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Abstract. While greenhouse gases trap heat emanating fronperature near the surface, they act as efficient emitters of am-
the Earth and thereby heat the surface atmosphere, they abtent heat at high altitudes and thereby cause cooling. Here
as emitters in the high atmosphere and cool the air there. Inve show evidence that the thermosphere has indeed cooled,
1989 Roble and Dickinson (1989) estimated the cooling thatout we question the agent of this cooling.
would occur in the thermosphere (250-500 km altitude) due
to a doubling of greenhouse gas densities. Ever since, long-
term data bases have been scoured for evidence of this thep- Data and trendline analysis
mospheric “global cooling.” Here we show evidence that the
thermosphere did indeed cool over the period 1966-1987, buFigure 1 shows timelines of the annual average of several
the data suggest that the cooling accelerated at a “breakpoiritmospheric quantities during the years 1960-1995: 1) O
year” around 1979 to a rate far larger than may be attributeccolumn density above Arosa, Switzerland, (2) £d&nsity
to greenhouse cooling. This 1979 breakpoint year appears tat Mauna Loa, Hawaii, (3) mean global land-ocean surface
coincide with a breakpoint year in ozonegl@olumn den-  temperature change, and (4) the mean temperature in the
sity. Further, the cooling was confined largely to the daytimethermosphere 200400 km above Saint Santin, France. The
thermosphere while the nighttime showed only a small trend Saint Santin radar facility operated during the period 1966—
These results suggest, first, that the greenhouse cooling of thE987 only. Each of these timelines has been fitted by lines of
thermosphere may well not be detectable with current datalifferent slope before and after a “breakpoint” year when a
sets and, second, that the long-term cooling that is clearlychange in slope occurred. A least-squares fit was used to de-
seen may be due largely tzs@epletion. termine the optimal slopes and the location of the breakpoint.
The probable error of the Cbreakpoint year is=0.5 years
while the probable errors of the other three breakpoint years
is ~3 years.

Also shown, by the dashed line, is the thermospheric cool-
ing predicted by Roble and Dickinson (1989), prorated ac-
cording to the trend in Mauna Loa G@nder the assumption

In 1989 Roble and Dickinson (1989) published a seminal pa-that the terr_lpe'rature response tofange is linear. This
Jate of cooling is approximately 0.2 K'yt.

Keywords. Atmospheric composition and structure (Pres-
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1 Introduction

per predicting changes in atmospheric temperature and de 0
sity above 60 km altitude for a doubling of the densities of the 1 1€ G results were extracted from the World Ozone and - ©
greenhouse gases carbon dioxide §&nd methane (Ci) Ultraviolet Radiation Data Centew{vw.woudc.ory. The 8

i ; CO;, results were extracted from the Mauna Loa data base .=
at60km. They found a c_oolmg oFLOK in the mesosphere (www.esrl.noaa.gov/gmd/ccgg/trend$he surface tempera- c
(=60-100km) and 50K in the upper thermosphee2%0— govig 99 P -]
500 km). While greenhouse gases act to trap infrared emisture data were extracted from the Goddard Institute for Space c

petudies data baseldta.giss.nasa.gov/gistemp/grgphshe
thermospheric results are essentially those of Donaldson et ©
al. (2010), calculated directly from the Saint Santin data base O

Correspondence ta. L. Oliver stored at the National Center for Atmospheric Research in O
BY (Wlo@bu.edu) Boulder, Colorado, USA. Their method fits and removes the

sions from the surface and thereby increase atmospheric te
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Fig. 1. Long-term trends in four atmospheric parameters. Top to botfajrAnnual average ozone column thickness over Arosa, Switzer-

land. (b) Annual mean atmospheric carbon dioxide density at Mauna Loa Observatp@iobal land-ocean temperature chan@.lon
temperature over Saint Santin, France at 200-400 km altitude. The dashed line in the bottom panel is the model prediction of Roble and
Dickinson (1989).

solar, magnetic, seasonal, and time-of-day variations in the Figure 2 shows the thermospheric data at 350 km alti-
data to yield a time series which can be binned and averagetiide now analyzed separately for the time intervals 10:00—
to yield the long-term trend shown in Fig. 1. Donaldson et 14:00LT (daytime) and 22:00—02:00 LT (nighttime) to show
al. (2010) identified this breakpoint timeline for the altitude simple linear trends. The daytime thermosphere cooled
of 350 km only, using about 14 000 measurements. We havat 56 + 0.4Kyr—! while the nighttime cooled at.D+
computed the average trendline over the altitude region 2009.5 K yr—1.

400 km, over which high-quality data are plentiful and verti-

cal gradients are monotonic and gradual, using about 90 000

measurements. The year-to-year scatter about the trendlind Discussion of trendlines

was found to be almost identical for the 14 000-point and ) _ _ )

90 000-point analyses, indicating that the scatter shown ig he Fig. 1 trendlines show interesting features and corre-

true year-to-year variability in the thermosphere, not mea-SPondences. First, itis clear that while £@ensity and sur-
surement error. face temperature rose throughout the periogidénsity and

thermospheric temperature fell. Second, all of the trendlines
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changed slope in the mid-to-late 1970s, after which change
accelerated. Third, greenhouse cooling cannot account fa
the rapid cooling of the thermosphere after 1979. The Roble
and Dickinson (1989) prediction line in the figure shows a

Saint Santin, 350 km

1781

1150

1100

change over the life of the Saint Santin radar that is scarcel
detectable, given the year-to-year variability shown. Fourth,
to the nearest year the G@nd surface-temperature break-
points occurred in 1975 while thesCand thermospheric- ¢
temperature breakpoints occurred in 1979. In the para+ 1000

Daytime
1050

graphs below we consider whether these breakpoint corre Nighttime El Chicon

spondences might represent cause and effect. 950 ¢ 3 * 1
We may normally expect surface temperature to rise in re- W

sponse to an increase in @@ensity, yet the breakpoint in 000t 3 ¢ * . 1

the mid-1970s has received other explanation. Trenberth an

Hurrell (1994) showed evidence of a substantial decade-long 850 I .2

change in the north Pacific atmosphere lasting from abou 66 68 70 72 74 76 78 80 82 B4 86 88

1976 to 1988 linked to changes in the frequency and in-
tensity of El Niio versus La Nia events. They noted that Fig. 2. The linear cooling trend at 350km above Saint Santin
the spatial scales of such variations are large, owing to théor daytime (10:00-14:00 LT) and nighttime (22:00-02:00 LT). The
large scales of atmospheric planetary waves involved, whilgdaytime thermosphere cooled a65-0.4 Kyr—1 while the night-
the time scales are long, owing to the sluggish response ofime cooled at @+0.5Kyr—1. The time of the eruption of El
the ocean to surface forcing. It was not clear whether thesé&hichon is noted.
changes were a manifestation of internal climate variability
or whether an external cause (e.g., global warming) may have
set favorable conditions for the changes to develop. Suctihe vertical thermal structure of the atmosphere. The tem-
periods of decadal-scale trends are not uncommon. MerzyPerature bulge it creates defines the stratosphere on its bot-
lakov et al. (2009) note that complex nonlinear systems liketomside and the mesosphere on its topside. A decrease in
the atmosphere may well transition from one quasi-stableO3 density would reduce heating in this region and result
state to another. Rozelot and Lefebvre (2006) say that ther#! some degree of thermal collapse in the stratosphere and
have been periods of warming and cooling since 1861 in surmesosphere and a descent of everything above it (the ther-
face temperature, with 1910-1945 showing a 0.13 K/decad&nosphere). Akmaev et al. (2006) simulated the response of
warming, 1946-1975 showing a 0.01 K/decade cooling, andhe upper atmosphere to observeg t@nds. Even though
1976—2001 showing a 0.21 K/decade warming, with the pethe trends used were nil above 65 km altitude, the effects of
riod 1861-1975 showing remarkable correlation with solarthe loss of @ heating persisted even to the simulation’s upper
irradiance but the period 1976-2001 showing a completébound of 200 km. Bremer and Peters (2008) investigated the
break in that relationship. Seidel and Lanzante (2004) notdong-term trend in ionospheric reflection height, which has
that global climate models are able to simulate multi-decadafirect interpretation as a trend in temperature below about
periods of quasi-linear change with either natural or anthro-110 km altitude. They found an essential part of the derived
pogenic forcings_ So the Correspondence of '[he2 @6d trend was correlated with the trend |r]3 @ontent, includ-
surface-temperature breakpoints in 1975 may not represerd a correlated breakpoint feature in 1979 (and another in
cause and effect but rather just response to a decadal shift ih995, when @ began a recovery in the atmosphere). This
atmospheric behavior. late-1970s breakpoint year has been noted in other work.
|\/||ght the Correspondence of theg(and thermospheric- Labitzke and Kunze (2005) found that Stratospheric tempera-
temperature breakpoint years in 1979 represent cause arfire trends changed around year 1979. Danilov (2009) found
effect? We must keep in mind in the following discussion that the correlation between daytime and nighttime values
that the 3-year uncertainties in these breakpoint-year detei0f peak ionospheric density showed a clear change in trend
minations makes conclusions suggestive rather than definiin the vicinity of 1980". Merzylakov et al. (2009) found a
tive, though we also point below to independent evidence O]breaprint in the semidiurnal tide above Obninsk and Collm
those breakpoint-year determinations, €@n act as a green- around 1979, when theg@rend changed. Zhang et al. (2011)
house gas just as GQran, but its decrease in density af- have noted that the thermospheric cooling trend that they see
ter 1979 (presumab|y due to an increase in man-made ha|dn a 1968-2006 timeline from Millstone Hill did not emerge
carbon emissions into the atmosphere) would lead to less raintil the 1980s.
diative cooling, not more, and during daytime its radiative = The Fig. 2 trendlines show that the long-term cooling in
heating effect would far outweigh any cooling effects, @ the thermosphere is largely a dayside phenomenon. The day-
absorbing solar UV radiations, plays a fundamental role intime slope is highly significant. We cannot say with any
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