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1. INTRODUCTION

The Climate of the Twentieth Century (C20C+ *) project was originally established by the Met Office
Hadley Centre in the early 1990s, particularly to feed information about atmospheric model
performance into the Climate Models - Evaluation chapter of the Second IPCC Scientific Assessment
(Folland and Rowell 1995). The project was jointly re-established by the Met office Hadley Centre
and the Center for Ocean-Land-Atmosphere Studies (COLA) in 1999 and became an official CLIVAR
projectin 2003. Over this period, the C20C+ project has brought together climate modelling and
data analysis groups to study climate variations and changes over periods up to the last 150 years
using observational data and general circulation models (GCMs). As in the original formulation of
the project in the 1990s, there is some emphasis on atmospheric GCMs (AGCMs) forced with
observed values of atmospheric composition (concentrations of greenhouse gases, aerosols, etc.)
and surface conditions (sea surface temperature, sea ice extent, soil moisture and land surface
vegetation, etc.) as well as on natural variations. However coupled models are playing steadily
larger role in some key projects.

C20C+ is similar to, but differs from the Atmospheric Model Intercomparison Project (AMIP) in
several ways. Firstly the length of the simulations is considerably greater. Some simulations are
carried out beginning in the late 19th century, with a core period from 1950 to the present, which
has better verifying data. The C20C+ project is much more about predictability, and related climate
mechanisms, than is AMIP and includes decadal time scales, though aspects of model evaluation are
included. Predictability studies benefit in a complementary way from different types of models
and of course observed data, particularly reanalyses. Thus AGCMs, intermediate models with mixed
layer oceans and CGCMs, and initial studies using observed data alone are used in C20C+ studies.
One of the important goals of C20C+ is to determine the extent to which models are able to simulate
the observed climate variations during the mid-19t to early-21st century period, for which
sufficient observations are available to estimate means and variability, particularly of the surface
climate. Of particular importance is the potential ability of ensembles of AGCM runs to simulate
specific historical events such as regional floods and droughts, e.g. the Dust Bowl in North America,
the persistent drought in the Sahel and other extreme seasons. As agreed at the fifth C20C+
Workshop in Beijing in 2010 (Kinter and Folland, 2011), the project has been extended to include a
core research effort in collaboration with the International Detection and Attribution Group and the
international Attribution of Climate-related Events activity studying the influence of anthropogenic
forcing on climatic events, particularly extreme climate events. This is partly to support new
research on quasi-operational attribution. This is a logical extension of C20C+ as in the longer-term
quasi-operation attribution and seasonal forecasting in particular may increasingly merge to

" The project has used the acronym C20C until the sixth workshop in November 2013 when the group opted to
recognize that the period of interest extends beyond just the 20" century and changed the acronym to C20C+.



provide an integrated service. Atleast in the medium term, AGCM runs forced with observed or
modified SST and sea ice data are already a key component of this research.

The first workshop was held in late 1994 (Folland and Rowell, 1995) and its results were used in
the Climate Models - Evaluation chapter of the Second Assessment Report of IPCC published in
1996 where the second author of this review was a Lead Author. In addition, a special C20C+
session was held at the First International AMIP Conference in 1995. Although this activity led to
bilateral collaboration in 1999, the project was revitalized as a joint project of the Hadley Centre
and the Center for Ocean-Land-Atmosphere Studies (COLA) with administrative support from
COLA. A number of groups participated in the C20C+ project by running AGCM experiments forced
with the then newly-released Hadley Centre HadISST sea surface temperature (SST) and sea-ice
extent data set (Rayner et al., 2000, 2003).

A second workshop was held at COLA on 22-25 January 2002 to review progress and particularly to
plan a more structured C20C+ project with (1) specified ensemble sizes, (2) fixed simulation
durations, (3) standard diagnostics, (4) standard validation data sets (objective analyses and
reanalyses) and (5) agreed protocols for sharing data. As a result of that workshop, more emphasis
was placed on including other external forcings in addition to the surface boundary conditions,
including

* Data from the Hadley Centre on changes in carbon dioxide since 1871.

* Volcanic stratospheric forcing (from 1950 only, as data before then are more uncertain).

* Changes in tropospheric and stratospheric ozone.
The C20C+ participating groups began creating links to the CLIVAR Working Group on Seasonal to
Interannual Prediction (WGSIP), the JSC/CLIVAR Working Group on Coupled Modelling (WGCM)
and the AMIP project.



2. A DECADE OF C20C+ ACHIEVEMENTS 2005 - 2014

The C20C+ project has made significant advancements over the past decade. These have included
four workshops in 2005, 2008, 2010 and 2013 and several innovative coordinated experiments
that have led to a substantial body of peer-reviewed publications (C20C+ related publications).

2.1 Workshops
2.1.1 2005 C20C+ Workshop

The Third C20C+ Workshop was held in Prague, Czech Republic, on 4-6 July 2005, hosted by the
MAthematical Geophysics, Meteorology, and their Applications (MAGMA) project of the Charles
University of Prague (est. 1348), which was funded under the European Union’s Fifth Framework
Programme for support to Newly Assisted States. The goal of the Prague workshop was to define,
implement and analyze collaborative numerical experiments. The workshop explored:

* The efficacy of regionally coupled or "pacemaker" experiments where tropical Pacific SST is
prescribed from observations, but coupled air-sea feedbacks are maintained in the other
ocean basins (e.g. Lau and Nath, 2003)

* The possibility of simulating the response of the climate system to the changes in land cover
and land use.

2.1.2 2007 C20C+ Workshop

The Fourth C20C+ Workshop was held on 13-15 March 2007 at the Hadley Centre for Climate
Change of the Met Office, Exeter, UK. The workshop reviewed progress on coordinated climate
simulations and analyses, including new results on 20t century climate variability, and developed
plans for new integrated model experiments with various degrees of ocean-atmosphere-land
coupling. New versions of the HadISST sea-surface temperature and sea-ice data set were
discussed. There was also considerable discussion of how to coordinate C20C experiments with
SPARGC, the international project investigating Stratospheric Processes And their Role in Climate;
http://www.atmosp.physics.utoronto.ca/SPARC/index.html), and the effects of land use and land
cover change on the variability and predictability of climate. The workshop was well attended with
37 participants from 19 different institutions. Downloadable copies of the presentations and
summaries of the three breakout group discussions are available from the workshop web site
(http://www.iges.org/c20c/workshops/200703 /home.html). This Workshop led to the publication
in Climate Dynamics of the four most widely coordinated C20C+ papers so far, indicated with an
asterisk in the bibliography (see section 2.3.3).

2.1.3 2010 C20C+ Workshop

The C20C+ project held its Fifth Workshop on 25-28 October 2010 at the Institute of Atmospheric
Physics (IAP) of the Chinese Academy of Sciences, Beijing, China (Kinter and Folland 2011). The
Fifth Workshop convened to review new results on forcing data sets, coordinated climate
simulations and analyses, and to develop plans for new C20C projects. The 45 workshop
participants from 16 institutions representing 10 countries were welcomed by Dr. Huijin Wang,
Director of IAP. The workshop web site (http://wwwe.lasg.ac.cn/c20c/) includes downloadable
copies of the presentations and a fuller discussion of the Workshop. Summaries of the breakout
discussions are available on the project web site (http://www.iges.org/c20c/).




Several new coordinated experiments (see Section 2.2) were discussed at this workshop, including:
* Detection and Attribution of Climate Change
* Evaluation of the Role of Weather Noise in Climate Predictability

Several new diagnostic sub-projects were also initiated at the Fifth Workshop:
* Summer North Atlantic Oscillation (Summer NAO)
* Precipitation over the 20t Century
* Predictability Diagnostics
* Statistical Properties of Mid-latitude Atmospheric Variability

2.1.4 2013 C20C+ Workshop

The Sixth Workshop of the C20C+ project was held on 5-8 November 2013 at the University of
Melbourne, Australia. The goal of the Sixth Workshop was to review early progress in the new core
activity of research into the detection and attribution of extremes, observational data sets that will
support C20C activities, and other longer-standing key C20C projects. The 35 workshop
participants from 18 institutions were welcomed by Prof. Janet Hergt, Dean of the Melbourne
University Faculty of Science. A representative of the WCRP Working Group on Coupled Modelling,
Dr Claudia Tebaldi, also attended. The workshop web site (http://www.iges.org/c20c/home.html)
includes downloadable copies of most presentations and posters, and more detailed discussions of
Workshop outcomes. A key decision was to rename the project C20C+ partly because of the new
focus on research on operational attribution and because increasingly 21st century climate change
is a crucial component of understanding variability and trend mechanisms.

2.2 Coordinated Experiments

The C20C+ project is centered around a number of coordinated numerical experiments and
diagnoses that can address the origins of the anomalies and trends in the climate of the recent past.
The project has established a number of standards for the coordinated experiments, including a
fixed set of external forcings, the specification of the HadISST SST and sea ice extent data set to be
used in AGCM experiments and verification of simulations, and a minimum ensemb]le size of six
integrations for the 1871-2002 period and 10 integrations for the 1949-2002 period. In this
section, we describe the HadISST data set as well as several of the coordinated experiments.

2.2.0 HadISST

A mainstay of the project is the development and use of the HadISST SST and sea ice extent data set
that has been maintained and updated by the Hadley Centre over the course of the C20C+ project.
HadISST has been used far beyond C20C+, with several thousand citations. The Hadley Centre
continues to develop improved analyses of global SST and sea ice concentration so as to include
more observations and attain greater accuracy and resolution. The most recent version, HadISST2,
includes multiple (100) realizations, better resolution in time, new bias corrections to SST up to the
present, inclusion of AATSR satellite data and a considerably improved sea ice extent data set. The
sea ice component is described in Titchner and Rayner (2014) Two further papers will soon be
submitted: Kennedy et al (in prep.) describing the SST component and Rayner et al (in prep.)
describing the combination of SST and sea ice. Future versions will address the diurnal cycle
through work under the European Space Agency (ESA) Climate Change Initiative SST project (see
http://www.esa-sst-cci.org/). It is highly desirable to have a 0.5°-resolution daily version of




HadISST, at least for the satellite era, such as has been experimentally created in the Met Office
OSTIA analysis (single realization, without full bias correction), and it is planned to integrate
HadISST and OSTIA over the next few years.

2.2.1 Pacemaker Simulations

As noted above and as discussed during the C20C+ Third Workshop, important elements of
atmosphere-ocean-land co-variability (e.g., monsoons) cannot be reproduced when prescribing
global SST. Energetically and dynamically consistent local air-sea feedbacks, created primarily
through latent heat fluxes, are essential elements in simulating, and predicting the observed co-
variability. The challenge is to design numerical experiments that reproduce the important aspects
of this air-sea coupling while maintaining the flexibility to attempt to simulate the observed climate
of the recent past. In order to address this problem, a number of research groups began numerical
experimentation into regionally coupled or "pacemaker” experiments where tropical Pacific SST is
prescribed from observations, but coupled air-sea feedbacks are maintained in the other ocean
basins (e.g. Alexander et al. 2002; Lau and Nath, 2003). Pacemaker experiments were capable of
reproducing the timing of the forced response to SST anomalies related to El Nifio and the Southern
Oscillation (ENSO), but also much of the co-variability that is missing when global SST is prescribed.

Pacemaker experiments can take a variety of forms in terms of what region is used for prescribing
the SST, how air-sea feedbacks are incorporated in the interactive coupling region and how the
coupled model is formulated (i.e., slab mixed layer, Q-flux-adjusted mixed layer, variable depth
mixed layer, relaxation to observed SST, dynamical ocean etc.).

In the C20C+ project, Pacemaker experiments have been organized for two regions: (1) the deep
tropical eastern Pacific where coupled ocean-atmosphere dynamics produces the ENSO interannual
variability, and (2) the north Atlantic. In the case of the eastern Pacific, there is ample evidence that
ENSO is a driver of seasonal to interannual variability throughout the tropics, which was exploited,
e.g., by Cash et al. (2008a,b; 2009) with the C20C+ framework. A recent paper shows the efficacy of
this approach in simulating the Indian monsoon (Shukla and Kinter 2014). In the north Atlantic,
there is evidence that interhemispheric modes of variability in SST (or SST gradient), associated
with what is often called the Atlantic Multidecadal Oscillation and, quite possibly, variations in
thermohaline circulation (e.g. Knight et al., 2005), are important for variations of climate in Europe,
North Africa and North and South America (e.g. Knight et al.,, 2006).

2.2.2 Land Use and Land Cover Change

Over the past 250 years, human settlement has made extensive changes to the landscape, primarily
in the form of transforming forests into pastures and croplands. Given current trends, it is expected
by 2100 that most of the natural vegetation will disappear in Africa and parts of Asia and that there
will continue to be a reintroduction of forests in Europe and North America. Such massive changes
in land cover produce large regional changes in the surface albedo. These in turn lead to changes in
the global radiative forcing comparable to the change due to increasing greenhouse gas
concentrations.

There is a general consensus from paleoclimate models that the LCC since the Holocene has
resulted in a general cooling of the global mean surface temperature by 0.5°C, which can be
compared with the perhaps 0.9°C increase estimated to have occurred in response to the change in
greenhouse gas concentrations over the same period. By specifying the time-varying state of the
global land surface vegetation, C20C+ experiments can determine the impact of changes in land



cover. A new major international project called, Land Use and Climate, IDentification of robust
impacts (LUCID; introduced in Newsletter 4, http://www.atm.helsinki.fi/[LEAPS/), which is being
organized under the auspices of International Geosphere-Biosphere Program (IGBP) Integration
Land Ecosystem - Atmosphere Processes Study (iLEAPS; http://www.atm.helsinki.fi/ILEAPS/) and
the World Climate Research Program (WCRP) Global Water and Energy Experiment (GEWEX), is
closely linking its numerical experimental plan with C20C.

Determining the response of the climate system to the changes in land cover and land use (LCC) is a
critically important aspect of climate change. One difficulty with interpreting the range of available
model results is that the model protocols are sufficiently varied to limit the robustness of their
results. There have been shortcomings with the experimental design of previous attempts to
explore the effect of LCC on the climate using global climate models such as shortness (< 20 years)
of the simulations, single realizations, and spatial resolution tends to be quite coarse. Recent work
in the context of coupled models is promising (Kumar et al. 2013).

The C20C+ project is running simulations in which the observed change in croplands and pasture,
for which a global data set is available for 1871- 2002, is included. A scheme for inclusion of these
data in models with various land surface treatments was developed. There are also simulations
being made in which the soil moisture simulated in the control run is specified (without feedback)
over the course of the integration. The effect of the soil moisture feedback will then be inferred
from the difference of this experiment with the control integrations. Experiments with interactive
vegetation are also being run as part of C20C+.

2.2.3 The Role of the Stratosphere in Climate

There has been increasing interest in the stratosphere community about the possibility of
downward propagation of signals from the stratosphere to the troposphere and even to the surface.
In the context of C20C, Scaife et al. (2005) showed this idea was important for understanding the
climatic effects of the North Atlantic Oscillation on decadal time scales. The C20C+ project includes
experiments, to be conducted in AGCM and CGCM simulations, testing the consequences of poor
resolution of stratospheric dynamics in such models and to determine how the stratosphere might
influence the coupled ocean-atmosphere system, both in terms of current climate variability and
the potential role of the stratosphere in future climate change. These proposed experiments include
identical model runs with and without a resolved stratosphere (“high-top” and “low-top” runs).

2.2.4 Detection and Attribution of Climate Change

The aims of the International Detection and Attribution Group are to characterize historical trends
and variability in characteristics of damaging weather and short-term climate events as well as to
determine the contribution of anthropogenic emissions to contemporary occurrence of these
events. A key focus is on underlying uncertainties in these estimates. This will involve at least a
dozen C20C+ groups around the world running atmospheric models in a semi-coordinated study of
weather risk attribution. The experimental design can be summarized as:

* All-Hist: Simulations run under observed variations in radiative forcing and surface
boundary conditions.

* Nat-Hist: Simulations run under variations that might have occurred in radiative forcing
and surface boundary conditions had anthropogenic emissions never interfered with the
climate system.



In addition, it is planned that some coupled global models, regional models and selected impacts
models will be used. Observations and models will also supply key climate indices. Output from the
main simulations is being published on the Earth System Grid Federation (ESGF,
http://esg.nersc.gov) under the project name “c20c”. The data will also be used by other C20C+
projects.

2.2.5 Weather Noise

Based on earlier work by Hasselmann, Schneider and Fan (2007) showed that some features of low
frequency variability may result from stochastic variations in the atmosphere, sometimes called
weather noise. Analyses of the output from existing C20C+ ensemble simulations compare the
properties of actual atmospheric weather noise implied by the various models. The weather noise is
computed by subtracting ensemble and monthly mean simulated fields from observational
analyses. Quite extensive studies have now been published (e.g. Chen et al.,, 2013 and Chen and
Schneider, 2014). The potential uses for this product include:

a. Model verification: By determining whether the weather noise inferred from a model
satisfies the causality principle that the weather noise is unpredictable, the model’s realism
can be assessed. The predictable part of the weather noise should be included in the
ensemble means of the simulations; hence, the residual should be unpredictable if the
model is realistic. Predictability can be determined from simple lag regression analyses (e.g.
does the North Atlantic tripole index predict future weather noise surface fluxes?).

b. Studies of low frequency coupled climate variability: The weather noise surface fluxes could
be used to force simplified coupled models (such as versions of the Interactive Ensemble
CGCM - Kirtman and Shukla, 2002) to analyze properties and mechanisms of the low
frequency SST variability forced by weather noise.

c. Identifying the strengths and limitations of AGCMs for studying climate variability and
predictability: The general conclusion so far is that AGCMs are a valuable tool except
perhaps for quantitative simulations of oceanic tropical rainfall.

2.3 Diagnostic Sub-Projects

Another hallmark of the C20C+ project is the coordination of diagnoses of both long-term climate
data sets (objective analyses and reanalyses) and climate model simulations of the recent climate.
Here we describe several of the diagnostics that are representative of the C20C+ analysis.

2.3.1 Summer NAO

The Summer North Atlantic Oscillation (SNAO) can be defined as the first EOF of July-August or
June-August extratropical North Atlantic pressure at mean sea level. It exerts a strong influence on
European climate, e.g. rainfall, temperature and cloudiness, but is also associated with climate
variability elsewhere, e.g. eastern North America, the Sahel region in Africa and eastern Asia (e.g.
Folland et al. 2009) Moreover, modeling and observational results indicate that SNAO variations are
partly related to the Atlantic Multidecadal Oscillation (AMO) on interdecadal time scales.

This project focuses on the pattern and impacts of SNAO simulated by C20C+ models together with
palaeoclimatic studies of the long term variability and influence of the SNAO. Initial tests with
coupled models show that models tend to produce different SNAO patterns, or sometimes not show
areasonable SNAO pattern. The diagnosis separates those models that produce an SNAO pattern



from those that don’t. Composites of SNAO with surface air temperature, precipitation, and storm
tracks from the different AGCMs and coupled models will be used to evaluate the impacts of SNAO
on different regions (including East Asia). SST influences and the emerging issue of Arctic sea ice
influences will also be investigated. Recent research describes physical mechanisms showing how a
given SNAO phase affects the summer East Asian monsoon a week or two later (Linderholm et al,
2011). Further research discusses the influence of the SNAO on East Asian climate on decadal and
longer time scales using tree rings (Linderholm et al, 2013). A surprising new development is the
discovery of an influence of the QBO on summer European and Arctic climate including the SNAO,
as well winter Antarctic climate, seen both in observations and the HadGEM3 coupled model.

2.3.2 Precipitation in the 20th Century

A number of reconstructions of global precipitation for the past century or more have been
developed. Most have focused on the satellite era, but some have inferred precipitation back to the
beginning of the 20t century. Datasets to be used in the C20C+ project include modern global
precipitation analyses such as the well-known Global Precipitation Climatology Project (GPCP) data
set and the Climate Prediction Center Merged Analysis of Precipitation (CMAP) data set, together
with the new 20t Century reconstruction of precipitation (Smith et al. 2010).

The project will focus on:

* Validation of precipitation simulations in C20C models;

* Improvement of observational datasets; and

* Enhanced understanding of climate variability and change during the 20t century.

Particular diagnostics of interest will include:

* the simulated global mean and the long-term mean annual cycle of precipitation over large
domains (global, hemispheric, land/ocean, continental) and changes over the century;

* the simulation of precipitation features associated with large-scale modes of climate
variability such as ENSO, the NAO, the Pacific Decadal Oscillation/Interdecadal Pacific
Oscillation and the AMO;

* the relationship of the features to be evaluated to observed atmospheric and SST variations.

2.3.3 Predictability Diagnostics

A novel mathematical diagnostic method to measure predictability that separates different spatial
modes of variability, including a separation of the influence of external forcing from internal
variability was developed by Zheng et al. (2008). It was first applied to C20C+ simulations by Zheng
et al. (2009). It is the basis of a major coordinated C20C+ study of the predictability of southern
hemisphere climate modes in Grainger et al (2011) using the AGCM data described at section 2.2.
Ongoing work applies this methodology in AGCM and coupled models to:
* validate simulations of the variability of tropical SST using principal component analysis
* validate the general circulation simulated by climate models using singular value
decomposition of the covariance matrices of the simulated and observed component fields
* validate simulated temperature and precipitation using cross-covariance matrices between
temperature (or precipitation) and circulation.

Scaife et al (2009), in a second major coordinated C20C+ analysis using the same AGCM data
introduced a new conceptual way of analyzing the predictability skill shown by models when
compared to observations. They also showed that AGCMs that under-respond to ENSO are likely to
underestimate global warming. Zhou et al. (2009), in a third major coordinated study using this



AGCM data, investigated the predictability of the East Asian and Australian monsoons and several
,associated indices. Finally Kucharski et al (2009), using the same AGCM data, studied decadal
forcing of the Indian monsoon over 1950-2000 and showed that AMO forcing was a contributor.

2.3.4. Statistical Properties of Mid-latitude Atmospheric Variability

Theoretical and observational arguments suggest that the two main features of mid-latitude
northern hemispheric winter variability can be almost unambiguously separated. First, synoptic
phenomena can be associated with the release of available energy driven by conventional baroclinic
conversion. Secondly, at lower frequencies (10-40 days), the planetary scale variability is related to
non-linear orographic resonance processes. Moreover, non-linear wave self-interaction theories
predict the existence of multiple equilibria of the mid-latitude planetary wave amplitude including
switches from unimodal to multimodal regimes of the atmospheric circulation.

Focusing on December-February in the latitudinal belt where the bulk of the baroclinic and low
frequency planetary waves are observed, daily averages of 500hPa height provide a one-
dimensional longitudinal field representative of atmospheric variability in the mid-latitudes. Its
variability can be described using a space-time Fourier decomposition introduced by Hayashi
(1979). By computing the cross-spectra and the coherence of the signal, the eastward and
westward wave propagating components can be discerned from the standing component.



3. C20C+ FUTURE PLANS

Future C20C+ simulations will address questions raised in previous rounds to help better
understand mechanistic questions relating to seasonal and decadal predictability and forecasting,
and to prepare contributions to the Assessment Reports of the Intergovernmental Panel on Climate
Change (IPCC). Experimental designs are in place for more detailed pacemaker simulations and
land use change experiments. There are already strong ties in place to the Working Group on
Seasonal-to-Interannual Prediction (WGSIP) of the WCRP and now to the LUCID project.

3.1 Detection and Attribution of Climate Change

This is expected to become the new single largest project within C20C+ by the time of the next
workshop. C20C+ project outputs produced to address the questions of detection and attribution
will support the Bulletin of the American Meteorological Society’s annual State of the Climate
attribution supplement (Peterson et al., 2013). Before the next C20C+ Workshop, it is hoped to
organize a journal special issue providing an overview of the first results from the detection and
attribution subproject. More details can be found on the C20C+ web site
http://grads.iges.org/c20c/home.html and at the subproject web site
http://portal.nersc.gov/c20c/. ldeas for possible future experiments were discussed at the
workshop, including a focus on the effects of specific forcings, a focus on projections for some
future period, and a focus on geo-engineering problems.

3.2 Atmospheric Circulation, Rainfall and Atmospheric Noise

At the Sixth C20C+ Workshop, an Atmospheric Circulation and Rainfall Working Group was formed.
Following several recent published papers, some listed below, the atmospheric noise project will
look at long time-scales of climate variability. These may be forced (partly at least) by atmospheric
noise due to coupled atmosphere-ocean processes or ocean internal variability. With the help of
AAGCM-only ensembles to estimate weather noise, the noise component of key drivers of decadal
variability in CGCM control experiments and decadal prediction experiments will be studied using
diagnostic models.

There is increasing evidence that state of the art models represent processes affecting European
climate considerably better than in the past (e.g. Scaife et al , 2014). The role of C20C+ will be
particularly in studying European climate forcing mechanisms in the summer and for winter half-
year UK and European droughts (e.g. Folland et al., in preparation). The former project is studying
the mechanisms of European summer climate variability following a number of recent papers on
the summer North Atlantic Oscillation (SNAO). Particular emphases are tropical rainfall forcing, SST
forcing including the AMO, the effect of the recent decline in Arctic sea ice and the newly discovered
influence of the QBO. The project is also reconstructing the SNAO over the last millennium
(Linderholm et al., 2013) and using CMIP5 models to try to simulate SNAO variations over this long
period. Reanalyses are important to this project; SNAO modes essentially involve changes in the
tropospheric jet stream and the reanalysis project is expected to provide further advice on suitable
reanalyses. There is considerable further potential to uncover the relative variance of potentially
predictable modes and internal variability in both hemispheres using the Grainger et al. (2011)
statistical method.

In the context of forcing factors for atmospheric circulation modes and for studies of rainfall data in

their own right, there is a considerable need for a review of, and advice on, rainfall data sets to
support C20C+ activities. Many such global or quasi-global data sets now exist. It is expected that
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using the core C20C+ model data, a much more extensive analysis will be done on trends and
variations in global precipitation; this activity will also cast light the strengths and weaknesses of
the many observed data sets. Further investigation of monsoon rainfall mechanisms will be done
using coupled simulations being produced with the IFS system having 16km atmospheric grid
spacing and 1° ocean resolution. A 50-member ensemble of seasonal predictions is available for
1980-2010.

Finally as a background to these activities, it was agreed to add to the C20C+ project an ongoing
study of the time-varying causes of the current slowdown in global warming, and how this might
end. It was also agreed that the next workshop would be in 2016 or 2017 at the Center for Ocean-
Land-Atmosphere Studies, George Mason University, Fairfax, Virginia, USA.
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