Week 9 notes (from class): How to define a program in abrupt climate change (given 10^8$ from Bill Gates)? 

1. A quick summary of peoples comments, delivered before class: 

a. Ken – focus on dynamics that could give multple regimes

b. Mike – Understand D/O events.

c. Kevin – Understand Greenland

d. Kat – Understand Greenland

e. Hans – role of ocean dynamics and D/O events

f. Michelle – abrupt only during glacial? Check at Emian

g. Rob – rapid hemispheric: what scales?; quantitative question

h. Roo – stable ocean states

2. Lets discuss this from a data and dynamics point of view, separately. 

3. Dynamics: 

a. Where would you find large scale regime-like circulations? Intrinsic to atmosphere?  No evidence that this can happen in modern record. 

b. Focus on a different question: can you conceive of a system (and/or a geometry) that would feature multiple stable states? 

c. List all the ways the system could shift abruptly: 

i. Multiple regimes

ii. Slip-stick

iii. Stochastic resonance



d. Is there a bi-product of the work that would be useful – beyond the abrupt climate change target?

4. Data: 

a. What are the targets? D/O events/record at Greenland? 

b. Requirements on data? Can you get records from elsewhere that could speak to the horizontal extent of the phenomenon? What are the requirements of the data? 

c. Generate hypotheses. What data and/or models would you need to demonstrate/test the different hpotheses?

d. Forward modeling of proxies

Week 9 notes (delivered prior to class):

Hi Gerard and David;

Some thoughts on the knowablity class for today.

In regards to what kind of science question one ought to ask regarding abrupt climate change, I think that it is better to start out small then expand, rather than try to explain abrupt climate change in general.  That umbrella is just too big and unweildy.  Understanding abrupt climate change at a single site in Greenland, say, for example, seems to be on the order of a somewhat tractable problem.  More than one brain would need to tease it out, but understanding why the temperature can leap so quickly at this one specific site would be a safe bet to hedge.  It would not be bogged down with trying to extrapoloate to other parts of Greenland, the Atlantic the world, but leaves these venues open for further exploration.

Another comment that I would like to make is that I actually kind of liked how Alley et. al. wrote their paper.  I think their problem was too big, but it is an interesting approach, different than my intuition.  They kind of threw out a huge cartoon, knew it was full of flaws, and then asked the rest of us to "bring it."  It is a good way to get people interested, and off into their little niches, as they can pick away at this broadly swept idea.  It probably gets people riled up too.  Is this how problems become trendy?

Just some rambles.

See you in class

Kat

@@@@@@@@

Hello Gerard, David -

This would be my response to the questions posed.

1. In the general area of abrupt climate change, what is a good  science question to ask?

Given that some set of evidence suggests that abrupt climate change has occurred I would ask the following: first, can the record/evidence be duplicated and bounded in space and time? Can expected spatial/temporal bounds be identified in a particular case? Second, are the proposed explanations of the evidence consistent with what is presumed to be true about the basic climate system and can this be evaluated/modeled (including possible alternative explanations and evaluation of underlying assumptions).

2. What properties does your science question have that make it  tractable, and likely to yield significant understanding?

Identifies some aspects of the problem may be more directly testable, and it makes sense to focus on these areas first. The result would lead to some additional verification/falsification of initial assumptions about the significance of the original observations and guide the development of further investigations. Whether the evidence fits easily or not so easily into the current paradigm is also valuable information that might follow from the above approach. Do the results suggest that explanations might have to be sought farther afield?

- Kevin W.

@@@@@@@@

Gerard & David,

One way to increase the chances of coming up with a tractable question

is to make sure it's stated as precisely as possible -- which means, I

think, being explicitly quantitative.  The form might look something

like:

"Can/do coherent, hemispheric-scale* changes of magnitude X in

variable Y occur on decadal or shorter timescales?"

The "can" version is essentially a modeling question: Is the kind of

change we're postulating dynamically feasible?  Can we demonstrate it

with a trusted model and reasonable boundary/initial conditions?

And the "do" version is a data question:  Are the changes we're

postulating observed in the instrumental or paleo records?  If the

answer is "the data isn't good enough", what's needed (better dating,

a more-trusted proxy for variable Y, a lake sediment core with annual

resolution at location Z) to get us to "good enough"?

Picking our X and Y might be hard, but we could choose something

simple as a starting point: changes in annual mean temperature of at

least one standard deviation (in local temperature, as calculated from

the instrumental record).

Not that it's foolproof, but a question of this form ought to be

falsifiable and it should also be possible to reproduce the results

with other data/models/methods. And the modeling portion of the

solution would lead into the obvious follow-up question, which is

"why?".

--Rob

@@@@@@@@

Hi Gerard and David,

Hmmm...

1. In the general area of abrupt climate change, what is a good science question to ask?

Do rapid changes occur only during glacial times; is there evidence for rapid changes during interglacials (e.g. Eemian)?

It seems that the presence of massive and sensitive ice sheets is a necessary feature of rapid climate change. Do the ice sheets respond to external forcing or are they also capable of driving global changes due to internal dynamics alone?  If rapid changes do not occur in the Eemian and do not appear in the Holocene then this question becomes more pressing.

This leads to an attempt to quantify the role of system changes in the overall picture of rapid climate change. Who are the dominant players (e.g. ice, THC, tropical circulation)? Can they act independently? I think it is important to assess which data must be satisfied and which data can actually be compared to eachother. This seems a bigger problem in general, tying into many other questions, but will be important when interpreting the significance of a model by how well it explains the data.

2. What properties does your science question have that make it tractable, and likely to yield significant understanding?

Another hmmm...

Well, people already are trying to get Eemian ice from Greenland, so this is a good start. I'm not fluent enough in the proxy data to think of any others that go back this far (besides Antarctic ice cores), but surely there is something.  The changes recorded in these records should give a sense of changes during the last interglacial.

It should identify what is necessary to start our own abrupt climate change. With this set there will be certain systems which can act independently and drive the others and there will be certain systems which will respond in unique ways. Maybe we already know this but I didn't feel like it was clear.

Michelle

@@@@@@@@

Hi,

 

I think that a good question to ask would be something like this: what was the detailed response of the North Atlantic during the DO-events? Was it the same response every time?

 

I’m not really sure of how much can be read out of the deep sea cores but if each single DO-event can be seen then it should be possible to make a map of for example temperature change during a DO-event.

 

This would be really interesting since it would clarify whether the DO-events were equal to each other or different mechanisms were affecting the different DO-events.

 

Of course one has to have in mind that the different deep sea sediment records would be exposed to different interpretations.

 

Cheers,

 

-HC
@@@@@@@@

1- Statement of the big problem.

  Since I'm a newbie in this and am starting from scratch, I

  have two options:

  a) Pick something people presumably working on "abrupt climate change"

    (ACC) think is interesting. In this respect, I think that there are

    currently the following trends:

    1) Explain the paleorecord (what do they say? how did that happen?)

    2) Try as hard as possible to make models predict abrupt climate

       change in the near future

    It is clear I don't favor 2) much, although I can appreciate the

    interest of some nations in promoting it. On the other hand, I

    think 1) has too many issues that have to be dealt with before I can

    dive into it. Besides the obvious data issues, I feel that the basic

    understanding required to be able to say something about alien worlds

    (e.g. glacial age) is not in place yet. Although I enjoy not knowing

    what I am doing, I feel that Bill Gates' $10^8 deserve some tangible

    results.

  b) Redefine the field according to my own interests. I'll go for this,

   as I'm likely to make more progress, even though the results might not

   fit well within what the ACC community does (I have lots of funding, so

   what do I care?)

   As Gerard suggested, I'll attack this from the perspective of "climate

   regimes" and frame the fundamental question:

       Under what conditions can a realistic atmosphere present a

      regime-like behaviour that qualifies as abrupt climate change?

   with auxiliary question:

      What extra-atmospheric processes can enhance such behaviour?

   and the validation question:

      Should we able to observe this behaviour in nature?

2- Assess complexity of system

   The reason why I emphasize the atmosphere, is that the atmospheric dynamics are already rich enough that they can exhibit multiple regimes without having to introduce exotic physics, which would unnecessarily add complexity to the system.

   With respect to the atmosphere itself, I anticipate that mid-latitude/mean flow interaction is going to be critical, so it will be messy.

3- Make a plan

  Although the questions in (1) might look good, they offer no clue to what to look for. In fact, they only provide a general theme, but not specific research questions. The latter require background and hypotheses.

Let's say that I have a hunch that the atmosphere can switch between meta-stable regimes, giving variability that looks like the annular modes.

This variability would differ from the typical annular-mode one in that the changes are abrupt (fast compared to how long each regime lasts).

First, since theory is not mature to predict that such thing should happen, I can only hope that I will be able to detect it experimentally. Therefore, my plan is broadly as follows:

a) Select a model simple to diagnose.

b) Explore parameter space to determine the existence of meta-stable regimes. i.e. fool around with the model until I get something promising. c) Diagnose what is going on d) Assess whether a more realistic model does the same thing for the same reasons. If not, determine why.

e) Assess how the behaviour changes as we move into a more realistic parameter range.

f) Once I know what's going on, I have a new hammer. So I can go crazy and start hammering away: What if I put an ice sheet? What if vegetation is interactive?

4- Define smaller subproblems

Since midlatitude eddy/mean flow interaction is essential, the minimal representation of the atmosphere would be a two-layer system that can develop a mean flow when driven with idealized diabatic forcing (the one advocated by Held, for example). On the other hand, it is possible that the interaction of the diabatic forcing with the flow (e.g. through changes in water vapor) might be important. Therefore, some sort of parameterization should be included to the 2-layer model.

However, simultaneously the study should consider a full primitive equation atmospheric model, with the physical parameterizations consistent with the 2-layer model.

Initially, an axisymmetric world might be considered, but then more realistic zonal asymmetries should be included (mountains, land, etc), not only to test the robustness of the previous results but to see if new results show up.

5- Plan the solution of the subproblems

Essentially the same as the broad plan, but including refinements of the models to build the real world from the bottom up.

6- Assess the results

7- Putting the pieces together

8- Self-critique

  We'll see.

Additional thoughts:

With respect to dealing with complex problems, I'd like to argue that

"simplified systems", "subsystems" and "subproblems" are all different, as the following examples from the question "what makes a car move?" show:

-"Simple model": A heat engine

-"Subsystem": the carburator or fuel injection system

-"subproblem": what is the energy source?

So, I propose the following:

- I think that what we would like in the end is a "simple model", which contains the essential processes to reproduce the behaviour we care about of the full system. This could be a reduced mathematical model, but could also be a conceptual model (explanation).

- The identification of a "subsystem" would be useful if it is sufficiently isolated from the other parts of the system that its interactions with them are limited and we can treat is as a blackbox (e.g. convective parameterizations).

- A "subproblem" is a "problem" in its own right, which might help or might not help understanding the original one, but that highlights a deficiency in the knowledge we were using to address the original problem. Therefore, if they arise, they should be addressed before continuing with the original problem.

"Putting the pieces together" shouldn't be a problem if what we did was dividing our full system into "subsystems" as defined above, i.e. with limited interactions which can be fully accounted for. I think a good rule of thumb for determining "subsystems" is that they should be individually much more complex than the way they couple to the rest of the full system. Otherwise, the division is artificial and the insights obtained from studying these subsystems do not constrain significantly how the coupled system behaves.

Cheers

Ken

@@@@@@@@

Roo:

_General Comments_

What problems should we tackle?

We would like to answer fundamental questions about how the climate system is controlled, and what causes abrupt climate change. In the end, we would like to know not just the conditions and causes of D/O events, but also would like to gain greater understanding of conditions and triggers that can cause abrupt climate change in a range of climate regimes. Hopefully we can increase our understanding of fundamental dynamics.

Some subproblems we may be want to address:

  1. What are the stable states of ocean circulation/deep water

     formation in D/O events

  2. What triggers rapid change – stochastic forcing v. external e.g.

     solar.

  3. What controls carbon cycle changes during abrupt climate change.

     Are CO2 and methane controlled by the same process?

  4. What is the mechanism by which the ‘bipolar seesaw works?

It seems that these are questions for which hypothesis have definitely been made, but the testability of these is less than would be desireable.

How should we tackle these problems?

Seems that two avenues are needed to tackle the questions we want to answer. These are are using quantitative models to try and understand the fundamental dynamics of the system, and developing paleo-records in order to test hypothesis. I am in agreement with Held, in that fewer models of less complexity should be agreed upon and used extensively. The use of intermediate complexity models is necessary to allow long similuations and repeated model experiments. It seems likely that knowledge will be gained in an iterative manner, and investing too much time a single run of a big model doesn’t seem as wise. Concurrently focusing significant resources in developing paleoproxies is essential. This will increase the testability of our hypothesis, and help guide the questions we ask as we procede

_ Comments on one question_

  1. A question that I find interesting is to look at the controls on

     the carbon cycle through glacial-interglacial cycles and rapid

     climate change events. This seems a good questions to ask because

     of its particular relevance to the experiment we are conducting on

     our current climate.

  2. this may be somewhat tractable because there is some degree of

     testability. Ice cores give good records of past CO2

     concentrations and is as close to a direct record (in comparison

     with proxies that incorporate many assumptions) as pretty much any

     paleo record we have. There also a wide range of proxies that

     could potentially provide useful information on

     paleo-productivity/nutrients etc. We would like to be able to

     answer questions such as what triggers increasing greenhouse

     gases. Is it a physical, biological or other mechanism? How are

     CO2 changes related to D/O events

@@@@@@@@

@@@@@@@@

@@@@@@@@

@@@@@@@@

@@@@@@@@

Mike T: Choosing D/O events as a starting point.
Executive Summary:

I begin by breaking the question down to a small research projects that small teams can handle.  Big teams of people suck.  The questions bounce back and forth between data collection directed by theoretical understanding of the atmosphere (and model output) and modeling efforts designed to reproduce the data signals.  The data collection net is narrow to begin with and gets wider either to encompass more into our understanding, or to constrain our misunderstanding of more local/regional effects.  

Initial question:  

What causes D/O events?
The goal of this study will be to understand how sudden changes in climate can occur.  Climate is taken to roughly mean global mean near-surface temperature (for now).  This definition will be modified to be more specific as the problem is whittled down into more tractable problems with fewer, more easily controlled variables.

This needs to be broken down into a more simple question:

What causes the spikes in the d18O record at Summit Greenland?

Current evidence indicates that D/O events may not exist in other parts of the world.  Therefore, it seems logical to examine the extent to which these events are global or regional.  In that vein, the next question to answer is:

Can one find evidence for spikes on the D/O time scale at other locations in Greenland?

This leads to the very practical question of:

Are there other suitable locations in Greenland that one can drill ice cores to look for?

By suitable I mean, low shear, potential for old ice, or at least ice that will overlap in age with GISP, GISP II, and GRIP.  From Figure 1 (the best thing I could find on short notice) we see that there are potentially a lot of good sites for ice cores. I would expect ice to flow away from the ‘spine’ of Greenland.  This topography is ideal to answer the question we want to ask.  We can look at cores from 65N to 80N.  They will vary in age, but will probably give us a coherent story of the D/O events over Greenland.
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Figure 1.  Greenland elevation.  Don’t ask me for a scale.  

One hypothesis of the D/O events is it is a climatological shift the jet stream north and south, affecting surface temperatures and therefore d18O records. 

Now we have a bunch of data.  They will give us a time series of spatial ‘temperature’ for Greenland.  We are still dealing with this as a regional phenomenon.  Therefore, I recommend checking these results with a mesoscale model.  The Polar MM5.  Thus, the next specific question to ask is:

Can we recreate the different scenarios suggested by the spatial ‘temperature’ time series for Greenland using the PMM5 bounded by a coupled ocean-atmosphere GCM?

This aspect of the project may seem even more unrealistic than drilling at 10-15 locations along the spine of Greenland. The parameters of the GCM will be set with guidance of global temperature and precipitation paleoproxies.  Many arbitrary decisions will be made about the setup and initial conditions of the models.  They will all seem logical, obvious, and not at all arbitrary at the time.  But hopefully the data collected over Greenland will constrain the iterative process of trying to reproduce the spatial ‘temperature’ time series from the ice cores.  

From matching the output of the model to the data we will be able to see which initial conditions and constraints on the models produced the best reconstruction of the ‘temperature’ time series.  The next question to be asked is a further double check on theory that should be constantly asked during the modeling process:

Are the constraints and initial conditions of the model runs realistic in terms of what we know about the atmosphere from present day data and paleoproxies?  

Let’s say that we find out that the GISP D/O events are continent-wide.  Then we have to ask:

What caused these regional events over Greenland?
This may take more playing with the models. Was it mesoscale cyclonic activity?  Was it jet stream location?  Was it ocean circulation?  

Now I feel that we should cast the net wider.  Ask the model:

Where else might be affected by the same processes that we believe affected Greenland?

We will go looking for a proxy (in ocean sediments, geologic features, tree rings) in the regions indicated by the model.  Incidentally, this could be a step in case the modeling was not able to reproduce the data temperature signals. We would look for more regional data that would constrain modeling effort.

And so on, spiraling out from Greenland, the origin of the signal, iterating between data and modeling until all the data and modeling are consistent. Stopping at each switch between data collection and modeling to check with our a priori understanding of the atmosphere.  Here we either pat ourselves on the back, or sack people and start over with the theory.

