
CECAN Webinar:

How can System Dynamics support policy evaluation?

Wednesday 9 th September 2020, 13:00 - 14:00 BST

Presenter: Jonathan Nichols , Environmental Consultant; Chair: Ben Shaw, Deputy Director (CECAN)

Welcome to our CECAN Webinar.

All participants are muted. Only the Presenters and CECAN Chair can speak. The webinar will start at 

13:00 BST. 

Jonathan will speak for around 45 minutes and will answer questions at the end. 

Please submit your questions at any point during the webinar via the question box in the Zoom 

webinar control panel.  

Todayõs webinar will be recorded and made available on the CECAN website.

E Mail: cecan@surrey.ac.uk Web: www.cecan.ac.uk

www.facebook.com/CECANEXUS Twitter: @cecanexus

https://www.cecan.ac.uk/about-us/cecan-fellows/cecan-fellow-jonathan-nichols
https://www.cecan.ac.uk/about-us/cecan-team/ben-shaw
mailto:cecan@surrey.ac.uk
http://www.cecan.ac.uk/
http://www.facebook.com/CECANEXUS


How can System Dynamics 
support policy evaluation?

Jonathan Nichols | CECAN Fellow



Key questions

1. What is System Dynamics?

2. How can System Dynamics help tackle some of the challenges of 
policy evaluation in complex systems?

3. ²Ƙŀǘ ƛƴǎƛƎƘǘǎ Ƙŀǎ /9/!bΩǎ ǊŜǎŜŀǊŎƘ ǳǎƛƴƎ {ȅǎǘŜƳ 5ȅƴŀƳƛŎǎ 
generated so far?



1. What is System Dynamics?



System Dynamics

! ƳŜǘƘƻŘ Χ

Χ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ƳƻŘŜƭǎ όŘƛŀƎǊŀƳǎ ŀƴŘ 
ŎƻƳǇǳǘŜǊ ǎƛƳǳƭŀǘƛƻƴ ƳƻŘŜƭǎύ Χ

Χ ǘƻ ƘŜƭǇ ǳǎ ƭŜŀǊƴ ŀōƻǳǘ ŘȅƴŀƳƛŎ ŎƻƳǇƭŜȄƛǘȅ ŀƴŘ 
ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǎƻǳǊŎŜǎ ƻŦ ǇƻƭƛŎȅ ǊŜǎƛǎǘŀƴŎŜ Χ

Χ ŀƴŘ ŘŜǎƛƎƴ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜ ǇƻƭƛŎƛŜǎΦ

(Sterman, 2000)



Origins

ÅGrounding: nonlinear dynamics and feedback control systems 
theory developed in mathematics, physics, and engineering

ÅDraws on: social science, economics, cognitive and social 
psychology

ÅDeveloped: мфрлΩǎ ŀƴŘ Industrial Dynamicsto help corporate 
managers improve understanding of industrial processes

ÅEarly applications: άƴŜȄǳǎέ ǇǊƻōƭŜƳǎ ƛƴ ǘƘŜ мфслΩǎ ŀƴŘ мфтлΩǎ 
with Urban Dynamicsand The Limits to Growth



Thinking in Systems

ÅDynamic perspective: problems are 

manifest as patterns over time

ÅModelling: understand the structure 

underlying problematic behaviours

ÅProcess: refine our mental models to 

develop new policies



Why model ...?

άaƛŎǊƻǿƻǊƭŘέά.ƻǳƴŘŀǊȅ ƻōƧŜŎǘέ

(Zagonel, 2002)



Why model ... with System Dynamics?

¢ƘŜ ŦƻǳƴŘŀǘƛƻƴ ƻŦ ǎȅǎǘŜƳǎ ǘƘƛƴƪƛƴƎ ŀƴŘ ǎȅǎǘŜƳ ŘȅƴŀƳƛŎǎ ώΧϐ 
ƛǎ ƻŦǘŜƴ ƛƳǇƭƛŎƛǘ ƻǊ ŜǾŜƴ ƛƎƴƻǊŜŘΥ ƛǘ ƛǎ ǘƘŜ άŜƴŘƻƎŜƴƻǳǎ Ǉƻƛƴǘ 
of viewέ

A B

Risk:policy resistance

Opportunity: leverage

(Richardson, 2011)



System Dynamics modelling

1. Uncover endogenous sources 

of problematic behaviour

2. Identify leverage points for 

policy intervention

3. Design policies and test their 

effectiveness

ÅBuild and test dynamic 

hypotheses (structures)

ÅAnalyse how feedback loops 

interact over time (simulation)

ÅBuild in policy structures and 

run virtual experiments



Modelling tool 1

Causal loop diagrams (CLDs) What:
ÅQualitative model showing causal 

connections between variables
ÅDepicts the influence of variables 

on each other (+/-)
ÅHighlights feedback loops (R/B)Eggs Chickens Road

crossings

+
+

-
+

R B

(Sterman, 2000)

Good for:
ÅCommunicating essence of a 

dynamic hypothesis
ÅEliciting and communicating mental 

models of individuals or teams



(Sahinet al., 2020)



Modelling tool 2

Stock and flow diagrams (SFDs) 
+ simulation software

What:
ÅQuantitative model where 

relationships between variables are 
represented mathematically
ÅDistinguishes stock, flow, intermediary 

and exogenous variables



Modelling tool 2

Stock and flow diagrams (SFDs) 
+ simulation software

Good for:
ÅRunning virtual experiments for 

different scenarios into the past 
and/or future
ÅUnderstanding the policy implications 

of accumulation, delays and shifts in 
feedback loop dominance over time
ÅIdentifying leverage points in a system 

to designing and test policy structures
ÅGenerating outputs which can 

contribute to wider policy appraisal 
processes e.g. calculating NPVs/BCRs



Modelling tool 2



Modelling tool 2



More than modelling

VParticipation: rich participatory modelling and 
facilitation practicesto incorporate stakeholder 
expertise and promote model ownership

VCommunity: active international community of 
practitioners and researchers, System Dynamics 
Society and conference

VCase history: mature and constantly expanding 
casebook of applications in both corporate 
strategy and public policy



Policy contributions

ÅLimits to Growth: infinite growth on a finite planet?

ÅMunro Review: child protection system in England

ÅCOVID-19 response: Kent and Medway health system

(Meadows et al., 1972)

(Lane et al., 2016)

(Whole Systems Partnership, 2020)



Key message 1

System Dynamics is a mature, 
model-based policy design and 
evaluation method



2. How can System Dynamics help tackle 
some of the challenges of policy 
evaluation in complex systems?



Policy evaluation

ÅCounterintuitive behaviour of social systems:
Åmore roads, more traffic, need more roads

Åmore technology, less leisure

Åmore pesticide, more pesticide needed

Åmore antibiotics, more virulent pathogens

ÅPolicy Evaluation: understand what works, 
why (or why not) and for whom(HMT, 2020a)



Complex systems

ÅtǊƻǇŜǊǘƛŜǎ ƳŀƪŜ ǘƘŜƳ ŜǎǇŜŎƛŀƭƭȅ ŎƻǳƴǘŜǊƛƴǘǳƛǘƛǾŜ Χ
ÅChange over time (dynamic complexity)

ÅFeedback

ÅEmergence

ÅNon-linearity

ÅLevers and hubs

ÅPath dependency

ÅDomains of stability and tipping points

ÅMultiple perspectives

ÅDifficult to communicate

ÅΧ ŀƴŘ ƛƴǘŜƴǎƛŦȅ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ŜǾŀƭǳŀǘƛƻƴ
(HMT, 2020b)

See Magenta 
Book 2020 
Supp Guide



Handling complexity

Participatory 
modelling/GMB
and visual tools, 
interfaces

SD modelling 
language and 
analysis

Å{ȅǎǘŜƳ 5ȅƴŀƳƛŎǎ Ƙŀǎ ŦŜŀǘǳǊŜǎ ǘƘŀǘ Ŏŀƴ ƘŀƴŘƭŜ Χ
ÅChange over time (dynamic complexity)

ÅFeedback

ÅEmergence

ÅNon-linearity

ÅLevers and hubs

ÅPath dependency

ÅDomains of stability and tipping points

ÅMultiple perspectives

ÅDifficult to communicate

ÅΧ ŀƴŘ Ŏŀƴ ƘŜƭǇ ǘŀŎƪƭŜ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ŜǾŀƭǳŀǘƛƻƴ



Key message 2

System Dynamics can support policy evaluation by:

a) enabling users to understand how the properties of 

complex systems promote or hinder policy success

Enable 
learning to 
improve 
policy making



The Policy Cycle

Åά!ǇǇǊŀƛǎŀƭ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴ 
are essential activities at 
all stages of the policy 
ŘŜǾŜƭƻǇƳŜƴǘ ŎȅŎƭŜέ

Åά9Ǿŀƭǳŀǘƛƻƴ ǎƘƻǳƭŘ ƛƴŦƻǊƳ 
thinking throughout the 
ROAMEF cycle- before, 
during and after 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴέ

ÅEvaluation as a practice

(HMT, 2018)



Feedback
What have we learnt? How will we 

use these results in future?

Evaluation
Research and analysis to answer: 

Did the intervention work as 
expected? What was the impact, on 
who and why? Was it cost-effective?

Monitoring
Data collection to answer: did 
we do what we said we would 

do? How are our success metrics 
changing over time?

Appraisal
What are the options for 

intervening? What is the evidence 
on the likely effectiveness and cost-

effectiveness of these options?

Objective
What would success from the 

intervention look like? What metrics 
can we use to measure success?

Rationale
Why is govt intervening? What is 

the problem govt is trying to 
solve? What does the evidence 

say about this problem?

SD and the policy cycle

(Adapted from HMT, 2020a)

ÅIdentify problem variables and 
behaviour over time

ÅBuild dynamic hypothesis 
(model) using available evidence

ÅTest model to understand which 
structures drive behaviour / gaps

ÅUse learning to improve 
dynamic hypothesis

ÅInform scenarios to test 
model/policy

ÅDefine desired behaviour of 
problem variables (SMART)

ÅDefine desired behaviour of 
non-target variables

ÅTest model to identify 
leverage points for 
intervention

ÅDesign and test intervention 
structures in model using 
simulation

ÅInclude relevant appraisal 
structures in model to enable 
integration with other tools 
e.g. CBA/BCRs

ÅUse data to test/calibrate model

ÅUse model structure to 
understand reported results

ÅInterpret model 
structure to 
understand drivers 
of policy success 
or failure

ÅUse model outputs 
to assess cost 
effectiveness



SD and when evaluation happens

ÅBefore: design to leverage

ÅDuring: track and adapt

ÅAfter: look back to learn



Key message 2

System Dynamics can support policy evaluation by:

a) enabling users to understand how the properties of 

complex systems promote or hinder policy success

b) delivering complex systems insights throughout the 

ǇƻƭƛŎȅ ŎȅŎƭŜ ŀǎ ŀ άǊŜŀŘȅ ǘƻ Ǝƻέ ŎƻƳǇƭŜȄƛǘȅ ǘƻƻƭƪƛǘ

Enable 
learning to 
improve 
policy making

Support 
evaluation as 
a practice



3. What insights has CECAN s research 
using System Dynamics generated so far?



Fellowship 2019

Bergen

Nijmegen

Lisbon



Soil degradation is leading to a loss of valuable ecosystem services

Natural capital

Soil health

569 million lost 
each year

The problem

(Emmett et al., 2010)

(Graves et al., 2015)



The ambition

ά.ȅ нлол ǿŜ ǿŀƴǘ ŀƭƭ ƻŦ 9ƴƎƭŀƴŘΩǎ ǎƻƛƭǎ ǘƻ ōŜ ƳŀƴŀƎŜŘ ǎǳǎǘŀƛƴŀōƭȅΣ 
and we will use natural capital thinking to develop appropriate soil 
metrics and management approachesέ (DEFRA, 25 YEP)

ά! ǇǊƻƎǊŀƳƳŜ ƻŦ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ōȅ ǘƘŜ ǇǊƛǾŀǘŜ ŀƴŘ 
ǇǳōƭƛŎ ǎŜŎǘƻǊǎ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ŘŜƭƛǾŜǊ ǘƘŜ DƻǾŜǊƴƳŜƴǘΩǎ нр ¸ŜŀǊ 
9ƴǾƛǊƻƴƳŜƴǘ tƭŀƴ ŀƳōƛǘƛƻƴέ (NCC, 2017)



The challenge

The dynamic relationships between soil health and economic value are unclear

Policy resistance?

Complex systems



Research objectives

1. Identify dynamic structures underlying soil natural capital 
degradation in England, highlighting dynamics linking soil 
health to systems of financial investments and incentives.

2. Use these dynamic structures to identify opportunities 
and limitations for the effectiveness of natural capital 
investments in regenerating soils in England.

Develop a dynamic understanding of the problem to identify policy implications




