Conceptual versus mathematical models

Statistical versus mechanistic models

Statistical models are best used when we only want to know what the answer is.  Mechanistic models are used when we want to know why the answer is.

Stochastic (probabilistic) versus deterministic models

Deterministic models are incomplete, as can be seen from the scatter that results when one biological variable is plotted against something else.  The mechanism behind scatter is frequently the effect of a large number of factors that influence the result, but are not modeled explicitly. 

Think, for instance, about modeling the outcome of throwing a dice. A complex deterministic model can (in principle) predict the outcome, when the forces, the trajectory in the air, the tumbling and bouncing, and the many imperfection's of dice and table, are modeled in great detail.  A very simple stochastic model (with the six possible outcomes having equal probability) usually works better because most parameters of the deterministic model are not known, and the process of throwing cannot be controlled in sufficient detail.
Steady-state versus dynamic models

Filling a leaky bucket


M=volume of bucket


F1=flow in, F2=flow out, T=time

Steady state solution:


dM/dt = F1 – F2 = 0

Dynamical solution


dM/dt = F1 – F2  But how does M change with time t?


Integration of dM/dt=F1-F2 with respect to t gives:



M(t)=(F1-F2)t + C



What is C?




When t=0, M(t=0)=C




Thus, C is the initial volume of the bucket

Analytical versus numerical models

Phytoplankton (P) growth is good example of a quantity that can be solved analytically


dP/dt = µP


Its integral is:



P(t) = exp(µt)

Gives exact answer every time

But what happens when we use a more realistic dP/dt = µP – gPZ – w(dP/dz) + K(d2P/dz2)

Can’t be solved analytically, need to use finite difference approach
Lumped versus distributed parameters

If the model is homogeneous (consistent state throughout the entire system, e.g. mixed layer) the parameters are lumped.  If the model is heterogeneous (varying state within the system, e.g. entire water column), then the parameters are distributed.

Lagrangian versus Eulerian reference frames

The Lagrangian reference frame is a way of looking at fluid motion where the observer follows individual fluid particles as they move through space and time. This can be visualized by sitting in a boat and drifting down a river.

The Eulerian reference frame is a way of looking at fluid motion that focuses on specific locations in the space through which the fluid flows.  This can be visualized by sitting on the bank of a river and watching the water pass the fixed location.

Discretization and Dimensions

Although the world is continuous, all modeled entities must be broken down into discrete units.

1D – time only, not spatially explicit (e.g. mixed layer models)


Sometimes used to describe vertically resolved models (time dimension ignored)

2D and 3D – Can be different combinations of space and time

4D – Refers to 3D in space and 1D in time

White-box versus black-box models

A black-box model is a system of which there is no a priori information available. A white-box model (also called glass box or clear box) is a system where all necessary information is available. All systems are somewhere between the black-box and white-box models.
Steps in modeling

a) Conceptualization. Observations are related to relevant physical principles. (For example, I release an apple and it falls. This must have something to do with gravity and not with its color!)
b) Formulation. This step consists of the more detailed formulation of the physical ideas, perhaps in a mathematical form. (For example, in the example above, state Newton's Law F = ma and quantify other factors that may be thought to be relevant, such as air drag, etc.)
c) Numerical implementation. During this stage, the mathematical or other model described above is prepared for solution—most probably by a digital computer. A solution algorithm is developed that is suitable for implementation by the computer. This process can be a simple one (as for the apple example) or very complex (as with most problems in electromagnetics).
d) Computation. This stage involves the coding of the solution algorithm using one of the computer languages and the development of preprocessing and postprocessing facilities. Large programs may involve extensive number crunching and press computing facilities to their limit. Issues of computational efficiency must be considered carefully at this stage.
e) Validation. Modeling complex problems involves a number of simplifications and approximations. At any stage during the process, unacceptable errors may be introduced. It is not uncommon for users of powerful models and computers to regard their output results as beyond reproach. It is, however, essential that results be checked for physical reasonableness. 
