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Ol Perkins: Agent-based modelling of human fire globally
Viera Ukropcova: Corporate & financial actors in telecoupling
Amos Chege Muthiuru: Managing protected African savannas
Monika Moreu Vicente: Spanish social-ecological systems
Verena Achterberg: Forest transition in the Atlantic Forest
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Take Home Messages

Data on human behaviour is vital for understanding our

sustainability challenges... but it is expensive

e (Case Study Data are out there, but for large extents are likely
sparse, non-uniform, varied and incomplete

e Fuzzy Cognitive Maps useful for summarising understanding of
feedbacks (but private institutions often means low sample size)

A clear theoretical framing is needed to specify the
categorisations, quantifications and decisions made
when constructing models from these data
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WHAM!
The Wildfire Human Agency Model

Ol Perkins, James Millington, et al.
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Mean annual fire carbon emissions (2002-2025)
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Fire in Earth System Models

Physical Processes in a Model

solar  terrestrial
radiation radiation

ATMOSPHERE
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Human Activity in Models of Global Fire
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Landscape Agent-Based Modelling

Laws, Policies, Incentives

_ Objects
- in Environment

Communlca.t-ulc;n & Interactlon
(e.g. Imitation, Trade, Dispute) -

Ford et al. (2021)
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solar  terrestrial
radiation radiation

Global Agent-Based Modelling?

Agents on a 0.5° Grid =—=» Multi-agent interactions?
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Global Agency-Based Modelling?

Agents on a 0.5° Grid =—>» Single ‘agents’?

solar  terrestrial
radiation radiation
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Fire Agents: Structuring a rational conception
1. Pyne’s Fire ‘Stages’ meo s min summan

o Firaif |

e Second Fire pre-industrial
2.5th Fire transition

e Third Fire industrial
e Pyrocene post-industrial(?)

Stages are attitudes towards fire that imply
differing use and management

landscapemodelling.net
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Fire Agents: Structuring a rational conception

2. Land use drives fire use

Non-Extractive

Forest

Pasture

landscapemodelling.net
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Land-Fire SysStems [AGENT FUNCTIONAL TYPES’]
From combination of Anthro. Fire Regimes and Land Use Systems

Perkins et al. Land Use System
(2022; 2024)

Non-Extractive Livestock Crops Forestry
Q
. : : Pastoralism Swidden Hunt & Gather
Pre-Industrial Unoccupied
EO (S) (S) (S)
& Transiti Unmanaged Ranching Small- Logging m)
&) ansition g (Extensive, S|M) h0|d|ng (SIM) (Primary Forest)
[ . i - : : Managed (v)
- Industrial Per exclusion Ranc.hmg Farmlng (Plantation or Second
@) (State Manager) (Intensive, M) (Intensive, M)
Nl Forest)
-
[ At Pyro-diverse Grazing Abandoned Abandoned
<C (Fuel Load Management) (Subsidised, Fuel Mgmnt)

Non-Extractive = e.g. parks S =subsistence M= market
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We constructed a freely available
Database of Anthropogenic Fire
Impacts (DAFI) from a meta-
analysis of 1,800 worldwide case
studies. We find seven main fire-

use types, linked to land user
intention.

Human-Fire Interactions: A Global Database

Oliver Perkins!3, Cathy Smith23, James D.A. Millington?.3

g Colege

don, Royal Holloway, Uréversity of London

1dma Contrs or Wctios, Emircemant andSociay

Presented at the American Association of Geographers Annual Meeting, April 2021

ING'S
College
LONDON
——

LEVERHULME
ROYAL
HOLLOWAY Centre for Wildfires

Environment anc: Socioty

Studies of landscape fire vary in approach around the world.
DAFI synthesises these studies.

Empirical studies of human use and management of fire in anascapes around the workd have been conducted in many different academic fields, including
Seogaphy, anthropology, land economics and ecology. Studies have varted 2pproach, from quantitative and broad-scale (., remote sensing) to qualtative

and locak-scale case studies fe.g., anthropological, Noglobal synthesis of human-fire interactions has Yetbeen attempted that covers the breadth of human
fire use and suppression.

Industrial, transition, industrial & post-industrial while ands

Ystems are cropland, pasture, forest & non-extractive.
across space, with a prevalence of secondary studies in Eur,

ope and North America versus a dominance of prima
Contnuous
Ordinal

Baol

Continuous
& Nominal

Quantitatively distinct fire regimes arise from local interactions
between fire use, suppression and policy.

slgnatures (Table 2) and spatial distriby

Howeveg the relatively low fire-return period and high density.

meanburned area. Pyrome management activities dominate 1 North America an,
andcrop residue burning ks dominant across parts of Asia

size to non-shifting crop residue burning
ifting cultivation combine to produce a much greater proportional
d Europe, while vegetation clearance ks a primary use acros much of Brazil,
Figure 2
Fire-useType DAFI Mean  MeanBumed Mean Retum Esca
Records (%) Size (ha) Area (% LS)  Period (yrs) I
142 102
%3 20

21
143

25
140
NA

DAFlenables examination of fire
regime characteristics as a function of
broader fire use approaches and how
fire uses vary between fire stages. for
example, cropland fires tend to be
smaller than fire broadcast across
pasture and forest landscapes (Figure
3). We find distinct differences in fire
suppression between fire stages
{Figure 4. Code for analysis of DAFI

and plots is available (Perkins 2021). Fire Stage

Representation of anthropogenic fire in global models demands
consideration of land use context.

Attempts to systematise human-fire inter:
fure (e.8, McWethy etal. 2013). Such approaches have notyet developeda coherent overall framew

actions have sought o configure human impacts as deviations from underlying ‘natural’ axes of vegetation and

vork o capture human impacts on wildfire. A key
finding of the Fire Model Intercom parison Project was that the lack of a systematic empirical basis for understanding human impacts on wikdfire regimes
Pere s challenge to incorporating anthropogenic fire into Dynarmic Giabal Vegetation Models (DGVMs; Teckentruperal 2019), Thewerk presented
here contributes to improvi fical basis. DAFI i freeely available (see Perkins and Millington 2021) and continues to grow,
We planto useDAFIto support the development of agent based modelling approaches to hetter represent human fire in Dy M. Representation of
anthropogenicfire in DGVMs sill reies on few readily-availabje metrics of human activity, such as population densityand 6P, The poor performance of
models using these variables in globally-uniform elationships may be due to the disregard for how people e and manage fire in the context of different
landsystems. To provide this context, we will use DAFIto develop 'agent functional types' that characterise anthropogenic fire use and suppression as a
nction of underlying land use objectives. Examples mayincludy hifting cultivation farmer, arge-scale industral logger, and consenvationist. We expect
that by mapping these types globally using ancillary data. e willbe able to improve simulation model representation of hums.. fire,including feedbacks
withvegetation and climate.
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DAFI. Database of Anthropogenic Fire Impacts

Data on fire use, suppression and policies

Data Source (dominant)

Latitude

landscapemodelling.net

Longitude

Millington et al. (2022)
[Data, Code]
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DAFI Analysis

Seven fire use types describe 90% of the records

Fire Use (dominant)

Other

Arson

Pyrome management
Crop residue burning
Crop field preparation
Pasture management
Vegetation clearance
Hunter gatherer

()]
e
=)
-
=
©
-

landscapemodelling.net

Longitude

Millington et al. (2022)
[Data, Code]
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DAFI Analysis: Fire Size

Crop fires much smaller than other landscape fires

Fire type
Broadcast
Cropland

Pre— mdustrla\ Trensmon Induslrlal Post—industrial 0.00
Anthropogenic fire regime densny

6 49 11 14

—~
©
=
=
©
[
—
<
e
(0]
c
o
>
m

Millington et al. (2022)
[Data, Code]
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DAFI Analysis: Suppression

Differences in suppression by anthropogenic fire regime

umlL

uonuaAsId

Intensive

uonounx3

—— =

Pre-industrial Transition Industrial Post-industrial

Anthropogenic Fire Regime Millington et al. (2022)

[Data, Code]
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Spatial Distribution of Land-Fire Systems

Independent variables Dependent variables
from Secondary data from DAFI

Sampled at DAFI
case study points

Sample weighting A) 1.875°x 1.25° B) Each cells divided C) LUS sub-divided by AFR
cells in a global grid fractionally by LUS to produce LFS distribution

Pastoralism  ppi.cpp <6.39 Int. Farming market-influence > 913.65

1 1

DEM <150.72 NPP < 3.44e-08

0.15

Output
probabilities
compared

Pyro-diverse HDI-GDP <6.43 D)
1

| AuC a) b)

LFS ET <5. 15e-5 Classification - trees 0.805 0.741

distribution Multinomial 0.765 0.705
function

0.12

landscapemodelling.net

Figs from Perkins et al. (2022)
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Modelled Spatial Distribution of LFS

Cropland

AFR
Swidden
Small-holding
Farming

Combine density of LFS with data from DAFI to
estimate human Burned Area

Paper: Perkins et al. (2022)

landscapemodelling.net
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Modelled Agriculture Burned Area

Burned fraction -

0.0 0.1 0.20.3

Paper:
Perkins et al. (2024)

landscapemodelling.net
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Structure of WHAM!

\

\/

A

\

Represents Agent Functional Types (e.g. ‘Pastoralist, ‘State forester’)

AFTs have characteristic effects on fire:

o Burned Area, Frequency

o Prob. fires escape management (wildfires)
o Suppression and Firefighting

Projects AFTs spatially 0.25-1.85° over decades

Uses classification trees driven by environmental and

socioeconomic variables

Paper:
Perkins et al. (2024)

landscapemodelling.net
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Model: WHAM!

vvy—=

vv»mN

What did you find most challenging in your modelling?
Data gathering (i.e. DAFI)

Convincing non-modeller social scientists that our agent types are
appropriate (naming is an issue?)

Ongoing integration with climate modelling requires buy-in (expertise)

Which community effort would help you most?

Harmonising data inputs (e.g., for SSP scenarios)
Model intercomparison, integrating with ISIMIP

landscapemodelling.net

N
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WHAM-JULES-INFERNO

JULES-INFERNO is a fire-
enabled dynamic global

vegetation model
[UKESM, JULES]

Coupling with WHAM!
enables representation of
socio-economic drivers of
fire alongside biophysical
(and their interaction)

Unmanaged fire

landscapemodelling.net
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Integrated Fire Management (IFM)

The integration of economic, sociocultural and environmental
factors for ecologically and socially appropriate fire management

> Recognises
o benefits of indigenous and local community fire practices
o limitations of suppression-oriented management approaches
o why and how a fire is burning matters, not only where and when

> Emphasises
o living with fire rather than excluding it
o human-fire interactions and systemic, holistic understanding
o pro-active fuel management rather than reactive fire-fighting

landscapemodelling.net
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Experiments - future scenarios

Management Social attitude to Controlled burning
scenario human fire use for fire regime
(all purposes) management
Management

Baseline Default Medium

Suppression-max Opposed Low

IFM-max Supportive High

SSP1.26
: Carbon Emissions
Socio-
: Economic Dev. in Global South

economics

Barriers to Adaptation

Fire suppression

Medium
High

Medium

SSP3.70

landscapemodelling.net
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Gridded socio-economic capitals for SSPs

Global projections decadally to 2100 with spatial resolution of 0.25°

Capital

Input Data (Baseline)

Input Data (Projection)

Rescaling Method

Output units

Health

Education

Working age population

Total energy
consumption

Market access

HDI health index - (Kummu et al., 2018).

HDI education index -
(Kummu et al., 2018).

Working Age Population -
(KC & Lutz 2017);
Total Population - (CIESIN NASA, 2018).

Country-level Gini - (Rao et al., 2019);
‘Light Gini" index - (Mirza et al., 2021).

Energy use per capita -
(EIA 2024, EI 2024).

Urban Fraction - (Hurtt et al., 2020);
Population Density - (CIESIN, 2017);
Road Density - (Meijer et al., 2018);
GDP per capita - (Kummu et al., 2018).

Life Expectancy - (UNDESA, 2022);
Country-level Gini - (Rao et al., 2019).

Participation proportion - (KC & Lutz 2017);
Participation years -

((Potancokova et al., 2014);

Country-level Gini - (Rao et al., 2019).

Working Age Population - (KC & Lutz 2017);
Total Population - (Jones & O’Neill 2016).

Country-level Gini - (Rao et al., 2019).

Energy supply -
(Riahi et al., 2017, Bauer et al., 2017);
Total Population (Jones & O’Neill 2016).

Urban Fraction - (Hurtt et al., 2020);

Total Population - (Jones & O’Neill, 2016);
Road Density - (Meijer et al., 2018);

GDP per capita - (Murakami et al., 2021).

Rasterisation of sub-
national polygons

Rasterisation of sub-
national polygons

Rasterisation of
national data using
population

Rasterisation of
national data using
‘light Gini’

Rasterisation of
national data using
population

0-1 index

0-1 index

Count
(persons) per
pixel

0-1 index

Data available at
Perkins et al. (2025

0-1 index

landscapemodelling.net
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Results: Management

Burned area Fire hazard Fire intensity M eans

for 2100

Management Scenario

IFM max
Suppression max
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Results: SSPs

Burned Area

Delta BA

-150

Intensity

Delta BA

-150

Delta Intensity

.020

{/ Perkins et al. (in reviéilv)“':
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Results: Management vs SSPs

Integrated Fire Management does reduce intensity

(but is not as important as socio-economic conditions)

IFM_max impact

mm 0:10
0.00

-0.20

-0.50

. -0.75
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WHAM!
The Wildfire Human Agency Model

Ol Perkins, James Millington, et al.

ING'S
 LEVERHULME College
\ \ Centre for Wildfires, LON DON
) Environment and Society
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MEFCAP

Market-based Environmental Fuzzy Cognitive
Agents and Producers Model

Viera Ukropcova, James Millington

LEVERHULME
Centre for Wildfires,
Environmen t and Society

ING'S
College
LONDON

landscapemodelling.net
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Supply Chains in Telecoupling e

GLOBAL VALUE CHAN (Soy)
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Sending system Recieving system

TeleABM

Dou et al. (2019, 2020)
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MEFCAP: Telecoupled Agents

Receiving FCM-ABM (MEFCA)

Sending state &

Resolution Company Receiving region Company spillover country
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Fuzzy Cognitive Mapping

Fuzzy: decisions based on imprecise, non-numerical information
Cognitive Map: understanding of interactions btw. components

Subjects here are:
e financial institutions (Fls)
e traders/buyers (companies)

Constructed here through survey of experts representing:
- Companies (11)
- Financial institutions (13)
- NGOs (3)

Survey design from modeller hypotheses, literature review
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FCM: Complex Feedbacks

Strategy change (C) influenced by:

e market demand, regulation, divestment (via cost of capital),
environmental risk

Divestment (Fl) is influenced by:

e strategy change (C), environmental performance, financial performance,
reputation,

(FI) influenced by:

e strategy change (C), other FI's divestment, environmental risk, regulation,
financial performance
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Strategy Change
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Producer Decision-Making Tree

Is supplier decision-making based on willingness to use
certain production methods?

v

Is the supplier willinging to use the production methods
of any of the most profitable land uses?

No

Yes

L2

Is supplier decision-making based on satisficing?

L2

Is the supplier satisfied with profits it received in
previous year?

L2

Is supplier decision-making based on rational profit No
maximising?

¥

Are any of the most profitable land uses the same as
current land use?

No

L2

Has the supplier reached the maximum amount of
p ; Land use stays the same
patches it could convert in one year?

No

4
Does the supplier have enough resources to cover the
conversion costs associated with the most profitable
land use?

Yes

One of the most profitable land uses adopted as new
land use
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Multiple levers needed for strategy change
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Sensitivity Analysis: Threshold Behaviour
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Financial institutions matter for company behaviour
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But the effect varies... (e.g. capital availability)
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Take Home Messages

Data on human behaviour is vital for understanding

sustainability challenges... but it is expensive

e (Case Study Data are out there, but for large extents are likely
sparse, non-uniform, varied and incomplete

e Fuzzy Cognitive Maps useful for summarising understanding of
feedbacks (but private institutions often means low sample size)

A clear theoretical framing is needed to specify the
categorisations, quantifications and decisions made
when constructing models from these data
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Rational Abstractions & ‘Chaotic Conceptions’

“Abstractions can be made in various ways ...

A rational abstraction is one which isolates a significant
element of the world which has some unity and
autonomous force, such as a structure.

A bad abstraction [‘chaotic conception’] arbitrarily divides
the indivisible and/or lumps together the unrelated and the
inessential, thereby ‘carving up’the object of study with
little or no regard for its structure and form.”

Sayer (2010, p.93)

Method in Social Science
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Global Land Programme: BeModelLS WG
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About

The Behavioural Models of Land Systems Working Group
is a joint venture between the AIMES project and the
Global Land Programme. In linking two Global Research
Projects of the Future Earth network, the group aims to
support and build interdisciplinary collaboration across
scientific disciplines. The group welcomes a wide range
of perspectives and members with interests in any
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