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» We have built WHAM! — the Wildfire Human Agency Model
= Synthesis of local case studies
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» We have (loosely) coupled WHAM! with the JULES-INFERNO dynamic
global vegetation model

= Improved quantitative benchmarks for JULES-INFERNO model
" Improved understanding of underlying processes

» Regional uncertainties in WHAM-INFERNO
" Crop residue burning in Northern India
= Sub-Saharan Africa: livestock grazing & socio-ecological change



Our starting point: results from FIREMIP

 The Fire Model Intercomparison Project found anthropogenic impacts on fire were the
central causes of disagreement amongst models, and between models and observations.

(a) Constant CO2 (SF2_CO2) (b) Constant population (SF2_FPO) (c) Constant land cover (SF2_FLA)
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From Teckentrup et al. (2019) - Counterfactual scenarios assessing FIREMIP model ensemble sensitivity to atmospheric
CO,, human population and land cover (INFERNO in Orange)



Empirical parameterisation: DAFI

» Meta-analysis of human fire literature, spanning 1809 case studies in 504 papers

Fire Use Median Size Mean Burned Escaped

E)) Area (% LS) (%)
QP F'e!d ol o | Q02 Distribution of fire uses (dominant) in DAFI data
Preparation
Crop Residue 3.6 36.3 0.01
Burning
Pasture 10.7 32.1 4.97
Management
Hunter- 1.3 14.3 2.90 3 4 A , y ) i
Gatherer i | . ,;I A"\.E 2 Y ! | N :'-\Y A . _‘,I " g;jSSWmunaqemenl
Pyrome 408 140 030 i .:".".." ) ,':.'.-' ": ' ‘." \ ,‘/ : g:i‘l)U’:”::3::21’:\':2{
Management | AN R i R e N sdn o
Vegetation 4.7 2.5 3.23 " ‘ J : o B Ll e
Clearing | ’ "
Arson N/A N/A N/A
Get the data! - doi.org/10.3390/fire5040087 Millington et al., 2022



How does WHAM! work?

Four-Step Process

F LFS:I
LFS1
L
A

AFT:
S rmall-holder

1. FractionalLand 2. Land-Fire Systems 3.Some LFS have 4. AFTshave Fire Uses
Systemsincells of  distributed globally multiple Agent & Suppression Actions
global grid Functional Types =


https://meetingorganizer.copernicus.org/EGU21/EGU21-9502.html

WHAM!: Managed fire outp:

e Evaluation of full model outputs require coupling with INFERNO fire model

* Here we compare crop fire outputs with GFEDS5 crop fires: r=0.70

With Hall, Kasoar (In prep) 6
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What'’s driving the error in Indi

Crop residue burning (% area occupied) for: > Regression to mean in WHAM?
a) Subsistence-oriented smallholder

b) Market-oriented smallholder
» Seasonality issues with remote sensing?

a) HDI*In(GDP) < 6.23
> A bit of both?
6.7% 27.4%
b) GDP < 4714
Purpose Quarter
B Dec-an-Feb
O Crop field preparation . Mar-Apr-May
GDP < 8615 <> Crop residue burning D Jun-Jul-Aug
85.6% |:| Sep-Oct-Nov
. 6]

36.4% 17.5% Underlying DAFI data: from Millington et al., 2022 7



A coupled model: WHAM-INFERNC

WHAM-INFERNO combined model

Anthropogenic t

Anthropogenic
land covers

______r__

- |

|

|
Key

—» WHAM!

—» JULES-INFERNOJ| JULES-INFERNO
Coupled-model

\'_______________________J

With Kasoar & Voulgarakis (in prep)



WHAM-INFERNO improves perfc

» 10k runs sampling uncertain parameter spaces of WHAM-INFERNO & INFERNO (offline)

» WHAM-INFERNO (r=0.734, empirical r=0.791) significantly improves (Ztest; p<2.2e1¢) INFERNO (r = 0.584)

WHAM_Empirical WHAM_JULES




| £;

Managed & unmanagec

» Contributions of managed fire, and its temporal trend varies hugely by continent

Africa Australia | | North America | I South America |

Type
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Unmanaged
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Declining fire in SSA (2001-2014): capturing fragmentation effect




Drivers of unmanaged fires: WHAM JULES-INFERNO

Right: Dependent variables of unmanaged fire (2001=1)

Variable

-
co

= Flammability

Below: Correlation (r) of WHAM-INFERNO unmanaged
fire with its dependent variables
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Conclusions

* Present methods based on population density are an insufficient
means to represent human-fire interactions in global models

* Progress made here can form the basis of new approaches — but:

» Disagreements between WHAM & GFEDS crop fires in Northern India
require additional fieldwork to understand source of error

» Attempts to capture fragmentation effects in sub-Saharan Africa have
mixed success: meso-scale modelling may be important

13



... A closing thought

 There are very real ethical questions regarding synthesis of
global data on human-fire interactions

 Butthere are also ethical consequences to not synthesising
such data

» To the extent that global scientific models inform techno-

political discourses around environmental change: livelihood
fire users are currently excluded

14



Appendices



WHAM! land use engi

» Empirically-based distribution function: 1 tree per AFT, outputs for AFTs within each
land system compared

Global land-surface coverage of Anthropogenic fire regimes

Example distribution tree: Swidden

Market Influence < 1179.6* AFR

Pre-industrial
Transition
Industrial
Post-industrial

\ Unoccupied

\

Fractional coverage
o
N

HDI < 0.59*

0.53 0.33

o
—

1990 1995 2000 2005 2010 2015
*Fuzzy thresholds from bootstrapping Year

Perkins, O., Matej, S., Erb, K.-H., & Millington, J. (2022). doi:10.18174/sesmo0.18130




With Hall, Kasoar (In prep)

Drivers of change in agricultural

* Pasture fires decrease exponentially with increased economic growth, as land use intensifies
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