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Executive summary

This report evaluates the socioeconomic impacts of different land-intervention measures
proposed by the project MIDMACC to mitigate the effects of climate change in three mid
mountain regions of Spain. In particular, it evaluates the effect of the regaining
pastureland for extensive livestock keeping, different forest management regimes that
rely on periodical clearing of the forest understory and the plantation of vineyards. This
report evaluates the efficiency, effectivity and the costs and benefits of these intervention
measures and its potential for replicability. For its assessment, the report focuses on the
current and future effects of climate change on the socio-economic consequences on
the availability of water resources, the fixation of the population in the territory and the
reduction of the risk and the spread of wildfires, and the accounting of avoided CO,
emissions.

The results show that the well-defined land-intervention measures are effective. For
instance, clearing shrublands in the analysed region in La Rioja reduced the probability
of wildfire by approximately 70%. The costs avoided per hectare burned by the shrubland
clearing policy is around 1,400 U per hectare. The generated hydric resources (blue
water) increase for all considered climate change scenarios of up to 4 hm?, resulting in
notable economic gains in some of the analysed areas. For example, in Catalonia it
represents in terms of an increase in GDP benefits of around 4,900 G per hectare
intervened. Apart from the intervention measures in the territory, the report offers a tool
that allows to evaluate the effectiveness and efficiency of other measures to reduce the
spread of wildfires.
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1. Introduction

The main objective of LIFE MIDMACC project is to promote the adaptation of different
landscape management regimes that help mitigate the impact of climate change in the
mid-mountain marginal areas of the Iberian Peninsula (La Rioja, Aragon and Catalonia)
and improve the socioeconomic development of these areas. During the course of the
project, different management measures have been designed in the territory that help
mitigate the impact of climate change: the recovery of pastures for extensive livestock,
the periodic cleaning of the undergrowth and the cultivation of the vineyard, with the aim
of evaluating their ecological and socioeconomic impacts. This report focuses on the
socio-economic aspects of land management measures, including their potential to
promote economic activity within mid-mountain marginal areas.

The actions carried out in this project are precisely in the third year of experimentation,
which makes it difficult to analyze in detall its socioeconomic effectiveness. In addition,
the incidence of these measures is very restricted in space, making it difficult to detect
the possible impacts that these measures generate in the socioeconomic field. Thus,
faced with this double difficulty, similar measures are evaluated that are developed in
the three autonomous communities participating in the MIDMACC project.

The report evaluates adaptation measures for reducing fire risk and population fixation,
for reducing the spread of wildfires, and for increasing water resources, in terms of
criteria of efficiency, effectiveness, cost-benefit and replicability. For each of the three
groups of measures, the four criteria are formulated more precisely so that they are
measurable and that they allow their diagnosis to be made.

Based on empirical data, the second chapter of this report evaluates the socioeconomic
aspects of the periodic cleaning of the understory to reduce the spread of wildfires, as
well as the impact of these thinning on the fixation of population in the territory. The third
chapter develops and implements a theoretical model in a computer program to evaluate
the socioeconomic aspects of understory cleaning or other intervention measures such
as vineyard cultivation to reduce the spread of wildfires and increase avoided CO;
emissions. The fourth chapter assesses the socio-economic aspects of measures as a
conseqguence of changes in the balance of the water cycle. Since the methodology used
is different for each approach, it is explicit within each of the three chapters. Finally, the
fifth chapter summarizes the main conclusions of the evaluation carried out.

|
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2. Evaluation of adaptation measures 0 fire risk and
population fixation

Evaluation is the action of analyzing a certain policy, program or public intervention to
answer a question related to the problem that the program tries to solve. Through
evaluations, the public decision-maker can have greater knowledge about the different
aspects of public policy and, consequently, must be able to improve this policy.

As for forestry policies, and to partially reverse the trend of forest advance (afforestation)
in the Iberian Peninsula and, by extension, in southern Europe, clearings are configured
as an opportunity to partially restore cultural landscapes, recover traditional extensive
livestock, emphasize the complexity historically introduced by human activity, and help
improve biodiversity and runoff production (blue water) without increasing the risk of soil
erosion. The purpose of these actions is to build a more complex and heterogeneous
landscape, recover part of the cultural landscape, increase biodiversity, reduce the
probability of large wildfires, increase the provision of ecosystem services and improve
the survival of extensive livestock systems that also contribute to biodiversity (Garcia-
Ruiz et al., 2020).

La Rioja is one of the communities that has been a pioneer in forest management of
clearings (Lasanta et al., 2022). These clearings combine mechanical bush cleaning with
cattle grazing. The objectives are like those pursued with the prescribed burns: reduce
biomass and create a mosaic landscape, with forests alternating with shrub and pasture
areas. Thus, in addition to these two main objectives, it is also possible to reduce the
prescribed biomass burns, the origin of possible wildfires due to accident or negligence.
The objective is to manage the land for environmental purposes (fire reduction) and
socioeconomic (promoting extensive livestock and fixing the population in the territory).

In 1986 the government of La Rioja launched a shrub clearing plan to improve fire control
and promote extensive livestock farming (Lasanta et al., 2022). Since then and until
2020, 28.4% of the shrub area has been cleared, which has contributed to creating a
more fragmented and diverse landscape. This has meant the reduction of the total
burned area from an average of 1,060 ha per year between 1968 and 1986 to an average
of 221.7 ha per year between 1987 and 2020.

This clearing plan has never been applied in the provinces of Burgos and Soria, in the
autonomous community of Castilla y Leon, as they are different autonomous
communities. In Castilla y Ledn the clearing policy has not been much less intense
neither in treated area, nor in economic endowment. One of the actions that was carried
out is the so-called Plan 42. This plan was intended for the 42 municipalities of Castilla
y Ledn (1.9% of the total) in which 40% of the wildfires of the community occurred. Each
of these municipalities had suffered, in the five-year period 1995-1999, a minimum of 50
wildfires and a maximum of 243 (Molinero, F.; Garcia, A.; Cascos, C.; Baraja, E.; Guerra,
2008). Thus, the total number of wildfires generated in this five-year period in the 42
municipalities was 3,862. This Plan 42 was only in force between 2002 and 2010, a
period during which positive results were achieved in terms of forest fire prevention,
which were reduced in number in certain areas of the Autonomous Community. This
Prevention Plan ceased to be operational in 2010 due to the lack of public funds, to which
was added the lack of qualified personnel, lack of tools and advice to the municipalities.
The nearest area of action was the north of the province of Burgos, about 50 km from
the border between the two autonomous communities.

|
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The main objective of this chapter is to quantify the effect of clearing in the reduction of
wildfires in the mid-mountain, as well as the economic savings in extinguishing wildfires
and the economic losses derived from these wildfires. Also, population variations in
areas with clearing will be analyzed, comparing their effects with areas where they have
not occurred.

The indicators to be used shall meet the criteria of credibility, legitimacy, relevance and
replicability.

2.1. Methodology and data

2.1.1. Study area

The study area is comprised of two parts: the treated and the control zone. The treated
zone corresponds to the mid-mountain of La Rioja. We understand as mid-mountain
those areas with an altitude between 700 and 1,500 m. This means that, from this
community, a part with altitudes higher than 1,500 m and that borders the province of
Soria is excluded, as well as the Ebro river valley because it has an altitude of less than
700 m, located in north of this community crossing it from west to east (Figure 1).

Altitude
] Below 700 m or above 1500 m
[] From 1000 to 1500 m

[] From 700 to 1000 m

Figure 1. Study area setting according to altitude

Deliverable 21. Socioeconomic analysis 9
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The control area corresponds to the mid mountain bordering la Rioja mid mountain. In
this case, in the provinces of Burgos and Soria, in Castilla y Leon, which are bordering
in the mid mountain of La Rioja. The same altitude range criterion (between 700 and
1500 m) applies. With regard to the province of Soria, practically all this province
becomes a control zone. With regard to the province of Burgos, a part of the northwest
is mostly excluded due to an altitude lower than that chosen, but also a good part of this
province becomes a control zone (Table

La Rioja 5,045 2,888.6 57.26%

Burgos 14,292 12,873 90.07%
Soria 10,306 9,986 96.90%
Table 1).

La Rioja 5,045 2,888.6 57.26%
Burgos 14,292 12,873 90.07%
Soria 10,306 9,986 96.90%

Table 1. Total area and study area by province

An important limitation emerges from the previous study area: areas with a distance
greater than a hundred kilometers from the boundary between the treated and control
area are being compared. Although these factors are taken into account, a starting study
area with more similar characteristics can facilitate comparison. Thus, maintaining the
altitude criterion explained in Figure 1,Figure 1Figure 2). This buffer is intended to reduce
the effect of other variables as they are different geographical scenarios. To limit the
randomness in the generation of this buffer, it is decided to perform a first buffer of 10
km radius.

In Figure 2 it is represented within the buffer area, as the gray area. It represents
approximately 10 km from the administrative boundary between the two communities to
a point in the treated area or control furthest from this border. With this buffer, the main
problem is that the number of wildfires is very low and does not allow the comparison

|
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between both areas with total guarantees that there are enough observations. Thus, a
buffer of 20 km radius is chosen (red and green dots in Figure 2).

Altitude
[ Below 700 m or above 1500 m
[] From 1000 to 1500 m

[ From 700 to 1000 m
q La Rioja
"&91 Yy
S22
ﬂ

L34 Buffer
W AC)

Figure 2. Definition of the study area according to altitude and a buffer of 20 km radius

700'#]'000 829 649.8 184.9 1,663.7
Buffer
1.000-
Tooo 1,266.7 740.9 18984 3,906
Total 20957 13907 20833  5569.7

Table 2FigureFigure 2. Compared to the data in

|
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La Rioja 5,045 2,888.6 57.26%

Burgos 14,292 12,873 90.07%
Soria 10,306 9,986 96.90%

Table 1, there is a large reduction in the area susceptible to study in the provinces of
Burgos and Soria. Thus, the buffer that corresponds to an approximate radius of about
20 km implies that 37.63% of the total surface corresponds to La Rioja, while 62.37% in
Castilla 'y Ledn.

700'#]'000 829 649.8 184.9 1,663.7
Buffer
1.000-
oo 1,266.7 740.9 1.808.4 3,906
Total 20957 153907 20833 55697

Table 2. The study area by buffer and provinces

The forest fire database has been developed by the NGO Civio based on forest fire data
available to the Ministry of Agriculture, Fisheries and Food (MAPA). There is no database
in Spain as wide and with as many variables as this one, and that presents geographical
homogeneity in its elaboration. As the main limitation, it only includes wildfires between
2001 and 2015. Thus, it has been preferred to have the most faithful database of reality,
although the time period is not the most recent.

There are other minor limitations such as:

1 The causality of wildfires is not certain but assumed in more than 55% of cases.

1 The geolocation of wildfires is not specified in almost 18% of them.

1 Information on economic losses and expenses is very scarce, which makes it
very difficult to analyze the real cost of the fires that have occurred. More than
30% of fire reports do not provide extinguishing expense data and almost 9%
lack economic loss data.

1 Data provided by the Ministry may contain errors.

For each forest fire, the following variables are available, among others:

|
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1 Fire detection date.
1 Fire start geographical coordinates, as well as the autonomous

community, province and municipality.

1 Fire cause.

1 Burned area.

1 Number of deaths.

1 Number of injured.

1 Time to have the fire under control.

i Time to extinguish the fire.

1 Number of people who have participated in extinguishing the fire (includes
technicians, forest agents, brigades, firefighters, volunteers, civil guards
and army).

1 Number of ground and air assets involved in extinguishing the fire
(including car bombs, bulldozers, tractors, aircraft and others).

1 Extinguishing costs associated with the fire.

1 Economic losses associated with the fire.

2.1.2. Geographic Information Systems

The layers in a Geographic Information System (GIS) have a large amount of
information, a fact that should be considered as a database. From the National
Geographic Institute, the following are used:

1 Boundaries of autonomous, provincial and municipal communities. From these
layers, both the municipal term and buffer area for the treated and control areas
will be calculated.

1 Orography: to choose the territory considered as mid mountain, the surface that
has an altitude between 700 and 1,500 m above sea level will be chosen,
differentiating between 700 and 1,000 m and between 1,000 and 1,500 m. For
each municipality, the altitude of this will also be chosen.

1 Land covers from the European project CORINE Land Cover with a
nomenclature of forty-four classes and with 1990 version. The
predominant type of land cover in the municipality is chosen. A
classification of four types of vegetation covers is made: rainfed crops,
forest, shrub and vineyards. Within the forest category, hardwood,
coniferous and mixed forest are included. As for shrub, the category of
natural pastures, moors and shrub, sclerophyllous vegetation and
transitional forest shrub is included.

2.1.3. Census

As for the municipal population, census data conducted by the Spanish National Institute
of Statistics in 1999, 2009 and 2020 are taken. Also, the data of the municipal register
for the year 2015, which coincides with the end of the period of the forest fire data. As
for the agricultural censuses, these are carried out according to the calendar established
by the European authorities. Thus, the agrarian censuses of 1999, 2009 and 2020 are
chosen to obtain the information at the municipal level. The variables chosen are the

Deliverable 21. Socioeconomic analysis 13
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number of heads of sheep and goats, since they are the herds that benefit most from
shrub clearing. The 2020 census is also used for descriptive purposes.

2.1.4. Model

This evaluation aims to answer the question of whether a clearing policy has an effect in
reducing the number of fires or not in the mid mountain. The study area, as already
mentioned, corresponds to the area of the mid mountain between La Rioja and Castilla
y Ledn created from a buffer of 20 km.

To isolate the effect of clearings, it is proposed to use a set of linear regressions that
allow to isolate the effect of these clearings controlling for different variables. Thus, a
logistic regression model is proposed with the following explanatory variables:

0 & ®Qa QQAIGKQEL fQ_'g}’Jc’) 1 0w fi‘q 00 "Q0 GWOMOH & bfi’@ noacaolag:
01 POI ADEOEDHAADAT ARG OEOQU

1 The dependent variable Any wildfire is a dichotomous variable that takes
the value 1 if in that municipality of the buffer there has been a wildfire
between 2001 and 2015, and zero otherwise. Thus, in this model there is
not a temporal effect of the clearings to be observed.

1 La Rioja variable is a dichotomous variable that takes the value 1 if that
municipality is in La Rioja, while it takes the value zero if it is in Castilla y
Leon.

1 Area variable are the km? of the municipality.

1 The Altitude variable is the altitude above the sea in which the City Council
of that municipality is located.

1 The Vegetation variable is a categorical variable that can take four
possible values: crops, forest, shrubs and vineyards.

1 The Population variable It is the logarithm of the population in that
municipality in 2015.

1 Population density variable are the inhabitants per square kilometer in that
municipality in 2015.

1 Sheep and goats density variable is the number of cattle per square

kilometer of the municipality in 2009.

In this model you can change the definition of the dependent variable from "if there has
been a fire in that municipality”" to "if there has been a fire in that municipality due to a
specific cause". That is, since wildfires can be caused by lightning, intentional causes,
accidents, negligence, or unknown causes. These four variables can also be dependent
variables in different regressions.

|
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2.2. Results

2.2.1. Wildfires descriptive analysis

In Figure 3 wildfires between 2001 and 2015 are represented. As can be seen, a lower
number of wildfires are detected in La Rioja, especially in the area between 1,000 and
1,500 m. A relatively homogeneous distribution of wildfires is detected throughout the
mid-mountain area of Castilla y Ledn, but with the exception of the La Rioja area, where

e Wildfires 2001-2015
Altitude
[ Below 700 m or above 1500 m
[J From 1000 to 1500 m
[] From 700 to 1000 m

Figure 3. Wildfires in the study area between 2001 and 2015

Deliverable 21. Socioeconomic analysis 15
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Continuing with the same argument of the importance of reducing the number of fires for
the same surface unit, in Figure 4 it is shown the evolution over time of the number of
wildfires per 1000 km? is shown. As can be seen, the decreasing trend in both areas is
very similar, although it is noteworthy that the number of fires has decreased more in La
Rioja than in Castilla 'y Ledn.

8

7

Wildfires per 1,000 km2 of study area
~

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

== 3 Rioja e Castilla y Ledn

Figure 4. Temporal evolution of the number of fires by surface area in the autonomous communities of La
Rioja and Castillay Ledn

2.2.2. Descriptive analysis of the buffer or influence area

In the previous subsection, the main results have been described when the study area
corresponded to the entire surface of the provinces of the study area that were in the
selected altitude range (Figure 1). Next, the descriptive analysis will be performed when
the selected area corresponds to a buffer of 20 km radius (Figure 2).

Figure 5 shows wildfires between 2001 and 2015. At first glance you can see how in La
Rioja the number of wildfires is lower. More specifically, at an altitude between 1,000 and
1,500 m, the difference with Castilla y Ledn is clear. As regards the height between 700
and 1,000 m, this difference does not seem so clear. If we look at whether a fire has
been declared in a municipality in this period in the different autonomous communities,
we find that, in Castilla y Ledn, 49.25% of the municipalities have had at least one fire
while for La Rioja, only in 22.4% of the municipalities there has been at least one fire. A
mean test tells us that these values are different for a significance level of 99%.
Therefore, it is confirmed that there are differences in whether a municipality has suffered

Deliverable 21. Socioeconomic analysis 16
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a fire or not during this period depending on the autonomous community to which it
belongs.

e Wildfires 2001-2015
Altitude
[ Below 700 m or above 1500 m

[ From 1000 to 1500 m
[] From 700 to 1000 m

Figure 5. Wildfires in the buffer study area between 2001 and 2015

Figure 6 shows the four main causes of starting a fire: by lightning, by intentional cause,
by accident or negligence and by unknown cause.

1 As for lightning, in La Rioja there are two wildfires while in Castilla'y Leon
six. With these values, a mean difference test tells us that these two
values do not present differences for both groups.

1 As for intentional fires, a greater number of fires are detected in Castilla 'y
Ledn than in La Rioja. More specifically, 28.4% of the municipalities of
Castilla y Le6n had at least one fire due to intentional cause, while, in La
Rioja, it stands at 20.7%.

i On the other hand, when the cause of origin of the wildfire is an accident
or negligence, Figure Figure 6 shows that in La Rioja there is only one
fire. Thus, in 6.7% of the municipalities of Castilla y Leon there has been
at least one fire due to accident or negligence while in La Rioja it has only
been 0.9%. For a significance level of 95%, these values are different.

|
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1 As for wildfires of unknown cause, these occur in 5.2% of the
municipalities of Castilla y Ledn and in 2.6% of the municipalities of La
Rioja.
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Figure 6 . Distribution of fires by type of cause of the onset

Castillay Le6n La Rioja Castillay Le6n La Rioja
Lightning 6** 2 1,73 0,95
Intentional 97** 47 27,92 22,43
pcodentor 2 1
Unknown 4* 8 1,15 3,82
Total 134** 54 38,57 25,77

Significance levels: * 90%, ** 95%, *** 99%

Table 3. Distribution of wildfires by initial cause
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With the s ort of

Significance levels: * 90%, ** 95%, *** 99%

Table 3 shows the number of fires in each autonomous community of the buffer and
according to the cause of origin. As for lightning, the proportion is 6 fires in Castilla y
Ledn and 2 fires in La Rioja, this difference being significant to 95%. However, if we do
it by buffer surface, this difference is reduced. As for intentional fires, we find twice as
many fires in the area of Castilla y Ledn as in La Rioja. These averages are statistically
different from each other. However, when we correct for buffer area, the number of fires
due to intentional cause in Castilla y Leon is still 24.5% higher than in La Rioja.

When the cause is an accident or negligence, the proportion is 23 fires in Castilla y Ledn
and 1 in La Rioja. It is not possible to perform a mean difference test since there is only
one observation on the La Rioja side. However, the proportion of fires due to accident or
negligence is much higher in Castilla y Ledn. If we do it by buffer surface, we find that in
Castilla y Le6n there are 13 times more fires due to accident or negligence than in La
Rioja. Therefore, there is sufficient evidence that fires due to accident or negligence
occur in fewer numbers in La Rioja. As for fires for unknown causes, we find that there
are more in La Rioja, both in absolute figures and relative to the surface.

From this data, we can confirm that in the area of the Riojan buffer there have been many
fewer wildfires due to accident or negligence than on the side of the buffer of Castilla y
Leon. Likewise, the number of fires due to intentional causes are also much lower in La
Rioja than in Castilla y Leon.

As for the characteristics of wildfires, we find that 1,449 ha have been burned in the area
of Castillay Ledn, and 917 ha in La Rioja. If we look at the area burned by all the fires
during the analysis period by buffer area, in La Rioja the fires that have occurred have
burned 0.437 hectares per square kilometer of buffer (Table 4), while in Castilla y Ledn
the figure is slightly lower. Thus, the greater number of fires in Castilla y Ledn than in La
Rioja would be accompanied by a much larger area burned by fire in Castilla y Ledn
(16.97) than in the part of the Rioja buffer (10.81).

La Rioja 916,6 0,437 10,81
Buffer
Castilla y
Leon 1.449,2 0,417 16,97

Table 4. Relative burned area within buffer
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2.2.3. Descriptive analysis of livestock and population

Next, the evolution of cattle heads and the population in the buffer is compared.
Regarding the density of sheep and goats, in 1999 they were very similar between the
two autonomous communities (Figure 7). Over time, there is a decrease in the number
of heads in both areas, with the difference that in Castilla y Ledn this decrease is greater
than in La Rioja, whether we choose 2009 or 2020. Thus, the decrease in the absolute
number of sheep and goats, is lower in La Rioja (Figure 8). In terms of population density,
it is much higher in La Rioja than in Castilla y Leon. Thus, we see that between 1999
and 2009 the population density increased by 8% in Castilla y Leén, while in La Rioja it
did so by 16% (Figure 8).

Sheep, goats and population density on 1999 and 2009 per km2
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Figure 7. Temporal evolution of cattle density and population in the buffer
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Figure 8. Change in the number of sheep, goats and population in the buffer between 1999 and 2009

Although the decrease in cattle is more pronounced in the part of Castilla y Ledn than in
La Rioja, some differentiated territorial dynamics could be detected in the buffer.
Therefore, Figure 9 compares the evolution of cattle (sheep and goats) between 1999
and 2020. As can be seen, there is no very marked geographical dynamic between the
different bands of the border. However, it is observed that there are more municipalities
in the Rioja area that increase the number of cattle by more than 25% than in the area
of Castilla y Ledn. On the other hand, strong reductions in cattle occur more frequently
in Castillay Ledn than in La Rioja. Thus, a certain spatial dynamic of decreases of cattle
is detected where shrub clearing and / or thinning have not been done.
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