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is the oldest continuously running temperature
dataset in the world (Manley 1974) and records
temperatures over a central area of England stretching
between Lancashire, Bristol, and London. The decade
of 2002-11 has been a particularly interesting one for
CETs, with a number of warm autumns (2009, 2011),
along with a number of cold winters (2009/10, 2010/11).
The emergent science of probabilistic event
attribution is becoming an increasingly important
method of evaluating the extent of how this human-
influenced climate change is affecting localized

T he Central England Temperature (CET) data set
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weather events. Studies into the European heat wave
of 2003 (Stott et al. 2004), the England and Wales
floods of 2000 (Pall et al. 2011), and the Russian
heat wave of 2010 (Dole et al. 2011; Rahmstorf and
Coumou 2011; Otto et al. 2012) have sought to
determine to what extent the risks of these events
occurring have increased because of anthropogenic
global warming.

We follow a similar methodology to Pall et al.
(2011), which uses very large ensembles of global cli-
mate models (GCMs) to assess the change in risk of
autumn flooding in the United Kingdom under two
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FiG. 12. (a) Quantile-quantile plot for November and December of the 1960-1969 decade. Uncorrected ensemble
data are shown with a solid line, whereas the same ensemble data corrected for bias in the mean and standard
deviation are shown with a dashed line. The squares denote the 5th, 10th, 50th, 90th, and 95th percentiles. (b)
As in (a), but for the 2000-2009 decade.

different climate scenarios: observed autumn 2000
and a natural-only forcing autumn 2000. However,
our two climate scenarios are based both on observa-
tions, one scenario for the 1960s decade and one for
the 2000s. The method of Pall et al. (2011) decouples
the anthropogenic signal from the natural variability
by ensuring that the natural variability is the same
in both scenarios. Although our method does not
permit decoupling, using decadal long scenarios
reduces some of the effects of natural variability and
allows both scenarios to be validated against observed
data. We have also expanded the method to use a
regional climate model (RCM) embedded within a
GCM. The increased resolution of the RCM results
in a more realistic simulation of localized weather
events, including cold and warm temperatures (Jones
et al. 2004).

In this section we use large ensembles of the two
climate scenarios to evaluate whether the frequency
of warm Novembers and cold Decembers occurring
has altered between the 1960s and 2000s, this being
the period during which there has been a significant
anthropogenic influence on climate.

Method. Weatherathome is a volunteer-distributed
computing project that uses idle computing time from
a network of “citizen scientists” home computers to
run an RCM embedded within a GCM. The models
used are HadAM3P, an atmosphere only, medium-
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resolution (1.875° x 1.25° 19 levels, 15-min time step)
GCM and HadRM3P, a high-resolution (0.44° x 0.44°,
19 levels, 5-min time step) RCM. Both models have
been developed by the UK Met Office and are based
upon the atmospheric component of HadCM3 (Pope
et al. 2000; Gordon et al. 2000) with some improve-
ments to the sulfur cycle and cloud parameterizations
(Jones et al. 2004). The coupling between the models
is performed every 6 h when the lateral boundary
conditions of the RCM are relaxed to the GCM across
four perimeter grid boxes (Jones et al. 2004)

Each volunteer's computer runs both models for
amodel year at a time, with initial conditions being
provided by model runs previously completed by
other volunteers. In this way, very large ensembles
of RCMs can be computed, on the order of thou-
sands, which in turn allows greater confidence when
examining the tails of the distribution of climate
variables.

The results examine the changing frequency of
warm Novembers and cold Decembers since the
1960s. Two periods are analyzed, the 2000s and the
1960s which both use sea surface temperatures (SST)
and sea ice fractions (SIF) from the HadISST obser-
vational dataset (Rayner et al. 2003). Atmospheric
gas concentrations, including CO,, N,O, CH,, O,,
and the halocarbons, are taken from observations
and Special Report on Emissions Scenarios (SRES)
scenario A1B (Nakicenovic and Swart 2000). Natural
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FiG. 13. (a) Return times of temperatures for November in the 1960-1969 decade (blue curve) and the 2000-2009
decade (red curve). The observed value for the warm November 2011 of 9.6°C is shown on both curves as a
solid, larger circle, with a return period in 1960-1969 of 1250 years and in 2000-2009 of 20 years. (b) Return
times of temperatures for December in the 1960-1969 decade (blue curve) and the 2000-2009 decade (red
curve). The observed value for the cold December 2010 of —-0.7°C is again shown as a solid, large circle, with a
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return period in 1960-1969 of 139 years and in 2000-2009 of 278 years.

volcanic emissions are assigned values from Sato
et al. (2011). Finally, a modification to the model
allows a variable solar forcing, which is taken from
Krivova et al. (2007) and Lockwood et al. (2011).
The topography and land use remain unchanged
between scenarios.

Validation and bias correction. To analyze the results
from the regional modeling experiment, four separate
ensembles are formed from the data. Each data point
in each ensemble is the mean of 27 grid boxes from
the regional model, corresponding to 9 grid boxes
centered over London, 9 over Bristol, and 9 over
Manchester, which replicates the spatial distribution
of the CET. The four ensembles are: all the Novembers
occurring in the 1960s, all Decembers in the 1960s,
all Novembers in the 2000s, and all Decembers in the
2000s. To ensure that the distribution of temperatures
in these ensembles are representative of the distribu-
tion of the observed Central England Temperature, a
validation exercise is performed.

Figure 12a shows quantiles of temperatures in
the ensembles of 1960s Novembers and Decembers
against the corresponding quantiles in the CET
dataset. Figure 12b shows the same for the 2000s
ensembles. The solid lines are the raw ensemble data,
whereas the dashed lines are the result of applying
a simple bias correction to ensure the means and
standard deviations of the ensembles match the
means and standard deviations of the observed CET
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dataset. The same bias correction is applied to both
the 1960s and 2000s.

After the bias correction, there is good agreement
between the ensembles and observations, giving con-
fidence that any change in return time is representa-
tive of the change in return time in the observations.

Results and conclusions. Figure 13a shows the return
times of warm temperatures in November in both
the 1960s ensemble (blue) and 2000s ensemble (red).
The temperature of a 100-yr event in Novembers
in the 2000s has increased to 10.42°C from 8.97°C.
The warm November of 2011, which is the second
warmest in the CET, has a monthly mean tempera-
ture of 9.6°C. This corresponds to a return period
of 20 years in the 2000s, but a return period of
1250 years in the 1960s, an approximately 62 times
increase in occurrence.

Figure 13b shows the return times of cold tem-
peratures in December in both the 1960s and 2000s.
Although the occurrence of a cold December in the
2000s has decreased from the 1960s, the difference
in temperature of the 100-yr event is 0.87°C. The
cold December of 2010, which is the second coldest
December and coldest since 1890, has a monthly
mean temperature of —0.7°C, which has a return
period of 139 years in the 1960s and a return period
of 278 in the 2000s. Therefore, a cold December of
-0.7°C is half as likely to occur in the 2000s when
compared to the 1960s.

JuLY 2012 BAMS | 1059



REFERENCES

Adler, R. F., and Coauthors, 2003: The Version 2.1
Global Precipitation Climatology Project (GPCP)
monthly precipitation analysis (1979-present).
J. Hydrometeor., 4, 1147-1167.

Aguilar, E., and Coauthors, 2009: Changes in temperature
and precipitation extremes in western central Africa,
Guinea Conakry, and Zimbabwe, 1955-2006. J.
Geophys. Res. 114, D02115, doi:10.1029/2008]D011010.

Alexander, L. V., and Coauthors, 2006: Global observed
changes in daily climate extremes of temperature
and precipitation. J. Geophys. Res., 111, D05109,
doi:10.1029/2005JD006290.

Allen, M. R., 1999: Do-it-yourself climate prediction.
Nature, 401, 642.

——, and W. J. Ingram, 2002: Constraints on future
changes in climate and the hydrologic cycle. Nature,
419, 224-232.

Arndt, D. S., M. O. Baringer, and M. R. Johnson, Eds.,
2010: State of the Climate in 2009. Bull. Amer. Meteor.
Soc., 91, S1-8224.

Arribas, A., and Coauthors, 2011: The GloSea4 ensemble
prediction system for seasonal forecasting. Mon.
Wea. Rev., 139, 1891-1910.

1064 | BAIMS JuLy 2012

Atlas, R., N. Wolfson, and J. Terry, 1993: The effect of
SST and soil moisture anomalies on GLA model
simulations of the 1988 U.S. summer drought. J.
Climate, 6,2034-2048.

Barnett, T. P.,, D. W. Pierce, K. M. AchutaRao, P. J.
Glecker, J. M. Gregory and W. M. Washington, 2005:
Penetration of human-induced warming into the
world’s oceans. Science, 309, 284-287.

Blunden, J., and D. S. Arndt, Eds., 2012: State of the
Climate in 2011. Bull. Amer. Meteor. Soc., 93 (7),
S1-5264.

Cattiaux, J., R. Vautard, C. Cassou, P. Yiou, V. Masson-
Delmotte, and F. Codron, 2010a: Winter 2010 in
Europe: A cold extreme in a warming climate. Geophys.
Res. Lett., 37,1.20704, doi:10.1029/2010GL044613.

——, —, and P. Yiou, 2010b: North-Atlantic SST
amplified recent wintertime European land tem-
perature extremes and trends. Climate Dyn., 36,
2113-2128, d0i:10.1007/s00382-010-0869-0.

Chen, C.-T., and T. Knutson, 2008: On the verification
and comparison of extreme rainfall indices from
climate models. J. Climate, 21, 1605-1621.

Choi, G., and Coauthors 2009: Changes in means and
extreme events of temperature and precipitation in
the Asia-Pacific Network region, 1955-2007. Int. J.
Climatol., 29, 1956-1975.

Christidis, N., P. A. Stott, S. Brown, G. Hegerl, and
J. Caesar, 2005: Detection of changes in tem-
perature extremes during the second half of the
20th century. Geophys. Res. Lett., 32, L20716,
doi:10.1029/2005GL023885.

——, —, F. W. Zwiers, H. Shiogama, and T. Nozawa,
2010: Probabilistic estimates of recent changes in tem-
perature: A multi-scale attribution analysis. Climate
Dyn., 34, 1139-1156, doi:10.1007/s00382-009-0615-7.

Coles, S., 2001: An Introduction to Statistical Modeling
of Extreme Values. Springer Verlag, 208 pp.

Crutzen, P. J., 2002: Geology of mankind. Nature, 415,
23, doi:10.1038/415023a.

Dole, R., and Coauthors, 2011: Was there a basis for
anticipating the 2010 Russian heat wave? Geophys.
Res. Lett., 38, 106702, d0i:10.1029/2010GL046582.

Field, C. B., and Coauthors, Eds., 2012: Managing the
Risks of Extreme Events and Disasters to Advance
Climate Change Adaptation: Summary for Policy-
makers. A Special Report of Working Groups I and I
of the Intergovernmental Panel on Climate Change,
19 pp. [Available online at http://ipcc-wg2.gov/SREX
/images/uploads/SREX-SPMbrochure_FINAL.pdf.]

Fischer, E.M., S.I. Seneviratne, P.L. Vidale, D. Liithi, and
C. Schir, 2007: Soil moisture-atmosphere interac-
tions during the 2003 European summer heatwave.
J. Climate, 20, 5081-5099.


http://dx.doi.org/10.1029/2008JD011010
http://dx.doi.org/10.1029/2005JD006290
http://dx.doi.org/10.1029/2010GL044613
http://dx.doi.org/10.1007/s00382-010-0869-0
http://dx,doi.org/10.1029/2005GL023885
http://dx.doi.org/10.1007/s00382-009-0615-7
http://dx.doi.org/10.1038/415023a
http://dx.doi.org/10.1029/2010GL046582
http://ipcc-wg2.gov/SREX
/images/uploads/SREX-SPMbrochure_FINAL.pdf
http://ipcc-wg2.gov/SREX
/images/uploads/SREX-SPMbrochure_FINAL.pdf

Folkins, I., and D. Braun, 2002: Tropical rainfall
and boundary layer moist entropy. J. Climate, 16,
1807-1820.

Funk, C., 2011: We thought trouble was coming. Nature,
476, 7.

——, M. D. Dettinger, J. C. Michaelsen, J. P. Verdin,
M. E. Brown, M. Barlow, and A. Hoell, 2008: Warm-
ing of the Indian Ocean threatens eastern and south-
ern African food security but could be mitigated by
agricultural development. Proc. Natl. Acad. Sci. USA,
105, 11 081-11 086.

Gleason, K. L., J. H. Lawrimore, D. H. Levinson, T. R.
Karl, and D.]J. A. Karoly, 2008: A revised U.S. climate
extremes index. J. Climate, 21, 2124-2137.

Gordon, C., C. Cooper, C. A. Senior, H. Banks, J. M.
Gregory, T. C. Johns, J. F. B. Mitchell, and R. A.
Wood, 2000: The simulation of SST, sea ice extents
and ocean heat transports in a version of the Hadley
Centre coupled model without flux adjustments.
Climate Dyn., 16, 147-168.

Graham, R., and Y. Biot, 2011: Targeting climate re-
search and services to development needs in Africa:
The DFID-Met Office Hadley Centre Climate Sci-
ence Research Partnership (CSRP). Proc. First Conf.
on Climate Change and Development in Africa,
Addis Ababa, Ethiopia, African Climate Policy
Center, 1.1.2. [Available online at www.uneca.org
/acpc/ccda/ccdal/index.htm.]

Groisman, P. Ya., R. W. Knight, D. R. Easterling, T. R.
Karl, G. C. Hegerl, and Vy. N. Razuvaev, 2005: Trends
in intense precipitation in the climate record. J.
Climate, 18, 1326-1350.

Hansen, J., R. Ruedy, M. Sato, and K. Lo, 2010: Global
surface temperature change. Rev. Geophys., 48,
RG4004, doi:10.1029/2010RG000345.

Hegerl, G. C., O. Hoegh-Guldberg, G. Casassa, M. P.
Hoerling, R. S. Kovats, C. Parmesan, D. W. Pierce,
and P. A. Stott, 2010: Good practice guidance paper
on detection and attribution related to anthropogenic
climate change. IPCC Expert Meeting on Detection
and Attribution Related to Anthropogenic Climate
Change, T. F. Stocker et al. Eds., Intergovernmental
Panel on Climate Change, 1-8.

——, H. Hanlon, and C. Beierkuhnlein, 2011: Elusive
extremes. Nature Geosci., 4, 142-143.

Held, I. M., and B. J. Soden, 2006: Robust responses of
the hydrological cycle to global warming. J. Climate,
19, 5686-5699.

Hong, S-Y., and E. Kalnay, 2000: Role of sea-surface
temperature and soil-moisture feedback in the 1998
Oklahoma-Texas drought. Nature, 408, 842-844.

Hulme, M., 2011: Is weather event attribution necessary
for adaptation? Science, 334, 764-765.

AMERICAN METEOROLOGICAL SOCIETY

Ineson, S., A. A. Scaife, J. R. Knight, J. C. Manner, N. J.
Dunstone, L. J. Gray and J. D. Haigh, 2011: Solar
forcing of winter climate variability in the Northern
Hemisphere. Nature Geosci., 4, 753-757.

Jones, R. G., M. Noguer, D. C. Hassell, D. Hudson, S. S.
Wilson, G. J. Jenkins, and J. F. B Mitchell, 2004:
Generating high resolution climate change scenarios
using PRECIS. Met Office Hadley Centre, 40 pp.

Karl, T. R., and R. W. Knight, 1998: Secular trends of
precipitation amount, frequency, and intensity in the
USA. Bull. Amer. Meteor. Soc., 79, 231-241.

——,G. A.Meehl, C.D. Miller, S.J. Hassol, A. M. Waple,
and W. L. Murray, Eds., 2008: Weather and Climate
Extremes in a Changing Climate. Regions of Focus:
North America, Hawaii, Caribbean, and U.S. Pacific
Islands. Department of Commerce, NOA A’s National
Climatic Data Center, 164 pp.

Kenyon, J., and G. C. Hegerl, 2008: The influence of
ENSO, NAO, and NPI on global temperature ex-
tremes. J. Climate, 21, 3872-3889.

——,and —, 2010: Influence of modes of climate vari-
ability on global precipitation extremes. J. Climate,
23, 6248-6262.

Kim, H.-I., B. Wang, and Q. Ding, 2008: The global
monsoon variability simulated by CMIP3 coupled
climate models. J. Climate, 21, 5271-5294.

Kistler, R., and Coauthors, 2001: The NCEP-NCAR 50-
Year Reanalysis. Bull. Amer. Meteor. Soc., 82,247-268.

Klein-Tank, A., and Coauthors, 2002: Daily dataset of
20th-century surface air temperature and precipita-
tion series for the European Climate Assessment.
Int. J. Climatol., 22, 1441-1453, doi:10.1002/joc.773.

Knutson, T. R., and Coauthors, 2010: Tropical cyclones
and climate change. Nature Geosci., 3, 157-163.

Krivova, N., L. Balmaceda, and S. Solanki, 2007:
Reconstruction of solar total irradiance since 1700
from the surface magnetic flux. Astron. Astrophys.,
467, 335-346.

Kunkel, K. E., T. R. Karl, and D. R. Easterling, 2007:
A Monte Carlo assessment of uncertainties in heavy
precipitation frequency variations. J. Hydrometeor.,
8, 1152-1160.

Lawrimore, J. H., M. J. Menne, B. E. Gleason, C. N.
Williams, D. B. Wuertz, R. S. Vose, and J. Rennie,
2011: An overview of the Global Historical Cli-
matology Network monthly mean temperature
data set, version 3. J. Geophys. Res., 116, D19121,
doi:10.1029/2011JD016187.

Lockwood, M., M. J. Owens, L. Barnard, C. J. Davis,
and F. Steinhilber, 2011: The persistence of solar
activity indicators and the descent of the Sun into
Maunder Minimum conditions. Geophys. Res. Lett.,
38, 122105, doi:10.1029/2011GL049811.

JuLY 2012 BATS | 1065


http://www.uneca.org
/acpc/ccda/ccda1/index.htm
http://www.uneca.org
/acpc/ccda/ccda1/index.htm
http://dx.doi.org/10.1029/2010RG000345
http://dx.doi.org/10.1002/joc.773
http://dx.doi.org?10.1029/2011JD016187
http://dx.doi.org/10.1029/2011GL049811

Lorenz, E., 1969: Atmospheric predictability as revealed
by naturally occurring analogues. J. Atmos. Sci., 26,
636-646.

Lyon, B., and D. G. DeWitt, 2012: A recent and abrupt
decline in the East African long rains. Geophys. Res.
Lett., 39, L02702, doi:10.1029/2011GL050337.

Mahlstein, I., R. Knutti, S. Solomon, and R. W.
Portmann, 2011: Early onset of significant local
warming in low latitude countries. Environ. Res.
Lett., 6,034009, doi:10.1088/1748-9326/6/3/0340009.

Manley, G., 1974: Central England temperatures:
Monthly means 1659 to 1973. Quart. ]. Roy. Meteor.
Soc., 100, 389-405.

Massey, N., and Coauthors, 2006: Data access and
analysis with distributed federated data servers in
climateprediction.net. Adv. Geosci., 8, 49-56.

Mastrandrea, M. D., and Coauthors, 2010: Guidance
Note for Lead Authors of the IPCC Fifth Assessment
Report on Consistent Treatment of Uncertainties.
Intergovernmental Panel on Climate Change, 4 pp.
[Available online at www.ipcc.ch.]

McCabe, G.J., M. A. Paleckiand J. L. Betancourt, 2004:
Pacific and Atlantic Ocean influences on multi-
decadal drought frequency in the United States. Proc.
Natl. Acad. Sci. USA., 101, 4136-4141.

Meehl, G. A., cited 2012: As animated in steroids,
baseball, and climate change: What do home runs
and weather extremes have in common? UCAR
video. [Available online at http://www2.ucar.edu
/atmosnews/attribution/steroids-baseball-climate-
change ]

——, C. Tebaldi, G. Walton, D. Easterling, and L.
McDaniel, 2009: Relative increase in record high
maximum temperatures compared to record low
minimum temperatures in the U.S. Geophys. Res.
Lett., 36, 123701, doi:10.1029/2009GL040736.

Min, S.-K., X. Zhang, F. W. Zwiers, and G. C. Hegerl,
2011: Human contribution to more intense precipita-
tion extremes. Nature, 470, 378-381.

Morak, S., G. C. Hegerl, and J. Kenyon, 2011: De-
tectable regional changes in the number of
warm nights. Geophys. Res. Lett., 38, L17703,
doi:10.1029/2011GL048531.

——, ——, and N. Christidis, 2012: Detectable changes
in temperature extremes. J. Climate, submitted.
Nakicenovic, N., and R. Swart, Eds., 2000: Emissions

Scenarios. Cambridge University Press, 570 pp.

Nature Publishing Group, 2011: Heavy weather. Nature,
477, 131-132, doi:10.1038/477131b.

Otto, F. E.L.,N. Massey, G.J. van Oldenborgh, R. G. Jones,
and M. R. Allen, 2012: Reconciling two approaches to
attribution of the 2010 Russian heat wave. Geophys.
Res. Lett., 39, L04702, d0i:10.1029/2011GL050422.

1066 | BAIMS juLy 2012

Pall, P.,, T. Aina, D. A. Stone, P. A. Stott, T. Nozawa,
A.G.]. Hilberts, D. Lohmann, and M. R. Allen, 2011:
Anthropogenic greenhouse gas contribution to flood
risk in England and Wales in autumn 2000. Nature,
470, 382-385, doi:10.1038/nature09762.

Palmer, T. N., and C. Brankovic, 1989: The 1988 United
States drought linked to anomalous sea surface tem-
perature. Nature, 338, 54-57.

Perlwitz, J., M. Hoerling, J. Eischeid, T. Xu, and
A. Kumar, 2009: A strong bout of natural
cooling in 2008. Geophys. Res. Lett., 36, 123706,
doi:10.1029/2009GL041188.

Peterson, T. C., X. Zhang, M. Brunet-India, and J. L.
Vazquez-Aguirre, 2008: Changes in North American
extremes derived from daily weather data. J. Geophys.
Res., 113, D07113, d0i:10.1029/2007]D009453.

Pierce, D. W., T. P. Barnett, K. M. AchutaRao, P. J.
Gleckler, J. M. Gregory and W. M. Washington, 2006:
Anthropogenic warming of the oceans : Observa-
tions and model results. J. Climate, 19, 1973-1899.

Pope, V., M. Gallani, P. Rowntree, and R. Stratton, 2000:
The impact of new physical parameterizations in the
Hadley Centre climate model: HadAM3. Climate
Dyn., 16, 123-146.

Rahmstorf, S.,and D. Coumou, 2011: Increase of extreme
events in a warming world. Proc. Natl. Acad. Sci. USA,
108, 17905-17 909, doi:10.1073/pnas.1101766108.

Rayner, N. A,, D. E. Parker, E. B. Horton, C. K. Folland,
L. V. Alexander, D. P. Rowell, E. C. Kent, and
A. Kaplan, 2003: Global analyses of sea surface tem-
perature, sea ice, and night marine air temperature
since the late nineteenth century. J. Geophys. Res.,
108, 4407, doi:10.1029/2002JD002670.

Robock, A., 2000: Volcanic eruptions and climate. Rev.
Geophys., 38, 191-219, doi:10.1029/1998RG000054.

Santer, B. D., and Coauthors, 2007: Identification of
human-induced changes in atmospheric moisture
content. Proc. Natl. Acad. Sci. USA, 104, 15248-15253.

Sato, M., cited 2011: Forcings in GISS climate model:
Stratospheric aerosol optical thickness. [Available
online at http://data.giss.nasa.gov/modelforce/strataery.]

Schiermeier, Q., 2011: Climate and weather: Extreme
measures. Nature, 477, 148-149, doi:10.1038/477148a.

Schneider, U., A. Becker, A. Meyer-Christoffer,
M. Ziese, and B. Rudolf, cited 2011: Global pre-
cipitation analysis products of the GPCC. [Available
online at ftp://ftp-anon.dwd.de/pub/data/gpcc/PDF
/GPCC_intro_products_2008.pdf]

Schubert, S., and Coauthors, 2009: A USCLIVAR project
to assess and compare the responses of global climate
models to drought-related SST forcing patterns:
Overview and results. J. Climate, 22, 5251-5272,
doi:10.1175/2009JCLI3060.1.


http://dx.doi.org/10.1029/2011GL050337
http://dx.doi.org/10.1088/1748-9326/6/3/034009
http://www.ipcc.ch
http://www2.ucar.edu
/atmosnews/attribution/steroids-baseball-climate-change
http://www2.ucar.edu
/atmosnews/attribution/steroids-baseball-climate-change
http://www2.ucar.edu
/atmosnews/attribution/steroids-baseball-climate-change
http://dx.doi.org/10.1029/2009GL040736
http://dx.doi.org/10.1029/2011GL048531
http://dx.doi.org/10.1038/477131b
http://dx.doi.org/10.1029/2011GL050422
http://dx.doi.org/10.1038/nature09762
http://dx.doi.org/10.1029/2009GL041188
http://dx.doi.org/10.1029/2007JD009453
http://dx.doi.org/10.1073/pnas.1101766108
http://dx.doi.org/10.1029/2002JD002670
http://dx.doi.org/10.1029/1998RG000054
http://data.giss.nasa.gov/modelforce/strataer/
http://dx.doi.org/10.1038/477148a
http://dx.doi.org/10.1175/2009JCLI3060.1

Seneviratne S.I,, T. Corti, E.L. Davin, M. Hirschi, E. Jaeger,
I. Lehner, B. Orlowsky, and A J. Teuling, 2010: Investi-
gating soil moisture-climate interactions in a changing
climate: A review. Earth Sci. Rev., 99, 125-161

——, and Coauthors, 2012: Changes in climate extremes
and their impacts on the natural physical environ-
ment. Managing the Risks of Extreme Events and Di-
sasters to Advance Climate Change Adaptation, C. B.
Field et al., Eds., Cambridge University Press, 109-230.

Stott, P. A,, D. A. Stone, and M. R. Allen, 2004: Human
contribution to the European heatwave of 2003.
Nature, 432, 610-614, doi:10.1038/nature0308.

——, and Coauthors, 2011: Attribution of weather and
climate-related extreme events. Climate Science for Serv-
ing Society: Research, Modelling and Prediction Priori-
ties, ]. W. Hurrell and G. Asrar, Eds., Springer, in press.

Swiss Re, 2011: Swiss Re provides estimate of its claims
costs from Thailand flood. Swiss Re news release, 6
December2011.) [Available online at www.swissre.com
/media/news_releases/Swiss_Re_provides_
estimate_of its_claims_costs_from_Thailand_
flood.html.]

Taylor, K. E., R. J. Stouffer, and G. A. Meehl, cited
2011: A summary of the CMIP5 experiment design.
[Available online at http://cmip-pcmdi.llnl.gov/cmip5
/docs/Taylor_CMIP5_design.pdf]

——, —,and —, 2012: An overview of the CMIP5
experimental design. Bull. Amer. Meteor. Soc., 93,
485-498.

Trenberth, K. E., 2011: Attribution of climate varia-
tions and trends to human influences and natural
variability. WIREs Climate Change, 2, 925-930,
doi:10.1002/wcc.142.

——, G. W. Branstator, and P. A. Arkin, 1988: Origins
of the 1988 North American drought. Science, 242,
1640-1645.

——, A. Dai, R. M. Rasmussen, and D. B. Parsons, 2003:
The changing character of precipitation. Bull. Amer.
Meteor. Soc., 84, 1205-1217.

Van Oldenborgh, G. J., 2007: How unusual was
autumn 2006 in Europe? Climate Past, 3, 659-668,
doi:10.5194/cp-3-659-2007.

——, G. Burgers, and A. K. Tank, 2000: On the El Nifio
teleconnection to spring precipitation in Europe. Int.
J. Climatol., 20, 565-574.

Vautard, R., and P. Yiou, 2009: Control of recent
European surface climate change by atmo-
spheric flow. Geophys. Res. Lett., 36, L22702,
do0i:10.1029/2009GL040480.

——, and Coauthors, 2007: Summertime European
heat and drought waves induced by wintertime
Mediterranean rainfall deficit. Geophys. Res. Lett.,
34, 107711, doi:10.1029/2006GL028001.

AMERICAN METEOROLOGICAL SOCIETY

Ververs, M. J., 2012: The East African food crisis: Did re-
gional early warning systems function? J. Nutrition,
142, 131-133, d0i:10.3945/jn.111.150342.

Willett, K. M., P. D. Jones, N. P. Gillett, and P. W.
Thorne, 2007: Attribution of observed surface hu-
midity changes to human influence. Nature, 449,
710-713, doi:10.1038/nature06207.

Williams, P., and C. Funk, 2011: A westward extension
of the warm pool leads to a westward extension
of the Walker circulation, drying eastern Africa.
Climate Dyn., 37, 2417-2435. [Available online at
www.springerlink.com/content/u0352236x6n868n2
/fulltext.pdf.]

——,and Coauthors, 2011: Recent summer precipitation
trends in the Greater Horn of Africa and the emerging
role of Indian Ocean sea surface temperature. Climate
Dyn., in press, doi:10.1007/s00382-011-1222-y.

World Bank, 2011: The World Bank supports Thailand's
post-floods recovery effort. (Posted 13 December
2011.) [Available online at http://go.worldbank.org
/TCFEHXJMLO.]

Xie, P,,and P. A. Arkin, 1997: Global precipitation: A 17-
year monthly analysis based on gauge observations,
satellite estimates, and numerical model outputs.
Bull. Amer. Meteor. Soc., 78, 2539-2558.

Yiou, P, R. Vautard, P. Naveau, and C. Cassou, 2007:
Inconsistency between atmospheric dynamics and
temperatures during the exceptional 2006/2007
fall/winter and recent warming in Europe. Geophys.
Res. Lett., 34, 121808, d0i:10.1029/2007GL031981.

Yu, L., and R. A. Weller, 2006: Objectively analyzed
air-sea heat fluxes for the global ice-free oceans
(1981-2005). J. Geophys. Res., 111, C10007,
doi:10.1029/2005JC003188.

Zhang, X., ]. Wang, F. W. Zwiers, and P. Ya. Groisman,
2010: The influence of large-scale climate variability
on winter maximum daily precipitation over North
America. J. Climate, 23, 2902-2915.

Zhou, Y. P, K. M. Xu, Y. C. Sud, and A. K. Betts, 2011:
Recent trends of the tropical hydrological cycle
inferred from Global Precipitation Climatology
Project and International Satellite Cloud Clima-
tology Project data. J. Geophys. Res., 116, D09101,
doi:10.1029/2010]D015197.

Zolina, O., C. Simmer, S. K. Gulev, and S. Kollet,
2010: Changing structure of European precipita-
tion: Longer wet periods leading to more abun-
dant rainfalls. Geophys. Res. Lett. 37, L06704,
doi:10.1029/2010GL042468.

Zwiers, F. W.,X. Zhang and Y. Feng, 2011: Anthropogenic
influence on long return period daily temperature
extremes at regional scales. J. Climate, 24, 881-892,
doi:10.1175/2010JCLI3908.1.

JuLy 2012 BATS | 1067


http://dx.doi.org/10.1038/nature0308
http://www.swissre.com
/media/news_releases/Swiss_Re_provides_estimate_of_its_claims_costs_from_Thailand_flood.html
http://www.swissre.com
/media/news_releases/Swiss_Re_provides_estimate_of_its_claims_costs_from_Thailand_flood.html
http://www.swissre.com
/media/news_releases/Swiss_Re_provides_estimate_of_its_claims_costs_from_Thailand_flood.html
http://www.swissre.com
/media/news_releases/Swiss_Re_provides_estimate_of_its_claims_costs_from_Thailand_flood.html
http://cmip-pcmdi.llnl.gov/cmip5
/docs/Taylor_CMIP5_design.pdf
http://cmip-pcmdi.llnl.gov/cmip5
/docs/Taylor_CMIP5_design.pdf
http://dx.doi.org/10.1002/wcc.142
http://dx.doi.org/10.5194/cp-3-659-2007
http://dx.doi.org/10.1029/2009GL040480
http://dx.doi.org/10.1029/2006GL028001
http://dx.doi.org/10.3945/jn.111.150342
http://dx.doi.org/10.1038/nature06207
http://www.springerlink.com/content/u0352236x6n868n2
/fulltext.pdf
http://www.springerlink.com/content/u0352236x6n868n2
/fulltext.pdf
http://dx.doi.org/10.1007/s00382-011-1222-y
http://go.worldbank.org
/TCFEHXJML0
http://go.worldbank.org
/TCFEHXJML0
http://dx.doi.org/10.1029/2007GL031981
http://dx.doi.org/10.1029/2005JC003188
http://dx.doi.org/10.1029/2010JD015197
http://dx.doi.org/10.1029/2010GL042468
http://dx.doi.org/10.1175/2010JCLI3908.1

	Explain 17
	Explain 18
	Explain 19
	References
	Explain 24
	Explain 25
	Explain 26
	Explain 27


