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Abstract

The limited availability of resources for wildfire management necessitates prioritizing forest
areas for protection. For this purpose, criteria such as fire risk are used to generate thematic
maps intended to support decision-making. However, prior to this, the information must be
validated under a statistically robust process. Unfortunately, no such process currently exists,
so it must be formulated from the most basic aspect, which is the definition of the sampling
unit. This was the objective of this study, where different-sized reference sites (RSs) were
tested under four sampling intensities randomly distributed throughout the state of Jalisco,
Mexico. Within each RS, the number of fires was determined for the period 2005-2013. It
was found that variability in the number of fires decreased as the size of the RS increased,
until reaching an asymptotic behavior (around 100 km?). In this way it was determined that a
RS of 100 km? captures the variability in the number of fires, which was termed Risk Factor
(RF). Finally, the use of this parameter will support the definition of the risk validation
process. In addition, the standardization of the RS will generate information, in different

regions, that is not only comparable but also compatible.
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Introduction

Wildfires are one of the major causes of forest cover loss in the country. An
estimated 8,900 wildfires occur in Mexico every year (Cibridn et al., 2014), of which
97% are caused by human activities (CONAFOR, 2010). Because of this, the
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National Forestry Commission, through the National Wildfire Prevention Program,
has implemented a general strategy for wildfire prevention and control. However,
because human and economic resources are limited, it is necessary to define areas
requiring priority attention (CONANP, 2009). For this reason, systems have been
developed that evaluate the factors that determine the occurrence of fires and their
behavior (Dentoni and Muiioz, 2012; July, 1990). These factors are generally
integrated into criteria such as risk, hazard and vulnerability (Hardy, 2005), each of
which is based on the evaluation and weighting of a number of specific variables
(Red et al., 2001). This weighting can be done under different approaches, such as
multicriteria analysis (Golubov et al., 2014), where groups of experts establish
comparisons among the variables used, and decide by means of different methods
those which have the greatest influence and assign them priority values. Based on
this, it is possible to generate cartography and statistics, which allow locating and
dimensioning areas requiring priority protection against wildfires (Ager, Vaillant &
Finney, 2010; CONAFOR, 2010).

However, the use of information pertaining to priority wildfire protection areas
is totally conditioned upon the verification of their results, since one can fall into the
error of addressing areas that are not, in fact, priority areas or, on the contrary, not
addressing priority areas. However, on this topic there are few papers that refer to
some form of validation. Moreover, there is no standardized methodology which
allows for a systematic validation process, neither for the prioritization in general,
nor for each of the criteria that define it (Salvati & Ferrara, 2015). For example, in
the case of risk criterion, there are various strategies, such as: a) logistic regression
analysis to establish the most important variables, through the random sampling of
10 km? units (determined by the spatial resolution of the information used) and the
evaluation of the goodness of fit of the logistic regression model (Hosmer and
Lemeshow test) (Carillo, 2012; Mohammadi, Bavaghar & Shabanian, 2014); b) use
of the Moran Index and Geary's C-Coefficient to validate the risk index defined by
spatial autocorrelation (Pérez et al., 2013); c¢) use of databases with a history of 160
days, chosen systematically and randomly (5 days per month and for each of the
seasons of the study period) (July, 1990); d) use of satellite images (e.g. Modis
active fire) to supplement the recorded fire data (Yeguez & Ablan, 2012; Chuvieco
et al., 2007).

On the other hand, it has been found in this type of study that the size of the
sampling unit, which is used for validation, is not adequately justified. And again,
there are different ways in which this sampling size is determined, such as: i) the
variables are mapped to a spatial resolution of 1 km? (Chuvieco et al., 2007).

Regardless of the method used, in all cases the selection of the sampling unit size is
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arbitrarily made. Accordingly, one of the first points that must be defined, in the
process of validating fire risk areas, is a methodology that allows standardizing both
processes and the size of the sampling unit. Therefore, the purpose of this study was
to determine the statistically appropriate site size to support such validation. Such
areas are referred to as Reference Sites (RSs), while the number of fires that are
located in each RS is called the Risk Factor (RF). Thus, a specific risk validation
would basically consist of a comparative analysis between the RF determined at a
given point and the RF corresponding to a certain wildfire risk class. Traditionally,
these classes are defined by dividing the sum of the weighted values of each variable
by the number of classes to be considered (Castillo et al., 2013; July, 2010).
However, this paper proposes determining the ranges of number of fires based on
their probability of occurrence (that is, considering a certain number of variances for

each wildfire risk class to be determined).

Materials and methods

To define the wildfire risk reference area, information was used for the state of
Jalisco, which is located in western Mexico: to the North 22° 45" and to the South
18° 55" of North latitude, to the East 101° 30" and to the West 105° 42" of East
longitude (figure 1). It covers a 78,588 km? area, where a warm sub-humid climate
predominates in 68 % of the territory state (coast and center), a temperate sub-humid
climate in 18 % (upper mountain areas) and a dry/semi-dry one in 14 % (North and
Northeast). The mean annual temperature is 20.5° C and the average annual rainfall
is approximately 850 mm, although in the coastal zones it is more than 1,000 mm.
Conifer and oak forests dominate, followed by deciduous and sub-deciduous forests
(sierra bordering the coast); there are also grasslands (North and Northwest of the
state), scrub and grass-covered areas, palm groves, mangroves and tulare wetlands
(coastal zone) (IIEG, 2014).
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Figure 1— Location of the study area, corresponding to the state of Jalisco,
Mexico.

Wildfire occurrence

On average, in the state of Jalisco, between 17,000 (SEMADET, 2014) and
20,761.58 (figure estimated based on data from the CONAFOR Database, 2015 fire
occurrence record) hectares are burned each year, with an average number of 500
(SEMADET, 2014) to 566 (CONAFOR, 2015) fires per year. The type of vegetation
most affected is grassland, with an average of almost 7,000 ha per year, followed by
forest areas with shrubs and scrub, where each year an average of almost 6,000 ha
are burnt. On average, 2,500 ha of areas with adult trees are burnt per year
(SEMADET, 2014).

Reference sites

This project defines the sampling unit area that would be most suitable for capturing
variability in the number of wildfires. For this purpose, a number of areas, termed
reference sites (RSs), were analyzed. These sites were circular polygons, defined
with the following areas: 1, 2, 4, 8, 10, 15, 30, 50, 70, 100, 150 and 200 km?. These
polygons were located concentrically in the sampling sites. And subsequently, based
on statistical fire information obtained from CONAFOR (2005 - 2013) (figure 2),
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each of the wildfires reported was located geographically. This allowed for making a
count and record of the fires that were located within each RS (figure 3). On the
other hand, four sampling intensities (100, 300, 500 and 1000 points) were
established in order to capture the variability in the number of fires that could occur
due to the density of sampling points. In all cases, sampling was distributed

completely at random throughout the state of Jalisco, Mexico.
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Figure 2— Number of fires per year in the state of Jalisco, from 2005 to 2013 (CONAFOR,

2015).
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Figure 3— Theoretical schematization of the location of wildfires in reference to the variation
in areas analyzed.
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Analysis of variability

Considering each one of the four sampling intensities indicated, the number of fires
in each of the corresponding RSs was determined. Based on this, descriptive
statistics were generated in relation to the number of fires for each of the twelve
areas analyzed. On the other hand, through analysis of variance and Tukey's range
test, we determined whether the difference between the number of fires per area was
significant. Subsequently, to define the RS area that captures the variability in the
number of fires, the variation in this variability (coefficient of variation) in relation
to the 12 RS sizes was plotted. As a criterion of variability, the coefficient of
variation was used, since it describes the amount of variability (in relation to the
mean) without being based on the units. Therefore, unlike standard deviation, the
dispersion of the different sampling intensities used in this study can be compared,
regardless of the difference in their means. These graphs were generated
independently for each of the four sampling intensities tested. In these graphs the RS
area where the variability trend initiates an asymptotic behavior was determined.
This, in turn, enabled determining the Risk Factor, which means the number of fires
that are located within this area (RS).

Results and discussion

RS statistics
Based on the four sampling intensities tested (100, 300, 500 and 1000 sites), the

statistics corresponding to the different site sizes evaluated were calculated (table 1).
Regardless of site size, the minimum value was zero fires, while the maximum
number of fires per site was from § (in 1 km?) to 276 (in 200 km?). On the other
hand, according to the means and modes, it can be deduced that in most of the
sampled RSs there was no fire. As for the variability, considering the coefficient of

variation, it begins to stabilize from the 70 km? site size.

220



Proceedings of the Fourth International Symposium on Fire Economics, Planning, and Policy:
Ecosystem Services and Wildfires

Table 1— Statistics on the number of sites that are located by site size, in relation to the

sampling intensities.

Intensidad de Tamaiio del sitio (km?)
Estadistico muestreo 1 2 4 8 10 15 30 50 70 100 150 200
Media 100 001 006 0.16 037 049 074 1.5 244 333 466 675 897

300 005 0.09 023 047 055 08 148 245 332 462 7 9.41

500 005 o011 021 042 053 077 141 236 331 473 736 9.89

1000 0.04 008 015 03 038 061 126 211 292 418 631 853

Error tipico 100 0.01 003 005 012 016 021 037 057 076 094 122 157
300 0.02 003 009 015 016 02 03 045 056 07 09 1.19

500 001 003 005 009 011 015 024 036 044 058 083 106

1000 0.01 001 002 004 004 006 012 0.18 022 03 041 053

Desviacion 100 01 028 053 124 16 214 367 572 755 941 1224 157
estandar 300 034 055 151 259 274 35 525 78 9.67 1221 16.61 20.62
500 025 077 123 209 255 345 547 814 989 1288 1848 23.83

1000 031 043 069 115 141 196 366 562 71 939 13.09 16.82

Varianza 100 0.01 008 028 155 256 46 1346 3273 5707 8849 149.8 246.5
dela 300 012 03 228 668 751 1224 2753 608 9348 149.1 2759 4251
muestra 500 006 06 151 437 649 11.89 2996 6622 9789 166 3415 567.8
1000 0.1 019 047 133 199 384 1343 31.53 5044 8826 171.5 283

Coeficiente 100 10 463 329 336 326 29 245 234 227 202 181 175
de variacion 300 643 612 666 546 495 435 355 318 291 264 237 219
500 519 719 587 503 483 45 389 345 299 272 251 241

1000 836 574 462 386 373 322 291 267 243 225 207 197

Risk Factor (RF)

Figure 4 defines the variability, based on the coefficient of variation, in relation to
site size, where it can be seen that the variability in the number of fires decreases as
the RS size increases. This occurs at all sampling intensities, until reaching an
asymptote, where the coefficient of variation values tend to stabilize. In the case of
the sampling intensity of 100 sites, the coefficient of variation (CV) begins to
stabilize at a site size of 40 km?, reaching an asymptotic behavior when the RS area
is between 80 and 100 km?. For the sampling intensity of 200, the asymptote of the
curve starts at the 100 km? RS. On the other hand, the sampling intensities of 300
and 500 sites defined similar trends in the CV decrease, with the CV beginning to
decrease, approximately, at a site size of 80 km?, while CV stabilization is defined
between the RSs of 120 and 140 km?. Finally, the variability trend in the 1000-site
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sampling intensity starts an asymptotic behavior between 60 and 80 km?,
approximately reaching the lowest CV at a RS size of 100 km?.
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Figure 4—Coefficient of variation trend in relation to site size, for different sampling
intensities.
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According to the above, it is considered that, in general, the asymptotic behavior
of the CV occurs at a RS size of approximately 100 km?; therefore, this area was
used to define the Risk Factor. Although, in the cases of the sampling intensities of
300 and 500 sites, the asymptotic behavior is more clearly defined in between the
RSs of 120 and 140 km?, the reduction of the CV that is achieved, in relation to the
100 km? RS, is not significant. This is corroborated by comparing the CV values that
are determined at each of the sampling intensities tested (table 1); the CV values are
very similar among the different sampling intensities, considering a RS of 100 km?,
being 2.01864, 2.64275, 2.72100 and 2.24920 respectively for 100, 300, 500 and
1000 sites sampled. Based on all this information, the risk factor is conceptualized as

the number of fires that are located in a circular 100 km? area.

Number of fires per hectare

The Risk Factor (number of fires in 100 km?) can also be referred to as the number
of fires per hectare (NFH). Figure 5 shows the NFH trend, estimated based on the
number of fires located on average in each of the site sizes tested, which, in turn, are
differentiated by each of the sampling intensities tested. NFH values ranged from
0.00010 to 0.00060. As can be seen, there is a high variability in the number of fires
per hectare in the RSs of less than 30 km?, even when considering the different
sampling intensities. On the other hand, after the 30 km? RS size, the NFH average
stabilizes between 0.00040 and 0.00050. The sampling intensity that showed the
greatest variability was that of 100 sites, while the intensities of 500 and 1000 sites
showed a more constant trend. Finally, the RS size of 100 km? defines a stabilization
in the number of fires per hectare.

Considering the above, analyses of variance were performed for the sampling
intensities of 500 and 1000 sites. In both cases the differences were significant (p=
0.0001). This implies that there is a difference between the numbers of forest fires
that are located in each of the 12 site sizes. Figure 6 shows the comparative
relationships resulting from the Tukey test, with which each site size was compared
to all others. It is noteworthy that, for the sampling intensities of both 500 and 1000
sites, the means of the RSs of 100, 150 and 200 km? turned out to be different in

comparison to the rest of the RSs.
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Figure 5—Behavior of the mean number of wildfires per hectare, by site size and sampling
intensity.
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Figure 6—Results of the comparison of means (Tukey's test) of the different site sizes in
relation to the sampling intensities
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Conclusions

Based on the results of this study the following conclusions are defined:

1) The variation in the number of fires begins to stabilize, approximately, at a RS
size of 100 km?”.

2) The different sampling intensities defined similar trends in terms of the variability
of the number of fires.

3) The Risk Factor (RF) is conceptualized as the number of fires detected within a
circular 100 km? area.

4) There is a significant difference in the number of fires located in the different RS
sizes.

5) Although it is possible to define the number of fires per hectare (NFH), its
estimate is based on the RF definition. Therefore, it should only be used for
comparative purposes when the area to be analyzed is less than 100 km?.

6) The RF can be used to support the definition of a standardized validation strategy
in the definition of wildfire risk areas.

7) Based on the RF, the number of wildfires in a number of sampling sites can be
determined. Therefore, one can not only make comparisons, but also share

information between different areas.
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