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GOOD MODELING PRACTICE CHECKLIST
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Performed?

	
	Yes
	No
	NA

	Step 1: Start a logbook (and continue using it)
	
	
	

	
	
	
	

	Step 2: Set up the modeling project:
	
	
	

	2.1 Describe the problem
	
	
	

	2.2 Define the objective
	
	
	

	2.3 Analyze the context and reach agreements on the justification:
	
	
	

	2.3.1 Context
	
	
	

	2.3.2 Justification / responsibilities
	
	
	

	2.4 Specify the requirements:
	
	
	

	2.4.1 Quality requirements
	
	
	

	2.4.2 Expertise requirements
	
	
	

	2.4.3 Estimated capacity/manpower requirement
	
	
	

	2.4.4 Communication and reporting
	
	
	

	2.4.5 Other requirements
	
	
	

	2.5 Draw up a working plan and a budget
	
	
	

	
	
	
	

	Step 3: Set up the model:
	
	
	

	3.1 Choose the beginning: data analysis, system definition or conceptual model
	
	
	

	3.2 Analyze the data
	
	
	

	3.2.1 Determine which data is needed to make and use the model
	
	
	

	3.2.2 Determine which data is needed to analyze the model
	
	
	

	3.2.3 The availability of data and meta-information
	
	
	

	3.3 Make a system definition
	
	
	

	3.4 Make a conceptual model (in words)
	
	
	

	3.4.1 Working towards a conceptual model
	
	
	

	3.4.2 Describe the structure
	
	
	

	3.4.3 Choose the type of model
	
	
	

	3.4.4 Define the relationships between variables
	
	
	

	3.4.5 Establish the assumptions
	
	
	

	3.4.6 Verify the conceptual model
	
	
	

	3.5 Choose from existing model programs
	
	
	

	3.6 Choose a discretization model in space and time
	
	
	

	3.7 Choose a numerical approach
	
	
	

	3.8 Implement the model
	
	
	

	3.9 Verify the model
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Performed?

	
	Yes
	No
	NA

	Step 4: Analyze the model:
	
	
	

	4.1 Make a planned approach for the analysis activities
	
	
	

	4.2 Make a general analysis of the model
	
	
	

	4.2.1 Carry out a run with standard input
	
	
	

	4.2.2 Carry out the global behavior test
	
	
	

	4.2.3 Check the mass balances
	
	
	

	4.2.4 Carry out a robustness test
	
	
	

	4.3 Carry out a sensitivity analysis
	
	
	

	4.4 Carry out (formal) identification (if possible)
	
	
	

	4.5 Calibrate the model:
	
	
	

	4.5.1 Introduction
	
	
	

	4.5.2 Choose the parameters to be optimized
	
	
	

	4.5.3 Calculate the optimal values
	
	
	

	4.5.4 Analyze the results of the optimization
	
	
	

	4.6 Carry out an uncertainty analysis
	
	
	

	4.7 Validate the model
	
	
	

	4.8 Determine the scope of the model
	
	
	

	
	
	
	

	Step 5: Use the model:
	
	
	

	5.1 Make a planned approach for the simulation runs
	
	
	

	5.2 Perform the eventual simulation runs
	
	
	

	5.3 Verify the results
	
	
	

	5.4 Is this all?
	
	
	

	
	
	
	

	Step 6: Interpret the results:
	
	
	

	6.1 Describe the results
	
	
	

	6.2 Discuss the result
	
	
	

	6.3 Describe the conclusions
	
	
	

	6.4 Check whether the objective has been achieved
	
	
	

	6.5 Summarize the results
	
	
	

	6.6 Analyze the consequences for the research question
	
	
	

	
	
	
	

	Step 7: Report and file:
7.1 Report in the language of the target group
	
	
	

	7.2 Make the model study reproducible (file)
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Step 1: Start a model journal


	This template has been filled in by:


	Date:

	The following procedure(s) is are used in order to record all steps of the modeling project

	

	This template?
	

	Your own model journal based on this template?
	

	Your own model journal of your own design?


	

	Any other procedure (which one?) 

	

	A quality system (which one?) 

	


	Step 2:  Set up the modeling project


	This template has been filled in by: 


	Date:

	2.1  Describe the problem

	Give a brief description, in words, of the problem (no details): 


	Underline the problem domain(s): (groundwater quantity models, ground water quality models, precipitation runoff models, water distribution models, hydrodynamic models, high water forecasting models, morphological models, surface water quality models, emission models, ecological models, economic models, other models 


	Fill in the following for the (physical) processes in this modeling project: 


	Relevant processes?                            
spatial scale?

	Characteristic time scale?
	Spatial scale?

	Is a model the only correct tool for solution of the problem?


	If not, what are the alternatives for a model based approach?


	What is the reason for application of the model (policy analytical, scientific, operational?


	2.2  Define the objective

	What are the domain and the problem area?


	What is the objective of a model in this project?


	Which questions need to be answered using the model?


	Give an indication of the scenarios which need to be calculated using the model.


	2.3 Analyze the context and reach agreements on the justification

	2.3.1 Context

	The larger context (project, study, routine activities, research programs, etc.) of the modeling project is:


	This modeling project must be carried out in combination with the following models (in a chain):


	Model
	Location

	
	

	
	

	
	

	2.3.2  Justification

	It has been agreed with the client to assess the following modeling project steps at the following:

	Decision moments 


	Modeling project step


	
	

	
	

	The following agreements have been made with the client on reporting and completion:


	2.4  Specify the requirements

	2.4.1  Quality requirements

	The analyzed (calibrated) model must describe a specific data set with a specific accuracy:   yes/no. 


	If yes: 


	which data set: 


	with what accuracy: 


	2.4.2  Expertise requirements

	The following persons and their expertise will be deployed in the modeling project.


	Name of person

	Expertise

	
	

	
	

	
	

	
	

	2.4.3  Estimated manpower capacity

	The following manpower is required for the modeling project:


	Discipline                                           
                               
	Time (days)
	To be spent on step

	
	
	

	
	
	

	
	
	

	2.4.4   Communication and reporting

	The following meetings, workshops etc. have been planned within the scope of the modeling project: 


	Activity       
	When?
	Persons involved       
	Subject

	
	
	
	

	
	
	
	

	
	
	
	

	Which reports must be made for the modeling project? 


	Type of report (progress, interim report, final)
                                             
	When?

	Intended for whom?

	
	
	

	
	
	

	
	
	

	2.4.5  Other requirements made of the modeling project

	From which other models does this modeling project use the results? 


	What requirements are made of the results of other models (format, proper balance, calibration.
discretization, meta-information.)?


	Who will supply the results of those other models, and when?


	Who will verify the results of those other models?


	Who will approve the results of those other models?


	How can the quality of the (field) data best be described?
very incomplete/reasonably complete/complete
poorly documented/reasonably well documented/well documented



	What else can be said about the quality of this data? 


	Must alternative models or other methods (discretization, integration algorithms) be used in this modeling project in order to create a framework for comparison?


	If the results are to be processed in a policy advice, who is to do so? 


	2.5  Draw up a working plan and a budget

	Make a working plan of the modeling project on the basis of the above, and a planning schedule for the steps yet to be carried out. Add a budget.



	Step 3:  Set up the model


	This template has been filled in by:


	Date:

	3.1  Choose the beginning

	The development of a model is an iterative process, whereby the following steps may be carried out one or more times.


	3.2   Analyze the data

	3.2.1  Basic data required for a run

	spatial data 
	

	time series 
	

	begin values 
	

	boundary conditions 
	

	parameters 
	

	scenario data 
	

	other data 
	

	3.2.2  Data required for analysis

	observations of the system(field measurements) 
	

	statistic distributions or ranges of non constant parameters 
	

	3.2.3 Availability of data

	Is data available? 
	

	Where is the data? 
	

	Is the data available in a digital version? 
	

	Briefly describe the values of the data.

 
	

	How to deal with outliers? 

	

	How to deal with missing values?

	

	Describe the quality of the data.


	

	Who is responsible for supply of the data? 

	


	3.3 System definition

	The system is that part of reality simulated in the model (see Part I).
	

	components of which the system is comprised 
	

	the relations between the components 
	

	the relations between the components and the environment (outside the system) 
	

	3.4  Conceptual model

	3.4.1 Describe the general conceptual model in words.


	3.4.2 Structure

	If the structure of the model is not completely defined by the choice of model, describe this structure using words or diagrams.


	3.4.3  Type of model

	domain of application
	

	dynamic/stationary
	

	number of spatial dimensions
	

	3.4.4 Relationships entirely defined by the choice of model, describe them below.


	3.4.5  Assumptions

	If implicit or explicit assumptions have been made (other than those in the model program in question and described in this template), describe them below.


	3.4.6  Verification of the conceptual model

	What action has been taken to determine that the conceptual model is consistent (no contrary issues) 
and in keeping with the solution to the problem?


	3.5 Which existing model program or model?


	Which existing model program or model has been chosen? 
	

	Why was that model program or model chosen? 
	


	Is there any better option on the basis of content, and what is that option? 

	

	Why has that better option not been chosen? 

	

	3.6 Discretization in space and time

	Describe the spatial schematization where has this been recorded (in detail)? 
	

	What choices have been made regarding the discretization in the time (related to numerical approach)?
	

	3.7 Further numerical approach

	Which solution method (algorithm) has been chosen for the spatial integration step? 

	

	Is there any choice and is the choice made the best one in terms of content? 
	

	If the choice is not the best one, why was it made? 
	

	Which solution method has been chosen for the integration in time? 
	

	Is there any choice and is the choice made the best one in terms of content? 
	

	If the choice is not the best one, why was it made?
	

	3.8 Implementation of the model

	How is the model implemented? 
	

	On which points does it deviate from the manual of the chosen model program? 

	

	3.9 Verification of the model

	Verification was carried out by: 

	Date:

	Internal check (included in the functionality of the model) 
	

	Manual check of I/O, other parts of the implementation 
	

	Manual or automatic check of dimension and units 
	

	Was a test run carried out using the sample supplied with the model program (or similar)? 
	

	Was the spatial schematization checked? 
	


	Step 4: Analyze the model


	This template has been filled in by:


	 Date:



	4.1 Which analysis activities?

	Indicate which analysis activities were planned or why they were not carried out: 


	Which
                                                                                    
	Yes/no
       
	Comments

	standard run
	
	

	global behavior test 
	
	

	mass balance check
	
	

	robustness test
	
	

	sensitivity analysis 
	
	

	(formal) identification 
	
	

	calibration
	
	

	uncertainty analysis 
	
	

	validation
	
	

	determination of scope
	
	

	4.2  Make a general analysis of the model

	4.2.1  Run with standard input

	Describe the input
	

	How did the run progress? 
	

	Are the results comprehensible? 
	

	Are the results keeping with the expectations? 
	


	4.2.2  Global behavior test

	Which characteristic changes have been tested in order to check the model behavior (effect of more 
load, more precipitation, more nutrients, no load, etc.): 


	Carry out these runs and describe the result of these tests. 


	4.2.3 Mass balances

	How were the mass balances checked? 


	how?
                                                                              
	yes/no
	result

	by the model 
	
	

	manually
	
	

	4.2.4  Robustness test

	Was a robustness test carried out? 
	

	Which extreme values of parameters and other input were used? 
	

	What were the results of this test? 
	

	4.3  Sensitivity analysis

	Was a sensitivity analysis carried out, and if so, how? 
	

	Did this analysis pay attention to interactions between all uncertain factors or not? 
	

	What measure was used for the sensitivity? 
	

	Sensitive factors (including parameters) are:
	

	Insensitive factors are:
	

	4.4  Formal identification


	Is there enough data (observations and measurements) for identification? 
	

	Was the identification successful? 
	

	Did calibration take place? 
	

	How was the choice made of factors to be calibrated?


	

	Which measure was used to determine the progress and the result of the calibration 
(objective function)? 

	

	Which method and/or package was used for calibration purposes? 

	

	Which criterion was used to stop calibration? 

	

	Describe the result of the calibration.


	

	Did it meet the criterion set beforehand? 

	

	Did residual error analysis take place?

	

	Are the residual errors systematic? 

	

	If calibration was not successful, to which previous step did the process return? 

	

	How much time (in man days) was spent on calibration? 

	

	4.6 Uncertainty analysis

	Was an estimate made of the uncertainty in the model results? 
	

	The uncertainty analysis was carried out on the basis of a covariance analysis.
	

	The uncertainty analysis was carried out differently, namely:
	

	4.7 Validation of the model

	Are the results of the calibrated model compared with field measurements other than the data used for calibration purposes? 
	

	What were the results? 
	

	4.8 Scope of the model

	Has the scope of the model been determined? 
	

	How was the scope determined? 
	

	What do you think to be the scope of the model? 
	

	Step 5: Use the model


	This template has been filled in by:


	Date:

	5.1  Describe the eventual simulation runs in terms of:

	The input used.
	

	The (calibrated) version of the model 
	

	The simulation period 
	

	The deviations from the standard run 
	

	The expectations regarding the results 
	

	5.2 Perform the eventual simulation runs

	Date:
	 

	Person:
	

	Computer 

	

	Department 

	

	Institute
	

	Where are the results stored? 
	

	5.3  Verify the results

	Which extremes and outliers were found in the model output? 
	

	Did the model output ranges meet the expectations? 
	

	Which unexpected results were found in the results'? 
	

	Are there indications of numerical errors (discretization in space and time) and if so, what are they?
	

	5.4 Is this all?


	Are there points on which the model does not meet the objective? 
	

	What quality requirements are not met? 
	

	Which of the necessary data is incorrect and was used wrongly? 
	

	In what sense is the system definition incorrect'? 
	

	In what sense is the conceptual model incorrect? 

	

	Which assumptions were made incorrectly or unjustly?
 
	

	Was the discretization in space and time chosen well?

	

	With retrospect, was the correct model or model program chosen?
 
	

	Is there a better model program or model?
 
	

	Why was the better alternative not chosen? 

	

	Was the choice of numerical approach a sound one? 

	

	Can the implementation of the model be improved? If so, how? 

	

	What was verified regarding the implementation? 

	

	On which points does it deviate from the manual of the model program? 
	

	Was dimension and unit analysis carried out? 

	

	Which model analyses were performed? 
	

	Are the mass balances correct?
	

	What are the sensitive parameters (and other factors)? 

	

	How and with what result was the model calibrated?

	 

	Is this adequate given the pre-set (quality) requirements? 

	

	Was an uncertainty analysis carried out and with what result? 

	

	Does the model cover the scope required by the problem? 

	

	Did the runs, intended to find answers to the questions posed, take account of any uncertainties in the results? 

	

	What else can be noted about the modeling project?
 
	


	Step 6: Interpret the results


	This template has been filled in by:


	Date:



	6.1 Describe the results

	Where can a description of the results be found? 
	

	Where are the simulation results stored and in what form? 
	

	6.2 Discuss the results

	In comparison with other studies 
	

	Unexpected results are:
	 

	Can the unexpected results be explained? 
	

	The model project is incomplete in the following points
	 

	Other points of criticism with regard to the modeling project
	

	6.3 Describe the conclusions

	Summarized, the conclusions are as follows:


	

	6.4 Has the objective been met?

	Which points of the objective have been met? 
	

	Which points of the objective have not been met? 
	

	6.5 Summarize the results

	The executive summary of the modeling project is as follows:


	

	6.6 Analyze the consequences for the research question

	Who has reacted to the modeling project and how (positive, cautious, negative)? 
	

	What were the most important reactions? 
	

	Which gaps in the domain knowledge are detected by the modeling project and which new research questions are generated? 

	

	Was the number of observations and measurements sufficient for the modeling project?
	

	In a subsequent modeling project, the following issues would have to be paid further attention: 

	

	What suggestions can you give for subsequent studies or other (similar) modeling projects?

	

	To what extent is the client satisfied? 

	

	Step 7: Report and File the modeling project



	This template has been filled in by:


	Date:



	7.1 Reporting

	The report makes use of this template                                           
	fully/partly/not at all


	A report on the modeling project can be found
 
	

	Will there be any further scientific reporting on the modeling project?  If so, in which journal? 

	

	7.2 Other documentation

	A full description of the model used can be found 

	

	Which other internal memos (etc.) are there? 

	

	Where are the modeling project records stored?

	 


