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Summary: Hurricanes and wildfires are important agentsooé$t disturbance in Central America,

although it is not known whether there are linksdgen them. Here we demonstrate the effect of

hurricane disturbance on fire prevalence combingmgote sensing and GIS analyses. We collated

MODIS fire hotspots for the eleven year period 22011 in which two hurricanes struck the Central
American country of Belize. We evaluated fire @tyi by comparing fire hotspots in hurricane
affected forests with activity in similar but unedted forests. We found that fire activity was
substantially and significantly higher in hurricaaféected forests after controlling for variousttas,

including rainfall.
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1. Introduction

Hurricanes are an annual occurrence in Central Amefrequently causing major disturbance to
tropical broadleaf forests (Brokaw and Walker, 19B4nner, Kapos and Healey, 1991). Hurricane
force winds cause full and partial tree blowdowrichinput large quantities of debris in the form of
branches, whole crowns and logs (Brokaw and Gréaf;1Boosegt al., 1994; Lugo 2008). This
level of damage occurs over large spatial scalesrow tens of thousands of hectares (Vandermeer,
et al., 2000). The disturbance is thought to encousagcrease in tree diversity (Vandermestr,
al., 1996; Burslemet al., 2000; Vandermeeet al., 2000), but at the same time can cause significant
disruption to habitat for large vertebrate faund anfauna (Waide, 1991; Tossas 2006).

Habitat disruption can be intensified when othatutbance activities follow hurricane damage, such
as salvage logging and fires. Fire prevalence iatehsity are thought to increase in hurricane
damaged ecosystems (Myers and van Lear, 1998)is Mtypothesized that the combination of
hurricane and fire in synergy leads to significanmpositional and structural changes in coastal
ecosystems (Myers and van Lear, 1998). The bdgisiohypothesis rests on the assumption that
hurricanes increase fire activity and intensityaiffected ecosystems but the only evidence supjgortin
this comes from fire-adapted ecosystems of the &@ulf south-eastern coast of the US (letial.,
2008). Hurricanes occur across the Caribbean artti-Atlantic, so there is also the possibilityttha
hurricane and fires occur in synergy to shape gassent and future ecosystem composition and
structure elsewhere in the region.

Central America’'s forests are highly fragmented dhd larger contiguous blocks are usually
bordered by agricultural lands (Rag,al., 2006) or open pine savannah, which are typicalisnb
annually during the dry season from February to N&illings and Schmidtke, 2002). Agricultural
and savannah fires frequently encroach into breddtrests but, in Belize, typically do not spread
beyond a few metres (Kellman and Meave, 1997). iHoeease in downed wood caused by
hurricanes coupled with the proximity to agricudtilands (a source of fire) is thought to posecsesi
risk to hurricane affected forests (Chavez andePain, 2007). Not only can the natural proceskes o
direct regeneration and recruitment which occuerdfurricanes (Bouchegf al., 1994) be stifled by
fire, but animal and bird species can be displdomu large areas of their range (Askins and Ewert,



1991; Wiley and Wunderle 1993). The Central Amamiesthmus is straddled by a large network of
protected areas which forms a biological corridarrhany endangered species and links populations
from Mexico to Argentina (Kaiser 2001). Fires pasgious risk for the integrity of this biological
corridor and for the biodiversity found within (Ray al., 2006).

Hurricanes are expected to increase in frequendyirgensity due to climate change (Holland and
Webster 2007). In addition, drier conditions dgrthe dry season are expected in the tropics (Mahli
and Wright 2004), and this can facilitate the ctods which promote fire in broadleaf forests.
Furthermore, forest fragmentation results in highimpeter to area ratio and presents greater risk fo
fire encroachment from adjacent agricultural lar@sen these assumptions, it is thus necessary to
investigate the link between hurricanes and fioedatermine if indeed a synergy exists and if satwh
factors besides fuel inputs are at play.

The aim of this study was to determine whetheribamne affected forests are subject to increased fir
activity using an extensive dataset of MODIS fineeplocations collected over the past eleven years
in conjunction with geospatial datasets for fomster and hurricane damage. This study will adopt
spatially explicit approach using GIS analysis.

2. Methods

This study utilized ArcGIS 10 (ESRI). Fire actwitdata was obtained from the University of
Maryland’'s FIRMS system (Daviest al., 2009) in ESRI shapefile format for the perioduy 1,
2001 to August 24, 2011 and contained all active fietection points based on the gridded fire
product (NASA/University of Maryland, 2002). A cpiete treatment of the fire activity data and the
algorithm it is based on are given in Justetel. (2002) and Gigliogt al. (2003).

A list of all hurricanes which occurred during theriod 2001 to 2011 (the date range of the MODIS
fire product) was compiled (Table 1). This studgussed strictly on forest types not naturally pron
to fire which excluded dry tropical forests. Thamaining study sites were moist or wet forests
affected by hurricane Iris (2001), Felix (2006)ddRichard (2010) (Table 1). Of these, forest cover
and hurricane damage data were readily availabl&ifoand Richard, only. Although data for Felix
were requested from the relevant authorities iraNigua, it has not yet been obtained.

Table 1. Major hurricanes to affect Central America’s tigliforests

Year | Hurricane | Srength Country | Tropical Zone
2001 Iris Category 4 Belize Moist
2005| Wilma | Category 4 Mexico Dry
2005 Emily Category 4 Mexico Dry
2007 Felix Category 5 Nicaragual Moist/Wet
2007 Dean Category 5 Mexico Dry
2010 Richard| Category|l Belize Moist

Forest cover data for Belize was obtained from @Ghgton, et al. (2010) in raster format and was

converted to shapefile format for the analysis. e Thataset included forest cover obtained from
analysis of Landsat imagery for various periodsirdurl980 to 2010. Although hurricane Iris
occurred in 2001, the forest cover dataset corredipg to the year 2010 was used in order to exclude
fires in areas which were converted to non-fordétgr £2001. This meant that a certain number of
fires which occurred in forests that were later veoted to non-forest between the time of the
hurricane and 2010 were not counted as such anel igeored in the analysis. We did not expect
that this would bias our results toward fewer fines unaffected forest because the rate of
deforestation was not expected to be different eetwaffected and unaffected forests given the
relatively compact spatial arrangement of eachystwda (Figure 1).



The hurricane damaged area for hurricane Richal vesed on analysis of ALOS-PALSAR and
ASTER imagery and was obtained from CATHALAC/SERWRI10) in shapefile format. The
damage area for hurricane Iris was determined hyalasurvey immediately after the storm
(Meerman, 2001) and was included in the study apsfile format. For both studies, the definition
of the hurricane damage area was similar as itledtthe detection and delineation of all areas
showing distinct visual and spectral differencempared to conditions before the hurricane and to
areas known to be unaffected, based on foliage valfdiscolouration and/or percent of visible
ground.

80 Kilometers
I T TN A N N B

Figure 1. Spatial composition of the study area. Greensaredicate the broadleaf forest cover of
Belize (Cherringtonet al., 2010). Red outline indicates the hurricaneeéfé forest areas and
yellow outline indicates the unaffected forest aresed in our analysis. Thick dashed lines indicat
approximate hurricane tracks.



We expanded a buffer of half the width of the huane damaged area on both the northern and
southern extent in an effort to obtain a sampleraiffected forest of equal area. This process was
repeated iteratively until the area of unaffectete$ts roughly equalled the area of affected forest
after which we clipped the forest cover datasetht study areas and calculated the resulting area
(Table 2).

Table 2. Area in hectares of hurricane affected and untgtetorests included in the study.

Year | Hurricane | Affected Forests (ha) | Unaffected Forests (ha) | Ratio (Approx.)
2001 Iris 112,141 110,509 11
2010| Richard 196,976 195,290 1:1

We then applied an internal buffer of 1 km widthrédluce the area of all forest polygons in order to
reduce any bias resulting from the 1 km resoluttbrthe MODIS fire pixel location data. It is
important to reduce this bias because it couldaamd the results through the erroneous inclusion of
fire pixels at the non-forest/forest periphery anefsts when in actuality they occurred in non-fores
and vice versa. Another potential bias could tefoim unequal distribution of non-forest/forest
periphery between affected and unaffected fore$tis was controlled for by the elimination of all
forest fragments less than 100 hectares from thlysis.

We calculated the number of fires detected per K&0per month during the dry season months of
April and May, and normalized and standardized vhisable across affected and unaffected area for
both hurricanes and across all years in the stuahjog in order to facilitate comparison. We
compared the results to dry season rainfall overstindy period using long-term rainfall data for
Belize (Bakergt al., 1994)



3. Results and Discussion

We found that fire activity over the entire studsripd was substantially higher in hurricane affdcte
forests as compared to unaffected forests (Figuré/2e tested this using a Wilcoxon Signed-Rank
test for hurricane Iris and found that the differerwas statistically significant at the p=0.05 leve
(Table 3). We also found that the effect was raststant in all post-hurricane years and that the
variation in annual fire activity in hurricane atfed forests was closely related to dry seasoffiathin
patterns (Figure 3). More importantly, dry seasminfall had no effect on fire activity in unaffect
forests, suggesting that hurricane damage doesasetrfire activity in broadleaf forest but only whe
dry seasons were unusually dry.
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Figure 2. Total fire detections in the study area. Red duticate MODIS fire pixel location in
hurricane-affected (orange) and unaffected (gréme¥ts. Thick dashed lines indicate approximate
hurricane tracks. Thin dash lines indicate theigpeonstraint used to define affected versus

unaffected forests. For hurricane Richard, thelemof fire pixels in affected (n=406) and
unaffected (n=73) forests corresponds to the 2@¢ Sekhson only. For hurricane Iris, fire pixels i
affected (n=259) and unaffected (n=43) forestsasgmts cumulative detections during dry seasons
for the period 2002-2011.



Table 3. Results of a Wilcoxon Signed-Rank test of diffeebetween mean fire activity
(detections/1000 kffmonth) in affected vs. unaffected forests.

Year | Hurricane Satus Period Months | N | W
. Affected 2011 Apr-May| 2
2001 Inis Unaffected 2011 Apr-May 2 na.j na
. Affected | 2001-2011 Apr-May | 22
2010/ Richard Unaffected| 2001-2011 Apr-May | 22 374 0.002
Affected Unaffected
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Figure 3. Results showing standardized values of fire agtand dry season rainfall across the study
period in affected and unaffected forests. Drysemaainfall mean was taken over the 50 year period
1960-2011 for the Richard study area and for tisestudy area it was taken over the 30 period from
1976-2006. Where the dry season was drier tharageasr anomalous, as in years 2003, 2005 and
2008, we see higher than average fire activitynboite importantly we only see this pattern in
hurricane affected forests.

4. Conclusions

The findings of this study are important becaussy themonstrate a clear link between hurricane
damage and increased fires in broadleaf forestsatteanot normally subject to fire activity, and
where most species have very little or no evolargrresilience to heat stress. The results suggest
that hurricane disturbance facilitates increasesl dictivity but only when dry season conditions are
drier than normal. In a region where hurricanesaar annual occurrence and predicted to increase in
frequency, a hurricane-fire synergy could have daesequences for tropical forests and biodiversity
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