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MODELING COMPLEX SYSTEMS

OBJECTIVES
1. To learn how to approach and treat complexity.
2. To learn to critically evaluate models and model

output.
3. To examine application of HYDRAQL to

complex systems.



MODELING COMPLEX SYSTEMS

1. Approach
2. Validation and verification.
3. Sensitivity analysis.
4. Interpretation.
5. Reporting.



Approach
PUTTING A PLAN TOGETHER

• Get a feel for the accuracy and precision of the observed/measured data.
– Can you critically assess the analytical methodology used to obtain the data set?
– Do you have total elemental or speciated analyses?

– Are you familiar with the conditions during sampling?
– Could the sample have changed character between sampling and analysis?
– Is data averaged to reflect multiple sample sets?

• Pull together information/data from secondary sources that may help.
– Look for documentation of other relevant data.
– For example, a lab notebook might contain data that was not included in a

report/publication.
– For example, sub-surface properties may be obtained from previous studies.

• Select the model best for your application.
– Technical merit might not be the primary criteria.
– Selection might be affected by resource limitations.

• Establish how you are going to decide "goodness of fit."

• Do some trial runs and establish how you will sequence subsequent runs and
manage data.



Validation and Verification
THE IDEALITY TEST DRIVE

CALIBRATION

The establishment of suitable values for model parameters and coefficients from well-
characterized input and output information. The observed data set serves as the primary

reference point. Calibration typically demonstrates that the solution is correctly implemented.

VERIFICATION

The demonstration that the calibrated model can produce estimates for a second set of equally
well-characterized input and output information, using the same suite of parameters and
coefficients. Typically, boundary conditions and coefficient values are unchanged, but the

observable/measurable input/output values differ appreciably.

VALIDATION

The demonstration that the model generally works for systems with similar but not necessarily
identical conditions. Boundary conditions and coefficient values may differ, as well as the time

course. In sum, the model should work acceptably well for these similar systems.



Validation and Verification
THE REALITY TEST DRIVE

PHILOSPHICAL CHECK

There are arguments that, particularly when models are based on complex systems,
verification and validation are questionable operations. See Oreskes et al., (1994) and Zhu and

Anderson (2002) for their views.

REALITY CHECK

Where observed/measured values are from "black-box" environmental systems, it would be
impossible to argue that the model is perfect and risk-free. Where environmental systems can

be viewed as "white-box", the issue is diminished.

PRACTICALITY CHECK

What practical purpose does the model serve? Was the approach based on (a) prediction, (b)
simulation, (c) estimation, (d) elucidation, or (e) ideality? Does the model produce usable

information (consider the standpoints of the builder and the user)?



Sensitivity Analysis
PRE-FLIGHT CHECK

• A sensitivity analysis is the process of varying model input parameters
over a reasonable range (range of uncertainty in values of model
parameters) and observing the relative change in model response.
• The purpose of the sensitivity analysis is to demonstrate the
sensitivity of the model simulations to uncertainty in values of model
input data.
• The sensitivity of one model parameter relative to other parameters
is also demonstrated.
• Sensitivity analyses are also beneficial in determining the direction of
future data collection activities. Data for which the model is relatively
sensitive would require future characterization, as opposed to data for
which the model is relatively insensitive. Model-insensitive data would
not require further field characterization.  If data are determined to be
insensitive to variations in model input parameters, the modeler should
assess the possible reasons for this insensitivity.

State of Michigan
Department of Environmental Quality
http://www.michigan.gov/deq/0,1607,7-135-3313_21698-55865--,00.html



Interpretation
HOW DO YOU MAKE SENSE OF IT ALL?

REVIEW OF LIMITATIONS & CONSTRAINTS

Check that your application of the model was correct and thorough. Look for incorrect
assumptions or data entry mistakes, To what extent did the model allow you to describe and

consider boundary conditions and constraints?

DEALING WITH UNCERTAINTY

Aspects of uncertainty in modeling is discussed by Bethke (1996). A source of error evaluation
is warranted and a discussion of any issues is critical to reporting.

CLOSURE AND SPECULATION

Given the uncertainties from the modeling, one can proceed by methodically bringing closure
to the issues by "scrubbing" the information. Distinguish showstopper issues from issues which
can be argued to have little or no effect on the conclusions. Speculation is common, but should

be clearly couched as such and well-supported.



Interpretation
BETHKE'S DISCUSSION OF UNCERTAINTY

• Is the chemical analysis used sufficiently
accurate to support the modeling study?

• Does the thermodynamic dataset contain
the species and minerals likely to be
important in the study?

• Are the equilibrium constants for the
important reactions in the thermodynamic
dataset adequately accurate?

• Can the species' activity coefficients be
calculated accurately?

• Do the kinetic rate constants and rate laws
apply well to the system being studied?

• Is the assumed nature of equilibrium
appropriate?

• Most importantly, has the modeler
conceptualized the reaction process
correctly?

ZHU & ANDERSON'S VERSION

• Is the chemical analysis used sufficiently
accurate to support the modeling study?

• Does the thermodynamic database in the
program contain the aqueous species,
surface complexes, and minerals likely to
be important in the solution?

• Are the equilibrium constants for the
important reactions in the thermodynamic
database sufficiently accurate to warrant
the conclusions?

• Is the ionic strength small enough so that
the activity coefficient model in the
modeling code is applicable?

In general, check that the model did not venture further than the intended scope. Charge
balance, mass balance and activity coefficient model limits are typically necessary.



Reporting
COMMUNICATING YOUR FINDINGS

• Reproducibility

• Clarity
• Traceability

• Critical self-assessment

• Statement of all assumptions and constraints

• Further studies



Case Studies
• Hydrosalinity model

– Modeling Transient Root Zone Salinity
– Conceptual Irrigation Return Flow Hydrosalinity Model

– Code and Calibration/Verification Data

• Nonreversible Adsorption of Divalent Metal Ions (MnII, CoII,
NiII, CuII, and PbII) onto Goethite: Effects of Acidification, FeII

Addition, and Picolinic Acid Addition
– Interpreting and refining model data using the minimization

of the sum of the square of the residuals

• Surface and Solution Speciation of AgI in a Heterogeneous
Ferrihydrite-Solution System with Thiosulfate
– Example of interpretation and reporting

– Lab exercise to reproduce model data


