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This paper explores two techniques aimed at reducing wildfire risk and bolstering wildfire adaptation through the act of System

shepherding: 1) “Fire Flocking,” a technique that employs the rotational grazing of animals in overgrown forests to reduce

fuel loads and create a bio-based economy, and 2) “Infrastructure Shadowing,” a technique that develops a grazing program

under high voltage power lines to reduce the risk of ignition. The study employs a descriptive case study methodology that

combines a comprehensive literature review, stakeholder interviews, and spatial analysis; and evaluates the two cases to

ascertain technical successes and challenges. While grazing systems are complex and have many variables needing to be

considered, findings from the study suggest that creative and strategically designed grazing practices can slow the spread

and decrease the intensity of wildfire events in a cost-effective manner, create desired habitats by developing mosaic-like

landscape patches, and increase wildfire awareness. While it is clear that more experimentation should be done to explore

how grazing can reduce wildfire risk, this study reveals the potential of multifunctional land stewardship practices to foster

regenerative, evolutionary pathways with wildfire. EDITED BY ZHOU Jiayi, Tina TIAN

VOLUME 10/ ISSUE 1/ FEBRUARY 2022 028



1 Introduction

Globally, the risk of large, intense and more frequent wildfires is
growing'". Wildfires are now impacting communities across the
world, from catastrophic bushfires in Australia to ravaging forest
fires in France, to fynbos fires in South Africa. Pyrogeography now
touches every continent except for Antarctica and, as historian
Stephen Pyne has claimed, we are living in the age of fire, the
Pyrocene. According to Pyne, this geological epoch is not new;
rather, it began when humans started harnessing fire to shape
the land. Today, the Pyrocene is experienced in extreme forms
with mega-wildfires, transformations in ecosystem types (such as
forests and chaparral morphing into grasslands), and the colossal
burning of fossil fuels overwhelming a planet that is warming at
unprecedented rates'”. In this deepening era, fire begets more fire.
These feral wildfires happen for three primary reasons. The
first is climate change. The global climate is getting hotter and
drier, which is exacerbating risk for areas that are already fire-
prone, especially those characterized by a Mediterranean-type
climate®. Mediterranean regions have a wet winter season when
most of the landscape receives moisture, and a dry, hot summer
season when the vegetation dries out and becomes kindling. With
climate change, these regions are experiencing longer periods of
drought, lower levels of humidity, and longer fire seasons which
are changing regional plant phenology™. All of these climate
change factors increase the risk of more intense and more frequent
fires". The second reason relates to how humans have specifically
influenced fire regimes (the frequency, intensity, and overall
pattern of how fires occur) across the world. For example, in some
places, fire suppression has led to a build-up of vegetation and
biomass that would otherwise burn at more regular intervals,
thus increasing the risk of larger fire events. Lastly, wildfires are
changing in character because of land use changes in the wildland-
urban interface (WUI), the liminal space between wildland and
the built environment where the presence of humans disrupts the

ecological and structural processes that define these environments.

WUI landscapes are incredibly diverse in form and structure based
on urbanization character and regional conditions, and nearly
always include a hybridized combination of introduced vegetation
(such as highly flammable weedy annual grasses and horticultural
specimens) combined with relic native plant communities. In the
WU]I, it is not just a motley ensemble of vegetation that can provide
fuel for fires, but also houses, structures and a variety of other
constructed materials that can significantly increase burn intensity.
The WUI is also characterized by elevated rates of human caused

ignitions, further increasing fire risk and frequency™.

In the Mediterranean Basin, large, frequent, and higher intensity
wildfires are now common due to the reasons outlined above—the
effects of a changing climate, fire regimes, and peri-urban land use'®.
In this region, rural retreat (people leaving and depopulating the
WUI) has led to land abandonment and the reforestation of former
agricultural lands, increasing the amount of fuel available for
wildfire”. Given the many detrimental effects of human influences
on fire behavior—degraded air quality, extensive infrastructure
and property damage, undesirable ecological change, etc.—there
is a pressing need for more effective ways of managing wildfire,
which will require adapting to a changing world. We are no longer
designing for stable climates and landscapes. Rather, we are
learning to work with ever-accelerating changing environmental
conditions, particularly those of wildfire. Thus, there is a great need
to experiment and develop a range of techniques for dealing with
wildfire. Grazing, and the shepherding needed to steward it, is one
of them.

2 Grazing for Fuel Reduction

Managing landscape fuel loads (primarily vegetation, dead or
alive) is a wildfire adaptation strategy that includes techniques
such as pruning, thinning, masticating, mowing, burning, herbicide
application, and grazing. The primary goal of fuel treatment is to
create spatial variation in vegetation so that the landscape being
treated functions as a patchwork of plants'. When conducting
fuel treatments, it is helpful to think about modifying the vertical
arrangement of vegetation to reduce fuel ladders that drive crown
fires and the horizontal arrangement of vegetation to reduce
continuous surface fuels that help spread fires across the landscape.
The mosaic that results from these activities help slow or stop
wildfires from expanding vertically and horizontally™.

Grazing for fuel reduction is a technique that is gaining
momentum and popularity in fire-prone regions of the world. In the
United States, for instance, the Healthy Forests Restoration Act of
2003 helped promote herbivore grazing as a viable way to reduce
wildfire risk!"”. In the Mediterranean Basin, there has been more
hesitancy to adopt the technique due to the regional historical
instances of overgrazing and the potential for deforestation and
desertification®. In recent years, though, grazing has emerged as
a common wildfire risk reduction practice, with many projects
scattered across countries including Portugal, Spain, France, Italy,
and Greece!'",

Grazing relies on herbivores (typically domesticated, such as
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1. An example of grazing to reduce landscape fuel in the Catalonia region of Spain in 2021.

cattle, goats, sheep, and horses) to modify the vegetative structure
of a landscape (Fig. 1). It is sometimes referred as “preventative
silviculture” or “strategic” grazing, where herbivores either

forage plants for feed or trample plants into the ground to help
change wildfire behavior. Grazing herbivores tend to remove
smaller diameter plants which often contribute to wildfire events,
helping slow the spread of fire, reduce flame length, and decrease
intensity!"?. Furthermore, grazing is a technique that is often
supported by the general public: it can be used on steep slopes and
is more cost-effective than other fuel reduction strategies'’..

Grazing is a complex management tool with many variables that
need to be considered. Currently, there is still limited knowledge
about the potential benefits and limitations of various approaches
including grazing for wildfire risk reduction"”. Thus, well-crafted
pilot projects that incorporate an adaptive management learning
approach can significantly advance knowledge now and into the
future.

There are common variables to consider when developing or
assessing grazing systems for wildfire risk reduction purposes:

1) Spatial composition—whether the area being treated is
linear in shape and serves as a fuel break, or a patch within a larger
landscape;

2) Pre-grazing treatment—whether herbivores graze in an
undisturbed landscape or whether a preliminary treatment should
be done to the landscape prior to grazing;
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3) Species selection—foraging preferences, diet compositions,
and nutrient recycling in excrement differ from one herbivore to
another;

4) Developmental stage—different life stages of herbivores
selected for grazing often have different nutrient requirements;

5) Grazing time—whether herbivores graze during the growing
season;

6) Stocking rate—depending on the number of herbivores used
for the treatment;

7) Size—paddock (or treatment area) size can also impact the
grazing intensity;

8) Maintenance—whether the treatment is intended to be a
short-term or long-term endeavor;

9) Ecological benefits—how the treatment is creating new
habitats and connecting to existing patches and corridors;

And 10) rural connectivity—whether the activity is fairly
isolated or integrated into larger regional initiatives.

This paper unpacks two wildfire management techniques, “Fire
Flocking” and “Infrastructure Shadowing,” which aim to increase
landscape adaptation through fuel reduction activities that decrease
the amount of vegetation in the landscape. Our case study interest
in these particular techniques over others are manifold, but reflect
our focus on integrative, multi-benefit landscape-based approaches
and the exploration and adaptation of historic and embodied/
physical forms of land stewardship as landscape architects. In this
paper, the two initiatives are analyzed and compared with one
another to better interpret their benefits, challenges, potential
in application, and further exploration in the field of landscape
architecture.

3 Methods and Results

The case study employs a methodology that includes a literature
review, stakeholder interviews, and spatial analysis. The literature
review covers materials related to both techniques, including
historical accounts of regional landscapes and fire regimes,
organizational interview records, implementation plans, best
practice documents, product catalogs, public-facing brochures, and
operator manuals. Interviews were held with representative key
stakeholders for each initiative. Interviewees included co-founders
of both initiatives, a local shepherd, and a transmission service
operator. Lastly, both techniques were spatialized and analyzed
through a series of maps, sections, perspectives, and plans.

Based on the above research, the two cases were evaluated using
criteria to ascertain technique successes and challenges. Criteria



included background information on the regional landscape, an
overview of the techniques and process involved, and the current
direction of the initiative.

3.1 Fire Flocking Case Study

Fire Flocking is a management technique that employs the
rotational grazing of herbivores in overgrown forests to reduce fuel
and create a bio-based economy (Table 1)™*,

3.1.1 Background

The Catalonia region of Spain has a long and rich history of
herbivore grazing and silvopastoral traditions. It is also an area
that is fire-adapted and increasingly fire prone. Historically, it was
common for small to medium fires (those that generally burn under
5,000 kw/m), both naturally- and human-ignited, to be found in
Mediterranean pine-oak ecosystems; these fires typically burned
surface fuels and were allowed to rove the landscape"®, But
over the past 100 years, this regional landscape has undergone
significant changes that have left it vulnerable to the effects of
larger, more intense wildfires. To begin, the pastoral practices
of shepherding and forestry, which tend to be low paid and
marginalized, have lost much of skilled labor pool[ls], resulting in an
exodus of people from the countryside and an abandonment of the
rural fringe'®.

Following this rural exodus came a natural colonization of
former agricultural lands by opportunistic vegetation and, in just a
few decades, forest land use significantly grew in the region"®. This
trend was compounded by a complicated patchwork of private land
ownership and a lack of mandating management legislation. Today,

many of the forests in Catalonia are young, structurally similar™*,

Table 1: Fire flocking case study overview

Case feature Description

Location Catalonia region, Spain
Status Implemented (pilot) + ongoing
Potential scale Regional
Size 48.11 hm’ (pilot), 500 hm’ (current estimate)

Dominant vegetation species  Pinus halepensis, Quercus ilex, and Pistacia lentiscus

Grazing herbivores Cattle, goats, and sheep
Implementation cost ~ 1,200 EUR/hm’

Primary implementer Pau Costa Foundation

and very dense. The canopy is primarily composed of Aleppo pine
(Pinus halepensis), which allows light to penetrate to the ground™,
promoting the growth of understory species like mastic oak (Pistacia
lentiscus) and kermes oak (Quercus coccifera)™.

Young Mediterranean forests in Catalonia are at a high risk of
wildfire. The oak understory serves as vertical ladder fuel for fires,
and many of the species that comprise this forest are pyrophytic—
containing oils, resins, and waxes that are highly volatile.
Furthermore, this landscape is under additional stress due to the
effects of climate change—from droughts to insect infestations—
making them even more vulnerable to dieback and fuel for future
fires. Across Europe, wildfire has increasingly impacted forests, a

trend which is estimated to escalate in the future!'”".

3.1.2 Technique Overview

In an effort to create a more fire-resistant landscape in Catalonia,
Pau Costa Foundation is leading a project called Fire Flocks (Ramats
de Foc)™. The project has five primary goals: 1) manage overgrown
vegetation in former agricultural areas to reduce the amount of
fuel in the landscape; 2) bring back the culture and function of
silvopastoralism to the landscape by reintroducing cattle, goats,
and sheep as grazers; 3) increase biodiversity by creating strategic
openings in the forest cover and a mosaic-like pattern across the
landscape; 4) create a unique brand of value-added agricultural
products from the effort; and 5) educate the public about the
project, the landscape changes facing the region, and how they can

personally contribute!®,

3.1.3 Technique Process

The Fire Flocks initiative started in 2016, with four years of
funding from the Fundacion Daniel y Nina Carasso. To initiate zones
for grazing, local firefighters consult with Pau Costa Foundation
on the identification of regional “Strategic Management Points”
(SMP), critical zones that could change the behavior of wildfire
or help firefighters with staging and operation efforts during a
wildfire event™ (Fig. 2). Identified SMPs first undergo a mechanical
fuel reduction process as pre-grazing treatment, and then local
shepherds are assigned. [deally, these shepherds own land in
the SMPs, otherwise, they can sign a five-year lease with private
landowners to use their land for grazing.

The fuel reduction goal of this grazing is to create both vertical
and horizontal breaks in the forests. To achieve this, the shepherds
work with Pau Costa Foundation to design a grazing plan that
details the grazing sub-areas and flock size, rotational schedule,
feed supplements, and infrastructural needs"®. Throughout this
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2. Map of Fire Flocking on the
Baussitges Estate, located in
northeastern Catalonia. After
fuelis reduced in the SMPs,
secondary grazing happens
in a patchwork-Llike pattern
across the rest of the estate.

3. Sequential sections showing
the general implementation
procedure of a Fire Flocking
project.

4. Over time, patches of
horizontal and vertical breaks
are created in the forest
through grazing.

Secondary
grazing
area

‘ :
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process, the shepherds are given latitude to use their own expertise
to conduct the management as they see fit. Before herbivores are
brought to the area, infrastructure such as paving, water points,
and fencing are planned and developed to ensure a smooth
operation. After a year of grazing, an inspection is done to certify a
90% reduction in annually grown herbaceous material and a 60%
reduction in annually grown shrub material on the landscape. This
inspection typically happens prior to the summer months when
wildfires are common. Based on the success of the management
process (measured by the overall reduction of fuel), shepherds
could get paid up to EUR 140 per hectare per year, with the average
being around EUR 100 (Figs. 3, 4)"°.

Shepherds involved in the project are allowed to use the official
Fire Flocks brand, which links agricultural products to wildfire
management efforts in the region. Then, based on the product type,
herbivore breed, and flock size, shepherds prepare their goods over
the course of the year and target butchers, shops, and restaurants
appointed by Pau Costa Foundation.

3.1.4 Current Direction

Since the pilot project on the Baussitges Estate, Fire Flocks has
expanded: as of 2021, the project has recruited 22 shepherds with
cattle, goats, and sheep, and over 60 local restaurants, butchers, and
shops. The project is now being managed by Emma Soy Massoni,
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Winter-Year 1
Mechanical thinning of understory trees and shrubs

Spring-Year 1
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Guillem Canaleta, and Ona Alay of Pau Costa Foundation.

With this experience, Pau Costa Foundation is also involved
in a larger network of grazing organizations across Europe that
contributes to knowledge-building. For example, the Fire Shepherds
program seeks to educate European shepherds beyond traditional
milk and meat production and toward management practices
that promote biodiversity and wildfire risk reduction. In turn,
the shepherds can diversify the services they offer to their clients
and spread the idea of shepherding for multiple functions. The
Fire Shepherds program is also creating a model for shepherding
schools based on best practices to further this vision.

3.2 Infrastructure Shadowing Case Study
Infrastructure Shadowing is a management technique that
develops a grazing program under high voltage (HV) power lines to

increase wildfire adaptation (Table 2)%°.

3.2.1 Background

Like much of the Mediterranean Basin, Southern France is
expected to experience larger and more frequent wildfire events in
the near future®".

[t is well documented that fuel reduction could be an important
management technique for the wildland-urban interface, especially
in strategic zones that are highly vulnerable to ignition. One of these
zones lies under the HV power lines that crisscross the forested and
unmanaged landscapes of Southern France. Overhead HV power
lines typically carry 1,000 ~ 400,000 V to transport energy across
the country®”. In the areas directly below and adjacent to this
electrical network, dead or dying trees and overgrown vegetation
can ignite a wildfire'””. Additionally, issues such as line swaying

Table 2: Infrastructure shadowing case study overview

Case feature Description

Location Drome, France
Status Implemented
Potential scale Regional

Size 2.5 hm? (pilot), 530 hm?” (current estimate)

Dominant vegetation species Pinus halepensis and Quercus ilex

Grazing herbivores Horse

Implementation cost ~2,100 EUR/hm’

Primary implementer LIFE Elia-RTE

033

due to wind and line lengthening due to heat further raise the risk
of ignition. Traditionally, it is common for transmission system
operators (TSOs) to develop a linear safety corridor along HV power
lines—sometimes over 50 m in width—to deal with problematic
vegetation,

TSOs typically take a conventional approach to reduce wildfire
risk. They target young vegetation before it reaches the overhead
lines. Their periodic maintenance process, which typically occurs
every 3 ~ 12 years depending on onsite vegetative growth, usually
involves a tractor equipped with a rotary cutter. If a site is too steep
or has too many physical obstacles, TSOs must work manually. In
both situations, mulched trees and shrubs are left onsite, typically
scattered across the ground™®.

While this clear-cutting and mulching process succeeds in
immediately removing fuel within the safety corridor, it poses
challenges for long-term management. With access to light and soil
enriched by mulched vegetation, seeds of pioneer species are able

to quickly germinate and grow'””).

3.2.2 Technique Overview

In an effort to find alternatives to this conventional fuel
reduction process, the LIFE Elia-RTE project emerged in 2011 and
continued for 6.5 years. In total, the project cost EUR 3.2 million,
financed by the European Union through the LIFE program (36%),
The Region of Wallonia (25%), ELIA—the Belgian TSO (24%), and
RTE—the French TSO (15%). The project employed seven people
and focused on 35 HV power line sites spread across both Belgium
and France,

In general, the project had three main goals: 1) create linear
corridors along HV power lines to promote habitat creation and
to bolster biodiversity, 2) experiment with new fuel reduction
techniques for wildfire risk reduction, and 3) educate and raise
public awareness about alternative management for electrical
infrastructure. To achieve these three goals, the LIFE Elia-RTE
team viewed three networks that typically operate in silos as one
interconnected system: the electrical network managed by the TSO;
the ecological network comprised of patches, buffers, and corridors;
and the social network made up of all the stakeholders with vested

interest in the landscape®.

3.2.3 Technique Process

We focused on LIFE Elia-RTE'’s diverse ecological habitat
network designed and implemented for wildfire management,
with a particular focus on grazing. This particular case sits within
a larger LIFE Elia-RTE project that transformed over 530 hectares
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5. Map of Infrastructure
Shadowing, located in Dréme.

HV power 6. Sequential sections showing
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project.
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Spring-Year 1

Natural filling of ponds and vegetative colonization

of land under power lines into experimental plots of excavated
and constructed wetlands (strategically placed near the bases
of the electrical towers for maximum protection), forest edges,

bogs, grasslands, meadows, orchards and pasture for grazing. M m
Grazed areas constituted about 68 hectares, and we studied the — |

Summer-Year 1
Grazing of the plots by herbivores

o~ © Emily Schlickman

development of a grazing program in Drome, France. This region
is primarily rural, defined by a mosaic of agricultural and forested
land, and dotted with small communities. Crisscrossing the
landscape are a series of HV power lines.

To test the idea of using grazing herbivores for increasing
wildfire adaptation, the LIFE Elia-RTE team first selected a
2.5-hectare pilot site just north of the Drome River and south of
the small community of Allex. The site is narrow and long, with
HV power lines running above (Fig. 5). In 2013, the land was
purchased by the local government with an agreement between
the local communities, local TSO, and representatives from the
nearby National Ramieres Nature Reserve. When the land was
purchased, it was overgrown with woody species and invasive
species like solidago goldenrod™.

Prior to the first grazing season, the project team used heavy
machinery to remove large woody plants and to prepare the
landscape. The north side of the site was prepared for horse
grazing and the south side of the site for wetland habitat creation.

~ © Emily Schlickman

The north side was broken into two main grazing pastures. To
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contain the herbivores, temporary electric fences were erected
around the pastures and a small shelter was built to provide
protection. The electric fences prevented the herbivores from
interfering with the wetland habitat to the south®®,

During the first grazing season in July and August, a number
of horses owned by a local breeder were brought to the site to
reduce the amount of woody vegetation within the safety corridor
of HV power lines. Following the first season, the number of
horses grazing the site was reduced to two'*’\. This grazing pattern
repeated four times until 2017, which marked the end of project
funding'*® (Figs. 6, 7).

3.2.4 Current Direction

When the pilot project ended in 2017, funding was secured
through a Natura 2000”?" contract so that the National Ramiéres
Nature Reserve could continue with the management of the site.
Part of the funding was earmarked for an annual mowing of the wet
meadow which was transformed through horse grazing. The other
part of the funding was earmarked for continued monitoring of
biological inventories on site.

With the success of the pilot project, the project team is
currently working with the larger LIFE Elia-RTE effort to find ways
of implementing the Infrastructure Shadowing technique in other
locations beyond Southern France.

4 Discussion

4.1 Fire Flocking Case Study Discussion
4.1.1 Technique Successes

The Fire Flocks initiative has succeeded to fulfill many ecological,
economic, and social goals. Studies have shown that fuel reduction
activities like extensive grazing can slow the spread of and decrease
the intensity of wildfire""®. By reducing the fuel continuity both
horizontally and vertically, the risk of catastrophic crown fires is
reduced"”. By developing breaks in the forest, the project has also
created new habitat with a thinner understory.

Fire Flocks has also uplifted an agricultural tradition in the
Catalonia region by helping to rejuvenate a rural bio-economy.
By boosting shepherding and associated products, the project
has supported local food production chains. In turn, shepherds in

(@ Natura 2000 is the largest coordinated network of protected areas in the world. It offers a
haven to Europe’s most valuable and threatened species and habitats (Ref. [28]).

the program have received access to private property for grazing,
exposure to new services and value-added products, and new
management knowledge for bolstering wildfire adaptation'®.

The technique has also been considered fairly low-cost™®,
especially after the initial mechanical pre-grazing treatment phase,
and scalable to other fire-prone areas in Europe. Furthermore, the
agricultural products branded with the Fire Flocks label have seen
an increase in demand. For example, following the pilot project,
there was an increase of 12% in meat sales and of 40% in the
number of restaurants selling the products™®.

Lastly, the Fire Flocks initiative has helped educate people in
the region about wildfire management and has invited them to get
involved. The project team has found innovative ways to raise public
awareness about wildfire including the development of product
labels that inform end consumers of the project about how they are
contributing to management with their purchase!®. Furthermore,
Fire Flocks has been an effort that involves many stakeholders, all
of whom have been invested in working together to build a more

fire-adapted region®”,

4.1.2 Technique Challenges

While the Fire Flocks initiative has succeeded on many fronts,
it still faces a range of challenges. From a valuation standpoint,
many of the stakeholders involved hold different perspectives and
interests; extensive private ownership in rural areas also makes
it difficult for the team to manage the landscape. For example, it
is common for 20 ~ 30 landowners to own property in one SMP;
thus, one rejection to grazing could reduce the impact of the
management plan. Furthermore, it can be difficult to find shepherds
willing to partake in the program given that traditional shepherding
is a time-consuming job that requires a lot of experience and is
not very profitable!"”. Creating more of a financial incentive for
shepherds could help with this hurdle. Furthermore, many of the
SMPs identified for the project are difficult to access and require
infrastructural planning to allow for grazing to happen.

While the herbivores selected for the Fire Flocks program are
already adapted to the climate and topography of Catalonian region,
there is a range of productivity and efficiency in the flocks'"*!. Part
of this variability stems from palatability as herbivores prefer
different kinds of plants. For example, sheep tend to eat grass,
shoots, and other small understory plants whereas goats tend to eat
brush and broadleaf vegetation. Another reason for this range in
productivity is associated with access and terrain. For example, due
to their size, cattle may have difficulty accessing certain areas of the

SMPs due to steep slopes and natural obstacles'.
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While grazing is considered a cost-effective method for reducing
fuel and while the products associated with the Fire Flocks
initiative are increasing in demand, an in-depth cost-efficiency
analysis might be helpful to assess financially-sustainable models
for implementing Fire Flocking and how to develop pathways to get
there!"”.

Another challenge with Fire Flocking stems from the annual
evaluation process to determine the effectiveness of the grazing
regimes on the landscape. The current evaluation model uses
simplified indicators that do not fully address the complexity of the
management process. The timing of the annual inspections is also
problematic given that the Mediterranean fire season is no longer
confined to summer months. Additionally, due to the late start
of the pilotin 2016 and a lack of historical data of grazing in the
SMPs'", it is difficult to make assessments of the long-term wildfire
adaptation performance on the landscape.

Finding the right venues to sell the Fire Flocks products is
challenging and might require the help of an external consultant.
There is also a need to refine the target audience for the products
beyond the typical urban, middle-aged consumers. There is also
a desire to develop an everyday product that is more present on
the consumer side and can appeal to a wide range of shops and
restaurants.

The last challenge relates to scalability. The pilot project
impacted an area of approximately 48 hm? in Catalonian region
and the current initiatives are impacting around 500 hm’. Moving
forward, it might be helpful to better understand how SMP sizes and
distribution across the landscape relates to wildfire management at
aregional scale.

4.2 Infrastructure Shadowing Case Study Discussion
4.2.1 Technique Successes

Infrastructure Shadowing has succeeded on many ecological,
social, and economic fronts. Through the primary act of horse
grazing within the safety corridor of the HV power lines, the
landscape transformed from an overgrown parcel full of woody
plants toward a meadow-like landscape with fewer invasive species.
This lower-profile vegetation is in an area that is highly vulnerable
to ignition, helping reduce the risk of wildfire events. Furthermore,
by maintaining large swaths of landscape below the power lines,
linear fuel breaks are created; these can help firefighters slow
wildfires that are moving perpendicular to the corridor.

Compared with conventional management techniques, the
techniques employed by the LIFE Elia-RTE program, including
Infrastructure Shadowing, are estimated to be 1.4 to 3.9 times less
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costly in the first 30 years after implementation, despite a fairly
significant initial investment. Furthermore, this estimate does not
take non-monetary benefits like ecosystem services into account?.

Infrastructure Shadowing also supports local shepherds,
farmers, and breeders by providing new pasture space for their
herbivores. It is also a great way to raise public awareness about
habitat loss and wildfire risk'”. The technique is very visible to
the public and often transferable to other linear infrastructural
networks such as railways, roads, and gas lines'*.

Lastly, by creating and supporting new meadow and wetland
habitat, this technique strengthens ecological connectivity by
creating corridors that connect core habitat zones and boost
biodiversity. These corridors are critical for facilitating the
movement of species from one habitat zone to the other for
feeding and reproduction. In a heavily forested region, open
environments—Ilike what can be found under HV power lines—
is inviting for many species. Furthermore, for many species, these
zones are stepping stones or springboards when exploring new
terrain.

4.2.2 Technique Challenges

One challenge of Infrastructure Shadowing is that the safety
corridor of the HV power lines may be owned by a number of
people, resulting in a large number of project stakeholders. Thus,
more communication and negotiation may be required to reach
consensus!”,

Another challenge is that unconventional management
techniques, like the one outlined in this case study, can pose a threat
for TSOs to safely maintain the pylons, HV power lines, and other
electrical equipment. With active grazing areas and designated
habitat zones, the number of access points and service roads to
this infrastructure may be limited"*. Additionally, while there are
long-term cost savings associated with Infrastructure Shadowing
implemented by LIFE Elia-RTE, there is often a significant initial
investment that TSOs must overcome'*’),

The last challenge relates to long-term planning and how to
adaptively manage these new landscapes within the safety corridors
of the linear infrastructural networks. In the case of Drome, funding
was secured to ensure maintenance and monitoring efforts. But this
is a relatively small site. With future projects, especially those with
large sites, a long-term management plan for annual efforts will
need to be prioritized.

4.3 Wildfire Adaptation Discussion
Considering the variables used for assessing grazing for



wildfire adaptation purposes, the two cases outlined in this paper
differ from one another in a number of ways. First is the spatial
composition of the treatments. In the Fire Flocking case, wildfire
adaptation is built over a large area to create a patchy, mosaic-

like landscape. For the Infrastructure Shadowing case, wildfire
adaptation is built through a linear fuel break—a 200-foot-wide
(about 61 m) band along the HV power lines. While this linear fuel
break strategy may be more manageable to implement and it may
serve as a staging ground for firefighters to slow down approaching
wildfires, its limited size and geographic constraints may not
significantly reduce the risk of future wildfire events in the way that
a more distributed, patchy treatment, like Fire Flocking, would.

The two cases also vary in terms of herbivore selection. The Fire
Flocking case relies more heavily on goats and sheep for grazing
whereas the Infrastructure Shadowing case relies on horses. Goats,
as facultative browsers, can eat a wider range of plants, including
woody and poisonous plants; they are also strong climbers and
are able to reach higher vegetation. Sheep are pickier and they
typically clear herbaceous materials before foraging woody plants;
they are also less mobile. Due to their size, both goats and sheep
are susceptible to predation and require supervision and protective
fencing. Horses, on the other hand, can be more independent
grazers. Yet, while they may trample more plant materials than
goats and sheep, they tend to forage primarily on herbaceous
material.

Another way the two cases vary is the impact of the projects on
rural development and the potential to spread awareness about
wildfires and potential adaptation techniques. The Fire Flocking
case engages a number of shepherds, butchers, and restaurants in
the Catalonia region, and contributes to a new bio-based economy
with value-added products. This reach could mean more people
would learn about wildfire issues and the benefits of grazing. The
Infrastructure Shadowing case, on the other hand, is more limited
in its reach of providing new pastures for local shepherds.

5 Conclusions

Fire Flocking and Infrastructure Shadowing share three primary
facets of success. When compared with conventional long-term
wildfire management practices, these techniques are more cost-
effective. Additionally, both initiatives have succeeded in raising
public awareness about habitat loss and other potential impacts of
wildfire on the landscape. Lastly, they have created and diversified
ecological habitats by developing a mosaic-like patterning on the
landscape.
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Yet, both Fire Flocking and Infrastructure Shadowing face
three common challenges. First, with distributed land ownership,
especially in small parcels involving many landowners, it can
take months or even years to reach all landowners and agree
on a path forward. Second, stakeholders rarely agree on long-
term management planning that will ensure the continuation of
the techniques. Third, neither technique has a comprehensive
performance evaluation process. This is complicated by the fact that
neither technique has been tested by a wildfire event.

Many of the other challenges serve as fodder for further design
speculation and testing. For example, how to creatively expand and
maintain both financial and emotive support from stakeholders in
projects building wildfire adaptation? Are there additional ways
they might be engaged? How to build and promote integrative
wildfire management? Similarly, there are also many opportunities
and questions regarding how grazing can be more strategically
integrated into multifunctional landscape designs. Particularly for
the infrastructure shadowing case, we noticed that strategically
grazed areas only constituted a small portion of the overall design,
and these areas were rigidly and statically defined by habitat type
and by fences. As we come to better understand the finer details
and potential affordances of different grazing practices, it is likely
that they can be shepherded more fluidly and more broadly across
a range of landscape types and uses.

There is no simple or single solution for the increasing threat of
wildfires in the age of fire. We hope that this paper might inspire
more landscape architects to engage in professional and pioneering
work to test and evolve multi-functional landscape approaches to
bolster wildfire adaptation.
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