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micro-Workshop on Canadian Solar Forecasting, 11May06

with some comments from post-workshop discussions in person and by phone

DRAFT notes by Bill Howell, 11Jul06, partial corrections/additions/deletions by most but not all of those quoted, and in other respects as well this is still not corrected & final!!
A micro-workshop on solar forecasting was held at the University of Ottawa on Thursday, 11May06.  The objective was to bring together local scientists who might have an interest in solar forecasting and its application, and to introduce them to an effort to put together a Canadian initiative in this area.
Three presentations were given:

· Ken Tapping presented "Pandemics and Solar Activity" by K.F. Tapping, R.G. Mathias, D.L. Surkan -  The risk of influenza pandemics is two to four times higher during certain phases of solar activity.  This has been commented on elsewhere, .  The reasons for this association are unknown, and epidemiologist Raina Fyson cautioned that pandemics are very unpredictable, and its not clear how to make this a useful tool for practitioners (this echoes comments made before the workshop by Dr. John Last, emeritus of UOttawa)

· Ken Tapping "Modeling Solar Irradiance: Values and Uncertainties" -  Tapping showed a very solid correlation between F10.7 (10 cm wavelength) solar output and sunspot group numbers from 1949 to the present.  The results of applying this to historical records of sunspot activity since 1400 were shown, with preliminary estimates of the error bar over time.  

· Julio Valdes "Time dependent neural network models for the detection of changes of state in Earth and planetary processes" -  Valdes' presentation was based on a paper by himself and Graham Bonham-Carter of NRCan in Ottawa (recently retired), whereby sunspot and Greenland ice-core time series since 1700 were analysed independently with the intent of detecting phase or state changes in each of the series.  They used an extremely powerful ARMA-like approach based on heterogeneous neural networks double-wrapped by genetic algorithms.   

Discussions touched on potential solar influences on climate, electrical/ pipeline utilities, communications satellites, influenza pandemics, and geomagnetics.  Some of the pitfalls and complexities of modeling and forecasting were also introduced.  Overall, optimism was expressed that there is a great opportunity to significantly advance the quality and greatly extend the time horizon of solar forecasts and the effects of solar activity on a wide range of processes that are crucially important to society and government policy.

There is a clear distinction in the timescales of interest to different researchers.  The solar physicists are really focusing on the annual data from 1600 to present, as their interest is in understanding solar phenomena using "direct" datasets (sunspots, and from 1949 to present).   Geologists are interested in a whole range of timescales stretching back to the start of the Phanerozoic era (570 My ago).

Potential participants in this initiative are actively being sought.  The intent is to publish a number of initial papers and analysis to establish the credibility of efforts, and to slowly build up activity and support, including funding for graduate students and projects, and an active network for exchanging ideas.  Participants are very concerned that a solid scientific basis be built, and that the hype and politics of some areas of application (such as Climate Change) be avoided.  
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1  Participants

David Boteler, Geomagnetic ResSci, NRCan, Ottawa [dboteler@nrcan.gc.ca] ; 

Melanie Carrière, MSc Planetary Science, UOttawa [mcarr045@uottawa.ca]  ; 

Ian Clark, Geology Professor, Earth Sciences, UOttawa [idclark@uOttawa.ca]  ; 

Al Donaldson, Chair Cdn Geoheritage Initiative, UCarleton, Ottawa [jadonald@ccs.carleton.ca]  ; 

Juraj Farkas, Student, Earth Sciences, UOttawa [jfark064@uottawa.ca]  ; 

Paul Ferguson, Student, UOttawa [Paul.Ferguson@uottawa.ca]  ; 

Raina Fyson, Consultant ex-academ, Influenza Virus Microbiologist, Ottawa [raina.fyson@sympatico.ca]; 

Mike Hocking, Student, UOttawa [hochingm@gmail.com]  ; 

Bill Howell, ResMgr, Mining&MineralSciences Lab, NRCan, Ottawa [bhowell@nrcan.gc.ca]  ; 

Richard Smith, Geomag Surveys, Fugro Aitrborne, Ottawa [rsmith@fugroairborne.com]  ; 

Ken Tapping, NRC Herzberg Inst Astrophysics, Penticton [ken.tapping@hia.nrc.ca]  ; 

Julio Valdes, CompInt ResSci, NRC Inst InfoTech, Ottawa [julio.valdes@nrc.ca] ;  

Jan Veizer, Emeritus Geosciences, UOttawa [veizer@science.uottawa.ca] ; 

Weren't notified or couldn't attend   (extremely short notice for the meeting! plus distances)

Paul Charbonneau, Canada ResChair Solar Physics, UMontréal [paul.charbonneau@umontreal.ca] ; 

Witold Kinser, Professor Mathematics, UManitoba, Winnipeg [kinser@ee.umanitoba.ca]  ; 

Tim Patterson, Professor Geology, CarletonU, Ottawa [tpatters@ccs.carleton.ca] ; 

David Thompson, Professor, QueensU, Kingston [djt@mast.queensu.ca]  ; 

Rick Mathias, Epidemiologist, UBC, Vancouver [richard.mathias@ubc.ca] ; 

Dave Surkan, General Medical Practicioner, Penticton, Canada [surkd@shaw.ca] ; 

Great local resource people

Graeme Bonham-Carter, NRCan GeolSurveys, Ottawa  ; 

David Fisher, IceCore ResSci, Gelogical Survey Canada, NRCan, Ottawa ; 

Madhav Khandekar, ResSci extreme weather, retd EnvCda, Ontario ; 
John M Last, Epidemiologist, UOttawa ; 

Chip Leist, Ionospheric Physicist, Ottawa ; 

Stella Mello, Canadian Space Agency, Ottawa ; 
Canadian Solar Workshop Attendees, Kingston Nov05

· names to come from KenTapping 

Calendar of Events, Activities

ongoing 
Leif Svelgard is linked up with an Indian group to digitize data in old books.

?Nov06?
Canadian Solar Workshop

03-08Dec06
Australian Institute of Physics (AIP) National Congress, Brisbane www. aipc2006.com

2006
NASA consensus forecast of solar activity over the next 11 years:

· NCAR is forecasting 30% higher sunspot activityComment made to look at every OTHER cycle (i.e full 22 year ?Schwartz? solar cycle, as the sun's magenetic poles flip back to the same orientation)

· Dave Boteler is involved in the consensus forecast

2007
International Heliosphere year http://ihy2007.org


Dave Botheler has been involve in an IHY planning workshop discussing solar - climate connections.  

2 Action Items

Immediate actions, and actions towards establishing a credible basis for an initiative:

Ken Tapping 

· Will be completing an invited paper based on the content of the presentation which he gave at the Engineering Institute of Canada's Climate Change Conference in Ottawa, 10-12May06, and at this micro-Workshop.  Only selected papers fom the EIC-CCC will be published in a post-conference book (Tapping's article will be distributed to the micro-workshop participants when it is published).

· Revise and resubmit a paper estimating solar irradiance during the  Maunder mininum. This is not in the forecasting court but it will be a reference in subsequent work.

Bill Howell -  Write and distribute notes, distribute presentations or papers from the micro-workshop.  Follow-up with selected individuals who could not make it to the meeting.  Gather additional contact names from participants.

Dave Boteler & Ken Tapping-  Will be looking to establish the F10.7 signal as a basis for standard calibrations (internal consistency) of an integrated irradiance database of satellite data, possibly through involvement of the Canadian Space Agency.

Julio Valdes & Ken Tapping -  Based on the sunspot number analysis by Valdes & Bonham-Carter, they are supposed to be reformatting this paper to fit the interests of solar physicists rather than mathematicians, and also predicting the next two or three cycles. This is currently in an early draft stage.  It must also be broadcast to the solar community.

Ken Tapping, Rick Mathias, Dave Surkan -  Re-examine the pandemics issue, seek an immunologist for that viewpoint and decide if more work is warranted and if other parties are interested.

Everyone who wishes to join in this effort:

· Notify Ken Tapping of your interest and potential contributions -  we are looking for solid contributions to build credibility.

· Plan to attend the 3rd annual "Canadian Solar Workshop", which will be held in Montréal in October or November 2006.  ?Paul Charbonneau? is the contact.   Previous Canadian Solar Workshops were held Nov04 in Ottawa, and Nov05 at QueensU.  Hopefully a website will provide access to papers from past events plus material for the next workshop.

Actions towards establishing a Canadian Solar Forecasting Initiative

· Produce a generic writeup on the initiative, encourage input and participation, emphasizing that this is both science and something that could be very relevant to Canada (and the world).

· Make a presentation on this at the next CSW, perhaps with a further information sheet.

· We need to decide the next course of action, which could be growing an appropriate funding proposal. 

Attachments

1.  
K.F. Tapping, R.G. Mathias, D.L. Surkan, "Pandemics and solar activity". Canadian J. Infectious Diseases, vol 12, no 1, pp  61-62, Jan-Feb 2001

2.  
Julio Valdes, Graham Bonham-Carter "Time dependent neural network models for detecting changes of state in Earth and planetary processes" [1]Proceedings of IJCNN 2005, International Joint Conference on Neural Networks. Montreal, paper #1439,  pp????-????, 31 July – 4 August 2005.

 [Howell:  I think that I forgot to attach a few references!]
To come once published: 
3.  
Ken Tapping "Modeling solar irradiance: values and uncertainties"  - presentation to the Engineering Institute of Canada's Climate Change Technology Conference, Ottawa, 12May06  http://www.ccc2006.ca/eng/index.html
Recommended reading for the uninitiated (like Bill Howell)

· L. J. Gray, J. D. Haigh, R. G. Harrison  Influence of solar changes on the Earth's climate.  Hadley Centre, UK, Technical note 62, January 2005 www.met-office.gov.uk/research/hadleycentre/pubs/HCTN/HCTN_62.pdf 
· Douglas V. Hoyt, Kenneth H. Schatten "The role of the sun in climate change"  Oxford University Press, Oxford UK, 1997, 279pp  – superb background book (use with Jan Veizer's paper as listed above)

· Nir Shaviv, Jan Veizer “Celestial driver of Phanerozoic climate?” GSA Today, July 2003, pp4-10

· Willie W-H Soon, S.H. Yaskell "The Maunder Minimum and the variable sun-earth connection" World Scientific Publ, Signapore, 2003 278pp

· W. W-H. Soon "Variable solar irradiance as a plausible agent for multi-decadal variations in the Arctic-wide surface air temperature record of the past 130 years"  Geophysical Research Letters, vol 32, L16712, doi:10.1029/2005GL023429, 2005

· Jan Veizer "Celestial climate driver: A perspective from four billion years of the carbon cycle" Geoscience Canada, vol32 n1, pp13-28, March 2005  (I don't have this electronically - but this is really important)

endpage

3 Introduction and Background for the micro-Workshop:  

Origins and Objectives of the Canadian Solar Forecasting Initiative

Dr. Ken Tapping explained that for a couple of years discussions have been leading towards the formation of a core group to further research on solar activity forecasting and its relevance to a very broad range of terrestrial processes, including climate, agriculture, electrical and pipeline utilities, satellites, communications, and even potentially areas like major pandemics.  In addition to Ken Tapping (solar physicist), core members of these discussions have been Dr. Paul Charbonneau at the Université de Montréal (solar physicist), Dr. David Boteler of Natural Resources Canada in Ottawa, Dr. Dave Thompson of Queen's University, and Dr. Julio Valdes of NRC in Ottawa.   

For many years solar forecasts have been provided to industry and government organizations so that they can prepare facilities and operations to minimize the risk of damage and danger to life.  However, as with weather forecasts, this service has been very short term, essentially on the scale of a few hours to days, and it is felt that longer term forecasts on the scale of a complete Hale solar cycle of ~22 years (which is two Schwabe half cycles, between which the solar magnetic poles reverse) and perhaps longer are both do-able and potentially extremely useful for large-scale, longer term planning activities such as required for utility, civil engineering for floods etc, and urban planning.  An immediate forecast horizon of 30 years is the objective coming out of discussions between Tapping, Charbonneau, and Valdes.

Furthermore, it is felt that the importance of solar activity to all of these areas has often been seriously underestimated or completely ignored, and perhaps at times it has also been exaggerated.  To some extent this is understandable because:

· there are relatively few solar physicists, and they are fairly quiet, well-behaved people who like to have solid results and understanding before they broadcast <grin>; 

· solar dynamics are typically characterized as chaotic on the scale of hours to a year,  and irregular on longer timescales.  This is due to multiple hidden and poorly understood processes occurring within the sun and other similar stars; 

· there are complex interactions between solar activity and:

· other astronomical phenomena (orbit around the sun, axis precession and tilt, cosmic radiative flux and cloud formation etc etc).

· geological phenomena (weather, geomagnetics, volcanic eruptions (particulates, CO2, CH4, NOx etc), CO2 solubilization or chemical reaction in the seas and release from subduction zones)

· biological processes (disease outbreaks, migrations, productivity, CO2 response and possibly regulation effects)

· anthropogenic effects (GHG emissions, particulates, other pollutants, local heat loads such as urban warming).

· there is evidence that the sun's "behaviour or phase" changes in character significantly, sometimes with the influence of key variables changing in sign with respect to dependent variables.  It would therefore be a mistake to glibly "average over" dissimilar phases or states of solar activity, without paying attention to whether this masks important effects.

· solar impacts can be specific to a region on Earth, sometimes having opposite effects in different regions.

By solar activity, we are primarily referring to the:

· structure and "behaviour" of measurable systems within and around the sun (sunspots, faculae, magnetic poles etc); 

· irradiance of the Earth by the sun, including its spectral composition and variability;

· other variables such as solar winds.

As a key objective, solar/ climate modeling and particularly forecasting has to be put on a solid footing.  The credibility of these efforts will be crucial to their acceptance and application.

4 Influenza and other Pandemics and Outbreaks

[Howell:  Please note that Raina Fryson did NOT get a chance to correct my notes, so please consider this to be error-prone!]
Tapping presented results showing a statistically significant correlation between major influenza pandemics (worldwide outbreaks) and sunspot activity since 1700 (see references).  Pandemic risks increase two-fold (very roughly) during a specific phase of the sun.   He was careful to state that a solid mechanism to explain the association has NOT been established, so this should not be referred to as causal.  In earlier emails with John Last of the University of Ottawa and Rick Mathias at UBC, increased mutation rates, large climate changes (especially much cooler, wetter weather) and possible effects on the immune system were mentioned as possible lines of investigation.  It is clear that solar activity cannot be the only determinant of outbreaks, and may not even be a major determinant.  However, given that we are speaking about many human lives, it is important to draw attention to the association.

Dr. Raina Fyson commented that the factors that influence outbreaks are quite complex and include human behaviours, etc (for example, spending more time indoors when it is cold).  There is no way of predicting them, and spurious associations can arise in datasets.   She agreed with comments made before the workshop by Last, to the effect that even knowing the correlation itself will not be a critical tool for epidemiologists, as they must monitor real outbreaks, their progress, and the effectiveness of responses and controls such as treatments, quarantines of infected people, and vaccination programs. 

Perhaps the value of the association between solar activity and pandemics may be that it would help to justify increased preventive resources and programs during high-risk periods.  Perhaps it would also help if correlations between solar activity and climate were more solid and widely recognized.  This could be a key outcome of solar forecasting and modeling.

Fyson's recommendations

· verify trends in cholera and malaria, as they are climate-sensitive diseases

· check the activities of the American Society for Microbiology

Post-Workshop Comments related to – Influenza and other Pandemics and Outbreaks

Dave Surkan, Penticton GP -  An immunologist should be brought into the discussions about pandemics, as the role of the immune system is crucial, as well as the nature and behaviour of pathogens.  We will be seeking contacts in this area, perhaps at UBC.

Alfio Parisi, U Southern Queensland - studies solar UV output and variability, and has related this to non-melanoma skin cancers.  Australia has the world's highest rate of skin cancers, so this is a very pertinent topic for them. 

Bill Howell 
· notably absent are comments about possible solar influence over melanoma and leukemia or other internal cancers
· as pointed out by Jan Veizer, galactic rays have much higher energy particles than solar rays.  Furthermore, as solar activity shields the Earth to some extent from galactic rays, perhaps UV effects by the sun will not have the same phase as galactic rays (assuming that the latter has some effect on health (not demonstrated to my knowledge). 

5 Solar activity: modeling since 1600 and predictions
and an advanced evolutionary computation/ heterogeneous neural network, model-free approach for detecting phase changes in complex systems

As Ken Tapping's paper on correlations between total solar irradiance, solar F10.7 irradiance, and sunspots is attached to these note, only his conclusions from a draft version of his  paper are given here:

"...The climate is a complicated, non-linear system, possibly varying through a series of metastable states rather than continuously, and maybe chaotic. Although anthropogenic effects are very likely to be the major cause of climate change, the effect of solar irradiance variations upon the climate machine may be significant, either as a direct modifier of climate or as a changer/trigger of transitions between metastable states. There is certainly evidence that in the past, changes in the Sun’s energy output produced significant climatic responses. Drops in the general level of solar activity were accompanied by episodes of significant climatic cooling. Therefore, in  assessing the level of climate change with which we will be faced in future, it is necessary to include solar variability.

The objective of this paper is not to be a detailed discussion of irradiance modeling, but more to provide enough background for those including solar irradiance variation in climate change models. The models explore a range of approaches, but all encounter the same difficulty, namely that the physics is complex and not all the required parameters are known. Therefore they all use proxies and fits with observed data. The result is that they all fit the time series of irradiance measurements since 1978 quite well, but produce increasingly different results as one extrapolates the model back in time. If we limit the extrapolation back in time to about 1800, which antedates the industrial revolution and the concomitant anthropogenic emission of greenhouse gases, a simple empirical model can be used, which fits observational data and falls within the irradiance range estimated using the more sophisticated models. ..."

Note that discussions were limited by time constraints at this point of the meeting.  

Julio Valdes was really squeezed for time, as another presentation by Dr. Madhav Khandekar, retired Environment Canada scientist and now a consultant, followed this micro-workshop at the UOttawa.  Although the paper of Valdes and Bonham-Carter, which was presented at the International Joint Conference on Neural Networks in July 2005, is being sent with these notes, the abstract is given immediately below, followed by a summary of several key concepts.

"...Abstract:  This paper explores a computational intelligence approach to the problem of detecting internal changes in time dependent processes described by heterogeneous, multivariate time series with imprecise data and missing values. Processes are approximated by collections of time-dependent nonlinear AR models represented by a special kind of neuro-fuzzy neural networks. Grid and high throughput computing model-mining procedures using neuro-fuzzy networks and genetic algorithms, generate collections of models composed by sets of time lag terms from the time series, as well as prediction functions represented by neuro-fuzzy networks. The composition of the models and their prediction capabilities, allows the identification of changes in the internal structure of the process. These changes are associated with the alternation of steady and transient states, zones with abnormal behavior, instability, and other situations. This approach is general, and its potential is revealed by experiments using paleoclimate and solar data. ..."

The paper independently assesses phase changes in sunspot and ice-core data (NOT correlations!) using a model-free approach to avoid bias, and it was found that:

· the timing of major phase changes in each series (sunspot and ice core) were closely related even though the analysis of each time series were completely independent, which is already a very significant result.  This provides support of a sun-climate connection in a very important and powerful way, and indicate that modeling for each system or both systems can perhaps be applied over the same well-defined intervals.  Intervals may be compared or modeled as an overall system or hierarchy/ cluster of systems later; 

· phases could be represented in a visually easy-to-identify manner that clearly shows transitions

· it appears that a model-free approach can provide phase change detection, in a very general sense.

· An extremely important result of the paper is that thousands of models may work well in fitting a complex time series (one-step-ahead ARMA-type models), even though they may differ somewhat, or even be contradictory in some sense.  In other words, just the fact that you can fit the data really well does NOT mean that your physical model is correct – this is also a common problem with interpolations and extrapolations with powerful neural networks.  Perhaps one way of looking at it is that models for complex systems of necessity become more complex, at some point of time effectively becoming "small-world universal function approximators" that behave simply as powerful curve fitting routines, rather than providing proof that the underlying physical models are correct.

Several comments regarding Julio Valdes' "heterogeneous neuron" approach are worthy of note:

· his heterogeneous neurons were designed to take a broad range of data types (integer, real, ordinal, descriptive, image, fuzzy, etc);

· system dynamics are handled primarily by using "lag-time" characterisation.  Although time lags must typically be determined for dynamical models, often dynamical models incorporate explicit or implicit dynamics beyond that (which may be difficult to interpret).  Time lags appear to be a powerful, manageable approach to the identification of state/phase and transitions.

· incomplete datasets are admissible (as long as some measures are available at each time step).  Although missing data in constant-interval time series can be handled, note that currently, data of irregular time intervals are not handled, but Julio has ideas for how to handle these, and only needs the time and resources to tackle this (note that the application of recurrent neural networks to incomplete data sets is also a key challenge in advanced theory.

Note that there is a distinction between this section and the next ("The sun as a major climate driver"), given the focus and perspective of solar modeling from a physics perspective (for which direct measures are crucial, but limited to 1600 to the present), and the need to utilize solar proxies for geological and paleo-climate studies extending back to at least 570 My (Phanerozoic era).  Ken Tapping explains one possible approach to linking the two: 

If we imagine two components to the solar variability model: M(t).S(t), where S(t) is the modulation of irradiance by the varying distribution of photospheric structures with differing emissivities over the solar cycle, and M(t) is some process modulating the amplitude of the activity cycle as perceived at the Sun's "surface". In that case we can, from a mathematical point of view treat S(t) like a carrier and M(t) as the modulator. The modulator will reflect the trends in solar activity but not the ~11-year rhythm. That could bring us better in line with the longer-term activity records of geophysical origin.

Since the sunspot cycle is already positive only, demodulation to get M(t) is simply a filtering process.
Post-Workshop Comments related to – Solar activity: modeling and predictions since 1600

Bill Howell -  There are some really interesting comparisons between the book by Hoyt & Schatten (see references) and the Valdes & Bonham-Carter results for detecting phase changes in the sun's behaviour.  The comment or suspicion that the basic behaviour and effects of the sun can differ in different phases relates well to many historical results – for example, it may be that for some phases such as the present, increased sunspot numbers correlate to increased solar irradiance, whereas for other phases a decrease in irradiance results.  Additionally, that gives another perspective on using historical results - it may be counter-productive to "average out" correlations in different phases (eg climate, pandemics etc), and one must really treat each phase separately, and hope to see some relationship between at least some of the phases.  Perhaps forecasting must also consider future phases and the behaviour of the sun during those phases.

Ken Tapping -  I think the Valdes & Bonham-Carter contribution to all this is critical. I think though that we might have to do two things....

1. encourage Julio to do the additional calculations, or help him get the resources or other support needed, and

2. Sunspot number is a continuous time series of data (that is no missing values, not that it is necessarily statistically continuous).  If it does not need the full power of Julio's model and we can simplify it, we might be able to get a model that will run in some way on simpler computer systems, and then we can all get on the act.  I have a dual-processor 450 MHz system with 1GB and a 60GB disc, loaded with Scientific Linux, and if the machine needs to run for two weeks, it doesn't matter.  [Howell: perhaps this can apply to individual “phases” identified by Julio’s more general model?]
Julio Valdes -   Precisely what my study showed is that the process is not homogeneous and therefore a single model (linear or nonlinear) is very unlikely to describe the entire series.   
Dave Thompson, Queens U  -  Commented that he has shown that axis precession is an important factor that resolves a significant portion of variance over the scale of a few decades to several centuries.  Although precession has always been accounted for by paleo-climatologists, it was ignored as insignificant for modest durations.  However, one must stop using annual averages without taking precession into account!  Both log [CO2} and solar irradiance correlate well to temperature - his own estimates put the CO2 effect as 2.3 Celcius per doubling of [CO2], and solar irradiance as 0.053 ?R? for a black body versus 0.058 according to empirical data (or visa versa).  Thompson also commented on the reversal of phase relationships between solar activity and the amplitude of seasonal cycles between the 1800's and mid-to-late 1900's (~18920 cross-over).  Furthermore,as a general comment, temperature leads CO2 in data series since 1958.

Brad Carter, U Southern Queensland -   Carter has ideas on going further with studies of other stars for clues about solar forecasting.  He commented that the reputation of solar forecasting has suffered from past claims that were based on less than adequate statistical rigor, so it is very important to be thorough and well based.  He cited Judith Lean (an Australian by origin) as being careful and balanced in her approaches.

Bill Howell -   Several recent or pending publications are of great relevance to this discussion:

· Salvatore Marra and Francesco Morabito,  University Mediterranea of Reggio Calabria, Italy -   Will be presenting a paper in Vancouver at the World Congress on Computational Intelligence about forecasting solar activity out 4 years.
· Willie Soon,co-author of the book “The Maunder Minimum” -  see the list of references for his recent article article on climate-solar predictions for the Artic Oscillation (air temperatures).
· Significant cooling has recently been predicted by two groups of scientists for the next solar cycle, starting either 7-10 years from now or 22 years from now.  As the purpose of this micro-waorkshop was to discuss solar forecasting, we need to know what the competition is up to! <grin>
· Russian scientist Khabibulo Absudamatov predicted global cooling starting in 2012, and taking – I did not find a recent article from him.

“…Russian Expert Predicts Global Cooling from 2012

Created: 06.02.2006 17:18 MSK (GMT +3), Updated: 15:24 MSK 

Starting from 2012, the process of global cooling will start on the Earth and by the middle of 21st century the whole planet will be captured by low temperatures, an expert from the Russian Sciences Academy Observatory was quoted by NewsRu.com as saying Monday.

The cause of the expected global cooling is a decrease in the flow of the Sun’s radiation, Khabibulo Absudamatov says.

“We have already witnessed a cooling of the kind in Europe, in North America and Greenland in 1645-1705, with canals freezing in Holland, and people abandoning settlements because of nearing glaciers in Greenland. This is what we are expecting again in some decades,” he said.

Analysis of the Sun’s radiation fluctuations that influence the climate on Earth shows that the planet at the moment is on the peak of the global warming process, Absudamatov said. Now, with the decrease in the Sun’s radiation, global temperatures are going to decrease, too.

“In 20th century, the Sun’s activity could be characterized by a general increase in the amount of radiated energy, and global warming was a result of this process. Global warming is by no means an anomaly, but a normal phenomenon. Global warmings, as well as global coolings, have happened before.”

According to Absudamatov, the global cooling will start in 2012 or 2013. By 2035 the Sun’s radiation will reach its minimum, and 15 years later a deep cooling of the Earth’s climate should be expected. …”
· NASA scientist David Hathaway – predicts significant global cooling starting in the next solar cycle that peaks 22 years from now: 
“…According to research by NASA's solar physicist David Hathaway the Sun's

Great Conveyor Belt has slowed to a record low crawl. This has important

repercussions for future solar activity.

The Great Conveyor Belt is a massive circulating current of fire (hot

plasma) within the Sun. Researchers believe the turning of the belt controls

the sunspot cycle. According to theory and observation, the speed of the

belt foretells the intensity of sunspot activity ~20 years in the future. A

slow belt means lower solar activity; a fast belt means stronger activity.

Hathaway believes that Solar Cycle 25, peaking around the year 2022, could

be one of the weakest in centuries.

***********************

http://science.nasa.gov/headlines/y2005/15sep_solarminexplodes.htm ...”

6 The Sun as a major climate driver – general context

6.1 Historical background

[Howell – the first paragraph introduction was NOT presented during the micro-workshop, but is intended to provide context. (ref Schatten & Hoyte, and especially Soon & Yaskell).]

Since William Herschel's (English-German astronomer) observation of a correlation of wheat prices to solar activity in ca 1700, scientists had suspected that a sun-climate linkage existed.  Joseph (discovered Helium in chromosphere of sun in 1868 & founded Nature journal, or his son William?) Lockyer's 1901 paper linked Indian monsoons to solar activity.  The sun-climate theme became part of  Walter Maunder's (Royal Observatory) search for a variety of sun-earth linkages in the period of ~1895-1928, as well as an interest of other scientists.  The sun-climate linkage was strongly substantiated by tree ring data of Andrew Douglass that came to Maunder's attention in Douglass's publication of 1919, and many studies since have shown strong correlations.  Interesting enough, sun-climate studies have also been carried out for the planet Mars!  However, many correlations seem to have proved to be ephemeral and the subject has apparently been affected by incorrect or insufficiently advanced statistical treatment of data, so the credibility of the sun-climate connection has even been questioned.  Perhaps it is fair to say that the behaviour of the sun is sufficiently complex (non-stationary even within possibly different phases), and the behaviour of the climate is also sufficiently complex, to perhaps be beyond the most advanced modeling techniques in common use today.  The recent, serious failures of the 2001 IPCC-reported global, historic temperature series (widely accepted within the scientific community until recently, and still popular with many)  is an excellent example of this kind of challenge.  Furthermore, it is not clear that our  knowledge of solar physics will advance quickly, given the daunting challenges that it poses.  The work of Soon and of Valdes & Bonham-Carter are recent examples of the application of more advanced mathematical techniques to solar behaviour.

6.2 Current “Official” UN/IPCC Viewpoint – the Hadley Centre report

The Hadley Centre in the UK is essentially “The Mecca” for climate change modeling for the IPCC.  So it is very interesting to see major changes in their opinions on solar forcing and Galactic Rays (cosmic radiative flux) in the last few years.  Their current views are now an important reference (or refuge) for scientists who have been trying for several years to publish results that can attract severe criticism by other scientists who are strong believers in the orthodox Kyoto view.   Two conclusions are given immediately below, and the entire Executive Summary is attached in an Appendix so a more complete view of their results can be seen.
· Galactic cosmic rays have been shown to be closely correlated with continuous satellite (ISCCP) retrievals of low cloud from 1983-1994, and possibly to 2001. Modelling and observations now support atmospheric production of ultra-fine aerosol from cosmic ray produced ions. Establishing effects of cosmogenic ultrafine aerosol in the atmosphere is necessary before suggested links between the satellite analysis and the aerosol  microphysics can be confirmed.

· Theory shows that charged aerosols are preferentially removed by cloud droplets, presenting the possibility of a long-range influence through the global atmospheric electrical circuit.

6.3 Jan Veizer’s comments during the microworkshop

Jan Veizer, OttawaU -  pointed out several key basic starting points for the analysis of climate change drivers:

· solar & hydrological cycles -  water vapour is by far the dominant Green-House Gas (GHG).  Climate processes are strongly influenced by the water-cycle (most importantly the photosynthesis-respiratory cycles, evaporation/ precipitation – for example the oceanic oscillations). 

· Cloud formation is one of the most important variables affecting the reflection/retention of solar radiation, and its role is poorly understood and modeled.

· General Circulation Models currently incorporate dynamic biology and chemistry only at a very rudimentary level or not at all.  They incorporate Earth albedo (much of it clouds) as more or less constant.  Albedo accounts for ~77 Wm-2 of SW-input into the global energy balance, so small changes in albedo could be comparable to other forcings such as GHGs.
· Work by a number of research groups (see the Shaviv and Veizer paper for references) shows that the cosmic radiative flux probably influences cloud formation.  While this influence is small on short timescales, over longer periods short-term and regional influences tend to cancel out, leaving cosmic radiative flux as a major determinant of cloud formation (together with temperature, volcanic aerosols etc).  

· Shaviv and Veizer (see attached references) showed that major cosmic ray flux variations correlate to the really large temperature swings that occur on timescales of ~140 My.  Recent work by other independent groups is providing substantiation of this theory.  

· Climate change must be studied as a very wide range of timescales, from annual to Phanerozoic (last 570 My) (see the Veizer paper "Celestial climate driver")
6.4 Ian Clarke’s comments (collected after the workshop as Howell’s notes were incomplete)
Ian Clarke, OttawaU -  Clarified that even the RAW ice core data shows a significant lag of CO2 behind temperature time series behaviour.  This lag effect is extremely important to discussion about cause and effect.  Furthermore, Clarke comments that:

“… I see climate change as a natural process and that we are only just beginning to understand the forcers.  I find that there are strong correlations with solar than cannot be overlooked, which connect with cosmic radiation and cloud formation.   Further, I have looked closely at the CO2 record and find no evidence in any of the ice core or other records that it behaves as a climate forcer or even as an amplifier.   For this reason, I think that the current focus on CO2 is misplaced. ..."
Where do we go from here?  Ultimately, theories must relate to real-world data, and this is well-illustrated by problems with recent modeling attempts.  There is still a great deal of work to do to gather pertinent data for the widely varying timescales, and to develop theories and concepts that can adequately explain the data.  There is a particular problem with incomplete/ sparse datasets, and with heterogeneous datasets where the quality varies greatly with time into the past.?

6.5 Other comments during the microworkshop

David Boteler, Jan Veizer, and Ian Clark emphasized the importance of paleo-signal correlations, and the implications that they have for understanding the sun's behaviour and impact over long periods of time.  Boteler pointed out that C14 and Be10 are particularly important and well researched.  

Richard Smith is trying to convince companies to integrate geomagnetic surveys when they carry out airborn gravity surveys and other exploration techniques.  This would provide orthogonal, complementary datasets with much greater power of discrimination.

Bill Howell -   There were a number of CO2-related articles that were recommended after the micro-workshop.  To keep the focus of these notes and to avoid further delay most are not included.  But the following is interesting and addresses a gap that I was concerned about:

· The following was attributed to Richard Lindzen of MIT, but I haven’t verified the source, so be careful ! –  Via recent “back of the envelope” calculations concerning incremental CO2 GHG effects, Lindzen estimates roughly that CO2 could result in at most a MAXIMUM 1.5 Celsius increase of temperature, as most of the available CO2 absorption bandwidth has already been “greenhoused” [Howell’s lazy expression].  The simple expression was:  1.5 * (1 – exp[-([CO2] – 280)/ 200), where  [CO2} = concentration in ppm
In other words, the effect is capped, there is no runaway, and even a doubling from mid 1800 levels (say 280 ppm to 560 ppm), only a 1 Celsius increase would result.  
This is a very simple, approximate model, but at least it reminds us that one must account for the “shrinking available bandwidth” as [CO2] increases.  And if this model turns out to be poor, it must mean that the much simpler assumption that a constant or linear solar irradiance equivalency for [CO2] is probably even worse!
7 Other Solar Forecasting Issues,  Canadian Historical Role
David Boteler gave an overview of the Geomagnetics laboratory of NRCan and the solar forecasting activities (which are tied in to the NRC Hertzberg lab and Ken Tapping via F10.7 solar irradiance data).  As a more general description is attached, no further notes are provided here (see the Appendix “Background Information on Geomagnetic Field Monitoring and Space Weather Forecasting”).  

It is worthwhile noting the historical notes on Canada’s role in solar physics!!
8 Overall Conclusion

Interest was keen, but discussions were necessarily short given the time available and the extremely short pre-notification of the meeting.  There will be a follow-up, and efforts to slowly and carefully build an initiative are underway.

9 Appendix A:   SEQ CHAPTER \h \r 1Background Information on Geomagnetic Field Monitoring and Space Weather Forecasting

The Geomagnetic Hazards program of the Geological Survey of Canada, Natural Resources Canada, is responsible for the permanent monitoring and forecasting of the geomagnetic field and its impact in Canada.  This involves operation of the Canadian magnetic observatories, production of magnetic field models and charts, operation of the Canadian Space Weather Forecast Centre, and research on forecasting and the effects of geomagnetic disturbances.  

The first magnetic observatory in Canada was established in 1839 at a site that is now in the middle of the city of Toronto. Data from the Toronto observatory were used in the discovery that magnetic activity follows the 11 year solar cycle.  The Meanook observatory in Alberta was established in 1916 and a number of observatories were established in the 1950s.  Since then the observatory network has grown to 13 observatories with locations spanning the country from east to west and extending from the sub-auroral region in the south of Canada, through the auroral zone to the polar cap in the north.  Data from the Canadian observatories are used in the production of the international standard indices of magnetic activity such as AE and Kp.  The observatory group is also an active participant in INTERMAGNET.

The Canadian Geomagnetic Reference Field (CGRF) is derived from the magnetic observatory data, repeat station measurements and airborne and satellite magnetic survey data.  The CGRF is used to produce magnetic charts for Canada and to supply declination information for use on Canadian maps and charts.  Information about magnetic declination for specific sites is continually in demand and declination calculations can now be made through our web site.  The Canadian magnetic field data are also used in compiling the International Geomagnetic Reference Field (IGRF) which has space applications including its use in many magnetospheric magnetic field models such as the Tsyganenko models and for mapping spacecraft anomalies related to the South Atlantic Anomaly. 

Forecasts of geomagnetic activity began in Canada in 1974 by the Geomagnetism Division of the Earth Physics Branch of the federal Department of Energy, Mines and Resources. In those early days, the forecasts were long-term for up to 27 days in advance.  Primary users included geophysical exploration companies, for scheduling aeromagnetic surveys and ground magnetic surveys. In 1976 regular short-term forecasts were introduced.  Since then the production and delivery of forecasts has evolved considerably with separate forecasts now being produced for sub-auroral, auroral, and polar regions and made available via the web page, by ftp, and through an automated voice message system. Since the 1980s exchange of data has been facilitated through membership in the International Space Environment Service (ISES)  and the Ottawa Forecast Centre is now one of ten ISES regional warning centres around the world. 

Knowing that a geomagnetic disturbance is coming is of limited value without understanding the effects it can have and how to correct for them.  The Geomagnetic Hazards group works closely with industry to investigate how geomagnetic disturbances affect their systems.  Canadian power systems and pipelines, because of their location close to the auroral zone, are exposed to large electric fields during geomagnetic disturbances.  The Geomagnetic Hazards group is a pioneer in modelling the geomagnetic induction in power systems and pipelines and this modelling work has been called on by industry for help in designing cathodic protection systems for new pipelines and for simulation of geomagnetically induced currents in power systems.  The geomagnetic field from Canada also maps out to geostationary orbits and ground magnetic field measurements are used as an indicator of elevated particle levels that may affect satellite operation.

Information on the above work is available through the following web sites:

Geomagnetic Field Monitoring:
www.geolab.nrcan.gc.ca
Space Weather Forecasting:

www.spaceweather.gc.ca
For further information contact:

David Boteler

email:  dboteler@nrcan.gc.ca
tel:
613-837-2035

fax:
613-824-9803
10 Appendix B:   Executive summary from a Hadley Centre report 
The material in this appendix is taken directly from:

L. J. Gray, J. D. Haigh, R. G. Harrison  Influence of solar changes on the Earth's climate.  Hadley Centre, UK, Technical note 62, January 2005 www.met-office.gov.uk/research/hadleycentre/pubs/HCTN/HCTN_62.pdf
EXECUTIVE SUMMARY

This report provides a review of the major advances in this field since the previous report by

Harrison and Shine (1999).

· The existence of an underlying trend in total solar irradiance (TSI) over the past two solar cycles is still uncertain. New work on the relationship between solar magnetic activity and irradiance has reduced our confidence in the reliability of reconstructions of past TSI.

· Additional observations through the last solar maximum, during which there was no major volcanic activity, have confirmed the solar response found previously in the middle atmosphere. Models are able to reproduce the gross features of the solar response but do not reproduce details, including the response in the lower stratosphere, that may be important for the transfer of the signal to the surface.

· The statistical robustness of some observed solar signals in the troposphere has been strengthened. Mechanisms proposed to explain these signals involve stratosphere -  troposphere coupling, though details of this coupling are not well understood.

· Galactic cosmic rays have been shown to be closely correlated with continuous satellite (ISCCP) retrievals of low cloud from 1983-1994, and possibly to 2001. Modelling and observations now support atmospheric production of ultra-fine aerosol from cosmic ray produced ions. Establishing effects of cosmogenic ultrafine aerosol in the atmosphere is necessary before suggested links between the satellite analysis and the aerosol  microphysics can be confirmed.

· Theory shows that charged aerosols are preferentially removed by cloud droplets, presenting the possibility of a long-range influence through the global atmospheric electrical circuit.

Detailed summary:

Reconstructions of Past Total Solar Irradiance (TSI)

· Comparison of measurements from different satellite observing systems shows that the present day value of total solar irradiance is only known to approximately 0.15% (~2 W m-2). Its variation over the past two solar cycles is known, with greater accuracy, to be ~0.08% (~1.1 Wm-2) but difficulties encountered in the intercalibration of the instruments mean that the existence of any underlying trend in TSI over the past two solar cycles is uncertain.

· Most reconstructions of past values of TSI rely on (i) empirically-derived relationships between proxy indices of solar activity and measurements of TSI and (ii) assumptions concerning long-term secular changes in the .quiet Sun.. The former are fairly well established and, to a certain extent, can be reproduced by physical models. The latter are not well known and continue to be highly controversial.

Observations of solar response: 11-year solar cycle

· Updated observational analyses have confirmed earlier 11-year solar cycle signals in zonally averaged stratospheric temperature, ozone and circulation with increased statistical confidence. The addition of the past few years of data have been especially important since they have provided observations through a solar maximum period without any major volcanic activity. This has enabled the solar cycle signal to be more effectively distinguished from the volcanic signature.

· There are several differences between the various observational analyses that need to be resolved. These include (i) differences in analysed temperature signal from the SSU dataset, most probably caused by difference corrections for instrument drift, which need to be resolved (ii) the presence of a negative response in the equatorial low / mid stratosphere in some of the temperature and ozone analyses but not in others. This may be a real signal, but if so the differences between the datasets needs to be resolved, or it may be an artefact of the linear regression technique employed. 
· Details of the 11-year solar signal in tropospheric circulations have been confirmed. The analyses show that the subtropical tropospheric jets are weaker and further poleward at solar maximum. Vertical bands of warming, of amplitude about 0.5K, extend throughout the troposphere to the surface. One analysis has also shown a warmer, moister atmosphere in solar maximum, with the response being strongest in latitudinal bands of deep tropical convection and mid-latitude cyclone activity.

· Correlation analyses of the North Atlantic Oscillation (NAO) index and sea level pressure fields suggest a solar modulation of the pattern of correlation. In solar minimum the familiar dipole pattern is present over the Atlantic / European sector while in solar maximum the pattern extends across into the Eurasian sector.

Mechanisms: Direct TSI Changes

· Uncertainties in the reconstruction of historical TSI mean that the value of solar radiative forcing from 1750 to the present is even less well established than was perceived for the IPCC (2001) TAR but, based on the current consensus that the secular trend in TSI is smaller than previously assumed, it may be appropriate for the value to be reduced from the TAR value of 0.30 Wm-2 to about 0.28 Wm-2. Stratospheric adjustment of this value is not well known because of uncertainties in the vertical profile of solar-induced ozone changes.

· Models are generally able to reproduce, within the bounds of observational uncertainty, natural internal variability and model noise, the global mean surface temperature variation from 1860 to the present day if both natural (solar and volcanic) and anthropogenic (greenhouse gas and sulphate aerosol) forcings are included. Largest discrepancies occur during the first part of the twentieth century when increasing solar irradiance may be influential.

· Detection/attribution assessments, using General Circulation Models (GCMs) or Energy Balance Models (EBMs) with geographical distributions of surface temperature trends, suggest that the solar influence on climate is greater than would be anticipated from radiative forcing estimates. This implies that either the radiative forcing is underestimated or there are some processes inadequately represented in those models.

· One GCM study, using spectrally uniform variations in TSI, shows that horizontally heterogeneous (because it acts more strongly in areas where sunlight reaches the surface) solar forcing induces positive feedbacks involving temperature-gradient driven circulation regimes which reduce cloud cover. This effect is enhanced in the presence of greenhouse gas warming because the latter induces a basic state warming which enhances the feedbacks.

Mechanisms: Indirect UV effects

· Models that are forced with spectrally-resolved changes to TSI, and whose upper lids have been extended to around 80 km in order to fully resolve stratospheric processes, are able to reproduce the gross features of the 11-year solar cycle temperature response in the stratosphere, namely increased temperatures in solar maximum centred over the equator in the upper stratosphere. However, they cannot reproduce several important features, the most pertinent one being the secondary maximum in temperature in the lower stratosphere. This secondary maximum is likely to be an important part of the mechanism that transfers the solar signal from the lower stratosphere to the troposphere.

· Recent advances in the detailed understanding of the sensitivity of planetary propagation to the background circulation have enabled improvements in the modelling of the interaction of the 11-year solar signal and the QBO. However, this has not significantly improved the models. ability to reproduce the lower stratospheric temperature signal.

· Models appear to underestimate the ozone signal in the upper stratosphere / lower mesosphere and do not reproduce the equatorial negative signal in the low / mid stratosphere seen in some observational datasets. More data are required to confirm whether this is a model deficiency or a data artefact. A possible model deficiency is the neglect of the effects of energetic electron precipitation in most models.

· Some GCMs are able to reproduce the structure of the observed 11-year solar cycle response in the troposphere, with a poleward shift of the subtropical jets and a weakening of the Hadley cells, but they underestimate some aspects of the response. Experiments with a simplified GCM show that idealised heating of the tropical lower stratosphere can also produce these patterns of response, suggesting that the secondary temperature maximum in the equatorial lower stratosphere is an important feature of the transfer of the solar signal to lower levels.

Mechanisms: High Energy Particles

· High energy particles, such as galactic cosmic rays and solar protons are modulated by the 11-year solar cycle and by short-term (hours to days) solar changes. In some cases, high energy particles penetrate to the surface, which presents the possibility of atmospheric radiative changes linked to the particles. passage through the stratosphere and troposphere. Changes in atmospheric ionisation at the surface can be caused by substantial solar changes.

· Aerosol microphysics, such as particle nucleation, coagulation, and scavenging can be expected to be modified through changes in cosmic ray ion production.

· There is detailed theoretical support for ultrafine aerosol production in the atmosphere from ions, in the regions where there is condensable vapours with no substantial competing vapour sinks. Large cluster ions, which are expected in the initial phase of particle formation, have also been detected in the free troposphere.

· The combination of theoretical prediction and supportive (but preliminary) experimental atmospheric results now gives reasonable confidence that particle formation occurs from ions in the troposphere, and therefore from cosmic rays. The geographical distribution of particle formation and its frequency is not known with any confidence.

· Charging of aerosol particles and droplets occurs on the particle and cloud boundaries, related to global circuit properties. Theory supports the enhanced removal of charged particles to cloud droplets, even at low particle charge levels. There is some basis for an effect of charged aerosol on freezing of super-cooled clouds through electro-scavenging, but this has not been experimentally demonstrated in the atmosphere.

· Currents flow in the global atmospheric electrical system as a result of the partial electrical conductivity of air, caused mainly by cosmic ray ionisation. The global atmospheric electrical circuit drives vertical electric currents in fair weather regions.  It provides a global teleconnection, communicating atmospheric electrical changes throughout the stratosphere and troposphere, down to the surface.

· Cloud-retrievals from the ISCCP satellite program show a strong correlation between low liquid water clouds with galactic cosmic rays from July 1983 to September 1994.  Without detailed model calculations combining the aerosol and cloud microphysics and estimating the effects, it is not possible to be sure whether the correlation results from a direct cosmic ray effect on low clouds, or has another origin. If a calibration correction to the data is accepted, on the basis of the absence of a polar orbiting satellite, the correlation continues until September 2001; there is some recent evidence that the correlation is stronger at high latitudes than low latitudes.

· Cosmic rays and Total Solar Irradiance variations are often closely correlated. This relationship has been used to infer past TSI changes. However it also means that cosmic ray and TSI signals may be ambiguous on some timescales: which has implications for the use of cosmogenic isotopes as proxies. The proxies actually measure the cosmic ray variations. Consequently if cosmic-ray induced aerosol microphysics changes couples strongly through to clouds, climate signals attributed through proxies to solar TSI changes could also be explained by a direct atmospheric effect of cosmic rays.
enddoc

