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Executive Summary 
The Climate Dialogue weblog has been a climate change communication project, following a 
request by the Dutch Parliament, which asked the Dutch Government ‘to also involve climate 
sceptics in future studies on climate change’. Climate Dialogue was set up by the Royal 
Netherlands Meteorological Institute (KNMI), the Netherlands Environmental Assessment 
Agency (PBL), and Dutch science journalist Marcel Crok. This report, commissioned by the 
Ministry of Infrastructure and the Environment, constitutes the final evaluation of the Climate 
Dialogue project.  
 
Climate Dialogue was a moderated blog on controversial climate science topics introducing a 
combination of several novel elements: a) bringing together scientists with conflicting 
viewpoints; b) strict moderation of the discussion; and c) compilation of executive and 
extended summaries of the discussions, approved by the participating scientists regarding 
their statements. Following the ministry request, at least one of the participating scientists 
was someone perceived to be a climate sceptic. The discussions were technical in nature, 
and, as a result, the audience of the blog was quite small and specialised.  
 
The Climate Dialogue project operated for slightly more than two years, conducting six 
dialogues on the natural science of climate change in a polite atmosphere, generating a 
substantial amount of scientific content, with 20 participating expert scientists, many of them 
leading in their respective fields. Climate Dialogue also suffered some management 
problems, and faced criticism from different directions.  
 
The main lessons learnt from this project are:  

• The experiment has shown there is potential for a blog such as Climate Dialogue in 
the polarised landscape of climate change science communication, bringing together 
scientists with different viewpoints. 

• To some extent, the dialogues made clear what the participants agreed on, what 
they disagreed on and why they disagreed. For example, different views were related 
to different definitions, disciplines (e.g. focus on statistics vs physics), methods, 
models and data that scientists favour. In the background, differences in frames 
probably played a role as well, but these were not explicitly discussed.  

• Participating scientists in general were positive about the experience. The friendly 
and constructive environment in which the dialogues took place probably played a 
role in that appraisal. 

• It was more difficult to attract mainstream climate scientists than sceptical climate 
scientists. One important reason was what is sometimes called ‘false balance’, i.e. 
the perception that the format of specifically inviting sceptical scientists to the 
dialogue gives them more ‘weight’ than they have in the broader scientific 
community, and as such provides a skewed view of the scientific debate.  

• A project of this kind should be operated preferably by an international team 
including people that have a well-respected position amongst mainstream climate 
scientists.  

• Institutional support from either well-known international climate institutes or 
professional bodies, such as EGU, AGU, AMS and EMS, would help to ensure 
continuity of Climate Dialogue and participation by mainstream climate scientists. 

• To motivate expert participation it would be helpful if climate dialogues lead to a peer 
reviewed publication.  

 

http://www.climatedialogue.org/
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With respect to the future of the Climate Dialogue project, even though some effort has been 
made to continue in a similar or adapted format under different organisational support, to 
date there is no clear future trajectory for the Climate Dialogue project.  
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1. Introduction 
The Climate Dialogue weblog, funded by the Dutch Ministry of Infrastructure and the 
Environment (IenM), started in September 2012, following a request by the Dutch 
Parliament1  to the government ‘to also involve climate sceptics in future studies on climate 
change’. The motion reflected the political response in The Netherlands to mistakes identified 
in the IPCC report AR4 (Working group II), as well as the InterAcademy Council review of 
IPCC procedures. 
 
The blog proved to be a controversial climate change communication project, as it has been 
both praised as a worthwhile experience of ‘scientific mediation’ by Judith Curry and 
criticised as presenting ‘science […] like a talk-show debate, giving equal weight to all 
opinions and “beliefs”’ by James Hansen. The intensity of the criticism, apparent on the 
comments posted on influential blogs2, indicates how polarised the climate change debate is, 
not only in the public domain, but also in the climate science community itself. 
 
The first Climate Dialogue on Arctic Sea Ice was launched on 9 November 2012. On 31 
December 2014, after more than two years of operation, the last dialogue on Sun activity 
formally came to an end. There are three distinct phases in the project: 1) September 2012-
September 2013; 2) October 2013 – December 2013; and 3) January 2014-December 2014. 
In the first phase the website was built and 4 dialogues were organised. The second phase 
was characterised by inactivity as the funding had run out. Then in December 2013, the 
Parliament decided to finance the project for one more and final year, to properly round off 
the project and/or to find another source of funding for the project. During this third phase, 
two more dialogues were organised and summaries of the phase-one-dialogues were 
finalised.  
 
The current report evaluates the Climate Dialogue project in the following five chapters:  

1. Summary of the six Climate Dialogues, based on the documentation on each 
dialogue, available at www.climatedialogue.org. 

2. Overview of the project’s approach, organisation, and audience. 
3. Lessons learnt in the process. 
4. Assessment of the future prospects of the concept behind Climate Dialogue.  
5. Outline of a co-authored paper on the lessons learnt from Climate Dialogue. 

 
This evaluation was coordinated by Eleftheria Vasileiadou, Assistant Professor at the School 
of Innovation Sciences, Eindhoven University of Technology. The writing team included Bart 
Strengers (Project Leader), Marcel Crok (Editor in Chief), Bart Verheggen (member of the 
Advisory Board during the first phase and PBL advisor during the third), and Rob van Dorland 
(Project Leader of the first phase).  
 
Information used in the process evaluation is based on input from all co-authors, as well as 
on material from interviews with (a) individuals involved in the organisation of Climate 
Dialogue; (b) scientists participating in the discussions; and (c) a limited number of 
stakeholders around the Climate Dialogue project. The interviews were conducted taking all 
ethical considerations into account, ensuring full anonymity for the interviewees, including a 
signed informed consent form. The 24 interviews were conducted in November 2013; 
thirteen interviews in person (face-to-face or via Skype), and eleven via email. The 
interviews included all active members of the project (Editorial Team and Advisory Board) at 
that time, and nine of the twelve participating scientists. This material was analysed in the 

                                                
1 Dutch House of Representatives, documents 31 793, no. 54 (in Dutch) 
2 Such as Realclimate and Wattsupwiththat 

http://www.climatedialogue.org/
http://reviewipcc.interacademycouncil.net/report.html
http://reviewipcc.interacademycouncil.net/report.html
http://judithcurry.com/2013/09/04/what-is-scientific-mediation/
http://www.columbia.edu/~jeh1/mailings/2013/20130107_GalileoFireflies.pdf
http://www.columbia.edu/~jeh1/mailings/2013/20130107_GalileoFireflies.pdf
http://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2013Z23936&did=2013D48919
http://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2013Z23936&did=2013D48919
http://www.climatedialogue.org/
http://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2011Z13370&did=2011D33011
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interim evaluation report, published in December 2013. Finally, we also used basic weblog 
visitor statistics, together with public data from other prominent climate blogs.  

2. Climate Dialogues  
In total six topics were discussed at the Climate Dialogue website. The sixth and last 
discussion is still going on at the time this evaluation was conducted. In all dialogues the 
invited scientists were influential and well-known in their respective fields (see Table 1).  
 

Topic Discussants 

Melting of Arctic 
sea ice 
(November 2012) 

Walt Meier (Research Scientist at NASA, USA) 
Judith Curry (Professor of Earth and Atmospheric sciences, Georgia Institute of 
Technology, USA), S 
Ron Lindsay (Senior Principal Physicist, University of Washington, USA) 

Long term 
persistence and 
trend significance  
(April 2013) 

Rasmus Benestad (Senior Scientist, Norwegian Meteorological Institute, Norway) 
Demetris Koutsoyiannis (Professor of Hydrology and Analysis of Hydrosystems 
University of Athens, Greece), S 
Armin Bunde (Professor of Theoretical Physics, University of Giessen, Germany) 

Are regional 
models ready for 
prime time?  
(May 2013) 

Bart van den Hurk (Senior Researcher Global Climate, Royal Netherlands 
Meteorological Institute) 
Jason Evans (Associate Professor Regional Climate and Water resources, 
University of Newcastle, Australia) 
Roger Pielke Sr. (Senior Research Scientist/ Emeritus Professor of Atmospheric 
science, University of Colorado in Boulder, USA), S 

The (missing) 
tropical hotspot 
(July 2013) 

Carl Mears (Senior Research scientist Remote Sensing Systems, USA) 
Steven Sherwood (Professor of Physical Meteorology and Atmospheric Climate 
Dynamics, the University of New South Wales,  Australia) 
John Christy (Distinguished Professor of Atmospheric Science, University of 
Alabama in Huntsville, USA), S 

Climate sensitivity 
(May 2014) 

James Annan (Independent climate scientist, Blue Skies Research, the UK) 
John Fasullo (Project Scientist in the Climate Analysis Section at National Center 
for Atmospheric Research and a Research Associate, the University of Colorado, 
USA) 
Nic Lewis (Independent climate scientist, the UK), S 

New Maunder 
Minimuma 
(October 2014, 
not finished as of 
February 2015) 

Mike Lockwood (Professor of Space Environment Physics, University of Reading, 
the UK) 
Nicola Scafetta (Research scientist at the Active Cavity Radiometer Solar 
Irradiance Monitor  Lab group and an adjunct assistant professor in the Physics 
department, Duke University, USA), S 
Jan-Erik Solheim (Professor Emeritus at the Institute for Theoretical 
Astrophysics, University of Oslo, Norway), S 
Ilya Usoskin (Professor of Physics, University of Oulu, Finland) 
José Vaquero (Lecturer in Earth Physics (Centro Universitario de Mérida, 
University of Extremadura, Spain) 

Table 1. Overview of topics and experts that participated in the dialogues (S=Perceived as 
Sceptic) 

  

http://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2013Z23936&did=2013D48919
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2.1. The melting of the Arctic Sea ice 

The decline of Arctic sea ice has been one of the most striking changes of the Earth’s climate 
in the past three decades. In September 2012 the sea ice extent reached a new record low 
after an earlier record in 2007. The melting is especially strong at the end of summer, during 
which ice extent has decreased by ~50% compared to the average values in the 1980’s (see 
Figure 1). 
 

 

Figure 1. Arctic sea ice extent in the period 1979-2014. Source: Arctic Sea-ice Monitor. 

 
Sea ice volume, i.e. extent times thickness, has decreased even more, with the monthly 
averaged ice volume for September 2012 of 3,400 km3, which is 72% lower than the mean 
over the period since 1979. If these trends continue the Arctic will be ice free in the summer 
in a few years to decades. The decrease in Arctic sea ice has occurred faster than climate 
models predicted. 
 
A key question of course is how much of the melting of the Arctic sea ice is caused by 
anthropogenic activity, chiefly the increase in greenhouse gases. All three participants 
agreed that at least some of the melting is due to global warming, both natural and 
anthropogenic. This agreement relieved some of the pressure in the discussion and probably 
helped to have a friendly and constructive, but not very sharp first Climate Dialogue. 
 
All three participants have published extensively about Arctic sea ice. It wasn’t easy to find a 
“sceptical” voice for this dialogue. In the blogosphere “sceptics” are eager to point out that 
the melting of the Arctic sea ice is a natural phenomenon. However it’s not easy to find 
publishing climate scientists claiming just that. Curry is one of the most “sceptical” voices of 
those scientists who have published in the literature about Arctic sea ice. Meier and Lindsay 
can be regarded as “mainstream”. We also invited Peter Wadhams, a British researcher who 
has claimed the Arctic could be ice free within a few years already, based on linear 
extrapolation of recent trends. Wadhams initially agreed to participate but later he declined 
due to time constraints.  
  

http://www.ijis.iarc.uaf.edu/seaice/extent/Sea_Ice_Extent_N_v2_L.png
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The Climate Dialogue 

There was full agreement on the basic facts that both sea ice extent and volume have 
decreased considerably over the last 30 years. 
The participants disagreed slightly on how unprecedented the current decline in sea ice is. 
Lindsay and Meier had more confidence that the current decline is unprecedented within a 
historical context. Curry argued that data from before 1979, when satellite observation of the 
sea ice started, are not reliable enough to obtain a good understanding of the state of Arctic 
sea ice in the past. The participants agreed that during the summers in the Holocene 
Thermal Maximum (around 8000 years ago) the Arctic likely was ice free or near ice free, as 
well. At that time, temperatures in the Arctic were similar to or even higher than those of 
today. 
 
The participants also agreed that the start of the decline in Arctic Sea Ice in the late 1980s 
coincided with a shift in the so-called Arctic Oscillation. A positive Arctic Oscillation, i.e. high 
sea level pressures in the Arctic area, especially in winter, pushed older and thicker ice out of 
the Arctic through the Fram Strait, which is the sea between Greenland and Svalbard. When 
the Arctic Oscillation went back to normal however, the decline in sea ice continued. Meier 
and Lindsay conclude from this that natural oscillations probably played a minor role in the 
continuing decline of sea ice. Moreover simulations with climate models suggest that the 
Atlantic Multidecadal Oscillation (AMO), i.e. multidecadal periods of warmer and cooler than 
average temperatures in the Atlantic Ocean, might have contributed between 5% and 30% 
to the melting. This strengthens Meier’s and Lindsay’s belief that most of the melt is the 
result of global warming. 
 
This also generated the greatest disagreement within the dialogue. Meier and Lindsay think 
that climate models simulate natural variability reasonably well, but Curry believes that they 
underestimate this variability. Curry is unimpressed by how well climate models simulate the 
Arctic climate and notes that the high attribution of the melt to global warming, both 
anthropogenic and natural, depends on these models.   
 
Nevertheless Curry agreed that at least 30% of the melt would be the result of 
anthropogenic global warming. Her upper limit of 70% influence of greenhouse gases on the 
melt, however, is lower than the 95% upper limit that Meier and Lindsay think is reasonable 
(See Table 2). 
 
 Meier Curry Lindsay 
What is your preferred range w.r.t. the contributions of 
anthropogenic forcing to the decline in sea ice extent? 

50-95% 30-70% 30-95% 

What is your preferred range w.r.t. the contributions of 
anthropogenic forcing to the decline in sea ice volume? 

50-95% 30-70% 30-95% 

Table 2. How large is the role of anthropogenic global warming? 

 
Curry said she would not know of any publishing climate scientist giving a lower estimate 
than 30%. Curry proposed a range of 30 to 70% greenhouse gas contribution to the recent 
decline in sea ice extent. Her best estimate would be 50%. Lindsay agreed with this best 
estimate of 50% for extent. He added though that sea ice volume is his preferred metric 
because it shows less year to year variability. For sea ice volume he would go higher, to 
about 70%.  
 
Later in the discussion all three participants acknowledged there was a great deal of 
uncertainty when making attribution statements. Meier for example wrote: “There seems to 
be a lot of wrangling over exactly what fraction of the observed change is attributable to 
greenhouse gases vs. natural and other human [factors](e.g., black carbon). There is clearly 
still uncertainty in any estimates and the models and data are not to the point where we can 
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pin a number with great accuracy. Judith is more on the lower end, rightly pointing out the 
myriad natural factors. Ron and I tend toward the higher end.” 
 
Future 
None of the participants believe that the Arctic will be ice free in the summer within a few 
years, as some climate scientists, e.g. Wadhams, have claimed in the media. Meier explained 
that so far the “easy” ice has melted but that now we’re getting to the “more difficult” ice 
north of Greenland and the Canadian Archipelago. Lindsay is most confident that even on a 
time scale of one or two decades greenhouse forcing will cause a further decline. Curry 
emphasized that on this time scale natural fluctuations will dominate the effect of CO2. For 
her a reverse of the trend is therefore possible and she didn’t want to speculate when the 
summer will be ice free. Meier “wholeheartedly” agreed with Curry that decadal prediction of 
sea ice is going be very difficult. Nevertheless Meier believes it is going to happen 
somewhere over the period 2030-2050 period while Lindsay uses the longer 2020-2060 
period.  
 
None of the participants believe in a tipping point (a point of no return). Lindsay noted that if 
we magically could turn off the forcing (i.e. get rid of the anthropogenic greenhouse gases) 
the sea ice would recover rather quickly.  
 
 Meier Curry Lindsay 
The Arctic could be ice-free in a few years. Very unlikely Very unlikely Very unlikely 
What is the most likely period that the Arctic will be ice 
free for the first time? 

2030-2050 X 2020-2060 

Table 3. When will the Arctic be ice free in the summer?  
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2.2. Long term persistence and trend significance 

Long term persistence (LTP) or long term correlation is a statistical characteristic of how a 
quantity is changing over time. If the quantity is found to depend on historical values from 
long ago, it exhibits LTP or long term correlation. Many natural quantities, such as river run-
off, have been found to exhibit such long term correlated behavior. Applied to long-term 
climate records, LTP is present if deviations from the long term mean tend to persist, e.g. 
warm years are likely to be followed by warm years. In practice, LTP can lead to long lasting 
anomalies. It is important to realize that this statistical “behavior” is the result of all physical 
processes in the climate system, internal dynamics and climate forcings, both natural and 
anthropogenic. This Dialogue focused on the presence of LTP in time series of global mean 
surface temperature (GMST) and its relevance for the detection of climate change and for the 
role of internal variability.  
 
The participants in this dialogue were Rasmus Benestad, Armin Bunde and Demetris 
Koutsoyiannis, the latter two being sceptical of the IPCC positions. Benestad is a climate 
scientist at the Norwegian Meteorological Institute. He has published on statistical techniques 
related to climate observations. Bunde is a statistician at the University of Giessen in 
Germany and has published on long term persistence in proxy observations of global 
temperature. Koutsoyiannis is a hydrologist at the University of Athens, Greece. He has 
published on statistical behavior of hydrological as well as climate observations.  
 
The Climate Dialogue 
The three discussants agreed that time series of global average temperature indeed exhibit 
LTP, though they disagreed about its relevance for the detection of a significant warming 
trend and for the role played by internal variability. This dialogue was hindered by 
differences in the interpretation of the concept of ‘detection’, which became apparent 
towards the end of the dialogue. To explain these differences one need to understand ‘forced’ 
vs ‘unforced’ and ‘anthropogenic’ vs ‘natural’ changes in the climate system (see Figure 2). 
  
 

 
 

Figure 2. Two different interpretations of the definition of detection as used by the 
discussants in this dialogue; details see text. 

https://docs.google.com/document/pub?id=1AE022sydBQLF0jsbCoAefz6bTdySBQ7skwzm9DnYg3Y
http://scholar.google.com/citations?user=n94OP_0AAAAJ&hl=nl
https://www.researchgate.net/profile/Demetris_Koutsoyiannis/publications
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Forced changes in the climate arise from a change in the balance between in- and outgoing 
radiation at the top of the atmosphere. These forced changes can be either natural, e.g. from 
changes in the sun or volcanic activity, or anthropogenic, e.g. from changes in atmospheric 
greenhouse gas or aerosol concentrations (see Figure 2). Unforced changes in the climate 
refer to natural fluctuations or semi-random processes internal to the climate system. This 
internal variability usually involves a redistribution of energy among different components of 
the climate system, for example due to El Niño which causes heat from the ocean to be 
brought into the atmosphere.  
 
According to IPCC AR5 “Detection of change is defined as the process of demonstrating that 
climate or a system affected by climate has changed in some defined statistical 
sense without providing a reason for that change. An identified change is detected in 
observations if its likelihood of occurrence by chance due to internal variability alone is 
determined to be small.” 
 
According to Benestad this definition of detection is based on distinguishing the ‘forced’ from 
the ‘unforced’ components of change. In other words, Benestad took the approach of 
comparing the observed warming trend with what would be expected from internal variability 
alone, following Interpretation I. Bunde and Koutsoyiannis reject Interpretation I as they 
believe the data cannot give us what is called "unforced" or "forced" signals and they do not 
trust models to be able to do so either. They do believe that the data of a past period 
incorporate both the effects of natural forcings and internal variability but they do not believe 
that separation of these two is feasible or even meaningful. 
 
The IPCC definition led to a heated debate. Koutsoyiannis and Bunde interpreted the phrase 
“in some defined statistical sense without providing a reason for that change” as detection of 
climate change being only or mainly a matter of statistics and choosing the appropriate 
statistical model. They argued that LTP is the proper model to describe temperature changes 
(arising from forced and unforced changes) and mainly discussed statistical methods to 
retrieve the extent of LTP from temperature records to determine whether the increase in 
global average temperature in the past 150 years is statistically significant or not. In doing 
so they followed interpretation II, i.e. they analyzed whether the recent warming is outside 
the inferred natural range taking into account the extent of LTP as deduced from the same 
temperature series, which according to Koutsoyiannis corresponds to the LTP over the past 
50 million years of Earth’s history. Benestad compares observed warming with the 
magnitude of internal variability as expected based on climate models, i.e. following 
interpretation I. 
 
By not distinguishing between the two modes of natural influence (internal variability and 
natural forcing), Bunde and Koutsoyiannis in effect set a higher bar than used in 
Interpretation I, for which the observed change only needs to exceed that expected from 
unforced internal variability.  
 
Presence of Long term persistence 
All three invited participants agreed that radiative forcing can introduce LTP and that both 
forcings and LTP are omnipresent in climate records. Since internal variability is also always 
present, it follows that the presence of LTP cannot be used to distinguish forced from 
unforced changes in global average temperature. Therefore, LTP by itself does not provide 
insight into the causal mechanism of climate change. 
 
According to Bunde “natural forcing plays an important role for LTP and is omnipresent in 
climate”. Koutsoyiannis agreed that “(changing) forcing can introduce LTP and that forcing is 

http://www.climatedialogue.org/long-term-persistence-and-trend-significance/#comment-349
http://www.climatedialogue.org/long-term-persistence-and-trend-significance/#comment-450
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omnipresent. But LTP can also emerge from the internal dynamics alone” as a result of the 
irregular and unpredictable changes that take place in the climate. For Benestad LTP or 
memory is a manifestation of the slow climate response of e.g. the oceans that warm very 
slowly as the result of changes in the energy balance of the global climate system (i.e. 
radiative forcing).  
 
Is the observed warming significant? 
All participants agreed that the presence of LTP lowers the statistical significance of a trend 
compared to when only short term correlation is taken into account. According to Bunde and 
Koutsoyiannis the latter leads to a strong overestimation of the significance of global 
warming. In their opinion, IPCC wrongly applies Short Term Persistence (STP) models for 
estimating the significance of the recent warming trend. Benestad agreed that the STP 
models “may not necessarily be the best” models, but in general statistical models are 
useless in his opinion when applied to global mean temperature time series, because in this 
period the data embed both “signal” (forced changes) and “noise” (unforced changes) and 
LTP or STP or whatever statistical model are meant to describe “the noise” only, when 
following interpretation I. Moreover, state-of-the-art detection and attribution work as 
assessed by IPCC does not necessarily rely on the STP concept, but use results from climate 
models rather than simple STP methods.  
 
In the end, the three participants gave different answers to whether the warming in the past 
150 years is significant or not. Benestad was most confident that both the changes in land 
and sea temperatures are significant. To reach this conclusion he relied on the 
abovementioned detection and attribution methods. He also applied regression analysis and 
ranking tests to assess the likelihood for the warming being a result of coincidence. These 
tests did not take into account potential LTP though.  
 
To Bunde and Koutsoyiannis LTP is the proper model to describe the changes in GMST. In 
their view, physical knowledge of the climate system is rather irrelevant to establish 
detection. They disagreed however about whether the current warming is statistically 
significant, where Bunde answered “yes” except for the global Sea Surface Temperature and 
Koutsoyiannis was leaning towards “no”. Bunde argued that, due to LTP, the global average 
sea surface temperature changes are not significant but the land and global (composite of 
land and sea surface) temperature changes are. Koutsoyiannis concluded the warming in the 
past 134 years is not significant - using a stricter level of significance though, namely 99% 
rather than the more common 95%. 
 
Causes of observed warming 
Bunde is more convinced that greenhouse gases have a substantial effect on global 
temperatures than Koutsoyiannis, although he also said he cannot rule out that the warming 
is (partly) due to other causes such as the Urban Heat Island effect.  
 
When we asked Koutsoyiannis whether he believes the influence of greenhouse gases is 
small he answered: “Yes, I believe it is relatively weak, so weak that we cannot conclude 
with certainty about quantification of causative relationships between greenhouse gas 
concentrations and temperature changes.” 
 
Benestad on the other hand wrote: “The combination of statistical information and physics 
knowledge lead to only one plausible explanation for the observed global warming, global 
mean sea level rise, melting of ice, and accumulation of ocean heat. The explanation is the 
increased concentrations of greenhouse gases.” 
 
  

http://www.climatedialogue.org/long-term-persistence-and-trend-significance/#comment-349
http://www.climatedialogue.org/wp-content/uploads/2014/04/Climatedialogue.org-extended-summary-long-term-persistence.pdf
http://www.climatedialogue.org/long-term-persistence-and-trend-significance/#comment-524
http://www.climatedialogue.org/wp-content/uploads/2014/04/Climatedialogue.org-extended-summary-long-term-persistence.pdf
http://www.climatedialogue.org/long-term-persistence-and-trend-significance/#comment-498
http://www.climatedialogue.org/long-term-persistence-and-trend-significance/#comment-490
http://www.climatedialogue.org/long-term-persistence-and-trend-significance/#comment-468
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2.3. Are regional models ready for prime time? 

Climate models are vital tools for helping us understand long-term changes in the global 
climate system. Global climate projections for 2050 and 2100 have, amongst other purposes, 
been used to inform potential mitigation policies, i.e. to get a sense of how the climate 
system would be expected to evolve in response to different emission scenarios. The next 
logical step is to use models for adaptation as well, which requires a more regional approach. 
Stakeholders have an almost insatiable demand for future regional climate projections. These 
demands are driven by practical considerations related to freshwater resources, ecosystems 
and water related infrastructure, which are vulnerable to climate change. 

Hundreds of studies have been published in the literature presenting regional projections of 
climate change for 2050 and 2100. The output of such model simulations is then used by the 
climate impacts community to investigate what potential consequences could be expected in 
the future, depending on the emission scenario. However several recent studies cast doubt 
whether global model output is realistic on a regional scale, even in hindcast3 . 
The question in this dialogue was whether regional climate models are ready to be used for 
regional projections? Is the information reliable enough to use for medium to long term 
adaptation planning? Or should we adopt a different approach? 
 
The following three participants joined this discussion: Bart van den Hurk of KNMI in The 
Netherlands who is actively involved in the KNMI regional climate scenario’s, Jason Evans 
from the University of Newcastle, Australia, who is coordinator of Coordinated Regional 
Climate Downscaling Experiment (CORDEX) and Roger Pielke Sr. who through his research 
articles and his weblog Climate Science is well known for his outspoken views on climate 
modelling. For clarity, both Evans and Van den Hurk are actively involved in regional climate 
scenarios (decades into the future), Pielke is not. 

For personal reasons Evans wasn’t able to participate actively in the dialogue after the guest 
blogs and the first comments were published. 

The Climate Dialogue 
The key issue in this dialogue was whether regional climate scenarios for 2050 or 2100 are 
“good” or “reliable” enough to be used for e.g. infrastructural planning decisions on a 
regional and multidecadal scale. For example should we increase dikes along our rivers if 
climate projections indicate that extreme rainfall will likely increase in the coming decades? 

Pielke’s answer to this question is “no”. Pielke wrote that “by presenting the global, regional, 
and local climate projections as robust (skillful) to the impacts and policy communities we 
are misleading them on the actual level of our scientific capability.” And also (in his guest 
blog): “using the global climate model projections, downscaled or not, to provide regional 
and local impact assessment on multi-decadal time scales is not an effective use of money 
and other resources.”  

                                                
3
 van Oldenborgh, G. J., Reyes, F. D., Drijfhout, S. S., & Hawkins, E. (2013). Reliability of regional 

climate model trends. Environmental Research Letters,8(1), 014055.  

Anagnostopoulos, G. G., Koutsoyiannis, D., Christofides, A., Efstratiadis, A., & Mamassis, N. (2010). A 
comparison of local and aggregated climate model outputs with observed data. Hydrological Sciences 
Journal–Journal des Sciences Hydrologiques, 55(7), 1094-1110.  

Stephens, G. L., L'Ecuyer, T., Forbes, R., Gettlemen, A., Golaz, J. C., Bodas‐Salcedo, A., ... & Haynes, J. 
(2010). Dreary state of precipitation in global models. Journal of Geophysical Research: Atmospheres 
(1984–2012),115(D24).  

Bhend, J., & Whetton, P. (2013). Consistency of simulated and observed regional changes in 
temperature, sea level pressure and precipitation. Climatic change, 118(3-4), 799-810. 
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Evans has a different opinion as expressed in this comment: “In the end, climate models are 
our best tools for understanding how the climate system works. As climate scientists, we will 
continue to use these tools to improve our understanding of the climate system, and use our 
understanding of the system to improve these tools. Part of this includes exploring the 
impact of changing levels of greenhouse gases on the climate by creating future climate 
projections.” And in another comment he wrote: “So RCMs [Regional Climate Models] are not 
perfect but in many cases are good enough to be useful.” Van den Hurk agreed with Evans 
by writing in his guest blog that: “RCMs can be of great help, not necessarily by providing 
reliable predictions, but also by supporting evidence about the salience of planned measures 
or policies.” 

So Evans and Van den Hurk are more positive than Pielke with respect to the central 
question in the title “Are regional climate models ready for prime time?” All discussants 
agree that models still have (a lot of) imperfections, also when simulating the past. For 
Evans and Van den Hurk model projections are nevertheless useful, for Pielke they are 
useless and he prefers other approaches. 
 
Skill 
A returning remark of Pielke was that models need to show “skill” in hindcast before it makes 
sense to use future projections. Skill is defined by Pielke as “an ability to produce model 
results for climate variables that are at least as accurate as achieved from reanalyses.” 
where reanalysis data consists of a combination of observations and model output. This is 
often necessary to check model output against, because observations alone are not detailed 
enough to validate the models. Pielke continues: “The skill needs to be tested using hindcast 
runs against: i) the average climate over a multi-decadal time period and ii) CHANGES in the 
average climate over this time period.” Pielke claimed models don’t have this skill even back 
in time, so projecting them to the future makes no sense to him. 
 
Van den Hurk didn’t use this definition of skill. He wrote: “I don’t know how to assess skill of 
decadal trends, and so do not require models to reproduce the past trends. A measure of 
skill of predictions thus should be that the observed climate trends fall within the range of an 
ensemble4 of hindcast predictions.” 
 
So the definition of Pielke is much stricter than that of Van den Hurk. Actually when asked 
about Pielke’s definition, Van den Hurk agreed that models are not yet up to that task: “For 
predictions at the decadal time scale, as Roger identifies in his Type 4 application [i.e. 
climate scenarios], assessment of skill is actually barely possible. Even a perfect model can 
deviate significantly from past observed trends or changes, just because the physical system 
allows variability at decadal time scales; the climate and its trend that we’re experiencing is 
just one of the many climates that we could have had.” 
 
So they disagreed on the operational definition of skill, but as Van den Hurk wrote: “I think 
we should conclude that we agree on the fact that on shorter (decadal) time scales 
GCM/RCM [Global Climate Models/Regional Climate Models, red] have shown little regional 
skill to predict/hindcast observed changes. But that does not necessarily imply that they are 
useless or have no skill on longer time scales.” and “The purpose of a projection is to depict 
the possible (plausible) evolution of the system. To my opinion, the process of decision 
making is not dependent on the (quantitative) predictions provided by climate models, but 
by the plausibility that the future will bring situations to which the current system is not well 
adapted.” 
Pielke agreed “with the need to assess what is plausible”, but said that the scientific 
community should be honest about the possibility that “the scenarios that you provide from 

                                                
4 An ensemble is a group of model simulations. This is done to get an idea of the average trend of the 
models under a given scenario. 

http://www.climatedialogue.org/are-regional-models-ready-for-prime-time/#comment-485
http://www.climatedialogue.org/are-regional-models-ready-for-prime-time/#comment-484
http://www.climatedialogue.org/are-regional-models-ready-for-prime-time/#comment-542
http://www.climatedialogue.org/are-regional-models-ready-for-prime-time/#comment-544
http://www.climatedialogue.org/are-regional-models-ready-for-prime-time/#comment-544
http://www.climatedialogue.org/are-regional-models-ready-for-prime-time/#comment-561
http://www.climatedialogue.org/are-regional-models-ready-for-prime-time/#comment-489
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the downscaled models may fall outside the range of what actually could occur. If one 
insists, they could be included, but there should be a disclaimer given to the policymakers 
that these regional forecasts have not shown skill when tested in a hindcast mode.” 
 
Top down versus bottom up 
For Pielke a more robust approach is to use historical, paleo-record and worst case 
sequences of climate events. “Added to this list can be perturbation scenarios that start with 
regional reanalysis (e.g. such as by arbitrarily adding a 1C increase in minimum temperature 
in the winter, a 10 day increase in the growing season, a doubling of major hurricane 
landfalls on the Florida coast, etc). There is no need to run the multi-decadal global and 
regional climate projections to achieve these realistic (plausible) scenarios.” Pielke calls his 
approach the ‘bottom up vulnerability approach’ and contrasts this with the IPCC approach of 
first generating projections and then using these projections as input for impact models. This 
is what he would call the top down approach. 
 
On the usefulness of the vulnerability approach Van den Hurk fully agreed with Pielke: “I 
fully embrace Pielke’s plea for a system analysis that takes the vulnerability of the system as 
a starting point.” but he also stressed that “from this kind of analyses, frequently the 
stakeholders are the participants that ask for support from (regional) climate models to 
illustrate the possible alternative future conditions.” Van den Hurk thus argues that both 
approaches are complementary. 
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2.4. The (missing) tropical hotspot 

Based on theoretical considerations and simulations with General Circulation Models (GCMs), 
it is expected that any warming at the surface will be amplified in the upper troposphere. 
More warming at the surface means more evaporation and more convection. Higher in the 
troposphere the (extra) water vapour condenses and heat is released. As such this so-called 
(tropospheric) hot spot is not specific to what caused the warming: any surface warming is 
expected to be amplified higher up in the atmosphere. Calculations with GCMs show that the 
lower troposphere warms about 1.2 times faster than the surface. For the tropics, where 
most of the moisture is, the amplification is larger, about 1.4. Thus the absolute warming 
trend is also expected to be higher in the troposphere than on the surface. Originally, this 
amplification effect was dubbed the 'tropical hot spot', but the term is often also used for this 
absolute trend. 
 
Temperature data sets for the (tropical) troposphere based on weather balloons or so-called 
radiosondes start in 1958. Data sets based on satellite measurements start in 1979. So, now 
that we have several decades of data and it can be examined whether the theoretical or 
model expectations hold up in the observations. The issue became controversial when US 
scientists John Christy and Roy Spencer started to build their satellite data set in the 1990s5, 
because originally this showed no warming at all in the global troposphere. Later, several 
deficiencies were found and corrected in their data set and a second group of scientists (RSS, 
Carl Mears and Frank Wentz) also prepared a temperature time series, both of which showed 
warming of the troposphere. 
 
However, some of the controversy has remained, because both satellite and radiosonde data 
sets still show (much) less warming than models indicate. John Christy, Fred Singer and 
others pointed this out in a 2008 article in the International Journal of Climatology6, but this 
was criticised in the same issue of the journal by another article co-authored by a large 
group of climate scientist7. The original article claimed that models and observations differed 
significantly. The critique on the article was that the authors had underestimated the 
uncertainties in both the models and the observations, and that, when taking these 
uncertainties into account, the ranges for models and observations would overlap. Ergo, 
models and observations could still be in agreement. The models were not “falsified”.  
 
Steven Sherwood (AUS) and Carl Mears (USA) were co-authors of the article that criticized 
the article by Christy and Singer. Thus, with Mears, Sherwood and Christy as participants in 
this Climate Dialogue we had three scientists who are all very familiar with this issue. 
 
The Climate Dialogue 
 
Amplification 
The introduction article and the questions asked of the participants focused on the 
amplification aspect of the tropical hot spot, i.e. the fact that warming at the planet's surface 
should be amplified higher up in the troposphere. The participants agreed that, in theory, 
one indeed expects this amplification. Also Christy accepted that the tropical hot spot is not a 
unique fingerprint, which means that any warming influence on the climate – irrespective of 
the cause – should produce amplified warming aloft.  
 
                                                
5 University of Alabama in Huntsville (UAH) satellite temperature dataset 
6 Douglass, D. H., Christy, J. R., Pearson, B. D., & Singer, S. F. (2008). A comparison of tropical temperature trends 
with model predictions. International Journal of Climatology, 28(13), 1693-1701. 
7 Santer, B. D., Thorne, P. W., Haimberger, L., Taylor, K. E., Wigley, T. M. L., Lanzante, J. R., ... & Wentz, F. J. (2008). 
Consistency of modelled and observed temperature trends in the tropical troposphere. International Journal of 
Climatology, 28(13), 1703-1722. 
 

http://www.climatedialogue.org/the-missing-tropical-hot-spot/
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If we focus on the amplification, it is really hard to prove that the amplification factors in the 
models differ significantly from those in the observations. The main reason for this is that 
you divide tropospheric warming by surface warming; these two numbers are both quite 
small and this generates huge uncertainties. Sherwood and Mears claimed that the 
uncertainties were too big to say anything conclusive about this. They were supported in this 
opinion in the public comments by Ross McKitrick, a well-known sceptic, who has published 
several papers about the tropical hot spot. However, based on a slightly different selection of 
the available data sets, Christy claimed that models also show significantly more 
amplification than the observations. So there was no agreement on this. 

Absolute trend in the tropical upper troposphere 
The more controversial issue is the fact that models – given the measured increase in 
greenhouse gases over the past 60 years – simulate an absolute warming trend in the upper 
tropical troposphere that is significantly greater than shown by the data sets. So, the key 
term here is not 'amplification' but 'the magnitude of the trend', as also dealt with in the two 
2008 articles. 
 
Christy focused much more on this aspect in the debate than Sherwood and Mears did, who 
preferred to focus on the amplification. However, Sherwood and Mears also made clear that 
this second aspect of the discussion is actually the most interesting issue. 
 
Quite surprisingly – given the heated debate in the past – there was also quite some 
agreement about the absolute difference in trends between models and observations. During 
the discussion, sometimes, Mears and Christy mentioned different trends for the same data 
set. Therefore, we prepared Table 4 to explicitly show these differences. The table shows 
that observational TMT trends vary between 0.02 and 0.11°C/decade while the models 
produce trends of 0.26 to 0.28°C/decade. For TTT the observational trends are slightly 
higher (0.07–0.15°C/decade) and the model trends as well (0.32–0.33°C/decade). During 
the preparation of this table, Christy and Mears agreed almost completely about the trend 
numbers in different data sets and they agreed that the absolute trends of models and 
observations differ significantly. Mears: 'Measured trends in the tropical troposphere are less 
than all of the modelled trends. This is an important, statistically significant, and substantial 
difference that needs to be understood.' Sherwood agreed with this conclusion for the 
satellite period (since 1979) but not for the full period since 1958.  

Possible causes  
The main topic for discussion now was to understand the causes for the discrepancy between 
models and observations in the tropical upper troposphere. Here, the participants disagreed, 
putting forth different hypotheses.  
 
Sherwood thought the data on the troposphere could be wrong. He assumed there has been 
more cooling in the stratosphere (the layer above the troposphere) than anyone has 
reckoned. Satellite measurements for the upper troposphere include a signal (less than 10%) 
from the stratosphere. This stratospheric signal has to be removed to get the upper-
tropospheric temperature right. If in reality there is more cooling in the stratosphere than 
the RSS and UAH groups assume, then this reduces their upper troposphere temperature 
trend. Sherwood therefore thought that the true upper-tropospheric warming could be 
stronger than what any group would infer from the satellite data. 
 
Christy, on the other hand, thought the surface data still have a warm bias and overestimate 
the 'real' warming trend. A (much) smaller surface trend could in theory 'repair' the 
amplification ratio between the surface and the tropical troposphere. But this would make 
the differences in the absolute warming trends between models and surface observations 
even worse. Models would then not only overestimate the warming trend of the tropical 
upper-troposphere but also at the tropical surface. 

http://www.climatedialogue.org/the-missing-tropical-hot-spot/#comment-697
http://www.climatedialogue.org/the-missing-tropical-hot-spot/#comment-757
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Mears thought of a combination of natural variability (which is not well-simulated by an 
ensemble of models), heat going into the deep ocean,  solar changes, volcanic aerosol, and 
ozone forcing generating some compensating cooling for the expected warming due to 
greenhouse gases. Sherwood favoured the hypothesis that the deep oceans are absorbing 
heat faster than expected. Christy thought that the lack of warming in the tropical 
troposphere suggests the climate is relatively insensitive to CO2. However, he agreed with 
Mears that we don’t know yet why models overestimate the warming. 
 

Data source 

Temp  

Type 

Christy 

0C/decade 

Mears 

0C/decade 

RSSv3.3 TMT 0.088 0.086 ± 0.04 

UAHv5.6 TMT 0.031 ± 0.05 0.033 

RSS+UAH TMT 0.060 ± 0.03 0.060 ± 0.03 

STAR3.0a TMT 0.106 0.102 

All satellitesb TMT 0.075 0.074 

HadAT2 TMT Not Updated through 2013 

Raobcore TMT 0.055 0.058 

RICH TMT 0.087 0.100 

RATPAC TMT 0.016 Not Adjusted 
After 2005 

Radiosondes TMT 0.049 ± 0.035c 0.079d 

74 models TMT 0.26 0.278e 

RSS TTT 0.123 0.121 

UAH TTT 0.068 0.067 

STAR3.0a TTT 0.145 0.144 

All Satellitesb  TTT 0.112 0.111 

HadAT2 TTT Not Updated through 2013 

Raobcore TTT 0.081 0.085 

RICH TTT 0.128 0.135 

RATPAC TTT 0.071 Not Adjusted 
After 2005 

102 models TTT 0.316 0.330e 
a There was discussion about the reliability of STAR2.0; STAR3.0 is accepted by both Christy and Mears.  
b Including STAR3.0. 
c Based on Raobcore, RICH and RATPAC. 
d Based on Raobcore and RICH. 
e Based on 33 model runs. 

Table 4. Tropical tropospheric temperature trends based on different radiosonde and 
satellite data sets for the 1979–2013 period and the area 20S-20N. TMT is theTemperature 
of the tropical Mid Troposphere, TTT is the Temperature of the Tropical Troposphere and is 
defined as TTT=1.1×TMT - 0.1×TLS where TLS is the Temperature of the Lower 
Stratosphere. Please note that this table was made a year after the actual dialogue, together 
with active input from Christy and Mears.  
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2.5. Climate Sensitivity and Transient Climate Response 

Equilibrium Climate Sensitivity (ECS) is a central theme in climate science, as it characterizes 
the degree of temperature change that would be expected from a given radiative forcing, 
e.g. from a change in solar output or from a change in atmospheric greenhouse gas (GHG) 
concentrations. It is usually defined in terms of a doubling of atmospheric CO2 concentrations 
as a common reference point, i.e. ECS is the equilibrium change in annual mean global 
surface temperature following a doubling of the atmospheric CO2 concentration, excluding 
the very slow feedbacks from ice sheets and the biosphere, which are expected to further 
amplify what is then termed the Earth System Sensitivity (ESS). Transient Climate Response 
(TCR) is the expected transient change in temperature over a period of 70 years assuming a 
linear doubling of the atmospheric CO2 concentration in this period, i.e. before equilibrium 
has been reached. It should be noted that the subject of climate sensitivity is very broad as 
it covers many aspects of climate science through the influence of feedbacks. The 
anthropogenic warming we may expect in the future is thus dependent on the climate 
sensitivity and the radiative forcing due to changes in atmospheric concentrations of GHGs 
and aerosols. TCR, ECS, and ESS cannot be directly measured, but rather have to be 
evaluated indirectly. There are different methods to do so, and the range of values found has 
been relatively large for decades. 
 
In the fifth assessment report of the IPCC (AR5) it is indicated that the peer-reviewed 
literature provides no consensus on a formal statistical method to combine different lines of 
evidence, i.e. different methods to estimate ECS. Therefore, in AR5, the range of ECS (and 
TCR) is assessed by experts, who conclude that ECS is likely in the range of 1.5°C to 4.5°C. 
The pros and cons of this expert judgement are a frequent topic of discussion, not only in the 
scientific literature but also in the blogosphere and in reports.  
 
We invited three experts: John Fasullo, James Annan and Nic Lewis. Fasullo is a project 
scientist at the National Centre for Atmospheric Research (NCAR) in Boulder, Colorado, 
studying processes involved in climate variability and change using both observations and 
models. He has published extensively on the topic and was co-author of the assessment 
reports of the IPCC. James Annan has worked for 13 years as senior scientist at the 
Japanese Research Institute for Global Change, JAMSTEC, perhaps better known as the home 
of the Earth Simulator. He published many papers and his work has been heavily cited in the 
recent IPCC AR5. Nic Lewis is an independent climate scientist, who studied mathematics 
and physics at Cambridge University. He published two key papers7,9 on ECS and TCR, one of 
them together with prominent IPCC lead authors7. Both papers are cited and discussed in 
AR5.  
 
The Climate Dialogue 
The experts’ guest blogs dealt with all questions raised in our introduction, but due to the 
broadness of the subject and time limitations of the participating experts, we managed to 
only cover the questions on ECS and not those on TCR. The Dialogue included five main 
topics that were discussed in more detail. The key question in this Climate Dialogue was: 
“What do you consider as a range and best estimate of ECS?” Table 5 summarizes the 
answers of the three experts and their key argument(s), which are described in more detail 
below.   
  

http://ncar.ucar.edu/
http://www.cgd.ucar.edu/staff/fasullo/my_pubs/
http://www.ipcc.ch/
http://www.jamstec.go.jp/rigc/e/
http://www.jamstec.go.jp/frsgc/research/d5/jdannan/
http://www.ipcc.ch/report/ar5/wg1/
http://www.climatedialogue.org/wp-content/uploads/2014/05/Introduction-Climate-Sensitivity-def.pdf
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 Nic Lewis James Annan John Fasullo 
ECS 1.2 – 3.0 (1.7) 2.0 – 3.0 (2.5) 2.7 – 4.5 (3.4) 
Key 
argument 

All studies based on the 
instrumental period that 
have no evident serious 
flaws8,9,10,11 arrive at best 
estimates for ECS in the 
1.5–2.0°C range. 
Climate models are 
unreliable.   
Paleoclimate estimates give 
a large likely range of 1 to 
6°C. 

Paleo studies can only be 
reconciled with an ECS of 
around 2 to 4.5°C12. 
Climate models give an ECS 
in the range of 2 to 5°C.  
Instrumental period-based 
studies point at the lower 
end of the IPCC range. 

There is no credible climate 
model with an ECS of less 
than 2.7°C. 
Climate models with high 
ECSs better represent key 
processes in the climate 
system. 
Forcings of aerosols are 
more effective than forcings 
of CO2 (efficacy). 

Table 5. Likely ranges (i.e. 66% probability) and best Estimates (between brackets) of the 
ECS as estimated by the discussants. 

 
Instrumental versus model-based approach 
In his guest blog, Nic Lewis suggested that four studies based on the warming in the 
instrumental period6,7,8,9 are superior to the two main other methods that are available, 
based on climate models and paleoclimate data. These “preferred” studies arrive at best 
estimates for ECS “in the 1.5–2.0°C range”. James Annan discussed both the pros and cons 
of the instrumental period-based estimates, calling them “more trustworthy than other 
approaches […]as they are more-or-less directly based on the long-term (albeit transient) 
response of the climate system to anthropogenic forcing” and “They point at the low end of 
the IPCC range due to better quality and quantity of data and better understanding of 
aerosol effects.”, while also mentioning that “these estimates rely on models of the climate 
system, which are so simple and linear (and thus certainly imperfect)”. John Fasullo agreed 
with the latter remark and added that the model used in these studies captures little of the 
climate system’s physical complexity, since it is exclusively statistical and they only make 
use of “a limited subset of surface observations, questioning their relevance”. John Fasullo 
indicated that “All approaches are faced with the challenges of attribution and uncertainty 
estimation, for which the validity of observations, the underlying model, and base 
assumptions are key issues. It therefore is inappropriate to place high confidence in any 
single approach.” Nevertheless, his best estimate and likely range (see Table 1), were mainly 
supported by results from studies based on climate models or so-called General Circulation 
Models (GCMs). 
 
Cloud feedbacks 
Doubling of CO2 in the atmosphere would give about 1.2°C of warming, assuming that 
everything else remains the same. However, this warming is amplified by so-called positive 
feedbacks or damped by negative feedbacks. The most important positive feedbacks are an 
increase in atmospheric water vapour, which is a strong greenhouse gas, and the reduction 
in the extent of ice and snow surfaces. Additionally, in Chapter 7 of AR5, it is concluded that 

                                                
8 Aldrin, M., Holden, M., Guttorp, P., Skeie, R. B., Myhre, G., & Berntsen, T. K. (2012). Bayesian estimation of 
climate sensitivity based on a simple climate model fitted to observations of hemispheric temperatures and 
global ocean heat content. Environmetrics, 23(3), 253-271. 
 
9 Otto, A., Otto, F. E., Boucher, O., Church, J., Hegerl, G., Forster, P. M., ... & Allen, M. R. (2013). Energy 
budget constraints on climate response. Nature Geoscience, 6(6), 415-416. 
 
10 Ring, M. J., Lindner, D., Cross, E. F., & Schlesinger, M. E. (2012). Causes of the global warming observed 
since the 19th century. Atmospheric and Climate Sciences, 2(04), 401. 
 
11 Lewis, N. (2013). An Objective Bayesian Improved Approach for Applying Optimal Fingerprint Techniques to 
Estimate Climate Sensitivity*. Journal of Climate, 26(19), 7414-7429. 
 
12 PALAEOSENS Project Members. (2012). Making sense of palaeoclimate sensitivity. Nature, 491(7426), 683-
691. 
 

http://www.climatedialogue.org/wp-content/uploads/2014/05/Nic-Lewis-guest-blog-def1.pdf
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-921
http://www.climatedialogue.org/wp-content/uploads/2014/05/James-Annan-guest-blog-def.pdf
http://www.climatedialogue.org/wp-content/uploads/2014/05/John-Fasullo-guest-blog-def.pdf
http://www.climatedialogue.org/wp-content/uploads/2014/05/John-Fasullo-guest-blog-def.pdf
http://www.climatedialogue.org/wp-content/uploads/2014/05/John-Fasullo-guest-blog-def.pdf
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changes in cloud cover “likely” represent a positive feedback although the uncertainty is 
large. According to John Fasullo, ECS values of below 2°C are possible only if a strong 
negative cloud feedback exists, which he believes is very unlikely given the conclusion of 
AR5. Lewis replied that he considers the conclusion of AR5 to be wrong because it is based 
on models which “are known to be very far from perfect.”. In the public commentary, Steven 
Sherwood, who was a co-author of Chapter 7 in AR5, strongly disagreed with Lewis, when he 
stated that the positive cloud feedback is supported by both “observations and explicit 
models of the relevant processes”. Andrew Dessler, a leading cloud expert, also contributing 
to the public commentary, likewise argued that for ECS to be as low as 1.5°C, cloud 
feedback needs to be strongly negative, whereas observations point to it being positive. 
Lewis argued that whereas individual cloud contributions have been observed to constitute a 
positive feedback, there may be other, unknown contributions which still render the total 
cloud feedback negative.  
 
Aerosols  
An aerosol is a colloid of fine solid particles or liquid droplets, in air or another gas, such as 
haze or dust. On a global scale, aerosols are thought to have a net cooling effect on the 
climate. Aerosols thus partly compensate for the warming effect of greenhouse gases. The 
magnitude of their cooling effect though is highly uncertain and this has a big influence on 
the uncertainty in climate sensitivity. There was agreement that better constraining aerosol 
forcing is the key to narrowing uncertainty in ECS and TCR estimates. Lewis argued that all 
GCMs have larger negative forcing (i.e. cooling) for aerosols than the best estimate in AR5 (-
0.9 W/m2), and as a result, the models reproduce the warming of the 20th century with a 
sensitivity which is (much) too high. Fasullo replied that the aerosol forcing values in models 
fall well within the uncertainty range of AR5, which is -0.1 to -1.9 W/m2 and therefore the 
conclusion of Lewis is, according to him, unjustified.  
 
Efficacy 
A related discussion was on the so-called ‘efficacy’, i.e. the hypothesis that the transient 
climate response (TCR and thus also ECS) to historical aerosols and ozone is substantially 
greater than the transient response to CO2. According to Shindell13, this is primarily caused 
by more of the short-lived aerosol and ozone forcing being limited to the emission locations, 
which are predominantly in the continental regions of the Northern Hemisphere. Since land 
temperatures respond stronger to a change in forcing than ocean temperatures do, this 
triggers a stronger temperature response, relative to the magnitude of the forcing, than the 
more evenly distributed CO2 does. Annan and Fasullo indicated that estimates of ECS based 
on 20th-century observations have assumed that a forcing by aerosols is equal to the same 
forcing by CO2, i.e. that the efficacy is 1. Kummer and Dessler14 show that the aerosol 
efficacy could be as high as 1.5, which increases the instrument-based ECS estimates to a 
value that is similar to estimates from GCMs and paleoclimate.  Lewis disagreed: “Shindell 
[…] never refers to efficacy at all in his paper” and according to Lewis, Kummer and Dessler 
confuse “forcing efficacy with transient climate sensitivity” and therefore “their calculations 
make no physical sense.”  
 
Paleoclimate 
Changes in temperature in the distant past occurred as a result of natural forcings including 
e.g. changes in the Earth’s orbit and natural changes in greenhouse gas concentrations over 
hundreds of thousands and even millions of years. This allows the use of paleoclimatic 
evidence to estimate ECS. However, it should be realized that non-linearity may occur, due 
to the large timescale, and that then the world was very different from the way it is today 
with respect to, for example, ice sheet coverage, vegetation cover, the location of 

                                                
13 Shindell, D. T. (2014). Inhomogeneous forcing and transient climate sensitivity.Nature Climate Change. 
 
14 Kummer, J. R., & Dessler, A. E. (2014). The impact of forcing efficacy on the equilibrium climate 
sensitivity. Geophysical Research Letters. 

http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-922
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-967
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-1036
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-1036
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-914
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-967
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-967
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-909
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-912
http://www.climatedialogue.org/climate-sensitivity-and-transient-climate-response/#comment-923
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continents, mountain ridges and opening or closing of ocean passages. According to Fasullo 
and Annan, paleoclimatic knowledge can only be reconciled with a sensitivity in the range of 
2 to 4.5°C. According to Lewis, on the other hand, the uncertainties are far too great to 
support this range, arguing that the likely range for paleoclimate estimates is rather 1 to 
6°C.   
 
Relevance  
An additional question was raised on the relevance of the scientific debate on Climate 
Sensitivity to climate policy and policymakers. All of them agreed that the political debate is 
largely disconnected from the scientific debate on climate sensitivity, and for Lewis and 
Fasullo this is a problem. While Lewis argued that policymakers should listen to a wider 
variety of voices on climate sensitivity, including those suggesting sensitivity is low, Fasullo 
thinks that US policymakers who insist climate sensitivity is low, do so out of convenience, 
rather than on the basis of scientific evidence.  For Annan, “the remaining debate concerning 
the precision of our [sensitivity] estimates is not, or at least rationally should not be, so 
directly pertinent for policy decisions. We already know with great confidence that human 
activity is significantly changing the global climate, and will continue to do so as long as 
emissions continue to be substantial”.  
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2.6. What will happen during a new Maunder Minimum? 

 
The sun is a major factor in determining the Earth’s climate. However, its energy output 
(referred to as Total Solar Irradiance, TSI) does not seem to vary strongly over periods of 
decades to centuries, leading the IPCC to conclude that its influence on current global 
warming is very small.  
 
According to some skeptical scientists, the sun’s influence on the current warming is much 
larger than assessed by IPCC and they point, for example, to correlations between cold 
winters in the Northern Hemisphere in the so-called Little Ice Age (LIA) and low sunspot15 
activity during the Maunder Minimum in the 17th century. The LIA lasted much longer 
though than the Maunder Minimum and mainstream climate scientists doubt whether it was 
a global event. 
 
Sunspot records, which are a well-known proxy for solar activity, suggest there has been a 
considerable increase in solar activity in the first half of the 20th century, leading to a Grand 
Solar Maximum or Modern Maximum. Some sceptics therefore claim that most of the 
warming before 1950 has been due to an increase in solar activity. Recently, these historical 
sunspot records have come under increasing scrutiny and newer reconstructions show a 
much ‘flatter’ sunspot history. This challenges the idea of a Modern Maximum. 
 
Apart from the direct influence of the sun through changes in TSI, there is much attention for 
potential amplifying mechanisms which might explain why relatively small differences in TSI 
could have a larger influence on our climate. A well-known hypothesis is, for example, the 
effect of the sun on cosmic rays, possibly changing cloud cover and, therefore, the global 
amount of reflected solar radiation.16 
 
The current solar cycle 24 (a period of approximately 11 years in which the number of 
sunspots goes from a minimum to a maximum) is the lowest sunspot cycle in 100 years and 
the third in a trend of diminishing sunspot cycles. Some solar physicists expect cycle 25 to 
be even smaller than cycle 24 and expect the sun to move into a new minimum, comparable 
with the Dalton Minimum (in the 19th century) or even the Maunder Minimum.  
 
The current consensus among climate scientists seems to be that even when the sun enters 
a new Maunder Minimum this will not have a large effect on the global temperature, which 
will be dominated by the increase in greenhouse forcing because of its much larger 
magnitude. 
 
We were very pleased that five solar scientists agreed to participate in this Climate Dialogue. 
Professor Mike Lockwood is Professor of Space Environment Physics with the Department of 
Meteorology at the University of Reading, United Kingdom. Lockwood studies variations in 
the sun on all timescales up to millennia and their effects on near-Earth space, the Earth's 
atmosphere and climate. Nicola Scafetta has been working at Duke University since 2002 
and collaborates with the Active Cavity Radiometer Irradiance Monitor (ACRIM) in several 
projects concerning solar dynamics and solar-climate interactions. Jan-Erik Solheim is a 
retired professor in the field of astrophysics from the University of Tromsø, Norway. Since his 
retirement, he has been working as an independent scientist on some aspects of relations 
between the sun and the Earth and the possibility of detecting signals from planets in solar 
and climate variations. Professor Ilya Usoskin works at the University of Oulu (Finland). He 

                                                
15 Sunspots are darks spots on the sun caused by intense magnetic activity. They have been counted since around 
1610. Although these dark sunspots are cooler areas at the surface of the sun, the surrounding margins of sunspots 
are brighter than the average. Overall, an increase in sunspots also increases the Sun's solar brightness. 
16 Svensmark, H. (1998). Influence of cosmic rays on Earth's climate. Physical Review Letters, 81(22), 5027. 
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focuses his research on Solar and Solar-terrestrial physics as well as Cosmic Ray physics. 
José Manuel Vaquero is a lecturer in Physics of the Earth at the University of Extremadura, 
Spain. He is interested in the reconstruction of solar activity and Earth’s climate during the 
last centuries from documentary sources. 
 
The Climate Dialogue 
 
This Dialogue started in November 2014. Unfortunately, after the guest blogs had been 
published online, few of the participants had time to contribute actively to the dialogue, so in 
the first two months there was very little activity. Below follows a short preliminary summary 
that is based on the guest blogs and the first few comments. 
 
Two of the participants (Scafetta and Solheim) clearly take a ‘sceptical’ position, which in this 
case means they believe the sun has contributed considerably to the 20th century warming 
and, therefore, the contribution of CO2 is smaller than claimed by the IPCC. Lockwood clearly 
takes the ‘mainstream’ position, i.e. that the influence of the sun in terms of its energy 
output (Total Solar Irradiance, TSI) is very small compared to the radiative forcing of 
greenhouse gases. The views of the other two participants (Usoskin and Vaquero) is probably 
closer to Lockwood than to Scafetta and Solheim, although in their contributions they 
emphasise the great uncertainties and the difficulties in understanding changes in the sun 
back in time and its influence on our climate.  
 
Usoskin, for example, wrote: ‘Although the present knowledge remains poor, in particular 
since most of the climate models consider only the direct TSI effect which is indeed quite 
small, I would intuitively and subjectively say that the solar influence was an important 
player until mid-20th century, but presently other factors play the dominant role.’ Vaquero 
wrote that ‘Certainly, understanding the Maunder Minimum is key for our understanding of a 
lot of things about the Sun and the climate of the Earth because it is a unique Grand 
Minimum observed using telescopes. However, our knowledge about it is quite limited.’ 
 
A key issue that needs to be discussed further is the difference between the Physikalisch-
Meteorologisches Observatorium Davos (PMOD) and ACRIM time series since 1979 for the 
Total Solar Irradiance. These time series are based on different satellite missions that had to 
be stitched together. However, there is a gap of two years in the measurements in the early 
1980s which has been filled differently by the PMOD and the ACRIM groups. Scafetta is 
involved in the ACRIM series which shows a slight upward trend between 1980 and 2000. 
Based on this he wrote: ‘Thus, in my opinion, the ACRIM TSI composite is closer to the truth. 
The sun should have experienced a secular maximum around 2000 contributing to the global 
warming observed from ~1970 to ~2000.’ 
 
Lockwood, and with him most mainstream climate scientists, favour the PMOD data set, 
which shows a small decrease between 1980 and 2000. It is as yet unclear how influential 
these differences between PMOD and ACRIM are for TSI reconstructions back in time, say to 
1700. Such reconstructions are often based on sunspot records. But sunspot records have to 
be calibrated using the PMOD and/or ACRIM data set. On top of that, there is much 
discussion about sunspot records themselves and on their usefulness for reconstructing TSI. 
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3. Description of 
Climate Dialogue  
3.1. Approach 

Climate Dialogue was set up as a moderated blog in which scientists who had published on 
the specific topics for discussion were invited to post blogs and comments. At least one of 
the invited scientists was perceived as having a sceptical point of view, i.e. rejecting 
(elements of) the IPCC consensus reports and arguing in favour of anthropogenic influence 
on global warming being lower than indicated in IPCC estimates. 
 
The topics were selected on the basis of being controversial in climate change science and/or 
public debate. The objective of the blog was to organise a number of dialogues, in order to 
identify areas of and related reasons for agreement and disagreement within the group of 
participating scientists. The dialogues were technical in nature, as they zoomed in on the 
data, methodology and types of analyses of the topics, with frequent references to the 
scientific literature. 
 
In general, the approach was the following: an introduction was written by a member of the 
editorial team, ending with a list of questions. The introduction was then commented and 
discussed by the editorial team and, in some cases, also the advisory board, until a text 
could be agreed upon. This then was sent to the invited scientists, asking them to write a 
guest blog that would contain their personal view on the topic and address the questions 
raised in the introduction. The moderator started the discussion by publishing the 
introduction and the guest blogs on ClimateDialogue.org and inviting participants to react on 
each other’s blog posts. The responses were moderated by a member of the editorial staff. 
Once a discussion had either converged or reached a standstill, it was closed by the editorial 
staff, although the public comment section of the blog remained open.  
 
To round off the discussion on a particular topic, the aim was for the Climate Dialogue editor 
to write both an extensive and a short summary, describing the areas of agreement and 
disagreement among the discussants. The participants would be asked to approve this final 
text regarding their statements, the discussion between the experts on that topic would be 
closed and the editorial staff would open a new discussion on a different topic. In the first 
phase of the project, four discussions took place, but only one such summary had been 
produced. In the last phase, three more summaries were written. A summary on the sixth 
and final dialogue that started in November 2014 will be completed in 2015. 
 
The general public (including other climate scientists) could comment on the blog, and these 
comments were shown in a separate public thread, below the invited expert thread. The 
public comments were approved before appearing, and if they were judged impolite, 
irrelevant to the main topic, or too personal, they were shown in a different thread (off-topic 
comments), not immediately visible, unless one clicked on them.  The Climate Dialogue’s 
moderation policy is described on the website. 
 
 
 
  

http://www.climatedialogue.org/about/blog-rules/
http://www.climatedialogue.org/about/blog-rules/
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3.2. Organization 

As mentioned in the introduction, the project was divided into three separate phases: 1) 
September 2012-September 2013; (period of activity) 2) October 2013 – December 2013 
(period of inactivity) and 3) January 2014-December 2014 (period of activity). The people 
involved in the Climate Dialogue project are shown in Table 6, below.  
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Dorland  

Project leader, 
KNMI 
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Policy 
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Marcel Crok  

Sceptica 
science 
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blogger 
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Gerbrand 
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Chairman, 
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research 
director KNMI 

Bart 
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Researcher 
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blogger 

Peter 
Siegmund  

Senior 
scientist, 
KNMI 

Theo 
Woltersd  

Owner of an 
engineering 
company, 
Sceptic 

Jos de Laat  

Researcher 
at KNMI, 
Sceptic 

Jaap 
Hanekamp  

Assistant 
professor,  
Roosevelt 
Academy, 
Sceptic 
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ET 

Bart Strengers  

Project leader, 
PBLe 

Marcel Crok  

Editor-in-
chief  

      

AB 

Herman 
Russchenberg  

Chairman, 
Professor, TU 
Delft 

Theo Wolters 

See previous 
phase.   

Guido van 
der Werf  

Senior 
Researcher,
VUf 

      

SB 

Bart van den 
Hurk  

Chairman, 
Senior 
researcher 
KNMI, 
Professor at 
VU  

Willem 
Ligtvoet  

Deputy 
department 
head, PBL 

    

a The term ‘sceptic’ here refers to those perceived as climate change sceptics in the Dutch climate 
debate. They were involved in the Climate Dialogue project, at the request of the Dutch Parliament, see 
Chapter 1.  
b Appy Sluijs, Assistant Professor in the Biomarine Sciences group, at the Institute of Environmental 
Biology, Utrecht University, initially joined the Advisory Board, but had to leave during the start-up for 
lack of time. 
c Energy Research Centre of the Netherlands. Currently he is a lecturer and tutor at the Amsterdam 
University College. 
d He was the one who came up with the idea and the format for the Climate Dialogue platform in 2010. 
e In this phase Bart Verheggen was involved as an advisor to PBL. 
f VU University of Amsterdam 
 

Table 6. Members of the Editorial Team (ET), Advisory Board (AB) and Supervisory Board 
(SB) in the different phases of the Climate Dialogue project. 

 
  

http://www.staatvanhetklimaat.nl/
http://klimaatverandering.wordpress.com/
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In the first two phases, the Climate Dialogue consisted of an Editorial Team of three people 
and an Advisory Board of seven people, all of whom were based in the Netherlands. In the 
third phase, the Editorial Team and the Advisory Board were smaller, with two member in 
the former and three in the latter. The Editorial Team was concerned with the day-to-day 
operation of researching topics, finding participants for the discussion, writing the 
introductions and moderating the discussions between the experts. For none of them was 
Climate Dialogue a full-time occupation. The main task of the advisory board was 'to guard 
the neutrality of the platform and to advise the editorial staff about its activities, in particular 
in writing the summaries'. The Supervisory Board, established in the third phase, operated in 
the background, with the main task to formally approve the introductions and summaries 
before publication on the website.  
 
After the first dialogue, one of the members of the Editorial Team, Bart Strengers (PBL), was 
replaced temporarily (due to illness) by Bart Verheggen (until then a member of the Advisory 
Board), until November 2013. 
 
During the third phase (January 2014–December 2014), the staffing of the project changed 
(see table above), and Bart Verheggen served as an advisor to PBL. In addition, the role of 
the Advisory Board (as described in the Terms of Reference) changed to solving 
disagreements in the Editorial Team. The changes from the first to the third phase not only 
related to the different composition of the Editorial Team and Advisory Board. The Editorial 
Team now also defined clearer procedures on how to deal with internal disagreements, and 
formulated clear and feasible goals for the third phase: completion of at least two additional 
dialogues; finding a third party to continue the Climate Dialogue project in 2015 or finalise 
and document the project in such a way that it could be taken over by a third party at a later 
stage. These issues are elaborated in the section Lessons learnt, below.  
 
It has to be noted that the Editorial Team consisted of members with differing viewpoints on 
climate change, who were well-read and knowledgeable in the general field of climate 
change, with networks in both sceptical and mainstream scientific circles. In addition, blog 
experience and journalistic experience were also very important for the communication 
aspects of the project. As such, the team combined a variety of skills, knowledge and 
viewpoints that fitted in well with the project.  

  

http://www.climatedialogue.org/about/organization/
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3.3. Audience and blog activity 

A first indication of the type of audience of the Climate Dialogue can be found in the public 
thread discussions. Figure 3 shows the numbers of comments in the expert and public 
threads and the number of public commentators (91 unique commentators). The expert 
comments generally were quite extensive. For the five completed dialogues, the comments 
had an average length of 660 words. The guest blogs in general were much longer, ranging 
from a thousand to several thousand words. 
 
 

 
Figure 3. Blog activity in the blog; number of comments in the expert thread, comments in 
the public thread, and amount of participants in public thread. 

 
A second indication of the audience can be found in the number of weblog visitors. The blog 
had a total of more than 35,000 visitors over the course of two years, up to 12 November 
2014, with around 74,000 site views with an average duration of a little over one and half 
minutes17.  
 
Figure 4 shows that around one third of the traffic (one third of site views) occurred in the 
first two months of the project. The figure also shows a phase of 0 blog activity, between 
January and March 2013. This was due to technical problems with site statistics, which 
meant blog activity was not recorded, even though the blog was functioning. No new 
dialogue was started during that time. 
 

                                                
17 A site view is a blog visit from the moment the Climate Dialogue website was entered, to the moment it was 
left.  Multiple blog visits on one day from the same IP address are counted as multiple site views, but only as 
one visitor for that day. A blog visit from the same IP address on another day is counted as an additional site 
view and as an additional site visitor.  
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Figure 4. Daily site views and timing of the different dialogues. 

 
Another, indirect indication of the blog’s audience can be given by the twitter account of the 
Climate Dialogue. There were 175 tweets linking to Climate Dialogue posts, most of which 
from the Climate Dialogue Twitter account. This Twitter account had 534 followers and sent 
232 tweets18.  
 
During the initial discussions at the start of the blog, different target audiences were 
mentioned: the interested and informed general public, experts on the discussion topic 
(either scientists with experience on the topic, or individuals with technical background and 
interest in the topic), other climate scientists and policymakers. Figures 3 and 4 show that 
the blog hardly engaged the first group and had slightly better but still limited success in 
engaging experts and climate scientists. Indicatively, 13 of the 91 commenters in the public 
threads were scientific experts on the discussion topics. It had also limited success in 
engaging the general public, judging by the low number of site views. 
 
Figure 4 also shows that after the initial relatively large audience at the launch of Climate 
Dialogue, the number of public blog comments, number of participants in the public section, 
and the number of site views stabilised on a lower level, with peaks around the time of blog 
postings of the participating scientists. During the dialogues organised in the third phase 
there were more site views, while there were fewer participants in the public comment 
threads.  
 
Thus, when measured by the number of public comments, the number of individual 
commenters, and site views, public interest was found to have faded after the first three 
months. Potential reasons for this include: 

• the initially high expectations with respect to blog dynamics, which were 
subsequently not borne out;  

• more links from high-traffic blogs in the first period;  
• a brief news item in the journal Science at the launch of Climate Dialogue19;  

                                                
18 Information collected on December 7, 2014 
19 A Place for All at the Climate Science Table, Science Magazine, 16 November 2012 

http://www.sciencemag.org/content/338/6109/868.2.full#sec-1
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• the relatively slow pace of the Climate Dialogue website compared to other much more 
lively climate blogs, as sometimes several days would pass without a new blog post by 
the invited experts. Some comments were also quite long and technical, scaring off 
casual readers. 

• The relatively long pause between the first and second dialogue, which discouraged 
frequent blog visitors; 

• the novelty of the Climate Dialogue concept wore off.  
 
The timing of the dialogues was also very important; the discussion on Arctic sea ice took 
place right after the record low in Arctic sea ice extent in 2012; the discussion on climate 
sensitivity coincided with the publication of the fifth assessment report of the IPCC. In 
addition, the topic itself was important; the role of the sun (maunder minimum) is a hot 
topic among climate sceptics, while long-term persistence is a very technical and slightly 
arcane topic.  
 
In addition to the size of the audience, we also looked into the level of internationalisation. 
The wider audience of the blog was international, even though the organisers were all Dutch. 
In fact, most site visitors came from the United States, the Netherlands, the United Kingdom 
and Canada (in decreasing order, see Figure 5).  
 

 

Figure 5. Percentage of the total visitor session, per country of visitor (first 10 countries)20 

 
Another feature of the audience is that it held different perspectives on climate change 
science. It is rather unusual, within the blogosphere, for visitors to be attracted from such 
different parts of the spectrum on the climate science debate; the common practice is that 
most blog visitors select blogs that more or less fit in with their own perspective, although 
there have been few exceptions to this general picture before21. In this sense, the audience 
of Climate Dialogue was diverse, which is reflected both by the public thread comments and 
the links that generated the traffic to the blog, which were mainstream blogs such as 
RealClimate, as well as 'sceptic' blogs such as Climate Etc. or Wattsupwiththat. 
 
In summary, the blog's public commenters were diverse and limited, and the broader 
reading audience of the blog was diverse, international and also limited. 
  

                                                
20 Based on the total amount of sessions (data collected until November 12, 2014). 
21 Such as the blog Collide-a-Scape. 

http://www.realclimate.org/
http://judithcurry.com/
http://wattsupwiththat.com/
http://blogs.discovermagazine.com/collideascape/#.VJF5ZyvF8eU
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4. Lessons Learnt  
In this section we outline the key challenges faced by the blog organisers, as a result of the 
set-up of the blog. We briefly explain these challenges and then link them to the key lessons 
that can be distilled from Climate Dialogue, which may provide pointers for similar (climate) 
scientific communication endeavours. We have to note that these challenges were 
interrelated: for instance, the perception of false balance, which is at the heart of the 
criticism that Climate Dialogue faced from several mainstream scientists, meant that many 
scientists were not willing to participate as discussants, which made it difficult to enlist 
mainstream scientists.  

4.1. Internal disagreements 

In the first phase, members of the Editorial Team and Advisory Board had lengthy 
discussions on the exact formulation of the introduction for each of the discussions and the 
questions put to the participants. This was a direct consequence of the fact that the Editorial 
Team members were enlisted on the basis of having different perspectives on climate 
change. In many instances, they approached a climate science topic from different 
disciplinary frameworks, such as that of physics or statistics in the discussion about long-
term persistence. This partly results from the high level of specialisation in the different 
adjacent scientific fields.  
 
The differences in the implicit objectives of the organisers were also a very important reason 
for disagreement. For some, the objective was to present and discuss the criticism of 
sceptical scientists by mainstream scientists, while others wanted to achieve the exact 
opposite. This also influenced the selection of topics; the starting point for selecting a topic 
was that it should be controversial. As a result of the different implicit objectives, one side 
emphasised the controversy from the sceptical point of view while the other did so from the 
mainstream point of view. 
  
In addition, differences in personal frames also contributed to internal disagreements. We 
can understand frames as interpretive schemata, or as storylines used by the participants to 
negotiate the meaning of the different topics discussed (e.g. Nisbet, 200922). These personal 
frames emphasise varying aspects of the topic under discussion: for instance, the scientific 
progress frame (which views the scientific enterprise as an ongoing and logical progression 
towards more knowledge) or the uncertainty frame (which views the topic as largely 
unresolved, because of the large uncertainties surrounding it). The different frames also 
relate differently to science, for instance, the role of abstraction (i.e. models), versus the role 
of observations (measurements), or different roles for scientists in the public debate. 
Different personal frames of the participants meant that they each selected and highlighted 
different aspects of a discussion topic, to make sense of it and actively create meaning.  
 
It has to be noted that, despite lengthy disagreements and arguments, the atmosphere in 
the project and the collaboration was described as positive most of the time by most ET and 
AB members. 
 
In the first phase of the project, disagreements peaked in the preparation of the discussion 
on long-term persistence, due to opposing views on the focus of the discussion. In the third 

                                                
22 Nisbet, M. C. (2009). Communicating climate change: Why frames matter for public 
engagement. Environment: Science and Policy for Sustainable Development, 51(2), 12-23. 
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phase, such disagreements decreased to a certain extent, as a result of collective learning. 
As an indication of the collective learning experienced by the team, the Terms of Reference 
were agreed, at the beginning of the third phase, about how to deal with disagreements 
within the Editorial Team. It was decided that if no agreement could be reached, this would 
be reported as such ('agree to disagree'). This reduced the pressure of having to reach 
consensus on common texts. Also, participants learnt to anticipate each other’s comments, 
and to avoid formulations that could be perceived as framing, as much as possible. In 
addition, the new organisational structure ensured that members of the Advisory Board 
would not be involved in the everyday operations of the blog. In practice, this meant that 
key members of the Advisory Board did not have to agree on all texts authored by the 
Editorial Team.  
 
Disagreements and differences in personal frames and disciplinary backgrounds formed 
constitutive elements of the Climate Dialogue. From the beginning, organisers needed to be 
open to interact with people with different frames, aware of the pros and cons of such an 
approach, and open to reflection on their own frames and how they would influence the 
discussions. The aim was not to persuade the other side, but to increase understanding 
between the different perspectives, in a transparent way. The extent to which this was 
possible, however, may have been limited, when differences in frames and disciplinary 
backgrounds among and between organisers and participants were too large.  
  

4.2. Criticism 

Even though there were positive responses to Climate Dialogue, overall it was heavily 
criticised by the mainstream scientific community active in the blogosphere23, since sceptical 
viewpoints were perceived as being overrepresented in Climate Dialogue, compared to their 
prevalence in the wider scientific community. This was thought to give a skewed view of the 
scientific discussions and arguments, due to highlighting minority viewpoints from one side 
of the spectrum. The accusation of depicting a ‘false balance’ was an often heard criticism 
from mainstream scientists actively participating in the public debate with sceptics. They 
argued that over-representation of outlier views may create the image of them being 
scientifically much more important than in reality. This sentiment was also reflected in public 
comments on the influential blog RealClimate, and was at the heart of the Climate Dialogue’s 
set-up of discussing sceptical viewpoints. Following this set-up, Climate Dialogue has 
succeeded in bringing visibility to sceptical scientists and their arguments. This may also 
explain the more positive reception by the sceptical part of the spectrum compared to the 
mainstream and more concerned about climate change part of the spectrum24. 
 

In addition, sceptical viewpoints were always visible in each discussion on the blog, but vocal 
proponents of the notion that IPCC may underestimate the anthropogenic changes to the 
Earth’s climate were missing. In this sense, the widest possible range of expert views was 
not sampled in the various dialogues. In this respect, it is noteworthy that, for the Arctic Sea 
Ice dialogue, Peter Wadhams, a vocal proponent of the viewpoint that IPCC is overly 
cautious, accepted the invitation to participate, but declined at the last moment due to time 
constraints. Several other scientists on this side of the spectrum were approached but 
declined the invitation to participate. 
 

                                                
23 Note that, since most mainstream climate scientists are not active in reading or participating in blogs, most 
of the mainstream climate scientific community simply ignored the CD project.  
24 See for instance the negative reactions on Realclimate as opposed to the reactions at Climate Etc 

http://www.realclimate.org/index.php/archives/2012/11/climatedialogue-exploring-different-views-on-climate-change/
http://www.realclimate.org/index.php/archives/2012/11/climatedialogue-exploring-different-views-on-climate-change/
http://judithcurry.com/2013/09/04/what-is-scientific-mediation/
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On the sceptical side of the blogosphere – mainly Wattsupwiththat – there was also criticism. 
For example, many there found Judith Curry, the ‘sceptic’ participant in the first dialogue, 
not ‘sceptical’ enough and some favoured more ‘extreme’ voices.  
 
The criticism that Climate Dialogue faced – particularly about providing a skewed 
representation of the scientific debate – is inherent to its concept. Thus, this will remain an 
issue for many mainstream scientists and their supporters for any communication endeavour 
with a similar set-up.  
 

4.3. Enlisting participants 

The sceptics that were invited to participate in Climate Dialogue all applauded the initiative 
and, in general, quickly agreed to participate, after they had been invited, but the Editorial 
Team had to dedicate a large amount of effort to enlisting participants among those 
perceived as mainstream scientists. The reasons behind this are multiple, among which: 
 
(a) Time constraints, as participation in Climate Dialogue was a time-consuming exercise 
without any immediate reward and operating under the publish-or-perish pressure of the 
current science system. The first phase of the project coincided with the finalisation of the 
IPCC Working Group I AR5 report, which created additional time pressure for potential 
participants.   
(b) The ‘false balance’ that Climate Dialogue appeared to create, as explained above. Several 
mainstream scientists found this problematic.  
(c) From a sceptical perspective one could hypothesise that mainstream climate scientists 
would have little to gain by sticking out their necks in a direct confrontation with sceptics. In 
contrast, the sceptical scientists had much to gain, since often they feel that their arguments 
are not taken seriously by the scientific mainstream. For some topics, prominent mainstream 
scientists for example gave as their main reason for not participating that they refused to 
engage with a particular sceptic X, because “such interactions have not been productive in 
the past”. Nevertheless, it is noteworthy that the invited sceptics never refused to debate 
with certain mainstreamers. 
(d) Unfamiliarity with the medium could also have contributed to scientists being weary of 
participating, as most scientist are not used to blogging. There are a number of blogs, in 
which climate scientists across the spectrum have been attacked for their work and opinions. 
Blogs have been used extensively in the scientific and public debate about climate change, 
especially by those perceived as sceptics. Since Climate Dialogue was also organised as a 
blog, some participants were reluctant to engage in a discussion on a medium that many 
scientists perceive as intimidating, unpleasant or otherwise negative. 
 
As a result of the difficulty of enlisting certain participants, two topics that had been 
identified and selected by the Editorial Team for the blog, were abandoned, because not 
enough relevant scientific experts were willing and available to participate. 
 
For the invited scientists, participation in the Climate Dialogue does not directly benefit their 
professional career, tenure track trajectory, or scientific work. If the participation of the 
scientists was linked to the scientific reward structure, it would provide additional motivation. 
A possible format could be to publish the summary of the discussion in a scientific journal, as 
a review or as a novel contribution, for instance by opening up new research areas, 
identifying reasons behind disagreements, or scrutinising each other’s argumentation. 
However, it may not be realistic to expect scientists to co-author such articles, as it would 
present the same difficulties as those experienced by the Editorial Team in finding consensus 
on the introduction texts and questions. 
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4.4. Time delays 

The organisers of Climate Dialogue indicated that the time required to organise each 
discussion was substantially more than initially anticipated, which resulted in delays in the 
operation of the blog. For all of them Climate Dialogue was only one of the projects they 
were working on, and as such they could not dedicate more effort. The most important 
reasons for time delays in the project were the internal disagreement on each topic, and the 
difficulty of enlisting participants, as described earlier. Another reason was the amount of 
time it took to delve into the scientific arguments provided by the experts in their blogs, and 
the associated references, which was necessary to facilitate and summarise the discussions. 
Additional time needed to be reserved for moderating the discussions in real time, following 
the public comments, and advertising the dialogue in the blogosphere. 
 
Looking back, for each discussion, the Editorial Team needed about 400 hours, which 
included preparation of the introduction, approaching participants, moderating the 
discussion, communicating about the dialogue, and writing the extended and short 
summaries. The Climate Dialogue project started in September 2012, but its financial 
resources were already depleted in June 2013, and KNMI, the organisation responsible for 
the Climate Dialogue during its first phase, stopped working on the project as the result of 
internal reorganisation. This led to uncertainty about the future of the project, and a 
suspension of activities (2nd phase, inactivity). 
 
Thus, for the organisation of projects with a similar set-up, it is important that sufficient time 
is allocated to allow for successful dialogues. Furthermore, apart from the work required for 
preparation, conducting and summarising discussions, by the end of each discussion, a new 
discussion should be started immediately, to keep the audience of the blog engaged. To 
operate the Climate Dialogue project a, preferably international, editorial team is needed of 
at least three people who can devote a substantial part of their time on a daily basis. 

4.5. Writing summaries 

One of the initial objectives of the blog was to ‘produce a summary report which would clarify 
where the experts agreed, where they disagreed, and what the underlying reason for the 
disagreement is’ (project plan). In the first phase, only one summary was published online, 
of the first discussion on the potential causes of the melting of the Arctic sea ice. In the 
second phase, three more summaries were published on Long Term Persistence (April 2014), 
the Hot Spot (31 October, 2014), and Climate Sensitivity (December 2014). As of January 7, 
final summaries for the remaining two dialogues (Regional modelling and Maunder minimum) 
were not yet available. Regional modelling is expected to be published soon and the 
summary on the Maunder Minimum once Marcel Crok finishes the dialogue. KNMI and PBL 
have ceased their participation in the Climate Dialogue from 1 January 2015, due to financial 
constraints. 
 
An important reason for the delays in summary publications is the large amount of time 
required to distil the main elements from each discussion and convert it into a coherent 
storyline. Moreover, internal disagreements about what these main elements were and how 
they should be described also added to the delays. Initiating new dialogues was considered a 
priority, to ‘keep the site going’, as one respondent said. This illustrates the impact of the 
fast pace of the medium itself.  
 
In addition, some discussions meandered in so many different directions when the 
discussants were not focusing to the topic at hand that the leitmotiv became obscured, which 
made it even more difficult to produce summary documents. Editorial Team members 
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commented on how difficult it was to moderate the discussion, and make the participating 
scientists stick to the subject at hand. Although this was a challenge in all the discussions, it 
was especially apparent in the dialogue on Long Term Persistence. However, it was not 
impossible; the tropical hot spot discussion, according to one moderator, was much more 
focused, even though not all sub-topics were addressed.   

4.6. Blog dynamics 

Finally a set of challenges resulted from the dynamics of blog communication. The set-up as 
a strictly moderated blog was expected to ensure that comments from the public would not 
become personal, political, indecent, or irrelevant. As the blog’s target audience was 
international, the discussants in the public thread and the broader audience were are also 
international. The members of the Editorial Team and Advisory Board, however, were all 
Dutch25.  
 
The different time zones between countries meant that some participants in the public thread 
had to wait overnight to see their comment appear online. Such a delay made direct online 
discussion and public engagement slightly more difficult, and may have demotivated some 
participants from posting again. This presented the members working in the Netherlands 
with a challenge. 
 
For future endeavours with similar set-up, reflecting the international audience of the 
medium is important. An international climate science writer or journalist with a respected 
position among mainstream climate scientists can increase visibility and acceptance of the 
blog and may allow for faster moderation of the public discussion thread. In a similar vein, 
having international members in the Advisory Board could also contribute to broader visibility 
of such a blog and may increase its legitimacy, especially if the members are international 
scientific experts.  
 
It must be noted, however, that even though the Climate Dialogue was organised in a blog 
format, face-to-face meetings were essential to facilitate mutual trust among both organisers 
and participants, and to ensure learning. In this respect, the fact that the Editorial Team 
members were all in the Netherlands helped.  

4.7. Lack of institutional support 

The Climate Dialogue project started as an experiment, and as a direct response to a political 
request, with financing from the Dutch Ministry of Infrastructure and the Environment. The 
Ministry has spent €120K for the first phase of the project, and €98K for the third phase of 
the project. Even though the KNMI and PBL were hosting the blog, and employees there 
spent time and effort in organising it, the project was lacking the broader institutional 
support necessary for its smooth operation and continuation, in terms of public 
communication and dissemination, and embedding the blog in the broader activities of the 
two institutes. At PBL, even though internal financial resources were mobilised during the 
third phase of the project, CD was not perceived to be one of the institute’s core activities.  
 
The financial resources from the ministry were not enough to ensure the continuous 
operation of the project, which resulted in uncertainties early on. The initial funding ran out 
within 10 months (September 2012 – June 2013), and neither KNMI nor PBL were able to 

                                                
25 At the beginning of the third phase, there were extensive negotiations with an American science journalist 
with a mainstream profile, who was invited to be hired as a freelance member of the ET. Even though 
preparations were made for his hiring, at the end he declined. 
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keep on working on the project. The Editorial Team had to wait until December 2013, when 
the Dutch Parliament decided to finance the project for another year.  
 
As such, the project’s institutional and financial support by the ministry, PBL or KNMI was 
neither evident nor continuous. Especially KNMI, which is an internationally respected climate 
institute, was in a good position to convince mainstream climate scientists abroad that Climate 
Dialogue was a valuable experiment to join. However, in practice, KNMI did very little to 
promote Climate Dialogue, internally and in the climate science community. The ministry, 
initially, gave the project to KNMI, because they are the logical institute to set it up and 
because they are part of the ministry. However, in practice, there was little enthusiasm for 
Climate Dialogue within KNMI, partly triggered by the criticism from the scientific community 
(see introduction and section 4.2 above). This was a missed opportunity for positively 
influencing the visibility, legitimacy and credibility of the Climate Dialogue project and 
making it easier to attract mainstream climate scientists. 
 
Any similar endeavour would require such an institutional support, which would translate in a 
larger team, broader visibility and long-term perspective. Such support would also provide 
additional incentives for the participating scientists, as well as the organisers. Institutional 
support can provide legitimacy and credibility to such an endeavour.  
 
Even though the Climate Dialogue project faced several challenges as described above, it 
managed to bring together 20 scientific experts to in-depth discussions on climate change 
science in a polite atmosphere. Most of the participating scientists indicated that the Climate 
Dialogue had supported their thought formation on climate change, and some of them 
suggested that it enabled reflection on climate change science communication26. Most of the 
participating scientists mentioned they would participate in such an endeavour again. Thus, 
the Climate Dialogue project has shown that its set-up can work, in principle, within the 
polarised communication landscape of climate change debate, although it did not lead to 
depolarisation of the public debate.  
  

                                                
26 Based on interviews conducted for the interim evaluation of Climate Dialogue, see also 
http://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2013Z23936&did=2013D48919  

http://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2013Z23936&did=2013D48919
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5. Future plans 
The goal of the Climate Dialogue project in 2014 was not only to finalise the summaries and 
to accommodate at least two dialogues, but also to invest in efforts to continue Climate 
Dialogue elsewhere, and to communicate its format as an alternative or complement to the 
peer reviewed scientific literature.  
 
The project leader contacted the Dutch Rathenau Institute27 as the logical institute to set it 
up, but they declined. The director indicated to be mainly interested in mediating dialogues 
in a closed setting with a broad spectrum of participants and without going into scientific 
detail. On 13 October 2014, Marcel Crok presented Climate Dialogue to policymakers and 
Directorate General Science during a science meeting in Bologna, Italy, about international 
environmental issues on climate change. In his presentation, he emphasised that a 
continuation of Climate Dialogue would be more likely, if it were integrated in European 
organisations such as EGU or EMS, and if dialogues would result in scientific papers. During 
the meeting there was lively discussion, and it was suggested that funding could be possible 
via Horizon 2020, the EU’s grant programme for innovation and research.  
 
The Editorial Team also contacted the president of the EGU, Günter Blöschl, to ask whether a 
live session of a Climate Dialogue could be presented during the General Assembly in Vienna, 
Austria, in April 2015, and to discuss the possibilities of integrating Climate Dialogue in one 
of their open access journals. This was declined, but an abstract has been submitted (and 
accepted) to present Climate Dialogue in a session on Science Communication. 
 
In addition, climate change scientists open to such initiatives will also be approached and 
invited to brainstorm about the future of the initiative.  
 
The content of the blog will remain available online for one more year, and KNMI will be 
responsible for the URL. After 2015, the URL will be handed over to Marcel Crok, provided 
there is a clear and visible disclaimer on the blog that KNMI and PBL have ceased their 
involvement in the blog  
 
These efforts relate to maintaining the set-up of the Climate Dialogue blog, as a scientific 
discussion with at least one sceptic scientist participating, alongside mainstream scientists. 
Apart from this characteristic, the Climate Dialogue contains several constitutive elements 
that can be maintained in any subsequent endeavour, such as introducing the controversial 
topic, facilitating guest blogs of participating scientists, strict moderation, emphasis on 
scientific argumentation and data, distinction between expert and public discussions, and the 
compilation of extensive discussion summaries.  
 
An alternative set-up would be to organise scientific discussions without explicitly inviting 
proponents of the climate-sceptic end of the spectrum, while retaining all of the 
organisational elements. This would address the criticism of creating a ‘false balance’ and 
may make the ensuing discussions more relevant, scientifically speaking, in the eyes of 
mainstream scientists. That would constitute a completely different set-up than Climate 
Dialogue though. The approaches serve different purposes, each with its own pros and cons. 
In the end, it is the participants who shape the dialogue.  

                                                
27 The role of the Rathenau Institute is to promote “the formation of political and public opinion on science and 
technology. To this end, the Institute studies the organization and development of science systems, publishes 
about social impact of new technologies, and organizes debates on issues and dilemmas in science and 
technology”. (http://www.rathenau.nl/en/who-we-are/mission.html)  

http://meetingorganizer.copernicus.org/EGU2015/session/17812
http://www.rathenau.nl/en/who-we-are/mission.html
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6. Outline paper 
 
The co-authors of this report discussed and agreed to write a scientific publication together, 
drawing from this report, which will be finalised in 2015. This publication will use Climate 
Dialogue as an in-depth case study of climate change communication via social media, and 
will address the research question ‘To what extent can social media be used for discussing 
controversial scientific topics, and what would be the advantages and disadvantages of such 
communication practice?’. The literature review will summarise previous work on the 
communication of scientific controversies, and on the use of social media in science 
communication. The empirical part will draw from the analyses presented in Sections 2,3 and 
4 of this report. The empirical part will address questions such as ‘How was the Climate 
Dialogue project perceived and received by different stakeholders and why?’, ‘To what extent 
has it led to a decrease in polarisation?’, ‘What has Climate Dialogue added to the public and 
scientific debates on climate change?’ and ‘Is “agree to disagree” the most that can be 
achieved among scientific adversaries, or are there ways in which their views can move 
closer together?’ 
 
We submitted two different versions of the abstract (see below), to these three conferences: 

1. European Geophysical Union (EGU) General Assembly, Vienna, April 2015. We 
submitted the abstract to the panel on ‘Communication of Science - Practice, 
Research and Reflection’ 

2. Graz Science and Technology Studies (STS) conference, ‘CRITICAL ISSUES IN 
SCIENCE, TECHNOLGY AND SOCIETY STUDIES’, Graz, May 2015. We submitted the 
abstract for the session on ‘STS and New Media’ 

3. 10th International Conference on Interpretive Policy Analysis (IPA), Lille, July 2015. 
We submitted the abstract to the panel on ‘Representing Climate Change’. 

 
Abstract (EGU) 
Lessons learnt from the Climate Dialogue initiative 
 
Marcel Crok (1), Bart Strengers (2), and Eleftheria Vasileiadou (3) 
(1) Freelance science journalist, (2) Netherlands Environmental Assessment Agency (PBL), 
(3) Eindhoven University of Technology 
 
The weblog Climate Dialogue (climatedialogue.org) has been an experimental climate change 
communication project. It was the result of a motion in the Dutch parliament, which asked 
the Dutch government “to also involve climate sceptics in future studies on climate change”. 
Climate Dialogue was set up by the Royal Netherlands Meteorological Institute (KNMI), the 
Netherlands Environmental Assessment Agency (PBL), and Dutch science journalist Marcel 
Crok. It operated for slightly more than two years (From November 2012 till December 
2014). Around 20 climate scientists from all over the world, many of them leading in their 
respective fields, participated in six dialogues.  
 
Climate Dialogue was a moderated blog on controversial climate science topics introducing a 
combination of several novel elements: a) bringing together scientists with widely separated 
viewpoints b) strict moderation of the discussion and c) compilation of executive and 
extended summaries of the discussions that were approved by the invited scientists. 
 
In our talk, we will discuss the operation and results of the Climate Dialogue project, 
focusing more explicitly on the lessons learnt with respect to online climate change 
communication addressing the question: “To what extent can online climate change 
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communication bring together climate scientists with widely separated viewpoints, and what 
would be the advantage of such communication practice?” 
 
We identify how Climate Dialogue was received and perceived by the participating scientists, 
but also by different scientific and online communities. Finally, we present our ideas on how 
Climate Dialogue could evolve in a novel way of contributing to (climate) science and what 
steps would be necessary and/or beneficial for such a platform to survive and succeed. 
 
Abstract (Graz STS, IPA) 
Agreeing to Disagree: The role of social media in climate change science communication 
 
Eleftheria Vasileiadou, TU/e 
Bart Strengers, PBL Netherlands Environmental Assessment Agency 
Bart Verheggen, Amsterdam University College 
Marcel Crok, science journalist 
 
As diverse actors increasingly mobilise social media on climate change communication, the 
role of social media for climate change communication has emerged as an important 
research field in itself. Previous studies indicate several characteristics of this landscape: 
high degree of polarisation; interlinking of climate science with climate politics; high degree 
of segmentation in like-minded clusters; and politicisation. Within such a landscape, we pose 
the question: “To what extent can social media be used for discussing controversial scientific 
topics, and what would be the advantages and disadvantages of such communication 
practice?” 
 
We address this question with an in-depth case study on the weblog Climate Dialogue (CD), 
an experimental project, which organised discussions on controversial climate science topics 
by: a) bringing together scientists with widely separated viewpoints, including climate 
sceptics b) strict moderation of the discussion, meaning that comments perceived as 
personal, value-laden or political were not allowed and c) compilation of summaries of the 
discussions that were approved by the participating scientists. The CD project operated for 
two years, conducting 6 dialogues in a polite atmosphere, generating a substantial amount of 
scientific content, with 20 participating expert scientists.  
 
We focus on the lessons learnt with respect to online climate change communication, 
especially polarisation, politicisation, user segmentation and the representation of climate 
change as a natural scientific topic. We also identify how CD was received and perceived by 
different scientific and online communities. Finally, we present our ideas on how CD could 
evolve in a novel way of (climate) science communication. 
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