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Summary
● Updated versions of global temperature data 

(from joint work between CRU and the Met 
Office Hadley Centre)

● Improvements to land data (CRUTEM4), 
marine data (HadSST3) and the method of 
combination (HadCRUT4)

● Cryopsheric changes 
● Recent changes in temperature and rainfall 

across the UK
● Assessing possible climate change impacts 

over the UK – UKCP09 Projections



CRUTEM4 and HadCRUT4
● Improved coverage of land data by better access to more station data 

from National Met Service (NMS) websites (Jones et al., 2012). 
● The 5° by 5° latitude/longitude grid box size that is used means polar 

region boxes are relatively small. Greater numbers of stations from 
Russia and Canada mean that more of these boxes now have at least one 
station 

● Improvements to adjustment procedures for sea-surface temperatures 
(SSTs) mean that SST data is slightly warmer for the years 1946-1960 
(problem found by Thompson et al., 2008) and also slightly warmer in 
the last two decades as most SST data are now from fixed and drifting 
buoys as opposed to ships (see details about HadSST3 in Kennedy et al., 
2011a,b and HadCRUT4 in Morice et al., 2012)

● Jones, P.D., Lister, D.H., Osborn, T.J., Harpham, C., Salmon, M., Morice, C.P. 2012: Hemispheric and large-scale land surface air 
temperature variations: An extensive revision and an update to 2010. J. Geophys. Res. 117, D05127, doi:10.1029/2011JD017139.

● Kennedy J.J., N.A. Rayner, R.O. Smith, M. Saunby, and D.E. Parker, 2011a:  Reassessing biases and other uncertainties in sea-
surface temperature observations measured in situ since 1850 part 1: measurement and sampling errors. Journal of Geophysical 
Research Atmospheres, 116, doi:10.1029/2010JD015218.

● Kennedy J.J., N.A. Rayner, R.O. Smith, M. Saunby, and D.E. Parker, 2011b:  Reassessing biases and other uncertainties in sea-
surface temperature observations measured in situ since 1850 part 2: biases and homogenisation. Journal of Geophysical 
Research Atmospheres, 116, doi:10.1029/2010JD01522.

● Morice, C.P., Kennedy, J.J., Rayner, N.A. and Jones, P.D., 2012: Quantifying uncertainties in global and regional temperature 
change using an ensemble of observational estimates: the HadCRUT4 dataset. J. Geophys. Res 117, doi:10.1029/2011JD017187.

● 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.



CRUTEM4 (bold) and CRUTEM3 (lighter)
Global land average ((2*NH+SH)/3)

Both series expressed as anomalies from the same 1961-90 period

Rest of plots/maps use this base period. Smoothing is decadal adaptive filter



2001-2010 and coverage improvements
Improvements in 
coverage has enabled 
more grid boxes to be 
filled, not just in this 
decade, but back to 
the 1920s.  

Little change over the 
SH.

Neither CRUTEM3 nor 
CRUTEM4 do any 
infilling from 
neighbouring stations 
(as the two US groups 
do).

Instead we’re infilling 
by accessing more 
data. More is now 
available in near-real 
time than even 5 years 
ago

CRUTEM3

CRUTEM4

4 minus 3

Open black 
squares 
are new 
boxes in 4 
not in 3



Comparison of trends for the period 1951-2010

At least 48 years 
needed to calculate a 
trend

Less coverage 
changes, as more 
improvements coming 
from the 2000s than 
the earlier decades

Again this is just 
better real-time 
access to data, 
especially from 
Canada and Russia

CRUTEM3

CRUTEM4

4 minus 3



Coverage effects – subsampling the station data
Using 5 different sets of stations, each of which has a unique 20% 

of the data

Hemispheric and Global averages can be produced from far fewer station numbers



Omitting data from large countries
NH less contiguous US (left)  SH less Australia (right)



Comparison of CRUTEM4 with the 2 US groups 
(NASA/GISS and NCDC/NOAA)

Green shading is two sigma error estimate for the interannual timescale



Comparison with ERA-Interim (NH)
Land only

ERA-Interim complete coverage for NH, so warms slightly more than CRUTEM4



Comparison with ERA-Interim (SH 0-60S)
Land only



SST issues – HadSST3
●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)
●If adjustments not made for these issues, globally averaged SST would have increased much 
more than it has
●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.
●Kennedy J.J., Rayner, N.A., Smith, R.O., Saunby, M. and Parker, D.E., 2011a:  Reassessing biases and other uncertainties in sea-surface 
temperature observations since 1850 part 1: measurement and sampling errors. J. Geophys. Res.116, D14103, doi:10.1029
/2010JD015218.
●Kennedy J.J., Rayner, N.A., Smith, R.O., Saunby, M. and Parker, D.E., 2011b:  Reassessing biases and other uncertainties in sea-surface 
temperature observations since 1850 part 2: biases and homogenisation. J. Geophys Res. 116, D14104, doi:10.1029/2010JD015220.



Types of books that need to be found

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.

This paper showed that 
British Naval Ships 
continued to use buckets 
between 1945 and 1960 – 
contrary to what was 
believed in 2006. See 
Kennedy et al (2011a,b)



Time series of measurement methods
(based on assumptions as of 2006)

Weight in 
global 

average

Buckets of 
differing 
types – 
some 
insulated, 
some not



Huge change in marine observing 
network in the past 25 years

Percentage of 
observations 
coming from

DRIFTERS
and 

SHIPS



SST Observations – May 2010

Blue – ships;  Red – drifting buoys; Grey – fixed buoys



SST Interpolation

Rayner, N. A., P. Brohan, D. E. Parker, C. K. Folland, J. J. Kennedy, M. Vanicek, T. J. Ansell, and S. F. B. Tett 
(2006), Improved analyses  of changes and uncertainties in sea-surface temperature measured in-situ
since the mid-nineteenth century, J. Clim., 19, 446– 469.



Drifters cause significant 
cooling in global average SST

Global-
average SST 
anomaly (°C) 

wrt 1961-
1990

The base 
being based 
on ships – 
but the 

drifters are 
likely the 

better in an 
absolute 

sense



HadSST3 versus raw observations (red)

Grey band is 
error associated 
with the 
assumptions 
made

Definitions of 
the regions 
given in Kennedy 
et al (2011b).

Raw data (red) 
shows much 
greater warming



Global SST from 1945-2006

Black = all
Red = buoy
Orange = ERI
Blue = buckets

Bottom plot 
gives ranges 
of the 100 
realizations of 
the error 
model



HadSST3 – with uncertainties

Biases assumed 
independent of 
each other



Coverage improvements  
HadCRUT4 vs HadCRUT3



HadCRUT4 vs HadCRUT3 for the global 
average (with error ranges)



HadCRUT4 vs other groups
Each series has its full coverage



As previous plot, but comparisons only 
where all datasets have data



Recent years in NCDC series according to 
ENSO state (El Niño and La Niña)



Global temperatures factoring out the 
effect of ENSO, volcanoes , the Sun

Grant Foster and Stefan Rahmstorf 2011 Environ. Res. Lett. 6 044022 doi:10.1088
/1748-9326/6/4/044022

http://www.google.com/url?q=http%3A%2F%2Fdx.doi.org%2F10.1088%2F1748-9326%2F6%2F4%2F044022&sa=D&sntz=1&usg=AFQjCNE1OXoNVFijq0c3dGiimDVpvV9U-Q
http://www.google.com/url?q=http%3A%2F%2Fdx.doi.org%2F10.1088%2F1748-9326%2F6%2F4%2F044022&sa=D&sntz=1&usg=AFQjCNE1OXoNVFijq0c3dGiimDVpvV9U-Q
http://www.google.com/url?q=http%3A%2F%2Fdx.doi.org%2F10.1088%2F1748-9326%2F6%2F4%2F044022&sa=D&sntz=1&usg=AFQjCNE1OXoNVFijq0c3dGiimDVpvV9U-Q


Urban Heat Islands
● Warming over land is not due to this
● A  number of studies (e.g. Parker, 2010, Wickham et al. 2011) 

show this is a relatively small effect (an order of magnitude less 
than the long-term warming)

● Central London is warmer, but no more warming has occurred 
there since at least 1900

● Parker, D. E. (2010), Urban heat island effects on estimates of observed climate change, 
Wiley Interdisciplinary Reviews: Climate Change, 1, 123–133, doi:10.1002/wcc.21. 

● Wickham, Charlotte, Judith Curry, Don Groom, Robert Jacobsen, Richard Muller, Saul 
Perlmutter, Robert Rohde and Arthur Rosenfeld (2011). “Influence of Urban Heating on the 
Global Temperature Land Average Using Rural Sites Identified from MODIS 
Classifications.” Unpublished manuscript, Berkeley.



London

London has an Urban Heat Island (UHI), but no urban-related warming 
since at least 1900. In other words, the centre got warmer earlier.

UHI greater for 
Tn than Tx. 
Central London 
sites always 
warmest at 
night, but 
warmer during 
the day west of 
London



Cryospheric evidence of change

● Glaciers retreating
● Permafrost disapperance
● Less Arctic Sea-Ice



Glaciers and frozen ground are receding

Area of seasonally frozen 
ground in NH has decreased
by 7% from 1901 to 2002Increased Glacier retreat 

since the early Nineties





2010/2011 – Recent Extremes UK (and Globally)
●CET value for 2010 (8.8°C) makes it the 98th coldest year since 1659, 2°C 

colder than the warmest year of 2006 and 2°C warmer than the coldest year 
of 1740 (6.8°C)

●CET for 2010 was the coldest year since 1986
●CET winter (DJF) values for 2008/9, 2009/10 and 2010/11 were 3.5, 2.4 

and 3.1°C (compared to the 1961-90 average of 4.1°C)
●December 2010 was the second coldest such month since 1659, 0.1°C 

warmer than the coldest in 1890. Map for December 2010 later
●CET for 2011 made it the second warmest year since 1659 (only 2006 was 

warmer)
●Spring 2011 was the warmest ever and Autumn 2011 was the second 

warmest (again only 2006 warmer)
●2010 was locally cold in the UK, but very warm averaged over the world
●2011 was very warm in the UK, but was the second coldest of the 

millennium (with only 2008 cooler)
●The decade 2001-2010 was 0.43°C warmer than the 1961-90 average 

and 0.20°C warmer than the previous decade (1991-2000)
●The 10 warmest years are all the years from 2001 to 2010 with the 

exception of 2008, which is replaced by 1998



Recent Extremes - Rainfall
● 2011 driest ever spring for CEP (Central and Eastern 

England Precipitation)
● 2011 fourth driest autumn for CEP
● Annual total for CEP for 2011 was 444mm, the second 

driest since 1873 (1921 was 36mm lower)
● Near-record rainfall totals in Scotland
● Higher temperatures now mean that rainfall deficits 

similar to 1921 have a greater effect
● Much of eastern and southeastern England is supplied 

by groundwater. Recharge of the aquifers in this 
region only really takes place between November and 
March



Projections for the UK
●The source of these is UKCP09
●http://ukcp09.defra.gov.uk/
●Projections are given as probability 

distribution functions (pdfs) and expressed is 
diagrams in the report as 10% (unlikely to be 
less than), 50% (central) and 90% (unlikely to be 
more than)

http://www.google.com/url?q=http%3A%2F%2Fukcp09.defra.gov.uk%2F&sa=D&sntz=1&usg=AFQjCNFFG8nLjwK15SWyenVwG5Z-2h4pew
http://www.google.com/url?q=http%3A%2F%2Fukcp09.defra.gov.uk%2F&sa=D&sntz=1&usg=AFQjCNFFG8nLjwK15SWyenVwG5Z-2h4pew


UKCP09 – pre-defined regions

a.RCM grid
b.UK regions
c.Water regions
d.Marine 

regions



UKCP09 – Standard Periods



Projections – mean winter/summer temperatures
Left – 10%; middle – 50% and right – 90% probability



Summer daily maximum temperatures (Tx) – (lower plots gives values 
for each UK region)



How to use UKCP09
●UKCP09 provides sequences of possible future weather for 30-
year future time slices
●They are not forecasts of weather on specific future days
●Use by selecting region, emission scenario and produce future 
weather using the in-built Weather Generator (WG)
●Put the sequences through a model for sector of interest (e.g. a 
crop climate model)
●This will then develop a pdf of say the yield to see what possible 
impacts might be
●UKCP09 projections are given probabilistically. Their use through a 
specific impacts model follows should lead to a pdf of the impact 
variable chosen (e.g. crop yield)



Conclusions
● CRUTEM4/HadCRUT4 warm by similar amounts to the older 

versions
● Uncorrected SST data would lead to greater warming and SST 

data at odds with land temperatures
● Recent changes highly dependent on period length and the 

occurrence of ENSO events
● Most alpine glaciers are retreating, permafrost and Arctic sea-

ice areas are reducing
● Assessment of future impacts requires impact models of how 

different sectors respond to past climate change and variability
● Future UK projections come from UKCP09, and these should be 

considered in their probabilistic framework


