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The Climatology of the Western Tropical Pacific:

Analysis of the Radiosonde Data Base

G.C. REID, K.S. GAGE and lR. McAFEE

Aeronomy Laboratory
National Oceanic andAtmospheric Administration

Boulder, CO80303 - U.S.A.

INTRODUCTION

Upperair data are available from several radiosonde stations in the western tropical Pacific
at daily or twice-daily intervals for a periodof over 30 years,beginning in the early 1950s. Threeof
thesestations (ponape,Truk, and Majuro) lie within the TOGA COAREdomain,and several others
(Koror, Yap, Guam, Eniwetok, and Pago Pago) are closely adjacent. Analysisof this data base is
in principle capableof providing important information on the heightand time structure of
atmospheric variability over the wann pool region.

As a preliminary study, we haveused the temperature recordsfrom threeof these stations
(Yap,Majuro,and Pago Pago), together with two moredistant stations(Wake Islandand Curacao)
to examine the development in timeof the ENSO-related anomalies at 30 pressure levelsfrom 1000
hPa to 15 hPa (about28 km) during the 17-year period 1966-1982. The analysis is described in
detail in Reid et al. (1989).

THE RELATIONSHIP OF OCEANIC AND ATMOSPHERIC TEMPERATURE
ANOMALIES

The El Nino time seriesof SST anomalies used was that derived by Weare et a1. (1976) and
updated by Weare (1986). It is the amplitude of the dominant interannual mode foundin an EOF
analysis of SSTsover a wideregionof the Pacific northof 2OoS, and the time seriesof monthly
valuesis shownin Figure 1. The only pre-treatment of the timeseries was the removalof a weak:
linear trend, shownin the figure.
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Figure 1. Pacific SST anomaly time series (afterWeare [1986]).
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Figure 2. Contourplot of cross-correlation coefficients betweentime seriesof Figure 1 and
monthly meanatmospheric temperature anomalies at Pago Pago.The ocean leads the
atmosphere for positivelags.
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The atmospheric temperature time seriesfor eachof the 5 stations and for each of the 30
pressure levels (nearly 2 million individual measurements in all) werereducedto monthly means,
and anomaly series wereformed by subtracting the 17-year meanfor each calendarmonth from the
individual values. Fairlypronounced trends were evidentat all levels, and were removed before
carrying out the analysis. The trends and their significance are discussed below. .

For each station, the temperature anomalies at each pressure levelwere cross-correlated
with the SST anomaly timeseriesfor lagsof ± 30 months (Positive lag meansSST leads the
atmosphere). Figure 2 showsthe result for Pago Pago in the form of contoursof equal
cross-correlation coefficient. Dark and lightshading indicate correlation significant at the 99% and
95% levelsrespectively, taking autocorrelation in the individual time seriesinto account.

The mainfeatures are:
(1) Strongpositivecorrelation in the main troposphere, from 850 hPa to 150 hPa, with the

atmosphere laggingthe oceanby about 2 months.
(2) Strongnegative correlation between 100hPa and 60 hPa, with a similar lag.
(3) A transition regionbetween 150hPa and the tropopause at about 100hPa.
(4) A surface layer below 850 hPa, with little significant correlation.
(5)Disappearance of the signalaboveabout40 hPa (22 km).

A generally similarpicture is seen at theother four stations, but with interesting differences
from stationto station, and witha systematic variation in lag.

Figure 3 shows the lag in the mid-troposphere as a function of longitudeof the station, and
indicates that the signalappears to propagate slowlyoutwardfrom a center near 135°W, wherethe
lag would probably be close to zero (if therewere a station to observeit). The zonalpropagation
speedis about 0.8 metersper second, considerably less than typical wind speeds.

INTERPRETATION

The slow propagation speed, and the close similarity of the speedsin the troposphere and
stratosphere, suggest that the mechanism is not simply the advection of air from a regionof
enhanced convective activity. Two otherpossibilities are:
(1) Enhancement of the large-scale tropospheric subsidence and stratospheric upwelling resulting
from increased convective activity centered near 135°W. In thiscase, the tropospheric subsidence
can be considered as a signof an enhanced and displaced Walkercirculation accompanying El Nino
events, while the stratospheric upwelling can be considered as a sign of an enhanced Hadley
circulation.
(2) An increase in the extentof optically thickmesoscale cirrus sheetsin the upper troposphere
resulting fromenhanced convective activity, leadingto radiative warming of the troposphere below
and radiative coolingof the stratosphere above.

Bothof these mechanisms may be contributing to theeffect, and someeffort is needed to
try to devisewaysof estimating theirrelative effectiveness.

ATMOSPHERIC TEMPERATURE TRENDS

Significant trends werefound in the 1966-1982 atmospheric temperature anomaly time
seriesat all pressure levels. Figure4 shows the slopeof a least-squares straight-line fit to the trend
at each of the five stationsfor several pressure levels. The station trendsall show similar
characteristics - a warming belowthe 150hPa level,which continues into the lower stratosphere
only at the near-equatorial stations of Yap and Majuro. The other stationsshowa transition to a
coolingtrend near the tropopause and at the base of the stratosphere, weakening with increasing
height and becoming irregular above about40 hPa.
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Figure 3. Lag of m~imum correlation in the mid-troposphere as a function of station longitude for
Yap, Majuro,Wake Island, Pago Pago, and Curacao.The straight lines have slopesof
0.8 meters per secondat the equator.

The variation with height is somewhat similar to the heightvariation of the correlation
patterns illustrated in Figure 2, and suggests that the trendsseen in the atmosphere may reflecta
warming trend in the tropical Pacificduring the 1966-82 time period.The cause of such a warming
is a matterfor speculation.

CONCLUSIONS

(1)The signalsof tropospheric warming and stratospheric cooling that accompany El Nino
events are clearlyevident in tropical radiosonde data, and appearto propagate both westwardand
eastwardfrom a center near 135°W at a speedof about0.8 ms-I.

(2)The relative importance of dynamical (Walker and Hadleycirculations) and radiative
(extensive cirrus sheets) effectsin producing the signal needs to be determined.

(3)Long-term trendsin atmospheric temperature over the period 1966to 1982are
consistent with an overallwarming of the tropical Pacific.

(4) Extension of the analysis to study(a) the characteristics of the signalat other tropical
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and extratropicallocations, (b) the behavior of the signal at earlier times, before 1966, and (c) the
existence of a corresponding signal at intraseasonal frequencies, is being planned.
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Figure 4. Slopes of the linear trend in temperature anomaly at the 5 stations during 1966-82.
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