Modeling systems

Bill Powers

We hear quite a lot about models such as weather models  Are you impressed by the accuracy and utility of weather models and how well they predict what will happen in the next few days?  How about predicting accurately whether a hurricane will form, what its strength will be and where it will hit land in the next few days?  I am not very impressed. Should we get some non-meteorologists (how about some NFL stars?) to start from scratch and make a new weather model for hurricanes as you suggest is the wiser choice than having economists build a new economic model?  I’ll be happy to discuss the  utility of weather prediction models, even whether it will rain tomorrow.  Have you ever heard of looking at the sky at sunset, looking at the real system, to make a prediction of rain tomorrow?  Does that have utility?  How does it compare with the accuracy of computer models?  Do you know?  I perceive that an economic system is an order of magnitude more complex than a weather system.  Yet, you want me to conclude that you will develop an economic model that will predict what will happen in the economy?  Do you hope to be able to predict the change in GDP for the next month, for the nest year or for the next decade?which can be used to predict what will happen in the next few days, or models of colliding galaxies which show what happens to all the stars as they are deflected by the gravitation of all the other stars, can I stop laughing now? or models of nuclear explosions I am a nuclear engineer, would you like to study the accuracy of those models and how long it has taken to develop them? , or jet engines, or new airplane wings or whole airplanes. I doubt, however, that many people outside of meteorology or engineering and physical sciences really know what a model is -- what models of the kind meant here can do and what they can't do. Oh, I am so impressed by those meterologists, and those physical scientists who can tell me how the moon got to be where it is and how it works. In fact many people wonder why, when we have an object or a phenomenon right in front of us, and piles of data about its performance, we need to model it at all. What can the model tell us that past experience and observing the real thing can't tell us? The following is a brief introduction to this subject. Like Rick, I believe that observing the real system, and analyzing its performance, can tell us much about the system without any model.  If, as you claim theoretically, an accurate model can be developed, I would think it would be even more helpful.  But, my problem is not with the theory, it is with the practicality of developing a more accurate model of an economic system in any time frame that is more useful than just continuing to analyze the data from the real system, adding to knowledge of how it might perform in the future.
When we look at the behavior of a real system like an economic system, we can see what it does but we can't see how it works. That is a supposition on your part.  I buy and sell things.  That relates to the economic system, right?  Are you telling me I have no clue about how a purchase or sale works? The point of modeling, in that case, is to figure out how it works. Again, the question asked by a newcomer would be, "What do you mean, you can't see how it works? Aren't you looking right at it?"

"How it works" involves more than just seeing how one part of a system is affected by other parts. Yes, we can see how the parts are connected together -- how the behavior of component C is affected by the behavior of components A and B. We can't necessarily see all the components, but usually we can see enough of them if the system is simple. But we still can't see how the system works.  An auto is a system.  Do you claim we can’t know how an auto works?  Are you not going to start one up and drive it until you have a model of an auto to confirm what happens when you apply the brake? 
Here's an example of a system, represented by mathematical statement as engineers and scientists often do.

A := A + 0.01*B;     { replace the value of A by A + 0.l x B)

B := B -  0.01*A     {replace the value of B by B - 0.1 x A}


These equations describe how the system made of variables A and B works. Every time there is an interaction, the measure of component B is  divided by 10 and added to the measure of A, and then the value of A is divided by 10  and subtracted from the value of B. This transaction just keeps happening over and over. What will this system do? If you start out and A and B both equal to zero, it won't do anything: A and B will both just keep on being zero.

But suppose we set the beginning value of A to 100, with B still starting at zero. If we then plot the values of A and B for 32 successive calculations of both equations, we get this:
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The left-hand column of numbers represents successive values of A; the right hand column gives B. This is the observed behavior of the system. No it is not.  It is the behavior as predicted by the model. To the left A is plotted in red, B in green. A varies according to a cosine-wave, and B according to a sine wave.

When we model this system, we might start with the observed behavior of the variables as shown in the figure above. The object of the modeling would then be to figure out what sorts of relationships would have to hold between A and B in order for the observed behavior to occur. There are many possibilities, and one of them is the set of two equations above.  Where did the two equations come from?
But another way to model is to do it just as we did here. We take the real system apart and look at how A affects B, and how B affects A and write as many equations as needed to describe all the observed and preferably measured relationships. We begin, in other words, by analyzing the system to see how it works, and we're trying to figure out what it does. What kind of heretical reasoning is this?  You claimed above that you can’t learn how a system works by observing and analyzing its actual performance.  Now, you suggest starting that way? Then we "run the model" -- we calculate the values of A and B that the equations say will exist after every iteration of the program, and we get the plot and the table of values in the figure above. Then we start the real system out with A and B set to the same initial values we used in the model, and record how it behaves. Please tell me how you will take a real economic system and set its values to what you select in a model!  It is impossible, my friend.  The real system is too complex.  You would be chasing the wind. And finally, we compare the result of running the model with the result of doing a run with the real system in theory, in your limited human mind, but I say it is not possible, and see how well the numbers match up. If we have correctly measured the two relationships between A and B, and have not left out any variables or added any unnecessary ones, the model's behavior will match that of the real system very accurately. To even suggest that you can figure out what variables in the USA economy have been left out, or which are put in that are not necessary or false, is preposterous.  I am not sure any accomplished economist, or a team of the ten most capable ones we can find could do that. So, call me skeptical if I don’t think you can, Bill.  So, show me the beef, and I will change my mind.  In fact, that accuracy is what tells us we have noticed the right components in the real system and represented them correctly in the model.  As soon as you have the model that verifies the performance of the USA economy accurately every year for the past 100 years, I will be all ears.
The reason we need the model is evident in the two equations above. Simply measuring the relationships between A and B is not sufficient to give any human brain a hint as to what a system organized that way actually will do (unless, of course, you've seen the equations before and have been told what will happen). I trust that the sine and cosine waves were a surprise.  Sure it was.  I did not try to predict the waves.  But, if you are telling me that a mathematician asked to guess what the waves would look like given those arbitrary equations, I will be surprised.  The reason they could make a good guess of how that model works is because they understand mathematics.   The high school history teacher would be totally perplexed.  Again, why not assemble economists, to help develop a new model of the economy?  Why not get the G-20 to approve and fund a project to pay you and 10 willing economists to do the modeling work?  We have had only one economist familiar with PCT (and why people do what they do) on this CSGNet.  The late Bill Williams consistently told you that your understanding of economic systems was so off base, he would not join you in building on your father’s model.  I strongly objected to the way Williams provided his input, but are you sure he was wrong and you were right?
I said "When we look at the behavior of a real system like an economic system, we can see what it does but we can't see how it works." It is also true that if we are shown just the equations that describe how it works, it is not very likely that we will immediately figure out what it does. If the system is complex with many variables and relationships among them, it is safe to say that no human brain could figure out what such a system would do -- except by going through this modeling process.

When we look at a complex system, it is not immediately self-evident which aspects of it are important to its operation and which are just side-effects, perhaps interesting but not relevant to the operation of the system. We can see a lot of variables and a lot of relationships among them, but we don't know which of them to include in the model. We don't know, either, if we are seeing all the variables that matter, and at times we can see the variables but not how they are related. This is where the art of modeling becomes important.

The only way to proceed is by making guesses and then checking them out. If you can open up the system and inspect its insides, you can see if the variables and relationships are really there. But this is usually not practical, especially when opening up the system changes its organization. What we end up with in cases like this is not a model we can prove to exist in the best possible way. All we can say is that if the real system were organized internally as the model is organized, it would have to behave as the model behaves. Not to behave that way would be to violate known laws of nature and mathematical truths proven long ago.

We generate a correct model, or as near as we can get to that ideal, by proposing incorrect models and then figuring out why their behavior was different from the behavior of the real system, and fixing the errors. This is an iterative process which converges, sometimes rapidly and sometimes slowly, to a final form. We know the form is final if we find that changing anything about the model makes its imitation of the real system less accurate. And we know that we're on the wrong track if no changes can make the model's behavior resemble the real behavior at all.

When we finally produce a good model that matches what the real system does, we can give it the ultimate test: change the conditions, and see how well the model predicts how the real behavior will change. And then, at last, we can use the model to predict behavior in the real system that has not yet been seen, under conditions we can know about only as they occur.

Show me the money!  Show me what variables and relationships predicted the performance of the economic system say even in the last eight years.

Here is a simple toss-up question for my favorite modeler.  In the real economic system, are there equations we can count on to predict how even one variable with change the economic result?  If I give you 10 measurable economic variables, will you be able to write the equations for their interrelation in the economic system and the net effect on the economic results?  Do you have the time and ability to make economic variable assumptions that can come close enough to convince me, you or economists that you have discovered how the economy works?
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