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Abstract:

The strategies against forest fires are directed to priority areas, cartographically
defined according to such criteria as fire hazard (inception, propagation, difficulty of
control and impact). This is reflected, among other things, on the size of the burnt
surface. Accordingly, the burnt surface can be considered as a support criterion for
defining priority areas for protection against forest fires. However, the processes to
determine their spatial variation must be standardized; otherwise, there may be a
mismatch of their estimates between different zones. For this reason, among
others, a common sampling unit must be defined in order to obtain comparable and
compatible information. Thus, the objective of the present work was to determine a
sample unit size that enables the capture of the spatial variability of the surface

burnt by forest fires. Reference sites (RSs) were analyzed, considering: a) four
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sampling intensities (100, 300, 500 and 1 000 sites); and b) twelve RS sizes (1, 2,
4,8, 10, 15, 30, 50, 70, 100, 150 and 200 km2). The average burnt area in each
RS was determined based on fire information for the state of Jalisco during the
2005-2015 period. The variability of the average burnt area diminished as the size
of the RS increased, until an asymptotic behavior occurred. Considering that the
data did not define a normal distribution, the Kruskal-Wallis test determined that
there is a significant difference between RS sizes. An analysis between paired
independent samples (Mann-Whitney test) defined that there is a difference
between the sizes of neighboring RSs in the area where the asymptote begins.
Finally, an RS of 100 km? was defined as the size of the common sampling unit to
be used to generate a cartography of the spatial variability of the area burnt by

forest fires.
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Introduction

Every year, the surface area affected by forest fires across the world and the
number of these events are very variable, depending on the weather and the social
and economic conditions existing in the damaged areas. In this regard, the average
number of forest fires per year in Mexico is 8 000; these fires manifest in various
magnitudes. However, their average size is 30 ha (Conafor, 2013). Consequently,

the impact that they cause due to their frequency and intensity is an important
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ecological disturbance factor, as they bring about transformations at various levels

in several forest ecosystems (Jardel et al., 2010).

Likewise, they also have social and economic effects. Therefore, fire prevention and
firefighting must be contemplated within a fire management plan that includes,
among other aspects, the zoning of priority areas against forest fires (Conafor,
2010). This would contribute to an efficient use of human, material and financial

resources, all of which are limited (Carrillo et al., 2012).

In general, three criteria are analyzed in order to determine priority areas of
protection against forest fires: fire risks, fire hazard and potential damage or
value (Flores et al., 2016a); these are assessed and weighted in terms of a
series of variables (Rojo et al., 2001). Thus, the location and sizing of surfaces
based on certain levels of hazard support the definition of strategies for both

fire prevention and firefighting.

Few studies have been carried out to estimate forest fire hazards (Carrilo et al.,
2012). For example, the spatial variation of fire hazard is modeled based on
interpolations (kriging) of fuel loads (Rodriguez et al., 2011). Furthermore,
variables that exert an influence on the hazard are assessed through multicriterion
analysis in order to determine their corresponding model (Mufoz et al., 2005).
Another assessment method is based on teledetection (images taken by the MODIS
sensor) and meteorological indices, correlated with the temporal variation of the

fuel’s moisture content (Yebra et al., 2005).

Nevertheless, we must take into account the fact that, in order to determine the
forest fire hazard, variables affecting their inception, propagation, difficulty of

control and impact need to be assessed (Rodriguez et al., 2011).

This is reflected, among other things, on the eventually burnt surface, since it
implies that: a) there were conditions for their inception; b) the rapidity of their
propagation determines the surface area burnt during a given time period; c) in
general, the larger the surface, the greater the difficulty to control the fires, and d)

the effect of a high impact can be exponential in direct relationship to the affected
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surface. Therefore, the burnt surface area is a support criterion for determining
priority areas of protection against forest fires. However, a sampling strategy must
first be established in which, for instance, an adequate site size is determined for

the assessment of the burnt surface.

From the point of view of forestry, this site size is determined for various purposes
(biomass estimation, tree density, diversity, etc.); a minimum size is sought that
involves savings in terms of both time and costs, as well as the guarantee of
statistically accurate estimates. This requires the site to display a tendency to
reduce the variance of estimations, taking into account that small sampling sites
favor a high variation in the estimations, and that as the size increases the variation
decreases (Aguirre et al., 1997). Nevertheless, this tendency can eventually
determine an asymptotic behavior in which the increase in the size of the site does
not involve a relevant reduction of the variance. Therefore, the adequate site size is

where the said asymptotic behavior begins (Gallegos et al., 2006).

Since the definition of a common site size may imply a lack of correspondence
between the estimations of the burnt surface areas resulting from fires in different
areas, the purpose of this work was to define one that will allow capturing the
spatial variation of this surface. Thus, the following hypothesis is proposal: the
variability of the burnt surface diminishes as the size of the site increases to a point

in which this variability determines an asymptotic behavior.

Materials and Methods

Description of the study area

The present research uses information from the state of Jalisco, located in western
central Mexico (Figure 1), with a surface area of 78 588 km?, of which 68 % has a
warm subhumid climate along the coast and its central area, while 18 % is

subhumid temperate, in the higher parts of the mountain chains, and 14 % is dry
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and semi-dry, in the north and northeast of the state. The mean annual
precipitation is approximately 850 mm, although in the coastal zones it is over 1
000 mm per year. According to Rzedowski’s classification (1986), Jalisco has 13
types of vegetation, most of which consists of pine oak forests and deciduous

tropical forests (Ramos et al., 2007).
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Figure 1. Study area of the sampling unit for determining the spatial variability of

the surface area burnt by forest fires in the state of Jalisco, Mexico.

In Jalisco, the average annual burnt surface ranges between 15 000 and 20
761.58 hectares (Conafor, 2015; Semadet, 2016). The temperate forest is the
most affected, with an annual average of nearly 12 008 hectares; it is followed
by the lowland forest and undetermined vegetation, with an average of 1
903.9 hectares; grasslands, with 729.57 hectares; tropical forests, with 463.32
hectares; shrubs, with 190.55 hectares, and montane cloud forests, with 24.27
hectares (Conafor, 2016).
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Burnt surface

In general, fire hazard is defined as the probability that an event may propagate,
prosper and cause damages in the vegetation, as a result of various factors, such as
temperature, relative humidity, characteristics of the fuels, land conditions, and
speed and direction of the wind (Chandler et al., 1983). Based on the above, the
hazard is reflected, among other aspects, on the surface area that burns during a
forest fire (Vilchis et al., 2015). In general, a fire may be considered to be more
dangerous in direct proportion to the size of the burnt surface. Therefore, in this
research we considered the analysis of the average damaged surface within a given

area. However, the burnt surface is not synonymous with the forest fire hazard.

Surface area of reference sites

The most convenient minimum sampling surface area for capturing the variability of
the average burnt surface was defined in the actual project. For this purpose, a
series of circular polygons of twelve different surfaces known as reference sites
(RSs) —1, 2, 4, 8, 10, 15, 30, 50, 70, 100, 150 and 200 km2— were analyzed. It
was decided that the polygons should be circular because this shape has been used
in various forest samplings. Furthermore, circular polygons require only one control
point, which facilitates the distribution of the sites (McRoberts, 1992). Any

geometric figure can be used, as what matters is the size of the site, not its shape.

In order to capture the variability of the average burnt surface, which may occur
due to the density of sampling points, four sampling intensities were established:
100, 300, 500 and 1 000. Their location was selected at random, and therefore any
point had the same probability of being selected; furthermore, this probability is

independent of other points.
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Although the spatial independence of the data is outside the scope of this study, it
must be analyzed, as through it we seek a low heterogeneity of the variable burnt
surface that will ensure the non-existence of spatial autocorrelation. Otherwise,
more complex statistic methods integrating the modeling of the spatial structure of
the data would have to be applied (Zas et al., 2008). The twelve circular polygons
were subsequently located in each reference site (RS).

The next step was to determine how many forest fires have taken place in each RS
(Figure 2). For this purpose, statistic information on the forest fires of the 2005-
2015 period (Conafor, 2015) was utilized to determine the average burnt surface

corresponding to each RS.

W} Incendio

Incendio = Fire

Figure 2. Theoretical location of forest fires in reference to the variation of
analyzed surfaces for determining the spatial variability of the surface burnt by

forest fires in the state of Jalisco.
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Variability analysis

As stated above, for each of the four sampling intensities, the average burnt surface
area per RS was recorded in order to estimate the descriptive statistics by RS and
by sampling intensity. The analysis of the variability of the burnt surface in relation
to the size of the RS was carried out by charting the corresponding variation
coefficients by sampling intensity. The most adequate surface of the sampling
polygon (RS) was subsequently determined, using as a criterion the threshold in

which the variability (variation coefficient) began to display an asymptotic behavior.

In order to ensure that the selected RS size differed from the adjoining RSs, the
kurtosis values and the asymmetry coefficient were analyzed. This made it possible
to determine that the data do not tend to define a normal distribution. The Kruskal-
Wallis (non-parametric) test was applied (Fowler et al., 1998) in order to determine
whether or not there was a significant difference between RS sizes. Finally, an
analysis between independent paired samples was carried out using the Mann-
Whitney test (Fowler et al., 1998) to determine whether or not there was a

significant difference between the sizes of adjacent RSs.

Thematic cartography

Once the most adequate RS size was obtained, the corresponding thematic map
was generated, illustrating the spatial variation between the surface burnt by forest
fires across the state of Jalisco. The interpolation technique known as “weighted
inverse distance” —in which the value of an unsampled point is the mean weighted
inverse distance between the values of the sampled points— was used for this
purpose (Burrough and McDonnell, 1998). Its interpolation based on the weighted
inverse distance is represented by means of the following linear function (Flores,
2001):
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Where:
B * (x,) = Estimated value at an unsampled site
x, = Location referred to a coordinate system
g * (x;) = Observed value at a sampled site
x;, d; = Distances between each of the sample sites and the unsampled point
p = Exponent of the distance (weighting)

n = Number of sampled sites. In this work, a weighting value (p) of 2 was

used, as it best represented the spatial variation of the average burnt surface.

Results

General statistics

Based on the four sampling intensities (100, 300, 500 and 1 000 sites), the
statistics corresponding to the various site sizes were assessed (Table 1). The
minimum value, regardless of the size of the site, was observed to be zero burnt
hectares, while the maximum burnt surface ranged between 104.9 has (in 1 km?)
and 866.66 ha (in 200 km?). In terms of the means and the modes, it was

inferred that at most sites there were no burnt surfaces.
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Table 1. Statistics of the mean burnt surface by reference site (RS) size in relation

to the sampling intensities.

Site size (km2)

Samplin
Statistic - i ; N
v
1 2 4 8 10 15 30 50 70 100 150 200
100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Minimum
500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 142.50 97.00 75.38 279.00 279.00 279.00 279.00 336.00 336.00 336.00 1 680.00 848.00
300 30.00 300.00 305.00 156.25 156.25 900.00 600.67 659.80 550.00 597.00 370.76 370.76
Maximum
500 300.00 300.00 746.00 385.50 360.00 346.00 600.00 600.00 597.00 597.00 597.00 372.50
1000 483.00 346.00 597.00 597.00 597.00 597.00 597.00 346.00 346.00 346.00 357.75 346.00
100 2.29 2.33 2.39 10.12 12.21 12.54 17.35 27.53 26.71 26.96 55.34 56.97
300 0.99 7.01 12.11 19.18 19.95 51.60 49.10 57.91 53.57 62.89 49.98 45.49
Mean
500 7.31 14.53 34.03 39.74 42.66 35.06 39.44 48.91 42.57 54.12 50.99 50.64
1000 22.26 32.47 47.09 45.09 46.52 46.82 45.12 36.51 37.16 39.24 43.06 43.54
100 0.00 0.00 0.00 0.00 0.00 0.00 1.25 5.63 9.90 10.93 15.60 20.99
300 0.00 0.00 0.00 2.92 4.00 15.71 17.67 20.25 22.83 29.33 29.53 29.29
Median
500 0.00 0.00 5.05 11.63 16.50 16.54 16.32 17.33 16.16 19.86 22.57 27.14
1000 1.00 10.50 16.50 13.42 13.25 15.50 17.13 17.61 19.81 20.03 20.22 24.23
100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mode 300 0.00 0.00 0.00 0.00 0.00 4.00 4.00 10.00 10.00 40.00 4.00 5.00
500 0.00 0.00 0.00 2.00 2.00 2.00 3.00 2.00 5.00 5.00 8.00 28.00
1000 0.00 2.00 2.00 4.00 20.00 20.00 20.00 5.00 2.00 2.00 2.00 2.00
100 15.83 13.27 10.37 40.42 42.07 38.72 42.76 59.74 49.72 51.72 177.14 116.33
Standard 300 3.96 32.13 40.92 36.03 34.67 128.51 98.31 107.49 92.13 110.20 65.29 55.86
desviation 500 32.38 50.57 94.97 74.88 70.72 57.62 78.52 97.34 79.42 94.91 77.61 64.95
1000 68.44 59.21 94.77 89.67 91.64 90.83 84.06 53.66 53.67 57.16 63.73 61.61
100 250.5 176.1 107.5 1633.6 1769.6 1499.5 1828.4 3569.5 2472.5 2675.1 31379.9 13 532.9
sample 300 15.7 1032.2 1674.3 1298.3 1202.1 16514.3 9664.6 115551  8487.8 12 143.7 4263.0 3120.7
variance 500 1048.8 2557.8 9019.4 5606.6 5001.8 3320.2 6165.5 9475.3 6307.9 9 008.4 6023.8 4218.2
1000 4 684.5 3 506.4 8982.3 8041.5 8 398.5 8250.8 7 066.6 2879.4 2880.8 3266.7 4062.0 3796.1
100 7.97 6.39 5.57 5.91 5.27 5.32 4.23 3.34 3.51 3.73 8.08 4.59
Asymmetry 300 5.25 8.09 5.22 2.52 2.55 4.89 3.70 3.32 3.43 3.54 3.20 3.15
coefficient 500 7.85 4.99 5.26 3.25 2.93 3.60 4.81 4.20 4.36 3.56 4.25 2.65
1000 4.97 3.41 3.84 3.81 3.66 3.77 4.45 3.51 3.48 3.44 3.53 3.57
100 66.62 41.29 33.02 36.81 30.24 31.47 20.09 11.64 15.85 16.26 73.09 25.58
300 31.83 71.92 30.79 5.90 6.53 26.50 14.68 12.38 13.11 12.95 12.22 13.08
Kurtosis
500 69.03 25.21 33.63 10.83 8.96 14.41 28.51 20.14 24.74 15.37 25.18 8.48
1000 26.87 13.46 16.19 17.03 15.55 16.43 23.42 16.09 15.43 14.68 14.16 14.33
100 6.93 5.69 4.33 3.99 3.45 3.09 2.46 2.17 1.86 1.92 3.20 2.04
S 300 4.00 4.59 3.38 1.88 1.74 2.49 2.00 1.86 172 1.75 1.31 1.23
‘ariation
coetficient 500 4.43 3.48 2.79 1.88 1.66 1.64 1.99 1.99 1.87 1.75 1.52 1.28

1000 3.07 1.82 2.01 1.99 1.97 1.94 1.86 1.47 1.44 1.46 1.48 1.42
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Sampling unit

The measure of description was the variation coefficient as a dispersion measure, as
it describes the amount of variability (in relation to the mean) without being based
on the sample size. Thus, unlike the standard deviation, it was possible to compare
the dispersion of the utilized sampling intensities, regardless of the difference
between their means. The variability of the average burnt surface decreased in
direct proportion to the RS size (Figure 3). This tendency was adjusted to the
correlation models corresponding to the sampling intensities (Table 2). This
occurred in every case, until an asymptote was reached in which the values of the
variation coefficient tended to become stable, which occurs within an interval
approximately between 70 and 100 km?. Thus, the RS size finally considered as the
breaking point of the variability, was 100 km? (radius = 5.650 m), defined as the
sampling unit (SU) for the estimation of the spatial variation of the average surface

burnt by forest fires.

Table 2. Statistic values to which the tendency of the variation coefficient is

adjusted in relation to the site size, for different sampling intensities.

Sampling
Model R2 Significance
intensity
100 y = 6.1194x70-225 0.8104 0.000
300 y = 4.09x 70219 0.8129 0.000
500 y = 3.4791x70178 0.7316 0.000

1 000 y = 2.5001x 0114 0.7658 0.000
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The Kruskal-Wallis test, a non-parametric equivalent of ANOVA, was utilized to
determine the existence of significant differences between the twelve RS sizes for
each sampling intensity. Unlike ANOVA, instead of means, the intervals of the RSs
are analyzed. First, the data for all RS sizes were combined; subsequently, they
were ordered by size, from smaller to larger. The average interval for the data for
each RS size was then calculated. The decision criterion applied to accept or discard
the null hypothesis that there is no significant difference is the probability value (P).

When this is below 0.05, the null hypothesis is discarded.

The resulting probability values are shown in Table 3; at all the intensities, the
value of P is below 0.05, which indicates that there is a statistically significant

difference between the various RS sizes.

The comparative analysis of paired samples using the Mann-Whitney test
determined that there are no differences in the burnt surfaces between RS sizes
above and below 100 km? (Table 4), which supports their selection as the breaking

point for the asymptotic behavior of the variability (variation coefficient).
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The vertical line marks the beginning of the asymptotic behavior of the variation

coefficient (breaking point [100 km?]).

Figure 3. Tendency of the variation coefficient in relation to site size for different
sampling intensities: (A) 100, (B) 300, (C) 500, (D) 1 000.



Revista Mexicana de Ciencias Forestales

Vol. 8 (43)

Table 3. Results of the Kruskal-Wallis test.

RS MR-100 MR-300 MR-500 MR-1000

1 373.92 1155.5 2023.58 4 325.38
2 380.83 1244.12 2 108.3 4 556.05
4 408.88 1304.37 2287.86 4910.26

8 478 215.00 1457.30 2461.56 5 279.23

10 505 035.00 1496.85 2553.21 5433.18

15 551 005.00 1661.44 2801.95 §5762.49

30 634 455.00 1860.19 3186.03 6457.73

50 697 695.00 2 048.03 3435.15 6 844.41

70 739915.00 2189.47 3605.55 7 012.20

100 745 075.00 2296.35 3776.34 7 130.64

150 821 955.00 2415.04 3862.75 7204.18

200 869.02 2477.35 3903.74 7 090.27

H 341.91 903.539 1235.66 1528.94

P 0.000 0.000 0.000 0.000

MR = Interval mean (the number indicates the simple size); H= Kruskal-Wallis

statistic; P= Probability value.
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Table 4. Results of the comparative analysis of paired samples, using the Mann-

Whitney test, for the different site (RS) sizes.

The letters indicate difference in relation to the sampling intensities (P< 0.5):
A = 100, B = 300, C = 500, D = 1 000, ~ = without differences between the pairs.

Spatial distribution of the burnt surface

Figure 4 represents the results of this process, which shows a larger burnt surface
area (in 100 km?) in the areas where the density of forest fires is higher.
Conversely, there were regions with a low or null burnt surface. At the same time,
we should note that the density of the number of fires and the spatial variation of
the burnt surface area was observed. The highest concentration of fires occurred in

central Jalisco, where the highest concentrations of population are located.
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Figure 4. Spatial distribution of the average surface (has) burnt by forest fires, with

in an area of 100 km? in Jalisco.

Discussion

Although several researches define the hazard of fire forests (Mufioz et al., 2005;
Yebra et al., 2005; Rodriguez et al., 2011), the information (basically in thematic
cartography) is generated using various procedures. Notably, the absence of
definition of common strategies limits the compatibility and comparability of the

results. In order to avoid this, a statistically robust process must be established to
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determine the burnt surface. For this purposes, it should begin by defining a

sampling unit; the present work does so successfully.

Although there are no records of similar researches, it is important to point out that
some of the studies specify certain sampling units (Carrillo et al., 2012).
Nevertheless, these are not defined statistically but by circumstantial situations. For
example, in the work by Carrillo et al. (2012) addressing the fire hazard criterion, a
logistic regression analysis is carried out to establish the most important variables
through the random sampling of 10 km? units. However, this unit size is determined
only by the spatial resolution of the source information utilized and therefore cannot

be used as a comparative sampling unit.

Although there are several studies in which a sampling unit is determined for
purposes of forest inventories (O'Regan and Arvanitis, 1966; Zeide, 1980;
McRoberts et al., 1992; Aguirre et al., 1997), there are no bases to use this unit in
a sampling design to estimate the spatial variability of the surface burnt by forest
fires so as to ensure a better location for and sizing of fire management activities.
For, taking into account that the task of fighting forest fires is very costly and
dangerous, such a unit is very helpful for the management and allocation of
resources (Diaz et al., 1998; Rojo et al., 2001).

A sampling unit allowing the estimation of the spatial variation of the burnt surface
in a standardized manner was set. This makes it possible to carry out comparisons
between several regions in order to determine priority attention areas. Likewise, the
methodology may be used for other types of comparative analyses, e.g. of the

temporary variations in the frequency and location of forest fires (Rodriguez, 2012).

The size of the site is defined based on the tendency to the decrease in the variation
of the variability (coefficient of variation) of the average burnt surface as the size of
RSs increases until it reaches an asymptotic behavior (Gallegos et al., 2006), which
occurs in a similar way in the various tested sampling intensities. Thus, an area of
100 km? (radius = 5.650 m) was established as sampling unit (SU) for the

estimation of the surface burnt by forest fires. Yet, according to the results, what
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was determined was not a specific breaking point but an interval (between 70 and
100 km?). In order to standardize a methodological process and ensure that the SU

is above the lower limit, an area of 100 km? was selected.

In the process of defining the sampling unit, official statistics for a 10-year period
are used (Conafor, 2013). Thus, the georeferentiation of forest fires makes it
possible to locate those areas with the highest incidence. These evidences show
that, every year, forest fires do not occur in a totally random manner but follow a
self-organized critical behavior (Torres et al., 2007; Avila et al., 2010; Pérez et al.,
2013). However, a more formal analysis is required to determine an occurrence
pattern (Avila et al., 2010). It may be nevertheless assumed that the average burnt
surface does not vary greatly from one year to another. Still, predominant factors
such as the variation in the climate conditions and the accumulation of forest fuels
must be taken into account. The information on the burnt surface defined using the
heat points’ technology can also be incorporated, though with certain reservations,
as there is not always a direct relationship between these points and the burnt

surfaces (Tansey et al., 2008).

Since the highest frequency of the estimated average burnt surfaces corresponded
to low values (< 30 ha), and a lower frequency, to 400 ha, the distribution is not
normal for all the tested sampling intensities. Notably, a comparative analysis of
paired samples established the existence of a significant difference between site
sizes within the interval which determines the beginning of the asymptotic behavior
of the variability (variation coefficient). Thus, we corroborate that the variability is
better captured with the 100 km? site size than with 70 km?®. This defines a breaking

point that is closer to the asymptotic behavior of the variability.

As for the spatial variation of the burnt surface, in locations with a higher density of
forest fires, the defined SU was observed to capture a larger number of fires
affecting the average burnt surface. The resulting cartography indicates that the
largest surfaces are located mainly in central Jalisco. Two important regions to the

south and southwest of that state have also been identified. In all of these areas
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there are large concentrations of population and an important surface is devoted to
agricultural and livestock breeding activities; this is relevant, if we consider that
most forest fires are caused by anthropic actions. This, in turn, determines
geographic patterns of occurrence of fires, based on which priority areas can be

delimited in relation to the surface burnt by forest fires (Flores et al., 2016a).

The information thus generated can be utilized both to reinforce and to validate the
current determinations of priority hazard areas, which are used for medium- and
long-term planning purposes, based on the integral analysis of various parameters,
including the temperature, exposure, slope, behavior of the fire, effect of the fire,
etc. (Flores et al., 2016b).

Nevertheless, it should be noted that the notion of forest fire hazard must not be
mistaken for that of hazard index, which is used for short-term (daily) estimations

for operational purposes.

Certain authors suggest defining priority forest fire areas in terms of the spatial
variation of their density, using specific processes such as the kernel density
function (de la Riva et al., 2004; Kuter et al., 2011), which is the basis for the

estimation of the probability of a high or low density.

Conclusions

The reduction of the variability (variation coefficient) of the average burnt surface
observed when the RS size is increased until it displays an asymptotic behavior
suggests the acceptance of the initially posed hypothesis. Hence, the sampling unit

for the estimation of the variability of the surface burnt by forest fires is 100 km?.

The determination of a common sampling unit in order to estimate the spatial
variability of the surface burnt by forest fires prevents the lack of correspondence

between estimations for different areas.
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The results for several areas can be not only compatible but also comparable. I.e.,
based on the sampling unit (SU), the average burnt surface of a specific area to be
sampled can be located, and comparisons can be carried out between several areas.
Likewise, the SU makes it possible to share information between different areas,
allowing the integration of information in order to determine fire control and

prevention strategies in the state of Jalisco or at a regional level.

It is possible to use the determined sampling unit to support the determination of
standardized strategies for the validation of forest fire hazard areas, which may be
defined using other parameters, such as the temperature, the exposure, the slope,

the behavior of the fire, the effect of the fire, etc.

The non-parametric analysis of the data evidences the existence of statistically
significant differences between the various site sizes, allowing the determination of
the breaking point for the beginning of the asymptotic behavior of the variability, as

well as to the establishment of an adequate site size.

As for the spatial variation of the burnt surface, we conclude that the interpolation
technique, based on the weighted inverse distance, defines an adequate
distribution, as there are spatial coincidences between the highest values for the

burnt surface and those areas where the largest concentrations of fire occur.

Although the sample unit was defined using an example at a state level (in Jalisco,
Mexico), it can be used in areas with similar conditions. Otherwise, specific sampling
units will have to be generated, at a regional, state or municipal level, using the
methodology described in this paper. It is suggested to work with statistical data on

forest fires for a minimum period of five years.
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