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Modelling Aircraft Engine 
•  Multilevel modelling 

Schematic diagram of multilevel modelling here 
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Modelling Ice-shelf Calving Dynamics 
•  Dynamical systems modelling 



UKPRP | Prevention Research Partnership 

Systems Modelling in Life Science 
•  Network modelling 
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Modelling Conflict Dynamics 
•  Spatiotemporal modelling 
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Systems Modelling in Public Health 
Logical Map of Factors and Relationships 
•  Mul$level	modelling	–	granularity	effects	
•  Network	modelling	–	connec$vity	effects	
•  Dynamic	modelling	–	temporal	effects	
•  Mixture	modelling	–	subpopula$on	effects	
•  Spa$otemporal	modelling	–	geographical	

effects	

Integrated assessment of cycling policies using SDM
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simulated gradually across the region during 
the simulation period, according to S-shaped 
implementation curves, beginning in 2012. 
The Regional Cycle Network (Auckland 
Regional Council 2010) is expected to be 
“complete” by 2040. Further scenarios were 
modeled to be complete by 2050.

We reported scenario simulations as 
dynamic outcome curves that demonstrate 
the comparative direction, shape, and rela-
tive order of magnitude change in outcomes 
over time, in keeping with the reflective pur-
pose of SDM. To make the findings policy 
relevant, we used the national transport agen-
cy’s methods (NZ Transport Agency 2010) 
to calculate indicative benefit–cost ratios in 
New Zealand dollars ($NZ) for each scenario 
compared with baseline (summed net benefits 
divided by infrastructure costs). Infrastructure 
costs were not inflated, and, in contrast to 
the transport agency’s methods, neither did 
we discount future benefits and harms. We 
used the national transport agency’s estimates 
(NZ Transport Agency 2010) to monetize 
bicycling fatal ($NZ3.1 million) and seri-
ous ($NZ0.325 million) injuries and the cost 
of greenhouse gas emissions ($NZ40/metric 
ton). We used the estimate for bicycling fatal 
injury to value mortality savings from reduc-
ing physical inactivity because these have not 
previously been monetized. We used the costs 
developed in Auckland regional air pollution 
modeling to monetize air pollution morbid-
ity and mortality costs: premature mortal-
ity ($NZ0.75 million), cardiovascular and 
respiratory hospitalization (weighted aver-
age $NZ0.003 million), chronic obstructive 
pulmonary disease (COPD) hospitalization 
($NZ0.075 million), cancer ($NZ0.75 mil-
lion), and restricted activity days ($NZ98 per 
day) (Kuschel and Mahon 2010).

Establishing the validity of a system 
dynamics model involves a continuous 
process of building confidence in its util-
ity as well as in its structural validity (Barlas 
1996; Ford 2010; Forrester and Senge 1980; 
Schwaninger and Grösser 2008; Sterman 
2000; van den Belt 2004; Vennix 1996). The 
first dimension included ensuring that the par-
ticipatory process included appropriate stake-
holders; that it balanced comprehensiveness 
(enough detail) with comprehensibility (ability 
to be understood); that it identified policy 
insights related back to the feedback struc-
ture; and that it influenced policy direction 
in the long term (Schwaninger and Grösser 
2008). The second dimension included for-
mal validity tests that were undertaken to 
assess the structural validity of the model (see 
Supplemental Material, Table S2). Sensitivity 
testing of both structural and parametric 
uncertainty was undertaken, including testing 
of opposing feedback theories about the effect 
of cyclist numbers on bicycling injuries against 

available data. In keeping with the reflective 
purpose of the model, and acknowledging 
that there would be significant uncertainty 
in the data, sensitivity analysis was based on 
a hierarchy of uncertainty effects: changes in 
parametric assumptions that altered the shape 
of behavior curves over time (e.g., changing 
growth into decline) were considered the 
most important to identify; variations that 
changed the order of magnitude of out-
comes, but not the shape of behavior, were 
of secondary importance; and least significant 
were assumptions that altered the outcomes 
within an order of magnitude (Barlas 1996; 
Schwaninger and Grösser 2008). We tested 
the sensitivity of policy simulations using 
best- and worst-case assumptions, as well as a 
Monte Carlo approach to randomly sample 
from distributions of the most uncertain vari-
ables (see Supplemental Material, Table S3).

The study had ethics approval from the 
University of Auckland Human Participants 
Ethics Committee, and all participants gave 
informed consent before taking part.

Results
Causal loop diagram. The causal loop dia-
gram was designed to provide a system expla-
nation for the current trend in commuter 
cycling in Auckland (low-level oscillation 
about an equilibrium level of ~ 1% mode 
share), as well as assist with identifying policy 
levers to turn this trend into sustained growth 

in the future. The causal loop diagram for 
cycle commuting, emerging from the inter-
views and workshops, and triangulated with 
the literature, is shown in Figure 1 and con-
sists of two balancing (B) and three rein-
forcing (R) feedbacks. It incorporates both 
structural and behavioral determinants of 
commuter cycling (Gatersleben and Appleton 
2007). The first (B1) describes what is con-
sidered to be the dominant feedback loop 
acting in Auckland. With very little change 
in bicycling infrastructure, more people 
bicycling to work results in more bicycling 
crashes. These deaths and injuries appear 
to be the strongest psychological barrier to 
bicycling in high-income, car-dominant cities 
such as Auckland (Pooley et al. 2010; Winters 
et al. 2010), influencing perceived risk of 
injury (Kingham et al. 2011) and reducing 
bicycling. A reinforcing feedback loop (R1) 
describes the political influence that more 
cyclists can have on policy—increasing invest-
ment in safer bicycling facilities and encour-
aging bicycling. A further reinforcing loop 
(R2) indicates that more cycling to work can 
influence the behavior of other road users 
toward cycling, especially by demonstrating 
that cycling is possible across social groups 
without expensive equipment or extra train-
ing (Pucher and Buehler 2008).

Further feedbacks are possible at higher 
bicycling levels, but these were found to be 
currently very weak or inactive in Auckland 

Figure 1. Causal loop diagram for bicycle commuting developed from stakeholder interviews and work-
shops, literature review, and data incorporation. Dotted lines denote loops identified by stakeholders and 
the literature, but where local data suggests they are currently inactive. Arrows with a positive sign (+) 
indicate that a change in the originating variable leads to a corresponding change in the variable at the 
arrowhead. Arrows with negative signs (–) indicate that a change in the originating variable leads to a 
change in the opposite direction for the arrowhead variable (R, reinforcing or positive feedback loop; B, 
balancing or negative feedback loop).
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