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Three kinds of variabilityThree kinds of variability

• Planned, systematic variability (that we 
want)

• Random variability (that we have to live 
with)

• Unplanned, systematic variability (that 
destroys the validity of our conclusions)



Planning ExperimentsPlanning Experiments
1. Overall research plan
2. Statement of problem/objective

– What is the experiment intended to do?
– Sound questions go along way toward solution.

3. Limitations (costs, resources):
– Do not spend more than 30 % of your budget on the first set of 

experiments!
4. Choose measurements to make response

– Are variables measurable?
– What sort of response is expected?
– How accurately can response be measured?
– Reliability (repeatability)
– Validity (relevance of data/response to the purpose of the 

study)



Planning an Experiment (cont’d)Planning an Experiment (cont’d)
5. Choose conditions to study 

– What inputs may affect response?
– What inputs are of interest?
– Are factors to be held constant?
– Varied at specific levels?

6. Choose experimental plan
– How large a difference in the response is important?
– How much variation is present?
– What costs and resources are available?
– What is the timing of the experiment?
– Randomization



Planning an Experiment (cont’d)Planning an Experiment (cont’d)
7. Perform the experiment

– Make sure the design can be implemented.
– Is a trail run necessary?
– Record deviations from planned experiment.

8. Analyze the data
– Do the model assumptions hold?
– On the basis of the model decide the number of replications.

9. Draw conclusions and make recommendations.
– Conclusions should refer back to the stated objectives of the 

experiment.
– Confirmation or follow-up experiment
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PrioritiesPriorities
• Specific questions 

– Priorities of the different questions/goals
– Identification of influential factors
– Characteristics to be measured
– Experimental procedures (data collection, simulation)
– Controls to be used

• Practical issues
– Types of data/models
– Replication
– Resources 



Random Spatial PatternsRandom Spatial Patterns

Example 1Example 1



Random Spatial PatternsRandom Spatial Patterns



Random Spatial PatternsRandom Spatial Patterns

Independent placement of 400 points in a square 
320 by 320 region.

The Figure shows the result for a 160 by 160 
quadrant of this regions.

Model the number of points in each 40 by 40 
square.



Approximation by a Poisson Approximation by a Poisson 
distribution modeldistribution model

.01.03.05.07.11.14.16.15.12.08.04.010P

.0600.06.19.13.06.25.1900.060freq

1001321430010obs

1211109876543210x

Observations:     mean = 6.125, standard deviation = 2.58

Poisson model:   mean = 6.25,   standard deviation = 2.50



ForecastingForecasting

Example 2Example 2
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Series 1, prediction serror= 0.07975
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Forecasts of the  US quarterly unemployment rate from 1998 to 2002 for men.



Series 2, prediction serror= 0.05875
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Forecasts of the  US quarterly unemployment rate from 1998 to 2002 for women.



Risk Assessment ModelsRisk Assessment Models

Example 3Example 3
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The Value of SimulationsThe Value of Simulations

Example 4Example 4
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Inputs Inputs -- OutputsOutputs

• Sensitivity analysis: what is the rate of 
change in the output when a single input is 
varied by a small amount while other 
inputs are held constant

• Scenario analysis: many inputs are varied 
at the same time

• Monte Carlo simulations: randomly choose 
an input -> probability distribution for the 
output



Scenarios and ImpactsScenarios and Impacts

Structure of the “impact space”?

• Which scenarios lead to similar outputs?
• How “close” are these outputs?
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R. Katz’ RecommendationsR. Katz’ Recommendations

• Assess uncertainty in individual model 
components separately 

• Systematic treatment of uncertainty for less 
complex models (propagation of uncertainty)

• Statistical theory
– Statistical downscaling
– Extreme events
– Bayesian approach (incorporate subjective 

knowledge)



Rubin’s CommandmentsRubin’s Commandments

1. You have to make assumptions.
2. You have to know your assumptions.
3. You should not believe your 

assumptions.
4. You have to know the consequences of 

your assumptions.
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