Summary of Chapters 3 and 4 of ‘To Interpret the Earth’, Schumm (1991)

Chapter 3 - Problems of explanation and extrapolation
Schumm identifies a general scientific approach for the earth sciences, which, he argues, is the most likely to lead to an ability to explain, predict or postdict. However, there are ten problems that can potentially complicate and introduce error into this process and which must be considered while applying this scientific approach. These problems can be placed into three broad classes.

1) Problems of scale and place - time; space; location

2) Problems of cause and effect - convergence; divergence; efficiency; multiplicity

3) Problems of system response - singularity; sensitivity; complexity

1) Problems of scale and place

Time
There are two aspects to the problem of time:

- Its availability (usually insufficient) over which data can be collected. If the period of data collection is too short, this may adversely affect the results and conclusions drawn and extrapolation from these results may result in error.

- Physical systems operate on different time scales and different perceptions may be obtained when comparing these different systems. For example, an event that appears catastrophic over a 10-year time frame will be insignificant or invisible over a period of 106 years. One way to address the problem of time span is to consider the particular type of equilibrium being displayed by the system. For a system under the same conditions, the type of equilibrium will change with increasing time (i.e. progressing from instantaneous to geologic time) from static, to steady state or dynamic, to decay. Therefore, the progressive change of the decay equilibrium during cyclic/geological time will seem to be nothing more than a fluctuation about a mean state when viewed over a shorter period of time.

Space   

The two aspects of the space problem are scale and size. At small/coarse scale details are less clear, while at large/fine scales details are easily visible. The complexity of a subject thus increases as size and scale increase.

The problems of space and time cannot really be separated. As the size and age of a landform increases, fewer of its properties can be explained by current conditions and more must be inferred from the past. Thus micro features and events such as sediment transport and bedform formation are explainable entirely in terms of current conditions, while large features such as structurally controlled drainage networks or mountain ranges will be explained mainly by using historical information. Therefore, the larger an area and the greater its age, the less accurate will be predictions and postdictions based on the present conditions and features.

Location
The problem of location is one of extrapolating from one place to another and is composed of two facets: 

- Different places will differ in their details, even though they may be the same type of feature (this is essentially the same as the problem of the singularity of landforms)

- Workers in the same field but who train and practice in different geographical areas will have a different perspective on the same problem.

2) Problems of cause and process

Convergence
Convergence (or equifinality) occurs when different processes and causes result in similar effects. If this occurs, then the use of analogy to explain, predict and postdict is easily susceptible to error.

It has been argued that the concept of convergence / equifinality is invalid because the careful study of a situation may show that the similarity between landforms is more apparent than real. This criticism could be leveled at each of the ten problems but, until such a careful study is actually undertaken, the investigator should remain conscious of their existance.    

Divergence
Divergence occurs when similar causes and processes produce different effects. If this occurs, then argument by homology breaks down and extrapolation becomes difficult. 

An increase in energy due to an increase in discharge or to tectonic steepening of the valley floor causes a straight stream to become mildly sinuous, a mildly meander stream to become highly sinuous, and a braided stream to remain braided. 

All of the major erosional, transportational and depositional processes (aeolian, fluvial, glacial and marine) can produce very different effects depending on the conditions under which they operate. For example, fluvial processes produce a continuum of channel form from low to high sinuosity and from braided to anastomosing, depending on the different discharge and sediment conditions under which they operate. Therefore, Schumm considers the issue of divergence from the same process is less problematic than divergence from the same cause. It should be noted, however, that the four processes mentioned above are very general and encompass probably thousands of specific, individual processes. It thus remains to be seen whether divergence of form from each of these individual processes is still as easy to detect and to account for.

Efficiency
Efficiency is defined as the ratio of the work done to the energy expended. The problem is that when more than one variable is acting, or when a change in the independent variable has two different effects, the peak of efficiency will occur at some intermediate value of the independent variable. The classic example of this is Wolman and Miller's (1960) magnitude-frequency concept, in which the amount of work performed during an event is not directly proportional to the importance of that work in forming the landscape. Their example is sediment transport and the fact that although large floods move huge amounts of sediment, because they occur relatively infrequently, over a long period of time, the most sediment will be moved by the flows of intermediate magnitude. However, if the threshold of sediment motion is large because of the large size of the bed material load, then the larger floods may indeed be the most efficient.

Multiplicity
This refers to the fact that multiple processes act simultaneously and in combination to produce a phenomenon. This is the norm in most complex natural systems and so a multiple explanation approach should be applied to problems. Studies using a singular approach will only provide a partial explanation of the phenomenon under investigation and risk realizing the dangers of the ‘one ruling hypothesis’ approach. For example, river meandering is affected by the historical variables of palaeo discharges, palaeo sediment loads and neotectonics, which influence valley slope; the modern variables of hydraulics, sediment load and sediment transport; and the role of climate, geology, vegetation and human influence. It is necessary to understand all these factors to fully explain why rivers meander as they do.  

3) Problems of System Response

Singularity
Singularity, which has also been termed indeterminacy by Leopold and Langbein (1963), is defined as the randomness or unexplained variation (i.e. scatter) in a dataset that arises from not accounting for every single factor that affects a phenomenon. Its existence in earth science is related to the excessive time and cost that would be entailed in trying to collect all the data required to eliminate it. It is thus the reason why it is difficult to make even short-term deterministic predictions for individual [landforms or phenomena]. In contrast, it is easier to develop a stronger statistical relationship for a population based on a large sample because the effects of singularity are greatly diluted. There can be singularity in both location and time. It is the singularity of form and process through both space and time that makes extrapolation for individual features of the landscape, or for individual processes acting on the landscape, extremely difficult.

Sensitivity
A system's sensitivity describes its propensity to produce a significant response to an external change. This response will occur when a threshold has been crossed. If a system is near a threshold it is sensitive and will respond rapidly to a change, while if a system is a long way from a threshold it is insensitive and will respond much more slowly, if at all. It is because of sensitivity, i.e. the proximity to a threshold of change, that singular landforms in a landscape will respond differently to a change in a variable that is external to that landscape, such as precipitation. In this sense, then, the physical characteristics that make a particular landform sensitive or insensitive, will be the same as those that make the landform singular. 
Complexity

A complex system is one that when interfered with or modified in some fashion is unable to adjust in a progressive and systematic fashion. This behavior is termed complex response. This necessarily makes extrapolation difficult. A classic example is that of a rejuvinating stream.

Chapter 4 - Scientific approach and solutions

Schumm argues that because of the different scientific methods applied to different problems by different scientific disciplines, there is no one scientific method applicable to the whole of science. Rather, there is a scientific approach that consists of the following basic elements: 

1) A systematic and orderly approach, 

2) A lack of bias, 

3) Intellectual honesty, 

4) An approach grounded in physical and chemical laws in which hypotheses will be formulated and tested, 

5) The goal of this approach is to develop broad generalizations in order to classify and to express relationships as quantitative models. This involves the identification of cause and effect if the above is appropriate. It is argued that if this approach is followed, then even if mistakes are made along the way, the science will be self-correcting. 

Establishing cause and effect
Susser (1973) lists five criteria for identifying causal relations:

1) Time sequence - the cause must proceed the effect.

2) Consistency of associations - there must be a consistent, replicable, relationship between causal variable(s) and effect.

3) Strength of association - statistical analysis should yield high correlation coefficients.

4) Specificity of association - the use of the causal variable(s) must yield a strong predictive capability.

5) Coherent explanation - a rational explanation of the relationship must be provided that is firmly grounded in physical/chemical laws. 

The above is a rational approach towards solving a problem that, if followed, will result in understanding, rather than the simple reporting of a statistical relationship. Any of the 10 problems that are considered relevant must be dealt with before step 5 is complete and certainly before any attempt is made at extrapolation. 

Solutions
Schumm suggests grouping the 10 individual problems of Ch. 3 into three distinct groups. For each of these groups a general solution can then be developed. These three groups/solutions are as follows:

1) Assemble historical information and develop a history of past events that can help lead to prediction.

- This answers the question of 'What was it?'

2) Develop an understanding of the processes that operate and determine the applicable physical and chemical relationships.

        - This answers the question of 'What controls it?'

3) Compare the results in space and determine the different characteristics that exist at different locations.

        - This will answer the questions of 'How general is it?' and 'Where does it fit into the spectrum of this phenomenon?'

Each of these three general solutions can be used to address the individual problems as follows:

History - time, location, sensitivity, complexity.

Process - convergence, divergence, complexity, sensitivity, efficiency, multiplicity.

Comparison - space, location, singularity, sensitivity, complexity, multiplicity.                                         

History
Short-term prediction and postdiction can be attempted by collecting historical source information (e.g. maps, photos, records, etc.), while a longer historical record can be developed by using location for time substitution (LTS); for example, the CEM of Schumm et al (1984) or drainage basin evolution models.

Process
This essentially involves understanding the physical, chemical and, depending on the particular problem being investigated, any other sources of information that may be required, e.g. biological, human activity.

Comparison
The problems of comparison (Table 4.1) can be addressed by looking at the particular problem in the system context. For example, when trying to assess river bank stability, it is wise to search for similar site conditions within the same general area. This location for consition evaluation (LCE) is similar to the LTS and has been used to identify sensitive alluvial valley floors (Patton and Schumm, 1975; Begin and Schumm, 1979); a river's susceptibility to planform change (Schumm and Khan, 1971); and alluvial fan instability (Schumm and Hadley, 1957). 

Such an approach is advantageous because it forces the investigator to look at and to collect data from several different sites, and therefore to consider the 'big picture', which thus provides a basis for generalization. 
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