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Station Homogeneity/Bias

Homogeneity defined as a change in a temperature time series thatis not due to
the vagaries of the weather and climate

Important to distinguish an issue that affects a single station (now more generally
referred to as an Inhomogeneity) from one that affects many or all stationsin a
region (now referred to as a Bias — later we’ll look at urban effects and exposure of
the thermometers)

Inhomogeneity tested by a number of relative and absolute homogeneity tests
(important comparison paper by Venema et al. 2011 which resulted from an EU-
COST Action called HOME)

Whatever method is used it is key to have good Station Histories (Metadata), but a
number of extensive studies indicate that even where this is good, only about half
the station inhomogeneitiescan be related with a cause

Many national assessments now being conducted— in a few countries every year
or two, using new techniques with additional series recently digitised

A number of studies using unadjusted and adjusted station series indicate that
station homogeneity is not that important for large-scale averages, but the issue is
more important at the local-to-regional scale

Venema, V.K. et al., 2011: Benchmarking homogenization algorithms for monthly
data. Climates of the Past, 8: 89-115.
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Gridding the land station temperatures

CRU approach is to associate each homogenous station with the 5° by 5° (latitude/longitude)
grid box within which it is located

Average for that box is then the simple average of all the station anomalies (from 1961-90)
available

Variance of the time series will be affected by changing station numbers (both over time at
an individual grid box and between adjacent grid boxes)

This can be allowed for (discussed in Brohan et al., 2006, based on earlier work of Jones et
al., 1997) by adjusting all grid-box series to the infinitely sampled grid box

Large-scale averages calculated as the weighted sum of all grid boxes in the domain — with
the weights being the cosine of the central latitude of each box

US groups undertake a variety of approaches (NCDC — PC Techniques, GISS — 1200km spheres
of influence, BEST — Kriging). All three approaches are, in effect, spatially infilling. CRU
doesn’t do this in CRUTEM3/4, so if there are regions without station data, we get missing
grid boxes

CRU does spatial infilling, but it is a different dataset (CRU TS 3.10 and is discussed in Harris
et al., 2013)

BEST — Berkeley Earth Surface Temperature (Land Only)
GISS —Goddard Institute of Space Sciences (part of NASA)
NCDC — National Climatic Data Center (part of NOAA)
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Biases

Bucket and engine intake measurements for SSTs (most
important of all, will be discussed later)

Exposure of thermometers (B6hm et al., 2010, Brunet et al.,
2010) in the pre-Stevenson screen era (only really effects the
record pre-1880, but this is important in some regions later,
such as Australia before 1910)

Homogeneity techniques won’t put this right, as most sites
affected and also the effects are limited to the summer (May
—Septemberin the NH) season

Urbanization

Bohm, R., Jones, P.D., Hiebl, J., Frank, D., Brunetti, M. and Maugeri, M:, 2010: The
early instrumental warm-bias: a solution for long Central European temperature
series, 1760-2007. Climatic Change 101, 41-67

Brunet, M., Asin, J., Sigro, J., Baiion, M., Garcia, F., Aguilar, E., Palenzuela, J.E.,
Peterson, T.C. and Jones, P.D., 2010: The minimization of the screen bias from
ancient Western Mediterranean airtemperature records: an exploratory statistical
analysis. Int. J. Climatol. 31, 1879-1895, DOI: 10.1002/joc.2192.



Early exposure issues

Europe affected, before the development of
Stevenson screens

Solution has come about from modern parallel
measurements (in Austria and Spain, with the old
screens). Needs to be looked at elsewhere

Effect is annually ~0.3°C, with most series too warm
by up to 0.7°Cin June

Surprisingly (for Austria), the effect is much smaller
using the (Tx+Tn)/2 method of calculating averages
than using the fixed hours method used in Austria

Issue important as it is the summers that calibrate
most natural and documentary proxies
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SST Issues

Principal problem is the changeover to engine intake measurements from buckets
Countries and shipping (merchant and naval) fleets did this at different times

Bucket design also varied between different shipping fleets

The way the SST measurement was made was not put with the data until the early 1970s

Dates and bucket types have only been discovered by looking at old books of instructions to
marine observers

ERI — Engine Room Intakes
VOS — Voluntary Observing Ships

Modern SST data come in with ship call signs and locations — problem is that the shipping
fleets are becoming more reluctant to take the data — for security and trade/economic issues
(e.g. they don’t want others to know where they are — fishing fleets)

SSTs are vital to many other areas of atmospheric sciences. They are
necessary as the boundary values for weather forecasts and also
Reanalyses.

Thompson, D.W.J., Kennedy, J.J., Wallace, J.M. and Jones, P.D., 2008: A large discontinuity in the mid-twentieth century in
observed global-mean surface temperature. Nature 453, 646-649.
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Annual Anomalies from 1981-2010
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urface anc Iower-troposphere temperatures

- HadCRUT3 trend +0 16°C/decade
; UAH MSU trend +0.14°C/decade
- RSS MSU trend +0.16°C/decade
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Land only

Land surface and EHHI‘IIEI‘""I‘I tEI'I"Il:I-EI"I'l:I.-II"E!E

- CRUTEM4 trend +0.35°C/decade
- ERA-Interim trend +0.38°C/decade

-0.5

b

g
=
m
:
=
4
3
=
o
&
h

[
n

1985




=]
o

g
=
o
5
£ 0.0
¢
=1
% 05
B
G
l—

N
=]

[
]

Land surface and EHHI"IIEI‘lI"I‘I IEI'I"IDEI"I'I:I.II"E!

- CRUTEM4 trend +0.13"C/decade
T ERA-Interim trend +0.12°C/decade

B —
1 1

= -
i E
——

1990

1995 2000 2005

Year

2010




Absolute Temperatures

Time series alwaysshown as anomalies from a base period — often 1961-90

I’m occasionally asked what the absolute average temperature of the world is

It is ~¥14°C for the 1961-90 period (Jones et al. 1999)

Recently compared with ERA-Interim (Jones and Harpham, 2013)

Large differences over parts of the Antarcticand to a lesser extent over the Arctic,
but ERA-Interim average would be about 0.2°C cooler (for 1961-90) based on
comparisons over the 1979-2012 period

So because 1981-2010 is warmer than 1961-90, ERA-Interim gives ~14°C, but there
are large compensating differences with the limited surface network over Antarctica
(ERA-Interim is warmer in the interiorand cooler at lower latitudes, 65-75°S)

Jones, P.D., New, M., Parker, D.E., Martin, S. and Rigor, |.G., 1999: Surface air temperature and
its variations over the last 150 years. Reviews of Geophysics 37, 173-199.

Jones, P.D. and Harpham, C., 2013: Estimation of the absolute surface air temperature of the
Earth, J. Geophys. Res. 118, 3213-3217, d0i:10.1002/jgrd.50359.



Conclusions

Biases generally much more important than individual station
homogeneity issues

Urbanization issues relatively unimportant at large-scales, but maybe
issues at local scales

Exposure issues pre-Stevenson screens an important issue in Europe
before about 1880. Important for proxy climate calibration in Europe
Largest bias is in SST data and related to changes in SST measurement
from buckets to engine intakes — effect after adjustment is reduction in
long-term warming

Early assessments (e.g. Callendar in the 1930s) agree will with modern
land-based estimates

They were reasonable due to limited number of spatial degrees of
freedom. We don’t need tens of thousands of stations to measure large-
scale averages. We do need lots of stations to get local details
Large-scale temperature estimates agree with satellite and reanalysis
estimates
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