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Overview (20-25 mins)

# What is participatory systems mapping?
- Origins — participatory complexity
- The method - building and analysing maps
- Related approaches — too many to mention!

- The energy trilemma
- Decarbonising heat
- Future Farming

#% Using it yourself
= CeCdn



Origins: complexity

# Study of complex adaptive
system

- Many examples: the economy,
energy sector, agriculture, etc
etc — all social systems?

- Understanding components
alone won't help us
understand the system

- Many and diverse component
interact in adaptive and
nonlinear ways

- Result: tipping points,
emergent new properties, and
unpredictability




omplexity has a long history

! ' '
1940-1950s 1960's 1970's 1980's 1990's 2000's 2010's 2020’s
. .
James Yorke Mitchell Feigenbaum
-y L =us 2018 Map of the Complexity Sciences
e ke Pt {Lovens Attractar/ ckacae i)
= “oun Butterfly Effect) I H i
Per Lotstaat by Brian Castellani
Henri poincaré | swpnaniororest (Computation multi-scale modefing)
(Algebraic Topology) Oynamical Tien Yien Li (Computatonal Immunciogy S
mical ‘Modeling) i
(1854 - 1912] Sisters (Founder) Physics ogica ing)
Multi-level
Theory P plex
in Complex Robert M: A
Ludwig von Bertal; Donella Meadows Alfred W. Hubler — Systems tropuation’ e Susan Stepney
g vo anffy . Mon > (Dynamics of Open Dissipative - amics ~ (nonstandard computation)
(Systems Theory Founder & E ) James Lovelock & Lynn Margulis Systems) by o g
5 T (IGaia Hypothesis) Kurt Richardson Carlos Castitio-Chaver Roland Bouffanais Ahrweller
ystems Biology) 4 (Gompiexity Thinking) Noktove soseings” Cris Compustonst madeing)  Yorahos
James Grir Miler Peter Checkiand Sy ) | 2 (Populatign Health)
e - (management/ " ., Yamir Moreno Caterina A. M. La Porta i Frances Griffiths
- - theary) - Soft systems modeling) 7 (Physics of Complex  { (Biosystems & Complexity) \ (Compiexity in Health) ?mmmwkﬂ"um
(ecology of mind) Systems) i ) \ /]
i
atrene - Losrs | - i
= (Self-Organization/ ~ (ynthetic Life innovat
Anatol Rapoport ;‘E::‘;gr:a‘l'?;:‘r:r;sod P Bacterial sociaiity) L i - N ‘ o7 Technology, re) m pioz Rouwx
ARy Theory) - Francisco Varela & Stuart . Eric Bonabeau N7 url Alon ;"f;; = ;""‘,“ ) P«U': Nea'th
Humberto Maturana Kauffmann (distnbuted/swarm P o s Do Jessica Flack  (Network Moufs/Gene (Systems Dy David Snowdan (.W.,mww
(Cognitive Science) (Biology/Evolution'\_ Inteligence) (Swarm 1t  nonlinear (ComPuational Evolution)  Bxpression) Applied Complexity) Urban Planning)
Jennifer Dunne ETenor Rosch Autonon / ynamics, biological Nicholas Christakis Immanuel Wallerstein oo, i
Margaret Mead (Ecology & Complexity/ (Embodied Mind)’ Agents) (Health Networks) (wwa Systems Theory) (Place & Time) 7 Luis Mo A. Settencourt
(anthropology) Kenneth Boulding Global Sustainability) \ i Barry Wellman AN (Cities & Urbanization)
(econamics) — B Rt N Autopoiesia/ | (memerInsw / Manuel Castells o bl
€mbodied { / 7 (Global Network
Mind Society). .~ L.
Other - < (Sustainabilty/
Intellectual e 2:".9:.. ‘ Network Gb‘:rlt s’:::r::un L= Transoftmative Studies)
% ! laptive = = 9 Science = T J —
Lineages Organization Systems Scating) LD Jean Carlson/ Society T Complexity s Masca)
Loarll - Complotey & {globalization/ (itematona!
Similarity ol Robustness) ~ Socil mobistiedy -
eet "\ Roberta Sinatra . od
[ (Scaling tams) Samuel Bowles \ NG (Education &
/ \ . “(Networks & Data
iy g e Murray Gell-mann  birta Galesic” paul Cillers (oo "“‘"‘w'” e B&:Alben Science) phche B Alexandra Penn . Complexity)
lerman Hal (Efrect ty) phy of i ncan Watts (sca - Compioxity) Citles
izati Dynamics)  ~_ Albert-Lazlo Barabasi Complexity) Juniper Lovato
N ('s':mhowmwk (%o@""‘,;o" Niklas Luh o C'""” fexky ) e f =" Worlcs), \MWB) (Scale-free networks)  Katy ( (Santa Fe Institute
Warren Weaver Gotically) 97 S peTvetcs) as Luhmann - sohn Smith Clne A Higsloo) \ Pt Patricia Hill Collins dty Education)
Complexity: Machine: Ilya Prigogine Sociology) . {Qualitative Cn«vwemm {Economic . AN e N,m ook ’Z{m, (Race/Class/Gender) Graham Room
Transtation) (Dissipative 3 Edgar Morin o a0 ’ AN \ Manuel
Norbert Wiener time, matter) ~.__ (Philosophy of = Us"::::::) r\e SR Vs Complexiy) Michael Wolfso
ﬁmm::ﬁ ) o e ﬁmwx‘(y ™~ E;'mil €conomic \ _ (rolitical Science) \ \\ (Government/Policy/ABM)
uro Rosenblueth . i 4 Y/ Complexity/
~ (Physialogy & Cybemetics) ity) G, Hommes L : -
" economics) * Complexity (Public Policy/
— Policy &
Heinz von Foerster Evaluation
Marvin Minsky  (2ndorder (acantuny o8 Compiex
- o (Cognitive Science) cybernetics) Jay Forrester roe Kir / System) (Poilcy & Gt =)
. ::ru A bfv \__ (Systems Science) Francisco Parra-Luna \ Hideki Takayasu MIT Media Lab
ch;;d) netics of \\  John von Neumann  Andrei Kolmvnomv Stephen Arthur CO0K  cparies H. emaEsd Econor Lgcss) %i%m design) F?M:n:.mmmncman)
(mathematics) (Complexity (Computational/ neum Compotation Nigel Gilbert .~ G0
A format (Qua wiaton) 9 Joshua Epstein
Claude Shannon i ”""’ ; (Computational Hot _ Anil K. Maheshwari e
(Information theory) (_ Christopher Langton  Soclal Systems) (,,,,,,,c,,‘,"‘m"") (819 Data Analytics) Brian Castellani Totey Sectsey/
(Cellular Automata) y=..... i (Founder) / David (Case-Hased Methods)
™ (Complex Realism/ Eve Mitleton-Kelly
ised ‘ (Policy/Methods/
"'??»Zfa"é? Artificial Modeling) S Organizations)
mwng-m:- |
Grego
Frank Rosenblatt (Knowledge Discovery in Databases) (g miz iy
{(Connectionism)
L Charles Ragin / Robin Purshouse
Robert Axelrod | Huti- Michael " Jeanctte Wing  (Founder, QCA, / (Decision Modelling
w'"";:,",g:,‘m \ (terative Game | N\ Srstems) Wooldridge (oompstions]  Fuzzy set Socal | i and Optimisation/
(Foundet) Theory) i Fiaminio Squazzoni (2 2o ) N Science) Ccelia Lury g
Herbert Simon /' (semiotics/ john \ i . Melanie Mitchell / Pete
(Social & ComputerPéter tra swa'wﬂwﬂ‘fw Teuvo Kohnen pormiHolisnd Thomas Schelling (6" 217 S00-econamics Douglas Hofstadter 1 %0/% WWCH™ / Philippe J. (oaramscpieny; Lo
Sclence) (Computa (Self-Organizing Map) (Cenac Aporslir) (Fuzzy togic)  (micro-motives/ (Cagnieive Scence) — LOURNTEL T T Arasis (Compstional nteiigence/ Evolution
Newrciogn/Cogniion) LT Macro-benavior) iiakide e o hostg) | Data Mining/Public Feaith) Dynamks)

Not much participatory stuff?




Participatory complexity

# Complexity does NOT
need to mean ever
‘fancier’ methods

#. Research needs richer and
ongoing participation with
the people ‘in’ the system

i If we are modelling
complex social systems we
MUST engage at every

step with stakeholders

- ownership
- 0Ngoing interaction




What is participatory systems mapping?

# Basics - a causal map built with stakeholders
- Nodes -> Factors (variables)
- Links -> Casual connections (+ve, -ve)

# Built together: discussion and thinking tool;
integrates knowledge of diverse stakeholders

% Whole system overview: interactions, context,
complexity

% Multiple interdependencies & intersecting
Issues

# "0Our” complex system (Intersubjective object)
# Meaningful analysis & insights
- network analysis + stakeholder views

i
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Water Abstraction for

Agriculture

Flow and Level in Y »
Lower Derwent

Drainage System
Management

Agricultural Business

Drinking Water
Abstraction (LB)

= Structure and
Operation

=

Flooding: Risk and

Mngt

SAC Habitat and
Species: Rivers

FD Geomorphology
/ Lateral Connectivity

SPA SAC Habitat and
Species: Meadows

- Legislation and

Funding (e.g. HD /
WFD / CAP etc)

LEGEND
Positive influence ey
Unclear or complex influence —

—

Key Functions of
Derwent

Negative influence

Boating (Navigation)

Barmby Barrage:
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Energy company.
obligation

Efficient Network
Regulation

Cost Cap
= ——
Discount

‘Smart networks /

Disruptive localised networks
Business Models,

Bills: Network
Costs

Compeition Levies on
1cnnsum:9v la)ning consumer bills
suppliers)
Network
Constraints
Large Scale

Renewables
Policies.

Consumer
energy bills

Seasonal gas
prices forward

Exemptions for
Energy Intensive
Industries

Encouraging
switching

Tonnes of
carbon emitted
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production

fvestment in gas)
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Prices faced by
energy intensive
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Consumer
Energy Saving
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natural gas

Near-surface
Disposal Facillty,

‘Trade/access to
international markets,

lectricity Systems
Operability

Instantaneous
demand (continuous

Peak demand

Interconnectors
net imports

IndStrat
Smart flexible energy
(Demand side response,
storage, electric
vehicles)

Balancing and
Operabilty Markets,




Deployment and business case . Outputs

Policy

Availability of
feedstocks

CostPrice of
feedstocks

Biogas used in CHP'
(incl ‘own use)

Publi
acceptabilty




Analysis: Combining stakeholder perspectives with
network analysis

— 7T,

' Water Level
me Bridge |

Fish Migration 4

4
/
Habitat and Species:
Rivers

Barmby Barrage: Structure and Operation

4 /Maintain h
7 Boating (Navigation) (——i Water

Impact of Nav levels EH abitat and Sper
on Gravity Outlets Meadows

Analysis will be different each time
depending on needs and aims of the
process, and the nature of the map

Aim of analysis is to deepen the conversation —

not find ‘correct’ solutions

Network analysis of model structure: Highly

central/influential factors
Upstream and downstream of factors

Stakeholder perspectives on factors: Important,

controllable, variable

Combined:
Upstream/downstream of important inputs or
outcomes

System & stakeholder “levers”, vulnerabilities or

“canaries” , hubs...

Explore change scenarios

Generating narratives and questions



RAFT Choose your own adventure: analysing
articipatory Systems Maps

Centre for the Evaluation of
o Complexity Across the Nexus

“ LEGEND

Ways into your map: choose a

Stakeholder
starting point for (this iteration of) Network Stakeholder info and
your analysis. This is normally a analysis info network
factor, but could be a connection. analysis

Other
methods/
approaches

Submap type

s
Feeding into your
esearch/evaluation process: whal
inputs do other bits of your project
require? How might your map
provide them? How might other
parts of your project influence your,

iifit

Stakeholder defined factors:
interventions, controllable factors,
vulnerabilities, important factors,

outcomes and objectives. Submaps
starting o ending with these are

often useful.

System suggested factors: factors!
in important positions in the map.
Submaps or comparisons of these
factors are often useful

What-ifs, scenarios and
narratives: how might you explore

and visualise different scenarios,
perspectives, and possible
interventions in your map?

System suggested + stakeholder
info: high degree or central, and
important, controllable, an
intervention, or vulnerable? Use

éf one, or combine submap analyses!

Theory of Change / Logic models:
contextualising, refining, sense-
checking, and building.

Interventions, controllable factors,
and vulnerabilities.

Important factors, outcomes and
objectives

Central: High betweenness and/or

Realist C-M-Os: generating,
high closeness g g

Influenced: High in-degree
refining, and sense-checking.

Downstream analysis: explore Factor comparison: list and

Clash-complement analysis: look

for trade-offs and synergies between
different drivers of change, and
different perspectives.

impacts, look for unexpected
impacts, mediators and mitigators,
and feedbacks, clashes and
complements via other factors.

Upstream analysis: explore
influence, look for bottlenecks,

mediators, proximity of control,

compare what factors, and types of
factors, have different network
properties. What might this tell us?

what qualitative

do you

take from this step in the analysis? Write down some

thoughts, preliminary findings, and choose your next
pathiteration of analysis; you will often do many
iterations, even if you only present a few formally.




Related methods

Type Whose Specificity / Analysis type Use

Knowledge? Rigidity
Participatory Diverse Medium Network and Generate broader
system mapping  stakeholders’ Node system understanding

characteristics

Policy maps / Policy makers’  Low No formal Discipline policy
logic maps / / evaluators' thinking and
Theory of Change evaluation focus
Dependency Anyone’s and High (‘X Simulate/ Assess contribution
modelling / data impacted by’) Probabilistic
Bayesian
Networks
Fuzzy Cognitive Anyone’s High (‘impact of Simulate — update  Find most influential
Mapping X') values of factors factors
Systems Anyone's Very high Simulation / Forecasting, explore
Dynamics Nonlinear dynamic nonlinear dynamics

model

and feedbacks

zcecan



DRAFT Timeline of different systems mapping approaches

This timeline attempts to map out the history of a broad but connected set of methods which utilise diagrammatic representations of causal relationships in systems.
Comments are welcome, please contact p.barbrook-johnson@surrey.ac.uk or @bapeterj

1950s 1960s 1970s 1980s 1990s

Jay Forrester

thinking about Systems R gt:lgﬁ;?tzrps
; >
success of Dynamlcs .
companies

2000s

by Pete Barbrook-Johnson and Alex Penn

=-cecdan

. Centre for the Evaluation of
'e%e Complexity Across the Nexus

2010s

Active academic

Term coined by

» Ccommunity. Not widely
used in social or policy

analysis
ID is a more Bayesian Judea Pearl, also > com’xsmfjgﬂaﬂ; Use
genericform{ Belief Networks popularised by - I -
of 2 B8N Richard I policy analyss and
4 Neapolitan
Decision analysts Influence
want intuitive
i Becomes >
way to represent diagrams popular
decisions alternative to
decision tree We develop PSM, using FCM
approach to building maps, but
Bart Kosko emphasising participatory
Robert Axelrod Cogpnitive Fuzzy introduces fuzzy development, and develop new
thinking about} . —> Cognitive logic to allow types of analysis based on network
political views Mapping Mapping fuzzy causal and stakeholder info
algebra

Program theory and Pg;l:glr\ils\lee(;stshe
program evaluation. th
Need for deeper Theory of tetrk:n' er?pifwas!smg
understanding of how Change e set of mini-
and why change steps towards
happens.

long term goals

Participatory
Systems
Mapping
CECAN interest in how PSM
can be used in Evaluation

and connect to ToC.

Widely used in many

P applied areas. High level
of variation in practice.



A participatory systems map  %..... :#'cecan Energ Trilemma (prices
h t -I &Industrial Strategy ~ #® ®e®e Complexity Across the Nexus
of the energy trilemma VS Ca rgon VS security)
% Crowded policy landscape
t f sion; update, edit, and share it R Map the | tril.emma an d
BEIS policy impacts
Inform evaluation
planning
Evidence gaps

Complementary or
clashing mechanisms

Prioritise future
evaluations

Reality of use(!)
- Print and put up on wall

Look at before and after
policy mapping exercises
(‘this map has the
breadth but no depth’)

LEGEND L) () ..
°
o0 0te® . _— s ° %
0gee’ Cecan Hear more, get in touch — sate Otteresy | Posiive causal Unciearor Negative causal
o 0 relationship: ‘complex causal relationship: o 0
Sege, Centre for the Evaluation of for ing to the Indus ship: °
«® ®e% Complexity AcrosstheNexus  C€CaN.ac.UK | cecan@surrey.ac.uk | @cecanexus Strategy IolncreaseinB, or ot sure, depends lo decrease in B, ° P )
S s ings, inA
5 5 Conoesens




CECAN case study — BEIS trilemma

Supply Margin and reliability,
and restoration/diack start
capability
MAP ANALYSIS: Ths diagram shows al
of the factors afecting Supply Margin
and Retabity. within 2 causal steps of
s factor. All other factors and
CONNECONS are removed
LEGEND
Key outcome for EUEXR - InaSrat » Of interest Postive causal relatonshp Unclear or complex causal  Negative causal relatonship
BEIS Parscutany Owing 10 the increase in A leads o relationship (e g not sure, increase In A leads o
senstve © EU Ext  Incustral Strategy nB or In  depends on other things, decrease in B, decrease in A
A leacs 1o decrease n B toping ponts) leads to increase n B

Figure 4: The Supply Margin sub-map

#Cecdn



Factors with three of more ‘Connected' policies Factors with one or two ‘Disconnected’
policies affecting them, OR (i.e. affecting policies impacting them, and policies (i.e. the sole
with potentially conflicting : multiple factors) impacts that complement policy affecting the
impacts from policies one another factors they affect)
Disruptive
Business
Models

IndStrat
Decarbonised
heat

Diversity of the vy
(=) =) (&
Decommissioning
Costs Fund
Geological Disposal
Facility
Near-surface
Disposal Facility
Wholesale
market prices

Levieson
consumer bills
IndStrat
New nuclear
capacity
(‘ IndStrat

LR Capacity of

Investment “ g Renewable Energy
signalling for v Policies Sources (MW)
Consumer Energy
Smtineters > Saving Behaviours
and products
policy Costs of
Renewable
— Tech
. e Consumer Demand
4 : (Energy KWh)
Public view of neg
impact of emissions
IndStrat
Energy

IndStrat

Smart flexible energy | Small Scale
(Demand side response, Renewables
storage, electric Policies

wvehicles)

Efficiency
Bills: Network : %

Costs 3 Coal capacity
: {number of coal
: plants)
Gas capacity (gas
: available to GB
E":‘“"" Supply margin Number of
: m""w‘ and reliability gas plants

Energy
Trilemma contd

Pulling out
narrative and
new
questions
- e.g. Policy
clash and
complement

cecan




Draft participatory systems map of the biogas and
biomethane production and consumption system

ssssss

RHI evaluation

CAG consultants — using

realist approach
Large biomethane and
biogas plants

Big budget burners

Complex ‘ecosystem’

around these plants
Map of biogas and
biomethane production
systems

Inform evaluation
C-M-Os
data collection
Support surviving steep
learning curve
Inform wider policy
lanning in decarbonising
eat team

Gather an unusual mix of
stakeholders

BEIS, Defra, National Grid,
Farmers reps, Developers,
Finance, Waste, Local gov,
etc

cecan



CECAN case study — Defra Future Farming

Health and Harmony: the

# Future of farming post-Brexit and future for food, farming and
CAP the environment in a Green
Brexit

% Reform policy, reform evaluation?
# Linking ex ante analysis and policy
planning with evaluation — pulled
to the former?
. Map of each -> then combine:
- Environmental Land Management
- Productivity
- Rural communities
- Animal and Plant Health
% Mega-map
# Multi-use
% Online maps to share

o
03
%%




When to use?

...... When we have complexity + demand
for participation

...... When overview of system is needed

#. Not when we want a simulation

#. Not when desire to narrow focus

% In practice (in CECAN):

- Prioritising and designing evaluations
- Evidence gaps / Key mechanisms

- Contradictory or complementary policies
- Capture stakeholder input

- During evaluation
- Inform middle range theory (ToC, CMOs)
- Inform data collection

- Policy planning and design




Practicalities — workshops and beyond

# Before
- Pick a focal problem / define system
- Gather knowledge/stakeholders

# During workshop (min 2-3 hours)

- Pick a focal factor

- Brainstorm factors

. Consolidate factors

- Connecting factors and checking
(iterate and prompt)

. Collect extra info (node/link
characteristics)

. After
- Digitise map
- Verification (follow up workshop?)
- Analysis (follow up workshop?)




Resources

% Workshop process guide —
cecan.ac.uk/resources
# Software (use what you know!?)

- Draw.io (google/one drive) — for
drawing easily and sharing

- Gephi - for network analysis and
VIS

- R = for visualisation and analysis
- CCTool (coming soon) — for all!

# 1-day course October2019

#% 3-day course Spring 2020

#. CECAN advice for your systems
mapping efforts




A participatory systems map |%.....

CO nc I us i ons of the energy trilemma S

i Participatory systems mapping

- quick and effective participatory
complexity

- multi-purpose

- choose your own adventure
analysis

- easy to start!
- entry point for complexity
- tricky to communicate

. horses for courses and horses
cooperating




THANKS
QUESTIONS?

Get mapping! .

Get in touch!

p.barbrook-johnson@surrey.ac.uk ‘
@bapeterj




