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[1] This study compares the global distribution of 20th
century SST and marine air temperature trends from a wide
variety of data sets including un-interpolated archives as
well as globally-complete reconstructions. Apart from the
eastern equatorial Pacific, all datasets show consistency in
their statistically significant trends, with warming
everywhere except the far northwestern Atlantic; the largest
warming trends are found in the middle latitudes of both
hemispheres. Two of the SST reconstructions exhibit
statistically significant cooling trends over the eastern
equatorial Pacific, in disagreement with the un-interpolated
SST and marine air temperature datasets which show
statistically significant warming in this region. Twentieth
century trends in tropical marine cloudiness, precipitation
and SLP from independent data sets provide physically
consistent evidence for a reduction in the strength of the
atmospheric Walker Circulation accompanied by an
eastward shift of deep convection from the western to the
central equatorial Pacific. Citation: Deser, C., A. S. Phillips,
and M. A. Alexander (2010), Twentieth century tropical sea surface
temperature trends revisited, Geophys. Res. Lett., 37, L10701,
doi:10.1029/2010GL043321.

1. Introduction

[2] Sea surface temperature (SST), a fundamental physi-
cal parameter of the climate system, is well suited for
monitoring climate change due to the oceans’ large thermal
inertia compared with that of the atmosphere and land.
Accurate determination of long-term SST trends is ham-
pered, however, by poor spatial and temporal sampling and
inhomogeneous measurement practices [Hurrell and
Trenberth, 1999; Rayner et al., 2009]. As a result, 20th
century SST trends are subject to considerable uncertainty,
limiting their physical interpretation and utility as verifica-
tion for climate model simulations. This uncertainty is
especially evident in the tropical Pacific where even the sign
of the centennial trend is in question [Vecchi et al., 2008].
Given the influence of tropical Pacific SST anomalies on
climate worldwide, resolving these discrepancies remains an
important task.

[3] Previous studies have focused largely on SST trends
from reconstructed data sets. The purpose of this study is to
provide a broad assessment of 20th century global SST
trends by considering a wide variety of gridded data sources
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including un-interpolated archives as well as globally com-
plete reconstructions. The SST trends are compared with
independently measured night-time marine air temperature
(NMAT) trends for evidence of physical consistency. The
SST/NMAT trends over the tropical Pacific are further
evaluated in the context of trends in tropical cloudiness,
precipitation, and sea level pressure.

2. Data and Methods

[4] Global SST trends since 1900 are computed for 5
different datasets: Hadley Centre SST version 2 (HadSST2)
[Rayner et al., 2006; Minobe and Maeda, 2005]; Hadley
Centre sea ice and SST version 1 (HadISST1) [Rayner et al.,
2003]; National Oceanic and Atmospheric Administration
Extended Reconstructed SST version 3 (ERSSTv3b) [Smith
et al., 2008]; and Kaplan Extended SST version 2 (Kaplanv2)
[Kaplan et al., 1998]. HadSST2 and Minobe/Maeda (both
on a 2° x 2° latitude/longitude grid) are based on the
International Comprehensive Atmosphere-Ocean Data Set
(ICOADS) and employ different quality-control and bias
correction procedures; no “analysis” of the data is performed
(e.g., no spatial or temporal smoothing or interpolation) and
missing grid boxes are not filled in. HadISST1 (1° x 1°),
ERSSTv3b (2° x 2°), and Kaplanv2 (5° x 5°) are analysis
products which use different optimal statistical procedures to
smooth the data and fill in missing values; further informa-
tion is given in the cited references.

[5] In addition to SST, we compute trends in night-time
marine air temperatures (NMAT) from Meteorological Office
Historical Marine Air Temperature version 4 (MOHMAT4)
[Rayner et al., 2003] and terrestrial air temperatures from
Hadley Centre/Climate Research Unit Temperature version 3
variance-adjusted (HadCRUT3v) [Brohan et al., 2006]. Both
datasets are on a 5° x 5° grid, and like HadSST2 missing grid
boxes are not filled in and no “analysis” of the data is per-
formed. It should be noted that MOHMAT4, HadCRUTv3
and HadSST2 are independent in that they consist of mea-
surements from different observational platforms or instru-
ments (N. Rayner, personal communication, 2010). Over the
tropics, we also compute trends in land station precipitation
from Hulme et al. [1998], total cloud amount and sea level
pressure (SLP) from ICOADS version 2.4 [Woodruff et al.,
2008], and SLP from Hadley Centre SLP version 2 [Allan
and Ansell, 2006]. The Hulme (2.5° x 3.75°) and ICOADS
(2° x 2°) data are neither smoothed nor interpolated, while
HadSLP2 (5° x 5°) is a globally complete optimal recon-
struction based on terrestrial station records and marine
observations from ICOADS.

[6] We calculate linear trends from monthly anomalies
using the method of least-squares, and assess their statistical
significance using a Student’s-t test and taking into account
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