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Systems analysis offers some clues about the nature of sustainability. By reasoning about how systems behave under a variety of conditions, we can perhaps better understand the properties of a sustainable water resources system.

Rate of Change: When examining a system, we should ask how quickly it can change? Systems are very sensitive to rate of change, especially the rate of change of inputs. Too great a change in too short a time leads to undesirable or unstable system behavior. Examples show that a sudden spike or step function will lead to unexpected results. This holds true for changes in both directions. A sudden upswing or drop in prices can be undesirable in either case. We may call the results inflation or depression, but these terms are just ways of naming a set of unwanted effects. 

Static vs. Dynamic Systems: It was once assumed that our human and natural systems could reach a state of equilibrium. Models have been built around ideas like comparative statics that depict how elements exist in balance. This research implies that some kind of steady state is the norm. More recently, however, it appears that human systems embody a set of conditions that may seek equilibrium in a dynamic sense but never reach it. This may be the case because the forces that impact the system are changing faster than the system can adjust, thus making it impossible to reach equilibrium.

Buffering: It is important to realize that the buffering capacity of a system has limits. This capacity also determines the amount of “wiggle room” that we have to carry out policies that provide benefits without real damage to other parts of the system. The system is not so tightly determined that no changes can be made, nor is it so flexible that infinite action will make no difference. The balance lies somewhere between. Possibly a good example of this situation is national debt, which can continue for perhaps very long periods but which ultimately lead to serious system degradation.

Deterministic vs. Stochastic Systems: In days gone by, human relationships with the physical world have been defined in deterministic terms (i.e, a change in x must have an effect on y). However, now it appears that our systems are more stochastic. A change in x thus will change y but only with some probability. Multiple causes lead to multiple effects with probabilities mediating each link in the system. Needless to say, such systems are much harder to model. The nature of the system makes it difficult to intervene in a way that is highly likely to produce only positive results. It is almost certain that the so-called law of unintended consequences is rooted in this system property, even assuming that all parts of the system are well known, which is not usually the case. 

A corollary of this stochastic property involves the nature of sustainability. When we deal with such systems, all the variables exist in a probabilistic context. Each one can be represented by some mean value, but in truth has its own probability distribution function. This means that the very nature of system sustainability is probabilistic and can only be stated in terms, for example, of minimum and maximum values. Needless to say, we are far from being able to do this now in any reasonable way.

Wild Cards and Tipping Points: Large-scale patterns seem to suggest that long-term trends may continue for long periods without much change, even though the results may be harmful to the system that represents civilization. The structure becomes increasingly unstable. If a wild card event occurs with some probability, this can cause rapid unexpected change in the system, in the same way that a input step function might. This kind of tipping point is hard to anticipate or prepare for. It might well be forecast, but prevailing forces tend to discount it as an unlikely event compared to daily occurrences. An example of this behavior might be the recurrent tendency to build in flood plains, in which the demonstrated benefits of the location are thought to outweigh the small chance that a flood will occur.

Here it may be useful to connect these ideas with the concept of duration discussed above. The time frame of an individual is greatly different than that of the system (i.e., civilization) within which he exists. Rational decisions on an individual basis may, especially in the aggregate, lead to the gradual degradation of the system as a whole. Depending on the factors noted in the preceding paragraph, various outcomes can occur. Gradual and irreversible negative changes in the whole system may occur; such changes may in fact be reversible, but only at a cost considered exorbitant by those then living. Alternatively, the negative changes that originally happened gradually may be stopped or reversed, but only by measures that must be carried out in a short time. This would be like sending a step function through the system, which is usually a destabilizing action. All these effects lead to outcomes for the whole system, which can well make it unsustainable. History offers some interesting examples that look very much like exactly this process. In parts of the Middle East we can detect from satellite the remains of irrigation canals that were constructed by successive civilizations, which occupied the same region. There are repeated cycles of canal building, followed by increasing soil salination, followed later by the collapse of the central government. We cannot push this example too far, since there are clearly many other things besides water that can contribute to this kind of change. But it certainly would appear that a progressive inability to maintain an agricultural food supply, in an arid region, would not promote the stability of the government then in existence.
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