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Fire regimes

Makaha Valley, Oahu 2018Moritz et al. 2005. PNAS
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Fire in the Hawaiian Islands

Trauernicht et al. 2015 Pacific Science

Annual Area Burned in Hawaii 1904-2018

Wildfires in Hawaii 1989-2012
(http://gis.ctahr.hawaii.edu)

Wildfires in Hawaii 1989-2012
(http://gis.ctahr.hawaii.edu)
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The Problem

“Conventional” fire models perform poorly in Hawaii



The Problem

How do we assess fire risk in Hawaii?

1974



Fire Probability
(vs fire spread)

Logistic regression (GLM/GAM) Habitat distribution models (MaxEnt)



Fire Probability
(vs fire spread)

Logistic regression (GLM/GAM)

Habitat distribution models (MaxEnt)

Moritz et al. 2005. Proc. Natl. Acad. Sci.



NW Hawaii Island fires 1992-2011

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

10000
11000
12000
13000
14000

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

Year

Ar
ea

 b
ur

ne
d 

(h
a)

Northwest Hawaii Island 



Predictors:
Simplified vegetation – LANDFIRE; 30m 
Mean annual rainfall 
Mean annual temperature
Annual rainfall – year of fire
Annual rainfall – year prior 
Ignition density – point-based dataset; 250m

Model Fitting

Binary Response:
20 year fire history
1000 random points per year
Classified as burned/unburned
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Fitting: Generalized additive models and multi-model selection (AICc)

PFIRE ~ veg type * mean annual rainfall  + veg type* year of fire rainfall + 
veg type*prior year rainfall + mean annual temp +
ignition density + sample year (as random effect)

[Additional model set fit with spatial term: + s(lon, lat) ]

Model Fitting and Prediction

Prediction: Sampling, model fitting, and prediction bootstrapped 100x for:

Current, mean climate (rainfall/temp)
Annual rainfall anomalies (+/- 1  SD)
Mid-century climate (RCP 8.5)
Late-century climate (RCP 8.5)
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(Ellison Timm et al. 2015; Zhang et al. 2017)



Results

Global GAM was best supported
Akaike Weight > 0.99
Explained Deviance = 34.7% 

Current Mean Climate
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Results – drivers of fire risk

Current Mean Climate
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Results – spatial shifts in fire risk

Current Mean Climate
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Results – spatial shifts in fire risk
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Results – spatial shifts in fire risk
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Results – spatial shifts in fire risk
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Conclusions

Antecedent rainfall critical to fire risk assessment/prediction

Fire risk projected to decline by communities and
increase adjacent/within high value watersheds

Largest future change by mid-century (2040-2060)

Model is applicable to watershed assessment/planning
(Wada et al. 2017. Pacific Science; Bremer et al. 2018. Ecology and Society)

Opportunities are emerging for model improvement
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Reducing fire as an ecosystem service: Puu Waawaa

FUTURE CLIMATE,
NO RESTORATION

FUTURE CLIMATE,
FULL RESTORATION

Wada et al. 2017. Pacific Science



Including x,y as a predictor (spatial autocorrelation)


