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1. Introduction sion, COADS (enh), observations from a
. variety of marine platform types are
A comparative study of the decadal trendsincluded and data are trimmed with relaxed
in different surface temperature data setsimits (all variables are trimmed with 465
has been undertaken. One objective was tyolter, 1997) except the NMAT which is
determine what the differences were inpot trimmed for the period from 1854-
paired marine surface temperature basedg7g): (2) UK Meteorological Office His-
on ship measurements (both sea surfacgyical SST Version 6 (MOHSST6); (3)
and air temperature) along most of theyk Meteorological Office Historical
globe's coastal regions with surface airNMAT Version 4 (MOHMAT4N; and (4)
temperature measured at coastal stationgs|jghal sea-lce SST Version 2.3b
We also wished to determine how the rate(G|SST2.3b) created by the UK Meteorol-
of change of surface temperature variedhgy Office.
over two sets of time intervals for the vari-
ous data sources. The data sets used arg COADS, the data are original: only the
described in the section that follows. trimming, if any, was applied as quality
control. The MOHSSTG is a version of an
For the period since 1950 all the data setsidjusted SST data set: adjustments were
agree fairly closely. For longer periods, made to correct the systematic difference
although known biases in COADS affect between measurements by buckets and
the results, it is clear that sampling biaseshose by engine intakes (Folland and
can also significantly affect the linear trend Parker, 1995). The MOHMAT4N is also a
values obtained under different spatial cov-version of an adjusted data set: adjustments
erages. No acceleration in temperaturevere made to eliminate the effect of

trend is evident from the analysis. increases in deck-elevation and inhomoge-
neities during 1856-85 and 1942-45 (Bot-
2. Data and Method tomley et al., 1990). The GISST2.3b is a

. derived version of MOHSST®6, in which
Sea surface temperature (SST), marine a'§patia| and temporal gaps of missing val-

temperature (MAT), and night marine air . S -
temperature (NMAT) from following data the leelrgegfél)led with interpolations (Rayner

sets are examined: (1) Standard an

enhanced versions of Comprehensivg ang ajr temperature (LAT) from a grid

gﬁ?ﬁ;ﬁm?g%%?r\/emaﬁbaﬁ estglt icgzgf)‘qﬁ’global air temperature data set created in
N ' " - the NOAA-CIRES Climate Diagnostic

the standard version, COADS (std), only : .
ship-observations are included and data argemer (CDCLAT) Is used as independent
verification. A blend of LAT by Jones et al.

trimmed with 3.%. In the enhanced ver-
(1994) and SST from MOHSST6



(MOHSST6+LAT) is also used as an addi- have a consistent sampling, in each of the
tional sample. Monthly means of each of5-degree boxes a monthly mean is taken
the variables from all data sets are pro-into account only when all the considered
cessed to have a same 5 degree longitudeariables are not missing for the same
by 5 degree latitude grid format. In order to month. Spatial averages of monthly mean
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Figure 1: Spatial distribution of the 5 by 5 degree boxes used in the calculation. Solid
shades indicate boxes that have more than 720 non-missing monthly means during the
1900-95 period. Hatched shading indicate boxes that contain more than 360 monthly
means during the 1950-95 period.



anomalies are made for global marine-landand day-and-night marine air temperature
and open ocean respectively. We defindMAT) show a higher trend of about 0.6 C/
marine-land area as those 5 degree boxeB00 years. The higher trend in LAT and
which contain monthly mean of both MAT indicates that day-time temperature
marine and land-station observations. Théhas increased faster than night-time tem-

open ocean includes all the oceanic 5perature during the 46-year period.
degree boxes except those marine-land
boxes Over the global open ocean, a trend of

about 0.6 C/100 years is seen in all the SST
Figure 1 shows the number of monthsin COADS, MOHSST6 and GISST2.3b,
when all considered variables are not missand NMAT in COADS and MOHMAT4N.
ing for each 5-degree boxes of the globalA higher trend of 0.9 C/100 years is seen in
marine-land (upper panel) and the operihe COADS MAT indicating a faster
ocean (bottom panel). Linear trends in theincrease in day-time temperature.
time series of monthly mean anomalies are _
calculated for two periods: 1950-95 and Ihe difference between the trend (0.4 C/
1900-95. And, two spatialtemporal sam-100 years) over the global marine-land and
pling schemes are used for each period t¢he trend (0.6 C/100 years) over the global
examine the sensitivity of the trends to theOP€N ocean during the recent four decades
sampling: (1) spatial average of the boxesSuggests that one must include sufficient
in which the monthly means were not data in the t_roplcal Pacific Ocean to appro-
missing in at least 720 months during thePriately estimate the trend for the global
1900-95 period, i.e. the solid boxes in0c€an.
Fig.1; and (2) spatial average of the boxes
in which the monthly means were available : .
in at least 360 months during the 1950-953'2 For the period from 1900 to 1995:

period, i.e. the solid and hatched boxes ingyer the global marine-land, one observes
Fig.1. Number of observations for eachgn acceleration in the warming-rate in the
box/month is not taken into account records of land-station observed surface
because this information is only ava"ab'etemperature. The warming trend (0.6 C/
in COADS. 100 years) during the recent four decades
(1950-95) is twice as large as the trend (0.3
C/100 years) during the past century
(1900-95). The land-station data provide

The linear trends are listed in Table-1 and@n independent verification to the quality

our interpretation can be summarized a<f ship-observed surface temperature over
the following: the global marine-land area.

3. Results

3.1 For the period from 1950 to 1995: Over the global marine-land, however, the
acceleration in the surface warming is not
Over the global marine-land, a trend of seen in all the archives of marine observa-
about 0.4 C/100 years is seenin all the seéions examined in this study. In all the
surface temperature (SST) and nightarchives of marine observations, one actu-
marine air temperature (NMAT) in both the ally sees reversed sign of change, a
COADS and MOH data. The trend in decrease in the warming-rate over the glo-
GISST2.3b SST is about half: 0.23 C/100bal marine-land. The trends reduced from
years. Different trimming limits in the range of about 0.5 to 1.2 C/100 years
COADS do not have significant impact in during the past century (1900-95) to the
the trend. Both land air temperature (LAT) range of 0.2 to 0.5 C/100 years during the



recent four decades. The larger warmingl940s in the records of ship-observations.
trend in the records of marine observationsAnd these strong cold anomalies in the

during the centennial period is mainly ship data are associated with a suspicious

attributed to much colder surface tempera-abrupt decrease around 1900. The abrupt
ture during the decades from 1900s tochange makes the time series discontinu

Table 1. Linear Trend in Surface Temperature

Trend + 95% confidence interval [Celsius / 100 years]

Time 1900-95 1950-95
Sampling Scheme Box-60yr Box-30yr Box-60yr Box-30yr
Marine-Land:

CDCLAT .34 +.03 29 +.02 .83 +.08 .64 + .08
MOHSST6+LAT .66 + .02 .63 +.02 48 + .07 48 + .06
COADS-MAT .75 + .03 77 .03 .53 +.06 .57 + .05
COADS-NMAT 75 + .04 .75 + .04 .37 +.06 .37 £ .05
MOHMAT4N .69 + .03 .68 +.02 41 + .06 41 + .06
COADS-SST 1.2 £.03 1.2 £.03 .31 +.05 .38 + .05
MOHSST6 .66 + .02 .67 +.02 .32 +.06 .34 + .06
GISST-2.3b 48 +.02 A7 +.02 19 + .06 .23 +.06
Open Ocean :

COADS-MAT .72 +.03 .65 +.03 .83 +.05 .93 +.06
COADS-NMAT .66 +.04 .66 +.04 .53 +.06 .63 +.05
MOHMAT4N .63 +.02 .62 +.03 .50 +.05 .60 +.06
COADS-SST 1.1 +.03 1.1 +.03 49 + .04 .62 +.05
MOHSST6 .56 +.02 54 +.02 44 + .06 .58 +.06
GISST-2.3b 54 +.02 .50 +.03 48 + .07 .62 +.08

ous in all the data sets of the marinebeen made in the UK Meteorology Office’s
observed surface temperature. The absenawarine surface data sets have reduced
of recent increase in the warming-rate andnany of the biases. Magnitude of the spu-
the discontinuity around 1900 in the shiprious discontinuous change is largest in
data over marine-land indicate systematicCOADS, smaller in MOHSST6 and small-
biases in the historical records of ship-est in GISST2.3b. The discontinuity
observations. The adjustments that hadiround the 1900 is not seen in the land-sta-



tion observed surface temperature. AssumTemperature Datuart. J. Roy. Meteor.Sqcl 21,
ing that there is no systematic bias in the319-367
records of land-s.tatlon s_urface_- te.mpe.‘ra_Jones, P.D., 1994: Hemispheric Surface Air Tem-
ture, the remaining discontinuity in tperature Variations: A Reanalysis and an Update to
MOHSST6 and GISST2.3b suggest thatjgg3 j. Climate 7, 1794-1802
more adjustments are still needed.
Karl, T.R., P.D. Jonse, R.W. Knight, G. Kukla, N.

Over the open ocearsome increase in Plummer, V. Razuvayev, K.P. Gallo, J.A. Lindesay,
Warming_rate after 1950 can be seen in thefind R.J. C_harlson, 19951. Asymmetric Trends of
MAT in COADS, the SST in MOHSST6 Dalv Maxdmum and Ninimum Temperature:

. _Empirical Evidence an ossible Causes, In
.and GISST'Z.'?’b' HOV\_/ever, the accelerat'(_)r}\lat?onal Research Council'latural Climate Vari-
in the warming-rate in the open ocean isapility on Decadal-to-Century Time Scales,
much weaker than that exhibited in theNational Academy Press, Washington, D.C. 1995,
land-observed surface temperature over th&0-96
global marine-land. And, again, the spuri- .
ous discontinuity around 1900 is seen in al|Parker, D.E., and C.K. Folland, 1991: Worldwide

the archives of marine observations Surface Temperature Trends Since the Mid-19th
' Century. In Schlesinger, M.E., editogreenhouse

It is also important to notice that the trends®2S _Induced  Climatic Change: A Critical
Appraisal of Simulations and Observatigns

over the open Ocea.n are very close to th%Isevier Science Publishers, B.V. Amsterdam, 173-
trends over the marine-land for the centen-

nial period, which is in contrast to the large

d|ﬁe_rence between the open ocean anGayner, N.A., Horton, E.B., D.E. Parker, C.K. Fol-
marine-land shown in the recent fourland, and R.B. Hackett, 1996: Version 2.2 of the
decades. The similar trends in the operfSlobal Sea-lce and Sea Surface Temperature Data
ocean and marlne_land for the Centennlaﬁet, 1903-1994C|Imate Research Technical Note

: Lee : _No. 74 Hadley Centre for Climate Prediction and
period represents another difficulty in mak Research, U K. Meteorological Office

ing an accurate estimation of the surface
temperature trend for the global oceansiutz, R.J., S.J. Lubker, J.D. Hiscox, S.D. Woo-
because the similarity results indeed fromdruff, R.L. Jenne,D. H. Joseph, P.M. Steurer, and

lacking observations in vast area of theJ.D. Elms, 1985: Comprehensive Ocean-Atmo-

open ocean during early decades. sphere Data Set Release 1, NOAA Environmental
Research Laboratories Rep., 268 pp.
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