aarosal variations/changes upon the
evolution of the stratnspheric tem pera-
buras, in part 1o assess the overall pan
plaved by externally applied radiativa
forcings in alfecting stratosphoric
climate. [ this regard, carelul formuls-
lion and anadvses of mode] simulations
are nesded, which, when rontpared
with the ebservations, can provide 4
resolution of the attribution {ssues,
and quantify the parts plaved by nola-
ral and anthrapogenic factors, The
mnd that are being deploved 1o




address these challenges include gene-
ral circulation models (GCMs) in
which the trace species changes are
prescribed, to coupled chemistry-
climate models where the evolution of
species is prognosed in some manner.
While the roles of trace gases have
been studied extensively and have
likely been identified successfully as
being the principal cause of the global-
mean decadal-scale trends in the
~50-100 hPa region (WMO, 1995 and
1999), the precise roles of all trace spe-
cies in explaining the vertical profile
of the changes in the entire stratosphere

has yet to be made definitive.
Eventually, the modelling exercises
will need to advance further and
explain the cause/s of temperature
evolution on spatial scales that are
finer than zonal, and on time scales
that are finer than annual.
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Aeroso] is one of the most variable
components of stratospheric air.
As the result of episodic volcanic erup-
tions, the mass of aerosol in the strato-
sphere has varied by about 2 orders of
magnitude over the last 25 years.
Aerosol in the upper tropo-
sphere/lower stratosphere
(UT/LS) can have a significant
impact on climate through
radiative effects and on strato-
spheric chemistry, particularly
impacting ozone. The magni-
tude of these effects is also high-
ly variable and, as a result, can
complicate isolating human-
derived changes in the strato-
sphere. Accounting for aerosol
effects properly is a key compo-
nent of modelling climate/
chemistry effects properly.

By mass stratospheric aerosol
consists of almost exclusively
aqueous sulphuric acid dro-
plets. However, its precise
characterisation is nonethe-
less complex. The details of
composition and size distribu-
tion strongly influence impor-
tant aerosol properties like

surface area density and the spectral
dependence of aerosol scattering and
absorption. While most gas species
measurements, such as those of ozone,
are essentially measurements of the
species molecular density and hence

Figure 1. ASAP Structure

by itself useful, aerosol instruments
employ a variety of measurement stra-
tegies, each determining only some
aspects of the underlying aerosol dis-
tribution. As a result, the conversion
of measurements to practical parame-
ters generally requires model-
based transformations that may
themselves be subject to sub-
stantial uncertainty.

In recognition of the importan-
ce of stratospheric aerosol,
SPARC has initiated a project
to evaluate the scientific
understanding of UT/LS aero-
sol and aerosol measurements.
The assessment was initiated
with a workshop in Paris,
France on 4-6 November 2001,
supported by the SPARC
Office. Thirty aerosol scien-
tists attended the workshop
and identified key scientific
issues that should be addres-
sed in the assessment. These
include:

¢ How representative are satel-
lite-based aerosol records and
derived climatologies?

e How have key aerosol
properties (e.g., surface area




