Supplementary Information for “SMLFirel.0: modeling wildfire
activity in the western United States with stochastic machine
learning”

Jatan Buch!, A. Park Williams?, Caroline Juang' 3, Winslow D. Hansen*, and Pierre Gentine’

lLamont—Doherty Earth Observatory, Columbia University, Palisades, NY, USA

?Department of Geography, University of California, Los Angeles, CA, USA

3Depalr‘[ment of Earth and Environmental Sciences, Columbia University, New York, NY, USA
4Cary Institute of Ecosystem Studies, Millbrook, NY, USA

5Department of Earth and Environmental Engineering, Columbia University, New York, NY, USA

Correspondence: Jatan Buch (jb4625 @columbia.edu)

Contents of this file
1. Tables S1 and S2

2. Figures S1 to S10


mailto:jb4625@columbia.edu

"u01301007 Yora I0J )70 O3 $86T WOI} (IoSa1ur Jsoreau ay) ojdn papunor) pauing eaIe
[210] SE [[oMm SE SAI JO JqUINU [£)0} ) I8 UMOYS OSTV (X M) SUrioAp pue (LJA) BUBIUOIA JO SAIBIS oY) UIYIIM ¢ PUB Tf SSPOOET SN YIIM SUOISI0d ¢ 991Y)
JO SISISUOD UOISQI00H SuTe[q Jealn) UIoylIoN oY) ‘ordurexa 104 ‘o[qeordde 1oaoroym ‘sarrepunoq 9je)s 9pIs3uoe pauIpno aIe ,UOISAI0dH,, Yoed I0J ‘OpodcT SN

aanoadsar 1ey) AQ paouaIofaI ‘Suorgerodd (€) III AT JUSmNSuod YT, 'SISATeUE INO UI PIsn SUOISIAIP pue SuoIgorods s Aoqreq oy jo Arewrwung °IS d[qeL

86vS 967 (s0) sureld YStH
sured

9TSLT 1211 AM LN (¥ “Th) sure[d jealn UIYMON

124018 1453 92) SpUB[o[qR], UI0)SoMIN0S

S1€9 SeL (zz 00 nesje|d eperojo)

SeCLl €oL oD neajeld elquinjoy

LSST 06T (79) 1uasaq (HO) uenyenyryy s19se(q
SesIy 8YCC (€D Hasad NI

YTELY ¥S0¢ (0881 ‘¢ 119SaPIWAS (JA) UreIUNOUWLIAU]

LSSOT LES as w1 HesopIweS NV

901¢€ LYST (6L ‘€D sureyunoN NN/Zv

196¢1 0LS (az‘en SIDO0Y wIsyInog

€366V L6l 11D SIB[O0Y SIPPIN

66ST1 1439 (v ‘sn SII0Y WISIION

€L91T 6LS MO VM “(SL°LL6 ‘7 1) | SUIRIUNOIN ISSMULON dYloed 15910,
TTILT L98 VD '(8°8) 180D YINOS V)

ELTLT SOTT v (9) ISe0D) [eNUa) VD

PSELT LEY VO (8L D) 1s80D YUON (VD) BIUIOJI[ED

8TV8I ¥C8 vO (6 °SY) BPEASN BTG

HNEM EL pauing eale [ejo], SaIy JO Jaquunu [ejo], mﬂO_MOHOUm— II1 [°A°7] EOMMOHOOM— SUOISTAI(J




xopuf

I1anpus ATIuoIn IOUJBIAN 911 519QSO wnuwiIxew Aep-x XXew A
LANPUS Apuo XopuJ JOyIBaA) 1L 310950 JRNGE
LANPUS ATpuo aImsIow [anj peap mMoy-0001 000TINA
SYJUOW JUSPIOIUL
DAISN AypuolN ¢ ur juoreanbo 191em mous o3eIoAy oW JyMS SAY
DdISN A[qyuoN JuaeAInba 19jem mous wnwirxew A[req Xew gMS
DAISN ATquoN JuareAInba 197eM MOUS UBIN AMS
puswI) [enuuy 7 Teak ey ur uonedioaid [enuue U9 ZaI Uy
puswiI) [enuuy [ 182K 3ef ur uonendioald [enuue ueoy 13e01 YUy
— Ioyjeom QI pue JewWI[)
puswi) Aqpuoy JUIpadIUE ¢ Ul [e10} uoneldioald aFeroay owl J7921d” 3AY
puswiID A[UIuoIA 1e103 uonendioaig 221d
SVIA-VION ATquoN anjerodwa) wnwrurw Aep-y XXew urui],
puswiD ATypuoN armerodwa) wnuwiuiw Are urury,
SVIA-VION A(puoy {L‘¢} > x ‘ormerodwo) winwrxew Kep-x Y Xew xewJ,
SYJUOW JUIPIOIUL
puswi)D ATypuoy JA ur armerodwo) wnwirxeuw 93eIoAY owl Jy Xew ], SAY
puswi) ATquoN aInjerodwo) wnwirxew A[re( XeuwJ,
{¥‘e‘c} 2 Jv ‘syruow yuopadAuUE
puswiIpD A[UIuoIA JAT un1o1ap arnssaid 1odea oSeIony ow Jy AdA~ SAY
INST¥d pue puswi) ATIuoIn j1oyop ainssard Jodea ueapy ada
901n0S§ S[eosauIL], uondmosag Ioynuapy ad£) 10301pa1g




"JX9) urewr oy} ur papraoid ore 90In0s Yora I0J SAOUISJOI JUBAJ[QL

QU L, 10301paid yoes 10§ 90In0S pue ‘gressown) ‘uondriosap ‘Jeynuoprt ‘ad£) oY) Aq paziuesSio sisA[eue siy) ur pasn s1o3orpard jndur oy (e Jo 9[qe) Arewrwing :7S d[qel,

SDSN onels adors jo 92139p Surorj-yINOS UBIIA ssauyInos KydesSodog,
SHOSN onels ado[s ueon adors
STATIS [enuuy Kyisuop Sursnoy uea KyIsuapasnoy
U /erdoed 01 < Asuop
SIATIS [enuuy uonerndod y)m BaIR 1SATBIU WOIJ JOURISI Kysuopdog
9omos uadQ onels KemySTy 1S9189U WOIJ 9OURISIP UBIN ISIp peoy —
9o1nos uadQ onels punoi3 dures 1sa1e9u WOIJ OURISIP UBIA 3stp” dwe)
9o1nos uadQ onels spunoi3 dures jo Joquinu UedA wnu_dwe)
020T 'Te 12 umedsg onels dew ssewo1q punoi3eaoqy sseworg
aoiN [enuuy IOA0D PUB[QNIYS JO UOTOBI] pue[qnIys
aoIN [enuuy IOAOD PUB[SSBIS JO UOTIORIL] pue[sseIn) OISO
aoIN [enuuy IOAOOPUR] }SI0J JO UOTIORL] 15910
NA'IN A[puon Ayisuap oyins Surny3ry Surnysry
SV¥d-vION ATpuon poads purm wnwirxew Aep- x X Xeuw puipy
901n0S§ S[eosauIL], uondmosag Ioynuapy ad£) 10301pa1g




I I I I I I I ] 15000
300 | Frequency Forests —— MAB |
{ 10000
200 :
100 {5000
0 1
oy
g 10000 =
2, ] >
) uy)
= | =
> 15000 E
= _
1 @)
= , &
I I I I I I I ] 3000
75 E Frequency Plains —— MAB
12000
{1000

1984 1990 1996 2002 2008 2014 2020
Year

Figure S1. Observed monthly fire frequencies (blue) and monthly area burned (MAB) (red) for each of the ecological Divisions: Forests (top
panel), Deserts (middle), and Plains (botom).
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Figure S2. Mean SHAP values for the top 8 input predictors per Ecoregion of our ZIPD frequency MDN. These include all the CA Ecore-
gions: Sierra Nevada, North, Central, and South Coasts; Pacific NW Mountains; Columbia Plateau; and North, Middle, and Southern Rockies.
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Figure S3. As in Fig. S2, but for the remaining WUS Ecoregions: American (AM) and Intermountain (IM) Semideserts, Arizona/New
Mexico (AZ/NM) Mountains; Chihuahuan (CH) and IM Deserts; Northern Great and High Plains; Colorado (CO) Plateau; and Southwestern
Tablelands.
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Figure S4. Complementary cumulative distribution function (CCDF) of the fire size MDN for three different cases. Left: CCDFs of the

unweighted GPD MDN simulations (green) are plotted with those of observed (red) fire sizes (> 4km?) from 1984-2004 (dotted) and 2005-
2020 (dashed). Middle: CCDFs of the unweighted GPD MDN (green, dotted) and weighted GPD (GPD-Ext) MDN simulations (green,

dashed) with MDNss trained on data from 1984-2020 but plotted alongside the CCDFs of observed sizes from 1984-2004 and 2005-2020

respectively; also shown are the CCDFs for observed sizes following the legend in the previous panel. Right: CCDFs of the unweighted

(green, dotted), weighted (green, dashed), and combined (green, solid) GPD MDN simulations alongside the CCDF of observed (red, solid)

sizes from 1984-2020; the breakpoint for the combined GPD predictions is set after 2004.
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Figure S5. As in Fig. S4, but with a lognormal loss function for the MDN. Note: unlike the GPD, the lognormal distribution does not require

a threshold on the fire sizes.
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Figure S6. Cumulative observed (red) and modeled (teal) annual area burned (AAB) across the western United States from 1984 to 2020
for different combinations of fire frequencies and locations. The upper and lower panels show the AAB derived using modeled frequencies
from the ZIPD MDN for each Ecoregion along with fire sizes simulated from the combined GPD model evaluated at observed and model fire
locations respectively; whereas the middle panel shows the AAB computed as above except with observed frequencies and model locations.
The teal shaded regions indicate 1o uncertainty intervals for the modeled area burned aggregated over the Monte Carlo (MC) simulations of
all constituent fires. The mean total area burned over the study period as well as its 1o uncertainty interval are indicated at the top of each

panel.
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Figure S7. Mean SHAP values for the top 8 input predictors per ecoregion of the GPD size MDN. These include all the CA Ecoregions:
Sierra Nevada, North, Central, and South Coasts; Pacific NW Mountains; Columbia Plateau; and North, Middle, and Southern Rockies.
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Figure S8. As in Fig. S7, but for the remaining WUS Ecoregions: American (AM) and Intermountain (IM) Semideserts, Arizona/New
Mexico (AZ/NM) Mountains; Chihuahuan (CH) and IM Deserts; Northern Great and High Plains; Colorado (CO) Plateau; and Southwestern
Tablelands.
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Figure S9. Boxplots of modeled annual area burned (AAB) for two extreme fire years, 2017 and 2020, for the entire western United States
(WUS) (teal) and three Divisions organized by their primary vegetation types: Forests (green), Deserts (yellow), and Plains (gray). The lower

5th

and upper whiskers of each boxplot indicate the 0.5*" and 99.5*® percentile of the predicted AAB distribution, whereas the horizontal black

line represents its median value. Also shown for reference are the observed AAB for both 2017 (red diamond) and 2020 (indigo traingle).
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Figure S10. SHapley Additive exPlanation (SHAP) analysis of the fire size MDN model outputs for different sets of input predictors. Left
column: SHAP summary plots with relative humidity (RH) and average RH over 3 antecedent months (AvgRH, ) predictors instead of
their VPD counterparts for the entire WUS (top panel) and Forest Division (bottom). Right column: SHAP summary plots with both VPD
and RH predictors as well as their antecedent counterparts for the entire WUS (top panel) and Forest Division (bottom). Each colored point
along the z-axis represents an individual prediction with the color corresponding to high (yellow) or low (indigo) values of the respective

input predictor.
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