Hi all-

we hope you are all hard at work on creating Polya 'check lists' for climate and earth sciences. We'll have lists too. Please email them to both of us before class tomorrow so that we can print them up and share them among the group.

Secondly, please think about, and also email us, with ideas for problems for us to look at as case studies for thinking about complexity in climate. Nothing too coherent is needed, but a good spread of ideas would help us find good examples. We want to make sure that the examples we pick are not too specialized that it will not engage the whole group.

We have the Held and Lorenz papers lined up for next week, but would like to talk about a couple more problems, using them to refine our check lists, before wrapping up the quarter.

Ponder, cogitate and send ideas.

Thanks,

G&D.
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Hey all,

The discussion this week was really productive. Some questions, notes, and comments are appended below. There were also a ton of really insightful comments people sent in, that we never got to talk about in class. Do check them out (posted on web site) - they are brilliant .

1. After a bit of a glut, we are light on readings for this week. Instead let's try and come up with our equivalent to the Polya 'check list' for tackling problems in climate science and Earth sciences. As several people pointed out, our issues may be as much about choosing the right problem as they are about then proceeding to solve it. Feel free to interpret the task as loosely as you want. If you think it is impossible, explain why.

Please do draw from your own research experiences and fields. And give it plenty of thought.

It will be interesting to see what the areas of overlap and differences are. One goal of the whole class was to explore whether we could identify ways of making our research more efficient in achieving an understanding of messy systems. This exercise is a pretty concrete step in that direction (not to mix metaphors).

Make sure to send everything to David (& me too) - I'll be in Delaware next class.

2. Please also think about what would make for a good case study. We have two papers lined up about the atmospheric general circulation for the week after next. But it'd be great if we can think of two or three more problems that are examples of good (or bad) problems that we can look at to cogitate about what makes them good (or bad). We might pick examples that have been answered, or also, as Justin M suggested, problems that have not yet been answered. Can we apply our check-list (see above!) to get some sense of their tractability? We need to avoid being too exclusive or specialized in these case studies, so it'd be good to come up with lots of possibilities we can pick from.

So no new reading for this week, but we will come back to the following-

Figg - what the heck is a model anyway?

Polya - how to solve it excerpts

Specific questions:-

   1. How do you define (what are the elements of) a good problem? What is a “good problem”?

   2. Are there a set of principles that would make research/progress on a complex problem more efficient?

   3. Can we made a Polya list for a complex problem?  Draw off experience you have on your own experience/problem

   4. Is it meaningful to break it up a problem in a complex system into smaller problems and trust when you glue it back together (either mathematically, physically or mentally) you are going to be able to solving your problem (closer to truth)?

Cheers,

Gerard and David
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Mike T

hi guys,

i can't make it to class tomorrow.  i'm in boulder until saturyday.

some ideas for developing research questions/solving them:

generating a problem:

is there a need in society?  is there a reason society hasn't addressed or

solved this problem?  is there something that you don't understand in this need (i.e. is it an engineering problem, a science problem, or a policy probelm)?  do you have the skills/knowledge to address this issue?  if not, can you learn how to solve the problem (i.e. like polya, have you seen the problem before)?  are you motivated to solve the problem?  why hasn't anyone

solved the problem before?  where did others succeed?  where did they

fail?  do you think they failed when they think they succeeded (or vice

versa)?  is this a completely new problem?  is it a mix of a new problem

with aspects of old solved problems?  what assumptions were made in previous work?  can you improve on any of these assumptions?  if so, why (better technology for observing/computing, better theory in existing field, utilization of theory or technology from other field)?

generating a plan ('devising a plan'):

some of the same questions from generating a problem apply here.  i like

the summary of questions in polya for this topic.  i will try not to duplicate anything polya has said.  i think in this stage and the beginning of carrying out your plan it is important to examine the raw data (as raw as you can manage).  in terms of models, it seems like the output can have different levels of 'products' that can lead you astray because of the underlying assumptions and short cuts that may have gone into the product.  some of which may by documented.  some may be undocumented.  in rare cases, there may be assumptions that we didn't know were assumptions (this may lead to the paradigm shifts that we discussed previously).  from my personal experience, satellite retrieval products over snow have been problematic because they are based on poor retreivals of cloud cover.  it is going to take an in depth look at the radiance retrievals (the raw data in this case) to correct their cloud masks (or at least understand where they go wrong).

case study suggestion:

i like the case study of chaos theory.  i think it is a good example of a multi-disciplinary problem (like climate and climate change) that cropped up independently in many different fields.  the successful scientists were the ones that were able to utilitize advances (or even understand them) from other fields.  james gleick's account of the birth of these ideas implies that the people that made the most significant progress towards understanding nonlinear systems were people that played with the data. they experimented with the raw equations/processes until they developed some intuition for it.  they experienced it nonverbally.  then they were able to distill and describe the phenomenon.

Mike
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A first, messy stab at a Polya-esque "How To Solve It" for climate problems...

FIRST:

[1a] State the problem as clearly as possible -- what question are you

trying to answer?  Is there more than one question?  If so, restate

the problem by breaking it up into separately-answerable questions.

[1b] What are the relevant timescales? Spatial scales?  Can the domain

of the problem be limited spatially or temporally?  Are there other

constraints or conditions that would allow you to limit the scope of

the problem?  Do any of these allow you to further refine the

statement of the problem?

[1c] What data are available?  Which datasets are best -- or least

worst?  Is more data needed to answer your question(s)?

[1d] Do you believe the problem is solvable?  To what extent?

SECOND:

[2a] Has this problem (or any of the sub-questions) been solved

before?  Has a similar problem (say, for a different domain) been

solved before?  How confident are you in these previous solutions? 

Can they be used to solve the current problem or is a new approach

required?  Can you make any reasonable idealizations or approximations

to reduce your problem to one that has been previously solved?

[2b] What are the key sources of variability?  Are these phenomena

well understood?  Do they suggest a possible method for answering your

question(s)?  What tools will you require?

[2c] Outline a plan for solving the problem.

THIRD:

[3a] Carry out your plan for solving the problem.  At each step,

review your work and revisit the first and second stages to further

refine your question(s) and plan for solution.

FOURTH:

[4a] Is the result plausible?  Is it consistent with what we (think

we) know about the climate system?  Are there other ways to answer the

same question(s)?  If so, do these approaches give the same result(s)?

 Can you justify your solution in the face of contradictory solutions

or data?

[4b] Can you use your method/approach to solve another problem?  Does

your solution make  predictions that can be answered with data?

[4c] Does your solution suggest new questions to be answered or

dilemmas to be resolved?
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Tackling Problems in the Earth/Climate Sciences

Starting from a given problem, at first assuming it is reasonable…

1. Assess the complexity of the problem/system

Is it complex?  Complex systems: 

- exhibit nonlinear behavior; a small perturbation may cause a large effect

- contain feedback loops

- have a history; past states may have a large influence on the present state

- don't have natural boundaries

- are coupled on variable length-scales

If it is a complex system we will have to deal with the following:

- linearization of the problem (i.e. to develop a numerical solution)

- initial condition

- boundary conditions

- individual representation of coupled pieces

- introduction of expectations to constrain the solution

- assumptions made to simplify governing system equations

Can this non-linear system really be broken down into a sum of linearized parts?

Is there a way to quantify what dominates the problem, and therefore should be captured most “realistically” in the simulation?

What are the implications/shortcomings of possible answers to the posed problem?

2.  Collect background knowledge

Knowledge necessary to understand how the problem could be solved.

- context (what is the bigger picture?)

- relevant data

- necessary tools

- theory behind necessary tools (i.e. numerical methods for computer code)

- related/past work

- desirable collaborations

3. Begin work on the problem

Likely limited by envisioning the entirety of the problem, it is worth trying to start rather than over-plan for something that can’t be anticipated.

- play with tools, try known problems to make sure everything is understood

- outline assumptions

- talk to collaborators or others working on similar problems or related pieces

- understand the base level of the problem; if there is a model involved, what can it do in its most simple form?

4. Reassess feasibility of the problem

Is the problem, as first posed, still seem reasonably solvable?

- list what can’t be captured with tools and resources available

- make necessary changes or try to do better at step 2, or reframe the problem completely

5. Clearly define the desired solution

What kind of result is expected? When will the problem be considered “solved”? Outline steps to deal with adversity in the face of over-ambition.

- what is the physical nature of the result (numerical calculation, qualitative description of a process, etc.)

- if other people are involved, what will they contribute? Are results dependent on the completed work of others?

- determine a reasonable timeline for achieving the sought solution

6. Work hard for awhile and get some results

- check back in with responses to above steps (reality) once in awhile

- get feedback from collaborators

- if setup a step-by-step solution, keep track of what has been accomplished

7. Check it over

Should be checking methodology all along. Now check implications of solution compared to established work.

- what is new? How does it compare to what was already “known”?

- consider error bars on the solution

- discuss with others in the field (present at conferences, etc.)

7. Finished?

Write-up the work and “archive” for the future.

Not really sure what this means in science. However, I think keeping an organized and detailed record of the work done is really important. Once it is published then it can be dredged up by anyone, at anytime in the future!

- keep good notes on exactly what was done (if there is code, make a manual or comment incessantly)

- carefully consider how and where to publish the work
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Gerard, David -

Well, I may not have understood what you wanted exactly. What I have done is to put a problem that I am currently interested in into a 'Polya Checklist.' It may be too simplistic.

The underlying question relates to number four on the list. Once you've broken up and simplified a complex problem have you also removed or neglected (missing) information that is key to reassembly (i.e. interpretation)? This issue may explain why historical observations and present interpretations sometimes appear inconsistent.

Sorry for the lateness. 

- Kevin
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 From Gerard:

Polya checklist for a messy world:

Notes:

It is inevitable that for the most part, we deal with small pieces of a bigger question, so a huge part of the task is in defining the work to do, and being clear about why it fits into the bigger picture

Progress means understanding complex (or many) things in terms of simpler (or fewer) things.

An attitude of ‘skeptical enquiry’ must, eventually, be applied to all scientific research. There may well be intervals of time where an argument is constructed or ‘assembled’, during which it may be convenient or necessary to assume it is true and to explore the consequences But if the argument never gets critically tested, then fundamentally the work is not scientific. Building in mechanisms and tests for the argument to get challenged along the way ought to be seen as a very positive aspect of a piece of work.

Contributions that are not skeptical in attitude ought to clearly acknowledge the fact, or face severe criticism.

I think that what is below sort of operates best at a stage of trying to understand an already established set of observations. I am not sure how to fit exploratory work into this. When observations are unclear, there is a hazier phase of gathering as much data as possible, maybe predicated on some vaguer ideas. This ‘playing’ or ‘flailing’ seems necessary in order to set the stage for the kind of theorizing outlined below. Perhaps we accept this softer, less definite, process as part of science, but require that in order for something to be regarded as being understood, it must at some point progress to a more rigorous stage of ‘skeptical enquiry’. 

Hmmm, the more I think about it, the more this element of constructing an idea or model seems important in what goes on in science. Modeling building (be it digital, on paper, in the lab or field) is an integral part of the process. Maybe part of the problem is that we typically stop too early. For many of us, this part can be the most fun and frankly, creative, part of the process. But by not going further to testing (or evaluating) the models we cannot formally make any claims as to the truth or success of the model.

Define the problem.

The big problem 

Is there a clear statement of the big question? Is it a good big question? Identify the reasons why there is (or isn’t) confidence that the big question is tractable.

Can you imagine what the solution might look like for the big problem?

What kind of answers might be possible?  Be clear on whether you are trying to find an exact answer or are you trying to bound the range in which the right answer lies? 

Lay out alternative recipes (or ‘routes’) to the solution to the big problem. Can you identify a series of steps that might lead to a solution? 

What are there crucial steps in this chain? Are there any steps that are ‘deal breakers’, that they seem hopelessly complex or that no critical test can be defined? If so, either pick a different big problem, or pick a different set of steps to the solution.

Is there a clear sense that the solution to the bigger problem will arise from combing the understanding gained about the smaller problems? If not, either pick a different big problem, or pick a different set of steps to the solution.

Identify a smaller piece of the problem.

Search for a smaller piece of the problem that feels ‘right’ – arising from a combined sense of the tractability of the smaller problem and its importance for the big problem.

How does the smaller piece challenge the prevailing understanding of the big problem, or is it going to be mainly comfirmatory of (i.e., a positivist take on) existing ideas. 

Is it clear that this smaller piece is essential for the bigger problem? If not, search for a different small question.

To what degree is the smaller problem a critical evaluation of an existing idea? Are you prepared to (can you) state your critieria in advance for what will constitute a failure?

What is the most precise statement of the smaller question? What is the most precise statement of the background knowledge that will be assumed, and what is the level of confidence that can be attached to it? It is tremendously important to clearly lay out the foundations of the work that will be done. In doing this, the path to the solution of the smaller piece will be clearest.

What is the goal of this work? Are you trying to simulate nature? Are you trying to achieve a theoretical understanding? These goals are different and typically are contradictory. 

Plan the solution.

Think about this smaller piece. Think hard about it. Drink beer and coffee with your mates until you get an idea about it. Can you frame this idea as a potentially falsifiable idea?  

In tackling this smaller problem are you critically evaluating something, or are you building a case in favour of your idea? Either can be productive, but the process should be clear.

Choose the model will you use to tackle your problem. Clearly state the trade-offs you are making between generality, precision, and reality.

Define clearly the meaning of your combined model and problem. Are you trying to represent reality? Are you learning lessons from a toy model? Are you making deliberate distortions of nature to enhance understanding? Are your goals and the model you are using commensurate with each other

Is the model the simplest one appropriate for the thing you want to understand?

If it is more complicated than necessary, how might those complications constrain/affect the understanding?

“One of the worst possible outcomes of a simulation is the right answer, for if you know you have left something out of your model,  it means that what you have included is incorrect”

“People don’t understand the world, but they want to. So they build a model of it. Then they have two things they don’t understand”

T.H. Huxley "That great tragedy of science: the slaying of a beautiful hypothesis by an ugly fact"

Follow the plan.

Are there any surprises from the model? How do those surprises challenge existing understanding.

Articulate clearly the implications of what has been done. How has the initial idea been confirmed or 

Did the work done answer a different question from the one you began with? Is that question useful?

Review the solution and plan for the next step

Might a different model produce a different answer? How does that affect the interpretation of the answer.

Do you trust your answer? Under what circumstances can you conceive of a difference answer? If you can define an opposite answer, is that remotely possible, or is it only a questions of degrees.

Give the best possible statement of the understanding achieved, given the clarity of the answer achieved for the smaller problem, its importance for the big question, and the level of confidence in the background knowledge.

Don’t exaggerate the relevance of the what has been done. There is value in having solved

From Roo:

Where should I start?  Well, starting with a statement of the problem still sounds like a good idea, as does Visualizing the problem as a whole.  The business about impressing the statement of the problem is some good advice as well.  We don’t want to get ‘lost in the branches.’

Dividing the problem. Identify what knowledge you will need to arrive at a solution for the problem.  What variables/processes must you consider.  You should list these and divide them.  Decide which ones are well known, that you have confidence in.  Decide which ones you are less certain about.  Might these have more than one proposed value? Decide which variables/processes are left unknown.

Examine your formerly aquired knowledge.  What pieces of knowledge are you building your work upon.  What uncertainty does each piece of knowledge have.  Exam this knowledge from all sides.  What assumptions are you making.  What pieces of formerly aquired knowledge are you willing to dispute 

Proceding  Get to work.  It’ll probably take a really, really long time.  Divide your problem into big steps that you can easily relate to your large problem.  Think of the simplest way to model each step, then consider if such simplicity is sufficient.  If it is not, add more complexity.

Looking Back.  So you’ve arrived at an answer.  Well, its wrong.  Ponder how wrong your answer may be.  Do you think it’s a little wrong or way wrong.  What steps in your work add the most ‘wrongness’  can you modify these steps.  Identify what factor limits your ability to approach the truth.  Compare to your previously acquired knowledge.  Can you demonstrate your solution to be less wrong than any established ideas?  Should you modify you’re knowledge base?  Examine all of your assumptions and shortcuts.  To what domain is your solution limited to.

From Jusin M.

Here are some vague notions about picking, problems and tools, and assessing progress.

Solving problems is still a bit beyond me...

Picking a Problem

· What is the system that I am interested in? What is it a subsystem of?

· What is my question? 

· What larger questions does my question help to address? Does it stand alone? How meaningful is this question for the larger questions I care about?

· What domain am I asking this question over? (in term of time, space, frequency ...)

· What type of answer do (should) I want to attain? (Probabilistic, deterministic, bounds, phenomenological ...)

· What is the level of knowability of this problem? Is trying to find the knowability a good question in and of itself? (ie. predictability issues)

· Where are the holes in my understanding?

· What type of observations are available (or can I make) that are relevant to my question?

· What type of models are available (or can I build) that are relevant to my question?

· Can the available models give meaningful and useful information about the aspect of the system I am interested in?

· Can the available observations give meaningful and useful information about the aspect of the system I am interested in?

· What prior knowledge is there that could shed light upon my question? How much will I be dependent upon that knowledge? What is the quality of that knowledge?

· Is there an analogous solved problem that I can steal methods from?

· Can this problem be approached by isolating components of the system to understand them and then piecing them back together? Is the core of this problem understanding one of the pieces or understanding the interactions between the pieces? Do I know?

· Does there appear to be potential that I can understand this problem in terms of a combination of simpler concepts that I (or somebody) already have a good grasp on? 

· Does this problem promise to fit in with existing paradigms, or is it likely an anomaly that requires a tweaking of the paradigms, or a revolution.

· Do I have hypotheses or just questions? If I have hypotheses, are they falsifiable (by the available data and models)?

· Why do I care about this question? What is my motivation? Am I being honest with myself and others?

