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Abstract. The scientific model development process is often documented in
an ad-hoc unstructured manner leading to difficulty in attributing provenance
to data products. This can cause issues when the data owner or other interested
stakeholder seeks to interpret the data at a later date. In this paper we discuss
the design, development and evaluation of a Semantically-enhanced Electronic
Lab-Notebook to facilitate the capture of provenance for the model
development process, within the atmospheric chemistry community. We then
proceed to consider the value of semantically enhanced provenance within the
wider community processes, Semantically-enhanced Model-Experiment
Evaluation Processes (SeMEEPs), that leverage data generated by experiments
and computational models to conduct evaluations.
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1 Introduction

Progress in a wide range of scientific domains depends on complementary
experimental and theoretical developments. Such scientific progress can be
considered as the output of the Model-Experiment Evaluation Processes (MEEPs):
The generic processes, within scientific communities, that leverage experimental and
model output data to derive scientific insight. Example processes include: evaluating
model data against experimental data and/or against alternative model data; and
surveying models and data, across a community, to develop a benchmark model or
model component. The efficiency and effectiveness of the MEEPs relies not only on
the availability of data, experimental and computational model output, but also the
availability and quality of data provenance. The demands of current applications
(such as climate modeling, global warming, and energy demand) force the pace and
drive the need for much closer integration between experimentalists and modellers.
This integration over a global scale can only be facilitated in an economically
feasible manner by the use of e-Science technologies.

This paper proposes new Semantically-enhanced Model-Experiment-Evaluation
Processes (SeMEEPs) where semantic data and process provenance is captured or
leveraged by the MEEPs. In this paper we focus on one Semantically-enhanced
Model-Experiment-Evaluation Process, the individual scientist who wants to
evaluate a computational model against experimental results from the literature, and
capture the provenance for this process. We propose that by capturing this
provenance with a Electronic Laboratory Notebook (ELN), as opposed to a
traditional lab-book, the provenance captured will be more complete and of a higher
quality. A semantic data-driven workflow [1] is used by the ELN to capture
provenance, with data and models treated as first class objects throughout the





provenance for this modelling process is recorded in an ad-hoc, unstructured fashion
using a combination the traditional lab-book, word processor documents and
spreadsheets. This approach to provenance capture leads to many issues such as
archived data being rendered meaningless due to incomplete provenance and
difficulty interpreting the work of other scientists as provenance remains a local and
personal artefact.
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Fig. 1. Model-measurement comparison for Methyl Glyoxal.

3 The Modelling Process

We have taken the development of a model, to compare with experimental data, as
the first of the Model-Experiment Evaluation Process to semantically enhance. This
section describes a generic scientific model development process (see Figure 2) that
we use to structure the SMD captured by the ELN. Our approach extends the work of
Coles et al. for the capture of SMD for in-vitro chemistry experiments [3].

Our 3-layer mapping presents a hierarchical decomposition of the modelling
process, each layer is considered from the abstract to the concrete below:

Experimental Layer: At the highest level model development is viewed as an in-
silico experiment. In the top layer of the 3-layer mapping, see Figure 2, the
experiment can be seen to take a high level modelling plan as an input and produce a
conclusion as an output.

Modelling Iteration Layer: At a less abstract level model development is viewed
as a network of modelling iterations. An iteration of the modelling process can be
considered to take a plan, such as test the effect of setting model parameter x = 100
(the value proposed by the latest paper on x); produce a conclusion, such as changing
x had no significant effect on model output; and produce a plan, such as proceed to
test the impact of updating parameter y to the latest literature value. So it can be seen
that the output of an iteration, the conclusion/plan, is able to form the input to
another iteration, as the plan. Figure 2 shows a linear series of three such modelling
iterations linked by shared conclusions/plans.


