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ABSTRACT

Cities worldwide are currently confronted with significant social and ecological
challenges arising from urbanization, climate change, biodiversity loss and resource
scarcity. Urban green infrastructure (UGI) emerges as a critical solution to mitigate
and adapt to these challenges by providing essential ecosystem services (ES) that
contribute to human well-being and enhance the overall quality of urban life.

This work aims to propose strategies to achieve a sustainable and resilient provision
of ES through the adaptive management of UGI within the specific context of the
Universidad Autonoma de San Luis Potosi (Autonomous University of San Luis
Potosi, UASLP) campuses.

The specific objectives of this research include: 1) defining priority ecosystem
services, 2) evaluating their demand and provision, 3) identifying leverage points to
maintain or enhance them where most needed, and 4) developing a management
strategy for decision-makers concerning UGI on UASLP campuses.

To achieve these goals, a tool for developing adaptive management strategies for
UGI based on ES was devised. The tool underwent a test through a pilot study on
the Zona Universitaria Poniente (Western zone, ZUP) campus, enabling the
identification of practical issues, challenges, and areas of opportunity. By analyzing
ES provision and demand, a set of strategies was proposed in collaboration with a
panel of experts to be implemented by decision-makers at the campus.

This work contributes to the broader understanding of UGI management at the local
scale, showcasing its potential to address urban challenges effectively. The
developed strategies offer guidance for decision-makers, fostering the creation of
sustainable and resilient urban environments in line with the sustainable
development goals (SDG) and principles.

Keywords
Urban Ecosystem Services, Urban Green Infrastructure, Urban Social-Ecological
Systems, Adaptive Management, Sustainable Strategies.



RESUMEN

Las ciudades de todo el mundo se enfrentan actualmente a enormes desafios
sociales y ecologicos derivados de la urbanizacion, cambio climéatico, la pérdida de
biodiversidad y la escasez de recursos. La infraestructura verde urbana (IVU) surge
como una solucion critica para mitigar y adaptarse a estos desafios proporcionando
servicios ecosistémicos (SE) esenciales, que contribuyen al bienestar humano y
mejoran en general la calidad de la vida urbana.

Este trabajo tiene como objetivo proponer estrategias para lograr una provision
sostenible y resiliente de SE a través del manejo adaptativo de la IVU dentro del
contexto especifico de los campus de la Universidad Autbnoma de San Luis Potosi
(UASLP).

Los objetivos especificos de esta investigacion incluyen: 1) definir los servicios
ecosistémicos prioritarios, 2) evaluar su demanda y provision, 3) identificar los
puntos de apalancamiento para mantenerlos o mejorarlos donde sea necesario v,
4) desarrollar una estrategia de gestion para los tomadores de decisiones con
respecto a la IVU en los campus de la UASLP.

Para lograr esto, se disefié una herramienta para el desarrollo de estrategias de
gestion adaptativa para la IVU basadas en SE. La herramienta fue puesta a prueba
mediante un estudio piloto en el campus Zona Universitaria Poniente (ZUP) de la
UASLP, lo que permitié identificar problemas préacticos, desafios y areas de
oportunidad. Mediante el andlisis de la provision y demanda de los SE, se propuso
un conjunto de estrategias en colaboracion con un panel de expertos, para ser
implementadas por los tomadores de decisiones en el campus.

Esta investigacion contribuye al entendimiento de la gestion de la IVU a escala local,
mostrando su potencial para abordar eficazmente los desafios urbanos. Las
estrategias desarrolladas ofrecen orientacion a tomadores de decisiones,
fomentando la creacién de entornos urbanos sostenibles y resilientes de acuerdo
con los objetivos y principios del desarrollo sostenible.

Palabras clave
Urban Ecosystem Services, Urban Green Infrastructure, Urban Social-Ecological
Systems, Adaptive Management, Sustainable Strategies.
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1.1. BACKGROUND

Currently there is a great deal of interest on the importance of green spaces as
support for a healthy life on urban areas. This is because the planet’s population is
growing at an accelerated rate with a clear tendency towards urbanization. It is
expected that by 2030, more than 60% of estimated population (4.9 of 8.1 billion)
will live in cities, areas characterized by their huge and complex environmental
footprints (Endlicher et al., 2007). Due to global climate change, ample regions of
the world will have to face multiple common challenges in the coming years like
demographic explosion, temperature rising, food insecurity, water scarcity and

increased risk of droughts and floods (Kim & Coseo, 2018).

Urban ecosystems, composed by highly modified landscapes, are a key element to

sustain the environment and their inhabitant’s wellbeing (Guillen-Cruz et al., 2021).

All ecosystems (including the highly urbanized) possess functions and provide
services. The first ones refer to the properties or processes inherent to the system,
while the second ones refer to the benefits that humans obtain directly or indirectly

of said ecosystem functions (Costanza et al., 1997).

The publication of the Millenium Ecosystem Assessment in 2005 contributed to put
the term of “ecosystem services” in the public eye, and related literature has grown
exponentially ever since (Martinez-Guzman et al., 2021). Afterwards it became
consolidated in the international agenda in 2015, with the publication of the
Sustainable Development Goals by the United Nations, by being included in the

Objective 11. Sustainable communities and cities (Stahle, 2018).
1.2. PROBLEM STATEMENT

The World Health Organization makes use of the term “urban green area” to
designate public green areas, and proposes an indicator based on accessibility
(Stahle, 2018), specifically the population living within 300 m of a green area with a
surface of at least 0.5 ha (Ward et al., 2016).

At local level, the extension of green areas is usually designated as a percentage of

the total project and is commonly stipulated in the construction regulations of the
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city. As an example, according to applicable construction regulations in the city of
San Luis Potosi, it is required that projects donate 10 to 15% of its extension to the
municipality, from which the city must keep a minimum of 60% as green areas,
resulting in 6 to 15% of any specific construction project becoming green space
(Reglamento de Construcciones Del Municipio de San Luis Potosi, 1995).

To this day, there is no widely accepted urban green areas management strategy

based on ecosystem services provision at the local or international levels.
1.3.  JUSTIFICATION

According with the state-of-the-art review, made by Haase, Larondelle, et al. (2014),
most studies revolving around ecosystem services in urban areas have been made
for Europe, North America, and China, leaving a great need to generate information

for developing regions, as is the case with Latin America.

Other important shortcomings detected in this review were a lack of vision towards
the future or a synergies and tradeoffs analysis, no communication of results with
stakeholders, the omission of ecosystem disservices, the absence of a systems
perspective, and a disregard for the use of participatory or explicitly spatial methods

to assess demand and offer of ecosystem services.

In addition, ecosystem services assessment is also an issue of environmental justice
since it is necessary to ensure the equitable provision of these in areas where they

are scarce (Croci et al., 2021).

A major problem in our view of urban ecosystem services is scale (Brzoska & Spage,
2020). The little information available on their effect at small scale complicates their
integration in the planning and decision-making processes of cities. Another problem
is the lack of adequate methods to evaluate them at that level, since most of the
common methodologies focus on regional level, generalizing most of the information
analyzes. To obtain realistic results, studies should be conducted on smaller
structures recognized by common planning tools such as parks, orchards, or

gardens.
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These problems give way to the fact that urban green infrastructure is not being
strategically planned to provide ecosystem services to the population of cities; even
though research has shown that vegetation can be managed to optimize the supply
of desired services, utilizing the knowledge obtained from heterogeneous urban
landscapes and human populations (Bodnaruk et al., 2017; Elliott et al., 2020;
Wentworth, 2017; Wu, 2019; Zhao et al., 2020).

1.4. RESEARCH QUESTIONS

. Which are the ecosystem services of relevance provided by the urban green

infrastructure of the UASLP campuses?

. How could the provision and quality of ecosystem services provided by the

urban green infrastructure of the UASLP campuses be evaluated?

. Are there specific elements that can effectively impact the total quality of
ecosystem services provision by the urban green infrastructure located inside the

UASLP campuses?

. Which strategies should be applied in the management of the urban green
infrastructure inside the UASLP campuses to enhance ecosystem services provision

where they are most needed?

1.5. OBJECTIVES.

1.5.1. GENERAL OBJECTIVE
Design an urban green infrastructure management strategy based on ecosystem

services that could be applied on the Universidad Autbnoma de San Luis Potosi
(Autonomous University of San Luis Potosi, UASLP) campuses.

1.5.2. SPECIFIC OBJECTIVES
Define the criteria for evaluation of priority ecosystem services provided by the urban

green infrastructure located inside the UASLP campuses.

Evaluate demand and provision of priority ecosystem services for each urban green
infrastructure located inside the case study; the UASLP Zona Universitaria Poniente

(Western Zone, ZUP) campus.
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Identify leverage points to maintain the provision of ecosystem services by urban
green infrastructure located inside the case study; the UASLP ZUP campus in areas

where they are demanded.

Create a strategy that proposes recommendations to decision makers to manage

the UGI inside the UASLP campuses.
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2. THEORY INTEGRATION AND
CONCEPTUAL FRAMEWORK

2.1. The urban ecosystem
2.2. Theoretical foundations

2.3. Conceptual framework




2.1. THE URBAN ECOSYSTEM

2.1.1. ECOLOGY AND ITS ROLE IN CITIES
Urbanized areas and their huge and complex ecological footprints, considered as

"urban ecosystems"”, are the field of study of the discipline known as "urban ecology",
understood as "the integration of natural and social sciences in their basic and
applied form to explore and elucidate the multiple dimensions of urban ecosystems"
(Vogt & Cortez, 2020).

Several approaches to this discipline have been identified. First the urban
sociological approach, which investigates human behavior and social organization
in urban environments; second, the bio-ecological approach, which is interested in
the distribution and abundance of animals and plants in and around cities; third, the
urban systems or human ecosystem approach, which treats the city as a complete
ecosystem, consisting of natural and socioeconomic components; fourth, the urban
landscape approach, which views urban areas as dynamic, spatially heterogeneous,
multi-scale patchwork systems; and finally, the urban sustainability approach, a
recent view that treats cities as social-ecological systems, with an increasing
emphasis on the relationship between ecosystem services and human well-being in
urban areas (Wu, 2014). The present study makes use of the fifth approach in the

analysis of the urban system.

2.1.2. CITIES AND URBAN CHALLENGES
The World Economic Forum (WEF) & Alexander von Humboldt Biological Resources

Research Institute (2022), identified the main problems of urban social-ecological
systems as increasing urban population and declining biodiversity, causing the
natural layer on which society is built to be degraded through direct and indirect
impacts of urbanization. This spatial footprint, the area from which residents extract

resources for subsistence, is on average 36 times the size of a city.

These urban challenges have been expanded by stating that these types of
ecosystems face a series of specific problems, referring to climate change
adaptation and mitigation, water management, green area management, coastal

management, air quality, urban regeneration, participation, planning and
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governance, social cohesion and justice, public health and well-being, and potential
for economic opportunities, among others (Castellar et al., 2021). These are
exacerbated by the increasing rate of urbanization, climate change, increasing
pressure from resource scarcity, degradation of environmental quality, reduction in
the availability of green spaces and rising global temperatures, leading to an
increase in the frequency and intensity of various natural disasters (ICLEI - Local

Governments for Sustainability, n.d.).

These urban challenges cannot be understood by separating the social and
biophysical subsystems, so a synergy between natural and social science research

is required when talking about the study of cities (Frank, 2017).

2.2. THEORETICAL FOUNDATIONS

2.2.1. THE URBAN SOCIAL-ECOLOGICAL SYSTEMS THEORY
Urban areas are characterized by abundant interactions between social, economic,

institutional, and environmental variables, creating complex human-dominated
landscapes that exert an enormous influence on ecosystems at local, regional, and
global levels (Alberti, 2005).

For this reason, solutions to urban challenges, where nature and society often
interact, require the use of a holistic perspective, integrating biophysical and human
elements (Cumming, 2014). Urban Social-Ecological Systems (USES) are
developed as a framework for studying and thinking about these relationships
(Chapin et al., 2012).

Currently, there is no cohesive theory applicable to USES (Cumming, 2014; le
Tourneau & Scott, 2020). Although multiple attempts have been made, most of them
cannot bridge the gaps between theory and practice, or between ecology and
sociology. For this reason, modern scientific work in the USES framework is based

on the systems theory applied to an ecological system.

Taking this into consideration, it was decided to work with the most recent and
generally applicable option, the "systems theory” understood as a specific and

unified group of propositions, which have been put together for the purpose of
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achieving a general system understanding (Adams et al., 2014). However, due to
the transdisciplinary nature of USES, this theory only functions as a general
framework, within which elements of other theories that support the explanation of

the various complex phenomena occurring within the system must be interrelated.

2.2.2. RELATIONSHIP BETWEEN USES AND HUMAN SCALE DEVELOPMENT
There is a need to link urban ecology studies, commonly focused on biodiversity,

ecological processes, and ecosystem services, with urban sustainability studies,
where the focus is on human wellbeing (Wu, 2014). This is consistent with more
recent views stating that there is a problem in the analysis of USES when trying to
understand the human roots of ecological changes, since we should first understand
the forces that motivate human actions (Petrosillo et al., 2018). With this context, it
is necessary to take concepts from the theory of human scale development (Max-
Neef et al., 1998), which attempts to generate a paradigm shift in development, as it
aims to focus development on the satisfaction of fundamental human needs, with
the objective of improving people's quality of life, understanding quality of life as "the

possibilities that people have to adequately satisfy their fundamental human needs".

Max-Neef understands fundamental human needs as: "human deficiencies at the
physiological level, but to the extent that they engage, motivate and mobilize people,
they are also individual and collective potentialities”. On the other hand, he defines
satisfiers as: "ways of being, having, doing and existing, of individual and collective
character, conducive to the actualization of needs".

In addition, he categorized fundamental human needs, combining two
disaggregation criteria: existential categories and axiological categories. The former
refers to the needs of being, having, doing, and existing; while the latter are
composed of subsistence, protection, affection, understanding, participation, leisure,

creation, identity, and freedom.

To have sufficient theoretical background to understand and explain the USES, and
given that currently there are no fully accepted theories, a comprehensive approach
is needed, so keeping the “general systems theory” as a basis, concepts from the

"general theory of ecology” (Scheiner & Willig, 2008); the "human-scale
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development theory" (Max-Neef et al., 1998), and the "complexity theory" (Dodder &
Dare, 2000; Gare, 2000), are required to fill all the gaps and to understand the
general properties of a complex system, explain the specific relationships that exist
inside an urban social-ecological system, while emphasizing human wellbeing and

satisfaction (Figure 1).

Figure 1. Theoretical framework

General Systems Theory
(Adams et al., 2014)

Complexity Theory
(Dodder & Dare, 2000)

General Theory of Ecology
(Scheiner & Willig, 2008)

Human-scale development theory
(Max-Neef et al., 1998)

USES Theoretical Framework

Note. Different theories required to construct the USES theoretical framework. The order
shows the way they build upon each other.

2.3. CONCEPTUAL FRAMEWORK

2.3.1. ECOSYSTEM GOODS, SERVICES, AND DISSERVICES
The term ecosystem services (ES) refers to “functions, characteristics or processes

that directly or indirectly contribute to human wellbeing, that is, the benefits that
people derive from ecosystem functions” (Costanza et al., 2017). In the context of

urban spaces, urban ecosystem services (UES) are defined as “those services that
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are directly produced by ecological structures inside urban or periurban areas”
(Luederitz et al., 2015). The subset of UES that are tangible material products is
identified as urban ecosystem goods (UEG), while the functions and structures that
have a negative consequence on human wellbeing are denominated “urban
ecosystem disservices” (UED) (Dobbs et al., 2011).

A great variety of ES have been identified, and they have been categorized using
different criteria by multiple organizations (Croci et al., 2021). These diverse
frameworks continue to co-exist with each other because they have a different focus,
each useful for distinct objectives. Some of them are more suitable for economic
valuation, others for ecological assessment, but the one that concentrates on SES
and systemic effects is the Millenium Ecosystem Assessment from 2005, so this is
the classification that will be used for this research project (The Economics of
Ecosystems and Biodiversity (TEEB), 2012).

This framework differentiates services as provisioning, for those tangible products
obtained from ecosystems, regulating for those that control ecosystem processes,
cultural for non-material benefits that contribute to well-being, and supporting for
those fundamental to produce all other ecosystem services (Millenium Ecosystem
Assessment (MEA), 2005).

However, urban ecosystems are distinct in terms of the high coverage of
impermeable surfaces, density of human population and levels of pollution, which
makes cities highly dependent on the reduced green areas they have, to provide
them of goods and services and manage their waste and residues. This results in a
complex situation where deciding which ES are priority for a given city will depend
completely on its environmental, social, and economic characteristics (Bolund &
Hunhammar, 1999; Wentworth, 2017).

Table 1 shows a classification of common UES, UEG and UED, taken from a non-
systematic literature review, and classified according to the Millenium Ecosystem

Assessment framework.
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Table 1. Common Urban Ecosystem Goods, Services and Disservices

Food production Microclimate regulation Aesthetic pleasure
Freshwater provision Noise reduction Connection with nature
Wood and fiber Air quality regulation Stress reduction

Carbon sequestration Education
Flood regulation Recreation
Pollinators Community creation

Soil quality maintenance

Waterflow regulation

Water consumption Pests Perception of insecurity
Polluted crops VOC emission Increased allergenicity
Biodiversity

Habitat connectivity

Non-native species invasion
Habitat fragmentation
Note. Ecosystem good or service Ecosystem disservice

Source. Bolund & Hunhammar (1999); Brzoska & Spage (2020); Dobbs et al. (2011);
Guillen-Cruz et al. (2021); Haase, Frantzeskaki, et al. (2014); Martinez-Guzman et al.
(2021); Millenium Ecosystem Assessment (MEA) (2005); Obalum et al. (2017); Pataki et al.
(2011); Wentworth (2017)

2.3.2. NATURE-BASED SOLUTIONS AND URBAN GREEN INFRASTRUCTURE
The Mapping and Assessment of Urban Ecosystems and their Services (MAES) —

Urban report (2015) conceptualizes urban green areas and urban green spaces as
synonyms, referring to “urban areas partially or completely covered by vegetation”.
Afterwards it defines green infrastructure as a “strategically planned network of
natural and seminatural areas with other environmental elements, designed and

managed to provide a wide range of ecosystem services. Including green areas (or
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blue, if involves aquatic ecosystems) and other physical characteristics on land and
maritime areas. On land, it is present on rural and urban settlements”. Finally, the
concept is grounded on urban environments as urban green infrastructure (UGI),
defined as “green infrastructure that is located inside urban or periurban areas”
(Rocha et al., 2015). Different examples of UGI can be appreciated on Figure 2.

Figure 2. Examples of urban green infrastructure

- Natura 2000 Forest

green roof “ wildflower verge
¥

greenwall

biodiversity-rich !
business park
9

" beehives

i ‘-H.IPT

Ir
A fish ladder

Source. Deutsche Gesellschaft fur Internationale Zusammenarbeit (2019)

Although a completely accepted categorization for different types of nature-based
solutions (NbS) and UGI does not exist, Castellar et al. (2021) has developed a
comprehensive and hierarchical classification that includes a wide array of different
solutions. Besides, considering that the vegetation type and configuration have a

critical effect on the provision of UES by a certain intervention (Zhao et al., 2020),
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Table 2 presents a summary of the most common UGI categorized by type and

configuration.

Table 2. Categorization of common nature-based solutions and urban green
infrastructure

Configuration

'NfolocEIR  Individual tree Lined trees Urban forest
Sidewalk trees Orchards
Park
Mixed Green corridor  Urban garden
) Small planter .
vegetation Hedges. Botanical
garden
— : . Green wall Vegetated
[ \Elaile-IN  Vertical planter g
.% Green facade pergola
% Green roof
= : Infiltration . Rain garden
S | Horizontal ) Bioswale g
0 basin Permeable
pavement
Compost

Soil improvement
Systems for erosion control

Biodiversity habitats and shelters

Biodiversit . .
y Use of native vegetation.

Riverbank engineering
Blue corridor
Floodplain management
Diverting elements.

Note. Cross-matrix based on type and configuration.

Interventions

River

Source. Zhao et al. (2020) and Castellar et al. (2021)
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2.3.3. THE COMPLEX ROAD FROM URBAN GREEN INFRASTRUCTURE TO HUMAN
WELLBEING
The links between biodiversity and ecological structures, to ecosystem services, and

to human well-being has been commonly described through the “cascade model”
(Haines-Young & Potschin, 2010) which, although useful for representation and
conceptual means, falls into the trap of analyzing a social-ecological phenomenon,

as complex and multidimensional as it is, from a reductionist perspective.

This happens since there is a lack of a systematic framework in which complex
USES can be described, understood, and investigated in an integrated manner.
Emerging opportunities for assessment lie in the incorporation of concepts such as
system dynamics, resilience, and ecosystem services into their framework (Bowd et
al., 2015).

Current tools that are frequently used to assess environmental attributes, range from
checklists, matrices, networks, and quantitative methods. Of these, matrices are
probably the most well-known for attempting to capture more complex relations,
some of them try to quantify through a subjective assessment, like the Leopold and
Peterson matrices. On the other hand, the Sorensen network was an approach
developed explicitly to investigate higher order relations and impacts (Bowd et al.,
2015).

Since networks are intended to provide a more structured way of linking causes and
effects, when potential effects on complex, interrelated ecosystems are considered,
they seem better suited to display, in an easily understood format, the intermediary
links, present in the ecosystems to human well-being cascade that this research is
focusing on, allowing the illustration and exploration of elements and their likely

consequences (Mason & Moore, 1998).

It is possible to develop a Sorensen Network from known effects compiled through
literature reviews of similar existing activities (Mason & Moore, 1998). Table 3
presents one example developed specifically for the provision of UES from UGI,

connecting its effects to human well-being.
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This was accomplished by adapting the classical cascade conceptual framework for
ecosystem services (Haines-Young & Potschin, 2010), by interconnecting the
concept of ecosystem functions (Szumacher, 2011) and landscape patterns (Alberti,
2005), to different types of UGI (Castellar et al., 2021), to the provision of UES
(Costanza et al., 1997), and finally to their role as satisfactors of basic human needs
(Aly et al., 2018; Max-Neef et al., 1998).

The resulting network effectively links UGI multifunctionality through a multilinear
impact chain, where a single UGI generates multiple ecosystem functions, each of
those functions impact on different UES, UEG or UED, which in turn can take the
role of multiple satisfactors of human needs, so we do not look at solely one to one
(1:1) interactions, but at one to many (1:n), many to one (n:1) and many to many

(n:n) interactions, which better depicts the complex qualities of the UGI system.

As an example of how it should be read, taking an individual tree, and following its
column we can see multiple marks, representing the different ecosystem functions
that it can provide. Then follow a single function along the row, like biomass
production, to the other side of the matrix, where it crosses with the UES, UEG or
UED it regulates or provides. If we select one, like food production, and follow it to
the next matrix, the multiple ways in which it can be a satisfactor are visible. Selecting
one, like physical health and crossing to the final matrix, subsistence is the human
need that can be fulfilled.

This exercise allows to represent in a clear manner the multifunctionality and
complexity of the non-linear relations that exist between UGI and human well-being,
thus avoiding a black-box effect.
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Table 3. Sorensen Network linking human well-being to ecosystem services provided by common urban green
infrastructure

Urban Green Infrastructure (Ecosystem structures)

Spatial units Technical units Interventions

Ecosystem
functions

Trophic
dynamics
Biomass
production
Habitat
availabilit
Noise
barrier
Nutrients
cycling

Soil stability X X X

Air filtering X X X X

Temperatur
e regulation
Humidity
regulation
Shade
projection
\WECTS
filtering
\WECTS
infiltration
Runoff
mitigation
Rainwater
interception
Social
spaces

9
5 X X X X X X
=4
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X X X X X X

Comfortabl

X X X X X X X X X
Aesthetic
X X X X X X X
Interaction
o X X X X X X X X
facilitation
Participatio
- g X X X X X
n facilitation
Product
X X X X

provision
Products

) X
recycling

X X

Ecosystem services and disservices
Reg Cul

Satisfactors
(Human
benefits

ater consumption

Protection
from natural
hazards

0
Psycholgical
ort

Active
engagement
Passive
engagement
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Sense of
X X X X .
belonging
Sense of
X X X X X
place
Aesthetic
X X X X X .
enjoyment
X X X X X X X Relaxation

X X X X X X X Tranquility
X X X Recreation

Subsistence
Identity]

Human
Needs (Value

Note. The Sorensen Network portrays the complex and multifunctional nature of the phenomenon, where interactions are not solely
one-to-one (1:1). Instead, each 'x' mark represents an individual interaction, and the network illustrates various relationships,

including one-to-many (1:n), many-to-one (n:1), and many-to-many (n:n).
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2.3.4. SUSTAINABLE AND RESILIENT URBAN GREEN INFRASTRUCTURE
UGI plays an important role in addressing urban challenges due to their ability to

provide a range of benefits and values for urban dwellers (Fors et al., 2021a). The
work of McPhearson et al. (2015) effectively links the ideas of urban sustainability
and resilience into the context of UGI management, by exposing the need to design
and manage urban green infrastructure that is multifunctional and provides a wide
range of urban ecosystem services to reach the persistence of these despite
variability, disturbance and uncertainty, while seeking the planning of urban green
infrastructure to develop in areas of high demand of urban ecosystem services, and
reach resilience through them.

Despite constant development, there is still no consensus among researchers and
practitioners regarding the best implementation approaches of UGI, which makes it
difficult to develop a robust strategy to address them. Luckily, some basic principles
to promote UGI sustainable and resilient planning and management have been
identified (Monteiro et al., 2020). These are: connectivity, multifunctionality,
applicability, integration, diversity, multi-scale, governance, and continuity,

presented on Table 4.

Table 4. Basic principles for urban green infrastructure sustainable and resilient
planning and management

Interpretation

Connectivity Crucial to sustain values and services of natural systems. Aims
to create a well-connected network that is useful for humans
and other species.

Multifunctionality UGI are capable to provide multiple economic, social, and
ecological functions. A multifunctional UGI increases its
resilience, synergetic effects, and effectiveness, especially
when there is limited space.

Multiscale UGI should consider local, landscape and regional
perspectives to enhance interaction between scales.
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Interpretation

Integration Considers all connections and synergies between green and
gray infrastructures.
Diversity UGI emphasizes the quantity, quality and diversity of solutions

presented to solve a specific issue.

Applicability UGI planning must consider applicability, adaptability, and
implementation of the project to avoid failing to achieve its
goals.

Governance Collaboration between the government actors and the citizens

in the planning process. If the community does not feel

integrated into the planning process, UGI will not succeed.

Continuity To be effective, UGI require investment, management and
updates, so a monitoring system with periodic reports should

be implemented with the project.

Source. Monteiro et al. (2020)

2.3.5. MANAGEMENT OF URBAN GREEN INFRASTRUCTURE
The prevalent use of UGI as a concept in urban planning by local authorities have

recently led to its intersection with management practices and, more recently, to the
concept of governance as it pertains to management. Following the principles
presented on Table 4, the first six ones relate mostly to the physical characteristics

of UGI, however, the last two deal specifically with the governance of UGI.

Governance can be defined as “the constellation of stakeholders, institutions, rules,
and processes of collective decision-making that allows stakeholders to influence
and coordinate their needs” (Breen et al., 2020), however, UGI governance has little
consensus with regards to its definition. It is common to treat UGl management as
an umbrella term encompassing both traditional management practices and

governance, understood as the involvement of actors external to the state.

This creates a spectrum with one side involving a diverse range of actors in decision-

making processes, high participatory practices and “bottom-up” initiatives, and the
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other encompassing traditional, centralized, “top-down” government management
(Breen et al., 2020).

Currently, a shift from government to governance in the management of UGI is
slowly taking place, however in practice, governments still play an important role in
the management and planning of UGI. There are multiple ways to govern over UGI,
but a simple categorization based on the strongest actors is presented on Table 5,
however, this is a non-comprehensive list, and as research and knowledge

advances, new ideas for management emerge.

Table 5. Common types of urban green infrastructure management

Types of UGI e
Description
Management
Governmental led Top-down management and soft participatory
governance
Market-led Where private actors adopt a leading role
Co-governance Where multiple actors share more or less equally in the

maintenance of the space

Self-governance Initiatives that prioritize bottom-up decision-making from

communities

Source. Breen et al. (2020)

UGl is generally developed through three consecutive phases: planning, design, and
management. These practices typically apply a linear logic in which projects develop
in a chronological and hierarchical order, from a plan set by authorities to more
detailed designs realized through construction or planting, and with maintenance
practices implemented at the end. However, and in line with the continuity principle
(Table 4), a strategic approach to this linear logic requires reinventing it into a cyclic

process, in which planning, design, construction and maintenance are viewed in a
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long-term perspective, where all phases are ongoing processes to better manage
UGI (Fors et al., 2021a).

Managing for human well-being requires managing to enhance the production of ES,
and is necessary even when there is uncertainty derived from incomplete
controllability, complex internal feedbacks, non-linearity and insufficient
understanding of nature and people (Birgé et al., 2016), Table 6 shows different
management practices recommended considering the uncertainty and controllability

inherent to a given system.

Table 6. Recommended management practices considering uncertainty and
controllability

Scenario Planning Adaptive Management

<
=
I

Prepare Apply best practice

Controllability

Uncertainty

Source. Birgé et al. (2016)

2.3.6. ADAPTIVE MANAGEMENT
On the report of The Economics of Ecosystems and Biodiversity (TEEB) (2012) it is

recommended to manage ecosystem services and biodiversity through cyclic and
integrated management and planning and recommends that it consists of a baseline
of appropriate information, participatory consultation to determine objectives,
implementation of actions, monitoring, assessment, and results reporting. This
results in a management methodology that is highly robust and responsive in the
face of uncertainty.

These requisites are reunited in the term adaptive management (AM) defined as “to

learn while managing, and to alter the management activities to reflect new
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information obtained” (Williams & Brown, 2016). This kind of management is
applicable to systems where responsible people can’t have a complete knowledge,
either due to time, budget, or complexity constraints. AM allows the users to advance
with a strategy that articulates and systematically reduces uncertainty.

This management style grew from Holling and Ostrom theories, precisely to tackle
the challenge of managing complex, nonlinear, and dynamic ecosystems for which
there was no data or experience. To do so, it introduced the idea of an adaptive cycle
for learning and promoted the use of experimentation to gather information from the

system (Figure 3).

The essential idea of AM is to recognize explicitly that management policies can be
applied as experimental treatments, without pretense that they are sure to work, so
that management becomes an active process of learning what really works (Hsu et
al., 2020a). Some of the key elements of adaptive management are presented on
Table 7.

Figure 3. Double loop adaptive management cycle
Assess Institutional
problem learning cycle

Technical
learning cycle

Source. Williams & Brown (2016)
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Table 7. Adaptive management key elements

Iterative learning

Adaptability and flexibility

Experimentation

Stakeholder collaboration

Constant Monitoring and Evaluation

Emphasis on learning through the
adaptive management cycle of ongoing
monitoring, evaluation, and reflection.
Knowledge gained on each iteration
informs following decision-making.
Should be able to adapt its structure to
respond to uncertainty, changing
conditons and new information
gathered.

Testing different approaches, to expand
the knowledge of the system through
empirical evidence.

Involvement of diverse stakeholders
adds multiple perspectives to expand
knowledge of the system through
collective learning

Systematic and rigorous monitoring and
evaluation (M&E) of actions and
outcomes to augment the knowledge of

the system.

Source. Hsu et al. (2020b) and Razzaghi Asl & Pearsall (2022a).

A requisite for the proper implementation of AM, a specific institutional framework

that deals with social and political dimensions that allow it to function is required.

This framework is known as adaptive governance (Razzaghi Asl & Pearsall, 2022b).

It integrates diverse formal institutions, informal groups and individual stakeholders

in a collaborative manner that incorporates adaptive management principles in a

nested, overlapping system. This network of stakeholders bolsters political, financial,
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and public support while also benefiting the process through horizontal and vertical
information flow. This polycentric system enhances the capacity to manage the
system by creating a collaborative structure for learning and experimentation, while
providing a diverse source for ideas, expertise and informed decision-making while

enabling broader levels of participation (Green et al., 2016a).
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3.1. A LEGAL CONTEXT FOR GREEN SPACES

Even when Mexican laws and regulations require a focus on human wellbeing that
distillates from the Mexican Constitution itself, down to municipal regulations, and
ecosystem services (ES) have the same final objective, there is no real connection
between the two. These diffuse policies are reflected in deficient strategic and
operational capacities at urban green infrastructure (UGI) management level inside
the Latin America and the Caribbean region (Devisscher et al., 2022), resulting in an
urban ecosystem management that does not comply with the good practices of
promoting ecosystem sustainability and the provision of essential ES for society
(Chapin et al., 2012).

A general overview of the legal framework currently governing over UGI in San Luis
Potosi (SLP) is provided in Table 8.

Table 8 Overview of the legal framework governing over SLP urban green spaces

Level | Instrument

Mexican Constitution.

General Law for Ecological Equilibrium and Environmental Protection.
General Law on Climate Change

General Law on Human Settlements, Land Use and Urban Development.

National Development Plan

National

National Program for Land Use and Urban Development

Official Mexican Normative NOM-001-SEDATU-2021. On public spaces
in human settlements.

Environmental Law for the State of San Luis Potosi

Climate Change Law for the State of San Luis Potosi

State

Law for the Protection and Conservation of Urban Trees of the State of
San Luis Potosi.
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Level | Instrument

San Luis Potosi State Development Plan 2015-2021. The next one is in

the process of approval.

San Luis Potosi State Land Use and Urban Development Program.
Construction regulations

Ecology Regulation

Parks and gardens regulations

Municipal

San Luis Potosi Municipal Land Use and Urban Development Program
2050

Source. Diario Oficial de la Federacion (DOF) (1998, 2016); Ley General de Cambio
Climético (2012); Plan Nacional de Desarrollo 2019 — 2024 (2019); Programa Nacional de
Ordenamiento Territorial y Desarrollo Urbano 2021 - 2024 (2021); NOM-001-SEDATU-
2021, Espacios Publicos En Los Asentamientos Humanos (2022); Reglamento de
Construcciones Del Municipio de San Luis Potosi (1995); Reglamento de Parques y
Jardines Publicos Del Municipio Libre de San Luis Potosi, S.L.P. (2002); Ley de Cambio
Climético Para El Estado de San Luis Potosi (2015); Plan Estatal de Desarrollo 2015 -
2021 de San Luis Potosi (2016); Reglamento de Ecologia Para El Municipio de San Luis
Potosi (2016); Ley de Proteccion y Conservacion de Arboles Urbanos Del Estado de San
Luis Potosi (2017); Programa Estatal de Ordenamiento Territorial y Desarrollo Urbano de
San Luis Potosi (2020); Programa Municipal de Ordenamiento Territorial y Desarrollo
Urbano de San Luis Potosi, SLP 2050 (2021); Ley Ambiental Del Estado de San Luis
Potosi (2021); Programa de Fomento a La Planeacion Urbana, Metropolitana y
Ordenamiento Territorial 2019 (2019); Poder legislativo (1917)

3.2.  THEINSTITUTIONAL CONTEXT OF THE UNIVERSITY

At the Universidad Autonoma de San Luis Potosi (Autonomous University of San
Luis Potosi, UASLP), the Agenda Ambiental (Environmental Agenda, AA) is an
organization created with the explicit mission of articulating strategies to reach

sustainability inside the university and society through the multidisciplinary

Case study: The UASLP ZUP campus | 29



integration of 4 pillars: education and research, institutional management, linkages

and projects, and communication.

As part of its institutional management axis, the AA has implemented a Sistema de

Gestion Ambiental (Environmental Management System, SGA), to improve the

environmental performance of the UASLP in all its functions and transform it into a

sustainable institution in conjunction with the community (Nieto-Caraveo & Medellin-

Milan, 2004).

To reach its sustainable objectives, the institution has developed a set of programs,

plans, procedures, and technical materials focusing on sustainability management.

The main ones are presented in Table 9.

Table 9 UASLP institutional programs for sustainable management

Institutional Program General Objective

Programa Universitario de
Agua (University Program for
Water, PUA)

Programa Universitario de
Energia (University Program for
Energy, PUE)

Programa Universitario de
Residuos (University Program
for Waste, PUR)

Programa Universitario de
Biodiversidad (University
Program for Biodiversity, PUB)

Appropriate and integrated water management
through technical aspects of efficiency,

treatment, research, and innovation.

Good use of energy, promoting sustainable
urban mobility, electrical efficiency, and the
strategy for the transition to renewable
energies.

Create an institutional participatory culture of
comprehensive and appropriate waste
management.

Integrally manage the flora and fauna found in
the spaces and gardens of university
campuses in a sustainable and respectful

manner.

Source. Universidad Autonoma de San Luis Potosi (UASLP) (n.d.)
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3.3. THE PROGRAM FOR BIODIVERSITY

Strategic plans often regulate, orient, and coordinate the objectives and proposals
of other plans, and thus, serve as reference for decisions taken at local level,
including the implementation of UGI related projects (Gradinaru & Hersperger,
2019). Inside society, universities are a key element for the development and
implementation of different actions and programs that foster the creation and
habilitation of functional spaces to preserve biodiversity (Buendia-Oliva et al., 2021).

One of the many programs devised by the AA is the PUB, whose general objective
is “to integrally manage the flora and fauna found in the spaces and gardens of
university campuses in a sustainable and respectful manner”’. (Universidad
Autonoma de San Luis Potosi (UASLP), n.d.)

Considering that the UASLP has interest and capacity for action, shown by
implementing these programs in all its campuses state-wide, and that as can be
seen in Figure 4 as a whole they cover a vast number of social and ecological
contexts, it needs to design a strategy that can be applied in urban areas with

different geographical extent, population size and climatic conditions.

However, an internal baseline report shows that the management of green spaces

inside the PUB is inefficient in its current form (Buendia-Oliva et al., 2021).

UGI is currently managed via the Guia de Jardines Universitarios (University
Gardens Guide), which specifies some activities for gardeners and other workers,
while assuring they have continuous education imparted by the AA and the
University’s Civil Protection Department. Some tools like incident and accident
reports have been implemented, but in general, it is concluded that there is a need
to develop a yearly schedule and assessment of activities, which should consider
phytosanitary vulnerability of each specimen, and to expand the roster of specialized

personnel to attend the different problems that could potentially arise.
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Figure 4. UASLP campuses and their climatic context
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Note. Climatic classification adapted for Mexico by Képpen-Garcia (1998).

3.4. THE CAMPUS

The Zona Universitaria Poniente (Western Zone, ZUP) campus is located in the
capital of the state: the city of San Luis Potosi, as can be seen on Figure 5, and it
has been selected as a case study because it is the main campus of the institution,
holds the majority of the student population, is located on the biggest metropolitan
area inside the state, has the most information available, as well as a great variety

of installed urban green infrastructure, as can be seen in Figure 6.
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Figure 5. UASLP ZUP campus location
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Note. Urban green infrastructure highlighted in green.

Case study: The UASLP ZUP campus
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A basic ecological description for the ZUP campus is presented on Table 10 to

provide a biophysical context for the research study.

Table 10. ZUP campus ecological description

Type of climate BSokw arid temperate, according to Képpen-Garcia (1998)

Average annual 17.4°C

temperature

Average annual 392.1 mm

precipitation

Geology Alluvial / Acid extrusive igneous rock

Physiography Province: “Central Mexican plateau”
Subprovince: “Sierras and plains of northern Guanajuato”
Topography system: “High steep mountain range with

plateaus”

Altitude 1880 — 1900 m. s. n. m.

Slope 1.0-50%

Edaphology Phaeozem and Xerosol, of medium texture

Hydrography Hydrological region 37 “El Salado”, basin G “P. San José —
Los Pilares y otras”, sub-basin b “P. San José”

Runoff 10.0 — 20.0%

Acuifer 2411 San Luis Potosi: overexploited, in deficit and polluted

Geohydrology Non-consolidated material with high yield

Land use and Urban area

vegetation
Source. Instituto Nacional de Estadistica y Geografia (INEGI) (2023) and Servicio

Meteorolégico Nacional (SMN) (2023)

According to an estimation generated through geographic information systems (GIS)
software, the campus has a total surface area of 162,635.9 m2. Contrasting this
information with a survey of the university’s green spaces, the ZUP campus areas
are allocated as shown in Table 11 (Picos-Benitez & Rodriguez-Robledo, 2010). For
the 2022 — 2023 cycle, the campus holds a population of 13612 students, segregated
on Table 12.
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Table 11. ZUP campus green and gray areas

ZUP campus Percentage (%)

Green areas 28,620.30 17.59
Gray areas 134,015.60 82.40
Total 162,635.90 100.00

Table 12. ZUP campus student population

Postgraduzte

Academic Coordination in Arts

School of Chemical Sciences 1802 182 1984
School of Nursery and Nutrition 1228 62 1290
School of Stomatology 979 114 1093
School of Engineering 4450 230 4680
School of Medicine 1013 678 1691
School of Habitat Sciences 2497 45 2542
Interdependency postgraduate 0 179 179

Total 12122 1490 13612

Source. Universidad Autébnoma de San Luis Potosi (UASLP) (2022)

Selecting this specific campus as a case study has the additional advantage of
having a robust information baseline, since either it or its surrounding area has been
subject to a variety of studies, guides and technical reports, which provides this
research project with information regarding urban agriculture, pollinators, water
consumption and vegetation characteristics (Buendia-Oliva et al., 2021; Martinez-
Guzman et al., 2021; Montes-Betancourt et al., 2020; Picos-Benitez & Rodriguez-
Robledo, 2010). This provides a unique opportunity to reframe this space as a
resilient community against climate change, that is functional to help preserve the
Mexican biodiversity (Buendia-Oliva et al., 2021).
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4, METHODOLOGICAL FRAMEWORK

4.1. Protocol design

4.2. Protocol validation
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4.1. PROTOCOL DESIGN

As a social-ecological phenomena, ecosystem services management is subject to
both, qualitative and quantitative assessment methods, so the devised tool must be

created with a mixed-method approach in mind for it to be a robust instrument.

Mixed methods design can be done following different strategies depending on the
timing of data collection, the weight given to qualitative and quantitative data, the
way that the data will be mixed and the theoretical perspectives that surround it
(Figure 7).

Figure 7. Key aspects for planning a mixed method design
Concurrent Equal Integrating Explicit
Sequential Qualitative Connecting Implicit

(qualitative first)
Sequential Quantitative Embedding
(quantitative first)
Source. Creswell (2009)

The sequential exploratory strategy is a common way to develop a new tool or
instrument. Using a three phases approach, the first step is to gather and analyze
qualitative data, the second step is identifying specific items or themes to develop
the instrument, and the final step is quantitative validation and assessment
(Creswell, 2009).

This strategy follows a sequential qualitative-first timing, giving extra weight to
qualitative data. The way of mixing is through connecting, as each iteration of data
gathering feeds the next one, and it may or may not be embedded into an explicit
theoretical perspective.
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Figure 8. Research design

Phase 1 Phase 2 Phase 3
QUALITATIVE QUALITATIVE Tool Quantitative Quantitative Interpret‘atlon
Data Data Analysis Development Data Data Analysis EF BT
Collection Y P Collection Y Analysis
. : Create an
Obtain main . ;
themes and instrument Validate the
statements from based on the instrument
participants views of the through
participants sampling (pilot)

Source. Creswell (2009)

Translating this design strategy into the context of a tool devised to manage urban
green infrastructure (UGI) based on ecosystem services (ES), the basic structure of
the protocol will be built on qualitative data, which will be used to design the main
tool. Afterwards, it will be validated through a pilot run, where quantitative data will
be gathered in the form of surveys and biophysical indicators. The interpretation will
be carried out as a discussion on the applicability of the protocol (Figure 8).

4.2. PROTOCOL VALIDATION

Validation will be done through a pilot run for the case study: the Universidad
Auténoma de San Luis Potosi (Autonomous University of San Luis Potosi, UASLP)

Zona Universitaria Poniente (Western Zone, ZUP) campus.

4.2.1. DATA ACQUISITION AND SAMPLING
For the implementation of the pilot, some information needs to be acquired. For this,
a few strategies have been selected to take advantage of the institutional capacities

given by the case study.

e EXISTING DATABASES
The UASLP’s Agenda Ambiental (Environmental Agenda, AA), through their multiple
Programs have developed some robust databases (Buendia-Oliva et al., 2021;

Martinez-Guzman et al., 2021; Montes-Betancourt et al., 2020; Picos-Benitez &
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Rodriguez-Robledo, 2010), so they can provide specific information regarding the

following aspects inside the ZUP campus.

1. Total annual food production at the Unihuerto.

2. Total annual water consumption for irrigation purposes.

3. Total vegetation census, considering some key characteristics like
geographic location (lat, long), scientific name identification, total height,
canopy cover, crown health and native ecosystem.

4. Study on the diversity of pollinators found in near parks (Morales Park,
Tangamanga | Park and Tangamanga Il Park) taxonomically identified by

Family.

Mexico has a strong history of recording and releasing free robust online databases.
The Instituto Nacional de Estadistica y Geografia (National Institute of Statistics and
Geography, INEGI) (2023), publishes thematic ecological raster and vector data,
typically on a scale of 1: 50,000. Biophysical information on climate type, geology,
physiography, topography, edaphology, surface hydrology, subterranean hydrology
and land use will be retrieved and analyzed as needed for the study area using GIS

software.

The Servicio Meteoroldgico Nacional (National Meteorological Service, SMN) (2023)
provides a network of 5,400 meteorological stations, which preserve a historical
record of annual average temperature and precipitation, among other variables. The
values for the station 24111 SLP (SMN) will be retrieved and used, due to it being

the nearest one to the study area.

e EXPERT CONSULTATION THROUGH THE DELPHI METHOD
This method is composed of an iterative sequence of questionnaires distributed to
selected experts and supervised by a coordinator. The first round usually is
composed of open-ended questions to probe possible answers, subsequently the
panelists are provided with anonymous feedback of all responses. Participants
reflect on these opinions as they answer the next questionnaire, and this process is

repeated until reaching a consensus.
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The four defining elements of the method are: anonymity of participants which gives
them freedom of opinion, the multiple iterations to allow panelists to reconsider
previous answers, controlled feedback in the form of aggregated statistics of the
responses obtained, and the statistically aggregated group responses. At the end of
the exercise the group opinion is taken as the statistical mean of all the panelists

opinions.

The process starts with the selection of the panel of experts. To do this, the
competencies that qualify an expert must be defined and then the individuals that fill

the required knowledge must be identified (Hirschhorn, 2019).

Due to the academic setting where the present study is being carried out, the
desirable competencies for expert selection will be based on academic merit
(graduate degree on the subject of interest), research merit (academic research on
the subject of interest) and/or work experience (determined by work position and

experience).

For the expert consultation, the ideal panel size is between 10 and 15 members, and
a commonly used percentage to call “consensus” is 70% agreement. The criterion
for selecting the experts is defined as: variety of roles, variety of academic disciplines

and/or work positions, and prominence on the field (Olsen et al., 2021).

Identification and selection of individuals will be based on a sampling method based
on “types of actors”, followed by “snowball sampling” to fill in potential gaps. The
former seeks to meet representativeness in terms of different perspectives by
selecting actors with a diverse range of experiences, while the latter is based on
asking the first selected individuals for recommendations of other potential

participants.

The first actors were pre-selected using the “types of actors” method based on their
direct relation with the implementation of this pilot, namely the AA director, the SGA
coordinator, and the PUB manager.

For the “snowball sampling” part, each of them will be asked to recommend experts

based on variety of roles, variety of academic disciplines and/or work positions, and
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prominence on the field. Table 13 shows a list of related disciplines and positions

that relate to the study of urban green infrastructure and ecosystem services that

was presented to them as reference.

Academic

Administrative

Operative

External

Table 13. Reference list for expert selection

m_- Discipline / Position Prominence

Urban ecology and forestry

Entomology and pollinators
Integrated natural resources
management of arid zones
Integrated water resources
management of urban areas

Water supply and irrigation
infrastructure

Geology and soil quality

Climatology and atmospheric
pollution

Architecture and urban design

Social participation, governance,
and urbanization

Nutrition and health
AA representative

SGA representative

Urban garden representative

Green spaces maintenance
services representative

UGI Management expert

Manager of the PUB.
To be determined

To be determined
To be determined

To be determined
To be determined
To be determined
To be determined
To be determined

To be determined
Director of the AA.

Operative coordinator
of the SGA

To be determined

To be determined

To be determined

The methodology will be adapted by offering a list of possible answers based on a

previous literature review, which reduces the necessary rounds, and using electronic

tools for communication, considering that all the participants are part of the UASLP

and have an institutional e-mail account and free internet access inside the

installations. This decision is made to create a process that can be easier and more

convenient for all the involved participants (Olsen et al., 2021).
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To expedite the discussion, a pre-selection of 19 UES and UED of interest was
developed. Using this list as a basis, the first questionnaire was designed with the
objective of identifying priority ecosystem goods, services and disservices or adding

or removing elements of the list (Annex A).

The expected result is a list of relevant UES and UED for the specific area of study.
This information will be compiled and analyzed both quantitatively and qualitatively.
The summarized results will be forwarded as feedback to all participants.

Subsequently, a second expert consultation will be conducted to obtain a list of
proposed urban green infrastructure (UGI) interventions. For this, a pre-selection of
27 UGI units or interventions was developed. Using this list as a basis, the second
guestionnaire was designed with the objective of identifying priority UGI
interventions. An aerial image of the ZUP campus extracted from Google Maps was
offered to the experts to obtain the proposed spatial allocation of their selected

interventions (Annex A).

The expected result is a list of relevant and spatially localized UGI units or
interventions for the specific area of study. This information will be compiled and
analyzed both quantitatively and qualitatively to obtain the preferred interventions.

e PARTICIPATORY MAPPING THROUGH ONLINE SURVEYS.
Considering that the target population of this study is mainly composed of students

attending to the UASLP ZUP campus, that all of them have access to an institutional
e-mail account provided by the University, and that the facilities offer free internet
access, it was decided that the collection of geospatial information from the public

would be done through a web platform.

The Spraycan platform available through the Map-Me (mapping meanings) website

(http://www.map-me.orq) is a free platform that allows the design and execution of

participatory mapping using the Google satellite imagery view, as well as the
download and management of the generated geospatial information in a simple
manner (Huck et al., 2014).
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Some UES and UED, mainly cultural ones, are appreciated by the population in a
spatially diffuse manner. The aerosol-like interface used by this tool allows

addressing this problem by eliminating the restrictions of defined spaces.

The participatory mapping survey was designed to be sufficiently simple, with a brief
introduction and easy-to-follow instructions. The survey’s design is presented in the

Annex A.

The participatory mapping survey will be sent directly to the total student population
enrolled at the ZUP campus. So, considering a completely randomized sampling for
a total population of 13612 individuals, and following a simplified formula for sample
size determination in survey research, where for continuous variables like open-

ended questions it assumes a value of p=4 and €=0.03 (Adam, 2020), it follows that:

N
=
Where:
n= minimum returned sample size
N= total population size
€ = adjust margin of error
pe

Where:

p= number of standard deviations that would include all possible values in the
range

t= t-value for the selected alpha level or confidence level at 95%

e= the degree of accuracy expressed as a proportion.

_ 4003
€T 106

~ 13612
" 1+ 13612(0.0612)2

= 216.8551
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So, to get a result with a 95% level of confidence, we need to collect at least 217

valid student responses.

The survey will be sent electronically to the University’s community, utilizing the
official communication channels of the AA. A common minimum completion
threshold of 70%, so only those surveys that reach this percentage will be
considered as valid input data for the research.

4.2.2. DATA MANAGEMENT.
e DATA CLEANING AND ORGANIZING.
Collected data will be checked for it to comply with certain basic standards to allow

for easier processing and transformation.

e All collected data must be presented using metric units, species scientific
names and geographic coordinates (lat, long).

e Surveys and consultation data must be identified per individual or participant.

e For the participatory mapping data, all answers will be compiled on a single
MS Excel database, the responses that don’t fulfill the 70% completion mark
will be discarded.

e For the expert consultation data, all answers will be transcribed on a single
MS Excel database, where response rate must be reported.

e For the instruments review, all data must be compiled on a single MS Excel
database.

e Ensure that all databases share common headers and labeling terminology

for easy processing and analysis.

All data that do not comply to these basic rules will not be considered for this

research.

e DATA ANALYSIS
Total vegetation census data will be uploaded into the i-Tree Eco software, as an

MS Excel database. Following the requirements of its field guide (US Forest Service,

2019), the information collected should include as a minimum:

Methodological framework | 44



e species scientific name

e georeferenced location (lat, long)
e diameter at breast height (DBH)
¢ total height of the individual

e crown width (X and Y axis)

e height to crown base

e crown health

The software automatically calculates vegetation composition, change in air
pollutants concentration, oxygen and VOC production, carbon sequestration, rain
interception, evapotranspiration, avoided runoff and an allergy index, for each
individual tree plotted. This data will be extracted from the software as a .CSV file
and analyzed using GIS software to create point maps and interpolation maps
(Burkhard & Maes, 2017).

Once compiled, all biophysical data regarding ecosystem services will be processed,
and presented using maps, tables, or charts, depending on the specific service, to
be analyzed both spatially and statistically (Liu et al., 2017).

For the participatory mapping data, and to assure equal weighting of all participants
perceptions, the inverse of the total number of points allocated per user will be
calculated. Each data point will then be scaled by this value, providing a unique scale
for each participant's contribution. This approach guarantees that despite varying

point allocations by individuals, each participant input carries the same weight.

This weighted data will be analyzed spatially using GIS software and heatmaps or
density maps will be produced to identify areas of high interest or demand (Burkhard
& Maes, 2017).

All expert consultation data will be transcribed into a single database, where

response rate will be reported. For the data analysis two approaches will be used.

First, for quantitative data, descriptive statistics like mean, median, standard
deviation, highest value, or total score will be calculated and reported, depending on

the context and needs of the specific question (Hirschhorn, 2019). For qualitative
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data obtained from open questions, content analysis will be carried out to find

recurrent topics and categories of interest (Erlingsson & Brysiewicz, 2017).

These results will be shared with the experts in a summarized manner, preserving

the anonymity of each respondent opinion, prior to the next survey.
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5. RESULTS

5.1. The designed protocol

5.2. The validation of the protocol
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5.1. THE DESIGNED PROTOCOL

A non-exhaustive literature review for management protocols of urban green
infrastructure, green spaces, or similar was carried out, and an existing framework
developed specifically for the Mexican context was found. It was developed in
coordination with high impact institutional stakeholders like the Secretaria de Medio
Ambiente y Recursos Naturales (Ministry of Environment and Natural Resources,
SEMARNAT), the Secretaria de Desarrollo Agrario, Territorial y Urbano (Ministry of
Agricultural, Territorial and Urban Development, SEDATU) and the Deutsche
Gesellshaft fur Internationale Zusammenarbeit (German Agency for International
Cooperation, GlZ) published in the report “Integrating ecosystem services on urban
planning and management”, created inside the framework of the “Climate protection
on urban Mexican politics” program between Germany and Mexico (Deutsche

Gesellschaft fur Internationale Zusammenarbeit, 2019).

Due to these important characteristics, the existing document was selected as a
basis for the development of this tool. However, since this method was developed to
support political decision-making, its scope is not completely suitable for the context

of this research and requires a few modifications.

The first adaptation originates in the framework of the “BiodiverCities by 2030”
program developed for Colombia, which invites its users to adopt a systems
approach to reach a coordinated and flexible urban transformation, spatially
integrating natural ecosystems inside the Latin American context (World Economic
Forum (WEF) & Alexander von Humboldt Biological Resources Research Institute,
2022).

The second adaptation was taken from the framework “Global standard for nature-
based solutions”, which is a robust tool specific for nature-based solutions design
and verification, focusing on adaptive management (International Union for

Conservation of Nature and Natural Resources (IUCN), 2020).

Figure 9 presents the different instruments used and the steps that were selected

for the development of the tool.
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Figure 9. Instruments used for the design of the protocol

Adopting a systemic approach
to urban governance

Define scope and objectives

Identify social challenges

Identify and prioritize UES and
UED

Spatially reintegrating natural
ecosystems

Design to scale

Mobilize investments to
achieve urban transformation

Analyze the current state of

UES and UED Determine biodiversity gain

Analyze the institutional and
cultural framework

Economic feasibility

Prepare a better decision-

- Inclusive governance
making

Implementing change Balancing trade-offs

Adaptive management

Integration and sustainability

Note. every step for each instrument is displayed, but the ones selected for the protocol
design are highlighted in blue.

Table 14 shows how the implementation of these modifications, namely a systemic
vision, participatory approach, and adaptive management, provides a compelling
framework for this tool, by incorporating the eight principles for sustainable and
resilient urban green infrastructure (UGI) planning and management (Monteiro et al.,
2020).
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Table 14. Integration of the principles for sustainable and resilient urban green
infrastructure planning and management into the design of the protocol

integraion

Connectivity
Multifunctionality
Multi-scale
Integration

Governance Participatory approach
Diversity
Applicability Adaptive management strategy
Continuity
Source. based on Monteiro et al. (2020)

Systemic vision

The resulting tool integrates the previously mentioned characteristics in a logical
sequence, adequate for its implementation on a small-scale, university campus
context. Table 15 presents a general overview of each devised step and Figure 10
shows a general diagram of the protocol, highlighting its iterative nature through the
adaptive management double loop. The full protocol can be found in Annex B.

Figure 10. Diagram of the designed protocol

Institutional

Define scope and learning cycle
objectives

Develop adaptive Identify and
management prioritize UES and
strategies UED

Technical
learning cycle

PN o Analyze the
Ids::gf;_::;gi;ies current state of
i UES and UED

Generate a
complex system

diagram
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Table 15. Overview of the designed protocol

Objectives will be taken from the institutional agenda.
Geographic scope will be done through the categorization of
urban green infrastructure by configuration and type.

Main actors will be identified and classified by interest and
influence (Deutsche Gesellschaft fur Internationale
Zusammenarbeit, 2019).

Define scope and
objectives

Final product is the categorization of main components.

Based on e-Delphi methodology (Olsen et al., 2021)
Selection of a group of experts through “type of actors” and
“snowball” sampling, based on roles and experience.

Data will be gathered and given to them based on a literature
review.

Specific objective 1

and UED

Final product is a prioritized list of urban ecosystem
services and disservices, their indicators and chosen
methods of evaluation.

Identify and prioritize UES

Demand and provision

When possible, data gathering from literature review.
When necessary, sampling or surveying using specific
methodologies per ecosystem service or disservice.
Indicators calculation.

Statistical analysis (Liu et al., 2017)

Correlation matrix comparing urban ecosystem services.
Determination matrix comparing urban ecosystem services and
urban green infrastructure.

Specific objective 2

Spatial analysis (Burkhard & Maes, 2017)
Elaboration of cartography for provision and demand of
ecosystem services.
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Specific objective 3

Specific objective 4

Generate a

Identify synergies and tradeoffs
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Identification of main components using a matrix based on key
guestions (Elia et al., 2020). Interrelations and goal of the
system will be inferred.

Final product is a diagram of the complex system.

Identification of spatial shortfalls on the provision and demand of
ecosystem services (Wong et al., 2018).

Creation of ecological production functions (EPF) through
ordinary least square (OLS) regression.

Calculation of marginal values through regression coefficients.

Final products are spatial shortfall maps and ecological
production functions for each urban ecosystem service or
disservice.

Based on the structured decision-making methodology (Robinson
et al., 2016).

a) Problem statement. Taking the institutional objectives as
basis.

b) Definition of objectives and management strategies. Use of
e-Delphi to determine fundamental objectives, subobjectives and
management alternatives based on identified shortfalls.

C) Consequences. Modelling of management alternatives
using EPF.

d) Optimal decision. using e-Delphi to assign different weights
to the assessed alternatives and calculating the expected utility
value for each one, selecting the optimal. (Wong et al., 2018)

e) Monitoring. Develop a set of indicators for monitoring
based on the methodology of (TWB. 2009. Making Monitoring and
Evaluation Systems Work. A Capacity Development Toolkit, n.d.)
f) Learning. Through the application of a double loop of
learning.

Final product is an adaptive management strategy.

Results | 52



5.2. THE VALIDATION OF THE PROTOCOL

The tool will be validated at the Universidad Autonoma de San Luis Potosi
(Autonomous University of San Luis Potosi, UASLP) Zona Universitaria Poniente
(Western Zone, ZUP) campus to identify practical issues, challenges, or areas of
opportunity. Due to time and resources constraints, it is impossible to run the whole

protocol for this first iteration, so some adjustments need to be done.

Considering that creating a baseline is a key step in developing a successful
strategy, the focus of the pilot will be the identification, prioritization, and analysis of
the urban ecosystem services (UES) and urban ecosystem disservices (UED)
provision and demand. Steps 4 and 5, namely the complex system diagram and the
synergies and tradeoffs analysis won’t be carried out due to time and budget
constraints, so the final expert consultation will be done with this reduced

information.

According to this, the adaptive strategies will be developed by contrasting the
information on UES and UED provision and demand provided by experts and

students and supported by a literature review.

It is understood that due to the adaptive nature of the tool, it will develop and change
through iterative technical learning cycles to better adapt to fulfill its objective, so this
pilot test will be considered as the first iteration of the institutional learning cycle, and
the information gathered will serve as a basis for its future development.

Figure 11 presents a diagram showcasing the steps of the protocol that will be
carried out. Figure 11-A demonstrates that the pilot is embedded inside an adaptive
management strategy that is intended to be continuous, and how the developed
strategies will be implemented on a technical cycle of constant monitoring and
learning, with periodical cycles of institutional learning. Figure 11-B highlights the
standalone project nature of the pilot run, as a research project for the development
of this thesis.
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Figure 11. Diagram of the pilot test

Institutional Define scope and
Define scope and learning cycle objectives

objectives

Develop adaptive Identify and
management prioritize UES and
strategies UED

Identify and prioritize
UES and UED

Technical

learning cycle Analyze the current

state of UES and UED

Analyze the

current state of
UES and UED

Develop adaptive
management strategies

Note. (A) = Pilot run steps to be carried out, shown as part of a continuous adaptive
management strategy; (B) = Pilot run steps to be carried out, shown as a standalone
project, for this research.

5.2.1. DEFINING SCOPE AND OBJECTIVES
The objective, obtained from the Programa Universitario de Biodiversidad
(University Program for Biodiversity, PUB) is to integrally manage the flora and fauna
found in the spaces and gardens of university campuses in a sustainable and

respectful manner.

The main actors were identified by informal conversations with Agenda Ambiental
(environmental agenda, AA) personnel and are presented on Table 16. The
geographic scope is limited to the UASLP ZUP campus green spaces, as seen on
Figure 6. Different urban green infrastructure (UGI) was identified inside the campus

and is categorized on Table 17.
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Table 16. Identification and categorization of main actors at ZUP campus

High interest

o Researchers and Administratives
High influence : .
academics Operative workers

Disengaged Engaged students

Low influence
students

Table 17. Identification and categorization of urban green infrastructure at ZUP
campus

Spatial arboreal

Individual tree : Punctual
unit
Lined trees Spatial a.rboreal Linear
unit
Sidewalk trees Sipall a_rboreal Linear
unit
Small planters Spatlallmlxed_ Punctual
vegetation unit
Hedges Spatlallmlxeo! Linear
vegetation unit
Park Spatlal_ mlxec! Group
vegetation unit
Urban garden Spatlallmlxed_ Group
vegetation unit
Green roof lreennslagics] Group

horizontal

Use of native Biodiversity Intervention

vegetation
Biodiversity shelter Biodiversity Intervention
Compost Soil intervention

5.2.2. IDENTIFICATION AND PRIORITIZATION OF UES AND UED
The panel of experts was asked to select what they consider as priority ecosystem

services or disservices inside the ZUP campus, along with indicators and specific

methods for monitoring.
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15 experts from an interdisciplinary background were selected, the types of actors
were kept the same as presented in the methods section. Only 8 out of the 15
answered the survey, giving a 53.33% response rate. The summary of the first round

on expert consultation is shown on Table 18.

Table 18. Expert prioritization of urban ecosystem goods, services, and
disservices, with proposed indicators and methods

UES / UED Selected Indicator(s) Selected Method(s)

Species richness and Species composition list or

. . diversity or Shannon-Weiner Diversity
Biodiversity . .
Native species Index or
percentage. Percentage of native species.
: . . Dry deposition of
Air quality Change in air pollutants _y P .
. . contaminants mathermatical
regulation concentration (ppm).
model.
: : : . Shannon-Weiner Diversit
Pollinators Pollinators diversity. y
Index.
Connection Incidence of experiences Participatory mappin
with nature P ' patory mapping.
Stress Incidence of experiences Participatory mappin
reduction P ' patory mapping.
Infiltrometer or
Water o : L : :
e Infiltration capacity (m/h).  Estimation derived from soill
infiltration
texture.
Carbon Carbon sequestered in . .
. . Allometric equations.
sequestration biomass.
. . . . On-site sensors or
Microclimate Change in air humidity :
: Direct measurement at
regulation and temperature. . :
variable distances.
Noise On-site sensors or
. Noise reduction in dB. Direct measurement at
reduction . :
variable distances.
Soil quality Percentage of soil organic Loss of mass through
maintenance matter. ignition.
Community Incidence of experiences Participatory mappin
creation P ' patory mapping.
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UES / UED Selected Indicator(s) Selected Method(s)

Install water flow meters in

Water Water used above o .
consumption 4 irrigation sheet (m3) Irrigation pipes or
P g ' Calculate irrigation sheet.
Habitat 3 Structural connectivity Calculate structural
connectivity index. connectivity index.
Pests 3 Incidence of experiences. Participatory mapping.
. : Rain interception
Rain interception (m3) or . P
Waterflow . mathematical model or
: S Water runoff reduction .
regulation Curve number mathematical
(m3).
model.
Aesthetic 3 Incidence of experiences Participatory mappin
pleasure P ' patory mapping.
Food Number of products .
: 3 P Annual production.
production harvested (kg).
Allergens 1 Incidence of experiences. Participatory mapping.
Perception of Assessment for accidents - :
. : 1 Participatory mapping.
insecurity caused by trees.
Note. Ecosystem good or service Ecosystem disservice

5.2.3. ANALYSIS OF THE CURRENT STATE OF UES AND UED
The next step was the quantitative assessment of prioritized UES and UED. Due to

time and budget constraints some of these couldn’t be assessed. Even so, the
majority of them could be evaluated to create a baseline of provision and demand.

Table 19 presents a summary of the results.

Table 19. Baseline of urban ecosystem goods, services, and disservices the
UASLP ZUP campus

source

Number of trees and shrubs:

1,541. Natives 504 (32%). Spatial analysis of
Total : . :
Biodiversit vegetation Species Richness: 62 areas with low
y g Shannon-Wiener Index: 2.30 vegetation density
census : " .
IVI and species composition (Figure 12)
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source

Modelling
Air quality  through the
regulation i-Tree Eco
software
: Institutional
Pollinators stitutiona
report
Connection Participatory
with nature mapping
Stress Participatory
reduction mapping
Water
o NA
infiltration
Carbon
: NA
sequestration

Microclimate Participatory
regulation mapping

(Figure 13)

Spatial analysis of areas with

high vegetation density
(Figure 12)
Removal of 482.9 kg of
pollutants annually.
Production of 7.98 ton of
oxygen annually.
Production of 337.8 kg of
VOC annually.
Spatial analysis of areas with
high pollutant removal, high
oxygen production and low
VOC production capacities
(Figure 14)
Families Richness on near
parks:

Morales Park: 13.
Tangamanga | Park: 15
Tangamanga Il Park: 10

(Table 20)

Spatial analysis of areas with
high density of responses
(Figure 15)

Spatial analysis of areas with
high density of responses
(Figure 15)

Couldn’t be assessed. (Sall
texture data missing)

Couldn’t be assessed. (DBH
data missing)

Spatial analysis of areas with
low density of responses
(Figure 15)

Spatial analysis of
areas with low
pollutant removal, low
oxygen production and
high VOC production
capacities (Figure 14)

Couldn’t be assessed.
(Data inside campus
missing)

Spatial analysis of
areas with low density
of responses (Figure
15)

Spatial analysis of
areas with low density
of responses (Figure
15)

Couldn’t be assessed.
(Soil texture data
missing)
Couldn’t be assessed.
(DBH data missing)
Spatial analysis of

areas with high density

of responses (Figure
15)
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source

: : : Spatial analysis of
Spatial analysis of areas with P . y :
areas with low density

Noise Participatory . :
. . high density of responses .
reduction mapping : of responses (Figure
(Figure 15)
15)
Soil quality Couldn’t be assessed. (Soil C°“'df‘ tbe assessed.
: NA . (Soil texture data
maintenance texture data missing) .
missing)

Spatial analysis of
areas with low density
of responses (Figure
15)

. - Spatial analysis of areas with
Community - Participatory high density of responses

creation mapping (Figure 15)

Considering a consumption
of 5 1/m2 per day, the ZUP

campus consumes 143.1 m3 Couldn’t be assessed

(data on water

Water Institutional
. of water every day for .
consumption report o . consumption per UGI
irrigation purposes. This is el
52,232.04 m3 of water g
annually.
Habitat Couldn’t be assessed. Couldn't pe gssessed.
. NA o . (Satellite images
connectivity (Satellite images missing) .
missing)
: : . Spatial analysis of
- Spatial analysis of areas with L .
Participatory : areas with high density
Pests . low density of responses :
mapping ) of responses (Figure
(Figure 15)
15)
366.48 mm of runoff annually
Modelling (96.77%)
through the 1,233.9 m?3 of water . :
. . Spatial analysis of
i-Tree Eco intercepted annually. e T [ A
Waterflow software 213.2 m? of avoided runoff . :
: interception and
regulation and the annually. .
avoided runoff

Curve Spatial analysis of areas with
Number high water interception and
Method avoided runoff capacities

(Figure 14)
Spatial analysis of areas with

Aesthetic ParthIpf?ltOfy high density of responses
pleasure mapping (Figure 15)

capacities (Figure 14)

Spatial analysis of
areas with low density
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source

Food Institutional
production report
Modelling
through the
Allergens .
g i-Tree Eco
software

Perception of Participatory
insecurity mapping

Note.

Ecosystem good or service

37.87 kg produced in 2021.
55.22 kg produced in 2022.

Allergy Index 5.4/10.0
(Medium class)
(Table 21)

Spatial analysis of areas with
low density of responses
(Figure 15)

of responses (Figure
15)
Couldn’t be assessed
(data on food per UGI
missing)

Couldn’t be assessed
(data on allergenicity
per UGI missing)

Spatial analysis of
areas with high density
of responses (Figure
15)

Ecosystem disservice

Figure 12. Location and origin of trees and shrubs inside the UASLP ZUP campus
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Figure 13. ZUP campus importance value index and species composition

ZUP campus species composition

Casuarina /
equisetifolia, 3.90_/ Citrus, 5.26
Jacaranda \_ Cupressus
mimosifolia, 1160p4lus, 4.42 sempervirens, 5.13

Agave, 4.42 \_

Ficus microcarpa,
4.87

ZUP campus Importance Value Index

Citrus, 5.41 7—' '
Pinus, 7.27
Casuarina
equisetifolia, 7.32 _~
Cupressus

sempervirens, 8.60

_/ _ ) —————__ Ficus benjamina,
Jacaranda Ficus microcarpa, 14.26

mimosifolia, 10.00 11.74
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Table 20. Composition of pollinators found in parks near the ZUP campus

Morales Park Tangamanga | Park Tangﬁrgr?(nga L

Dipetra
Muscidae, . _— Muscidae,
Ulidiidae, AUEEIRELE, LInMEEE, Ulidiidae,
o Tephrifidae y -
Teph”f"?'?‘e y Drosophilidae. Teph”f"?'?‘e y
Drosophilidae. Drosophilidae.
Hymenoptera
Forn_1|C|dae, Formicidae, Apidae y Formicidae y
Apldae y Vespidae. Apidae
Vespidae.
Coleoptera
Latreille, Correidae,
Coccinelli_dae y Ceror_nby_cidae, Scarabeidae.
Scarabeidae. Coccinellidae y
Scarabaeidae.
Neuroptera
Chrysopidae Chrysopidae Chrysopidae
Blattodea
Battidea Battidea
Hemiptera
Pentatomldae y Pentatomldae y Pentatomidae
Largidae Largidae

Note. Taxonomic identification was only possible for Family and Order.

Source. Montes-Betancourt et al. (2020)

Table 21. ZUP campus allergy rating

High (%) | Unknown (%) | Allergy Index |Allergy Class

72.63 11.43 9.85 5.4/10.0 Medium

Note. Allergy Index based on the OPALS scale (1-3 = low, 4-7 = medium, 8-10 = high).
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Figure 14. Distribution of ecosystem services provision inside the ZUP campus

Note. As points in a thematic map (left) and as gradients in an interpolation map (right).
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Figure 14 (Continued)

For the participatory mapping exercise, only 52 surveys were considered for
inclusion in the analysis. Since 217 was the minimum number required for it to be
considered a representative sample it is imperative to state that the data acquired is
not a representation of the total student population, and should be taken with caution.

The results are presented both as the raw blobs of data obtained, and as heatmaps,
to show both the hotspots of high dot density and maintaining the visual

representation of the whole set of answers.
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Figure 15. Distribution of ecosystem services demand inside the ZUP campus
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(C) = Stress relief, (D) = Community creation

Figure 15 (Continued)
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(E) = Perception of insecurity, (F) = Pests

Figure 15 (Continued)
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[ zup campus
Heatmap
Dot density

1.735431
0

(G) = Microclimate regulation, (H) = Waterflow regulation

Figure 15 (Continued)
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() = Noise reduction, (J) = UGI installation

Figure 15 (Continued)
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5.2.4. DEVELOPMENT OF ADAPTIVE MANAGEMENT STRATEGIES
Some steps were bypassed for the pilot run. Specifically, the generation of a complex
system diagram and the identification of synergies and tradeoffs, due to certain

limitations.

On an ideal scenario, the complex relations between UGI, UES and human well-
being would have been presented to the experts as a Sorensen Network, similar to
the one presented on Table 3, but adapted for the specific case study of the ZUP
campus, however, due to a low participation effort and a delayed response from

important stakeholders, the time given for consultation was not enough.

For the synergies and tradeoffs analysis, the total vegetation census should have
had each individual tree categorized inside a certain UGI. Since this was not
considered in the provided database, and considering the time and resources

required, this step was also bypassed.

The development of the strategies was done with this reduced amount of

information.

e PRIORITIZATION OF INTERVENTIONS
The experts were given all generated data on UES and UED demand and provision
to look for their opinion on specific strategies or actions that could maximize the
provision of ecosystem services on the areas that the students need them the most.
Response rate was 4 out of 15 participants, which equals 26.67% participation rate.
The summary of this second round on expert consultation is shown on the following
tables. Table 22 display selected interventions with their corresponding UEG, UES
and UED; Table 23 presents selected interventions weighted considering the priority
given by the experts and the number of UES provided, considered as a
multifunctionality value, then the ranking of UGI units done by considering the
frequency to generate the UGI total weighted value is presented in Table 24. Lastly,
the results from the qualitative content analysis made for the open answers provided

by the experts is depicted in Table 25.
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Table 22. Urban green infrastructure interventions prioritized by experts and their corresponding ecosystem goods,
services and disservices provided

anUESProuded |0 A0R |PO|cwn | 5% wi cs | R R o) cc e o P | we e | re AL poi] MITIEIETeI
X X X X 5

Food garden X

Floral garden

X X X X X X 6
Botanical garden loloJolo | | Jo] | [ Jol Jol [ [ [ [ [ | 7 |
X X X X

~

Etnobotanical garden X X 6
Hedges / Barriers X X X X X X X X X 9
Lined trees X X X X X X X X X 9
Green corridor lol ol | Jo] JoloJol | | Jol JoJol | [ | 9 |
Green wall X X X X X 6
Green facade X X X X 6
Vertical garden X X X 4
Vegetated pergola X 4

X X
lofol ol [ | [ | | Jolol [ [ [ & |
_Jol | | | | | | | ' | | '/ | | 1 |
X X X X

X X X

Green roof
Infiltration well
Bioswale
Rain garden

N ESON -

Permeable pavement

Use of native species
Shelter for biodiversity

Urban Green Infrastructure

|

(é)]

Biodiversity monitoring

X X

Nature-based art installations X X X

Integrated pest management

Seasonal management X X X X X X
Composting

X X
Soil mprovement practices ||} | | | | [ Jol | [ [ [ | [ | | [ 1 |

Erosion control

Remwaterhanesing || T T
eficentiigavonsyseems [ | | | [ [ [ | [ [ [ Jol | [ | [ [ [ [ ]

Summatory of ES for selected
interventions g 2 g & 0 5 v
Note. BD = biodiversity, AQ = air quality regulation, PO = pollinators, CWN = connection with nature, SR = stress reduction, WI = water infiltration, CS = carbon

N O w N

Interventions

[uy

-

[N

sequestration, MR = microclimate regulation, NR = noise reduction, SQ = soil quality maintenance, CC = community creation, WC = water consumption, HC =

habitat connectivity, PC = pest control, WR = water regulation, AP = aesthetic pleasure, FP = food production, AL = allergens, POI = perception of insecurity.
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Table 23. Weighted urban green infrastructure units or interventions

UGI unit or intervention Multlfunctlonallty Welght

Green corridor

Green roof

Use of native species
Green corridor

Shelter for biodiversity
Biodiversity monitoring
Efficient irrigation systems
Green corridor

Green roof

Infiltration wells

Botanical garden
Rainwater harvesting

Soil improvement
Efficient irrigation systems
Permeable pavement

Soil improvement
Permeable pavement
Rainwater harvesting
Rainwater harvesting
Infiltration wells

Note. Multifunctionality = number of main ES provided per action (1=0-1,2=2-3,3=4
-5,4=6-7,5=28-9), Priority = 1 is the lowest, 5 the highest.

P PR NRPNRPRPRPRPDANRDNORFR, WO
P NNRFEP WONWDNDNREOONEREJOWDNWOO O
N WWwWwADIDNDNOUOOUOOO O O N 00O O ©

Table 24. Final selection of urban green infrastructure units or interventions

UGI unit or intervention Total value

Green corridor 3 23
Green roof 2 15
Rainwater harvesting 3 11
Efficient irrigation systems 2 10
Soil improvement 2 9
Use of native species 1 9
Infiltration wells 2 8
Permeable pavement 2 7
Shelter for biodiversity 1 7
Biodiversity monitoring 1 6

Botanical garden 1 5
Note. The total value is used as the indicator of total importance given by experts, as it

considers priority, multifunctionality and frequency.
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Table 25. Results from the content analysis done for the second expert
consultation

Species inventory Species inventory Biodiversity conservation

Implement sustainable
guidelines

Monitor ES

Bioconstruction guidelines Green spaces and urban design

Participatory approaches

Rehabilitation of pedestrian
areas

Monitoring and evaluation

Rehabilitate existing UGI Green spaces and urban design

Infrastructure for sustainable
water management

Green spaces and urban design

Infrastructure for sustainable
water management

Biodiversity conservation
Green spaces and urban design

Infrastructure for sustainable
water management
Infrastructure for sustainable
water management

Biodiversity conservation

Rainwater harvesting Invest in infrastructure

Use of planters Recreational activities
Efficient water use Saving water

Use of native species
Repurpose unused areas

Rehabilitate existing UGI
Expand UGI

Improve water infiltration Saving water

Rainwater harvesting Saving water

Improve ecological interactions Improve ecological quality

Climatic confort Expand UGI Green spaces and urban design
Composting Improve ecological quality Soil improvement
Increase green areas surface  Expand UGI Green spaces and urban design

Improve ecological interactions Improve ecological quality Soil improvement

Install infrastructure for
irrigation
Monitor biodiversity

Increase green areas surface

Rainwater catchment
Rainwater catchment

Improve water infiltration
Educational purposes

Improve water infiltration

Groundwater recharge

Recreational activities

Saving water

Monitor ES
Expand UGI

Saving water
Saving water

Water infiltration

Educational activities

Implement sustainable
guidelines

Saving water

Recreational activities

Infrastructure for sustainable

water management
Monitoring and evaluation

Green spaces and urban design
Infrastructure for sustainable

water management

Infrastructure for sustainable

water management

Infrastructure for sustainable

water management
Biodiversity conservation

Infrastructure for sustainable

water management

Infrastructure for sustainable

water management

Green spaces and urban design
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e LITERATURE REVIEW
As there are many approaches to this subject, a review of different UGl management

documents applied by universities is presented to identify recurring topics and
actions present in strategies implemented around the world. The basic criteria for

the inclusion of a tool into the review was:

e Relevance: The document must reign over some aspect of UGI management
(planning, design, maintenance, monitoring, engagement, etc.) and must
address ecosystem services in some way.

e Scope: The document must be applied by a university at institutional or
campus level.

e Accessibility: The strategies must be publicly available in digital form,
accessible from the web.

e Diversity: The review tries to include different world regions and strategies,

covering multiple countries to get a broader understanding of the topic.

As can be seen on Figure 16, the final selected sample covers 14 universities from
11 countries, where at least one representative was found for each World Region,
as categorized by The World Bank (TWB) (2023).

The instruments were screened and 56 different strategies for UGI management
were identified. These were analyzed and 6 recurring topics were found: (1) climate
change and natural disasters, (2) environmental management and conservation, (3)
knowledge exchange, (4) landscape planning and design, (5) sustainable built
environment, and (6) application of technologies for green spaces management. The
summarized results can be found on Table 26.
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Figure 16. Selected urban green infrastructure management documents subject to
review

[ East Asia and Pacific [ll Europe and Central Asia [l Latin America and Caribbean
7] Middle East and North Africa [l North America [l South Asia [l Sub-Saharan Africa | | No data

Source. (1) UBC, Canada, Green building action plan, (2) UW, United States, Urban
Forest Management Plan, (3) UCLA, United States, UCLA Sustainability Plan, (4) UNAM,
Mexico, Integrated Plan for Sustainability, 5 = PUC, Chile, Sustainability Report, (6) UCT,

South Africa, UCT Environmental Sustainability Strategy, (7) UM, Australia, UM
Sustainability Plan, (8) NUS, Singapore, Sustainability Strategic Plan, (9) IIMB, India,
Sustainability Report, (10) AU, India, Sustainability Report, (11) AUB, Lebanon, Nature
Conservation Strategic Vision, (12) TUM, Germany, Sustainable Futures Strategy, (13)
UE, United Kingdom, Biodiversity Plan, (14) UG, United Kingdom, Biodiversity Strategy
and Action Plan.
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Table 26. Content analysis of reviewed documents

Codes

Climate Change Adaptation
Natural disasters
Ecological assessment
Ecological improvement
Environmental Management
Policy compliance

Promote regulations
Biodiversity Enhancement
Biodiversity protection
Native Vegetation Increase

Engagement with Biodiversity

Environmental Education
Communication

Cultural activities
Knowledge sharing
Positive social impact
Research on campus
Research Urban Forestry
Habitat restoration
Enhance connectivity
Landscape for biodiversity

Institutional sustainability
management

Sustainable buildings
Sustainable guidelines

Technology for Green Spaces

N NN 00O ONEFEDNEFEPE WDNMPEPDNEPEDNEPPEPWOWOEFEPDNMNDNDDNERERPRW®

Categories

Climate change and
natural disasters

Ecological quality
improvement

Policies and regulations

Biodiversity conservation

Engagement and education

Knowledge exchange

Research integration
Landscape planning
and design

Institutional sustainability
management

Built environment integration

Technology for Green
Spaces

Themes

Climate change and
natural disasters

Environmental management

and conservation

Knowledge exchange

Landscape planning
and design

Sustainable Built
Environment

Technology for Green
Spaces

13

14

12

2

Source. American University of Beirut (AUB) (2020, 2023); Ashoka University (AU) (2021a, 2021b);
Indian Institute of Management Bangalore (1IMB) (2023); Mishra et al., n.d.; National University of
Singapore (NUS), (2017); Pontificia Universidad Catdlica de Chile (PUC) (2019, 2020); Technical

University of Munich (TUM) (2023); Universidad Nacional Auténoma de México (UNAM) (2022);

University of British Columbia (UBC) (2018); University of California Los Angeles (UCLA) (2022a,

2022b); University of Cape Town (UCT) (2008, 2020); University of Edinburgh (UoE) (2022);

University of Glasgow (UoG) (2022); University of Melbourne (UniMel) (2017, 2020); University of

Washington (UW) (2022)
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e FINAL PROPOSAL OF STRATEGIES
For the development of the final strategies, results from the last expert consultation

were used as the main basis and refined using the recorded data of students needs
and wants, supported by the information obtained from the previous non-systematic,
non-exhaustive review of instruments being implemented by universities around the
world, which allows us to overcome the reduced information and limitations and still
create site-specific, science-based strategies, based on the opinions of both
students and local experts. The final strategies are presented on Table 28, its
baseline progress can be seen on Table 27. They were created based on the
inducted themes, and developed further considering literature, experts, and

students’ opinions.

Table 27. Current progress of the strategies implementation

[EEN
[N

Note. Status: green = relevant progress made, yellow = limited progress made, red = no
progress made.
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Areal/Priority

1. Biodiversity
conservation
and habitat
connectiviy

Objectives

1.1. Increase the
proportion of UES
provided by native
species individuals

1.2. Increase UGI
biodiversity

1.3. Promote
connectivity
approaches for
wildlife

Table 28. Final proposed strategies

Strategic line

1.1.1. Use of high
performing native
species based on UES
provision data

1.2.1. Enhance UGI
effectiveness as a
shelter for biodiversity

1.3.1. Enhancement of
wildlife movement and
corridor connectivity

PUB General Objective:
To integrally manage the flora and fauna found in the spaces and gardens of university campuses in a sustainable and respectful manner.

Indicator

Proportion of
priority UES
provision from
native species
individuals

Diversity indexes
(Shannon-Wiener,
Simpson,
Richness, etc)

Increase in
connectivity index
measurements

Increase the
proportion of UES
provided by native
species individuals
over time

Ongoing monitoring

Increase the diversity
of species within UGI
over time

Ongoing monitoring

Maintain or increase
connectivity index
measurements over
time

Ongoing monitoring
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Recommended Recommended
: Status
Frequenc actions

Promote tree
replacement
initiatives
prioritizing high
performing native
species

Install wildflower
gardens of native
species

Keep a constantly
updated list of high
performing native
species based on
emerging data
Install artificial
habitats like bug
hotels, bird houses
or bat houses to
provide shelter
Adopt a reduced
mowing regime in
suitable areas
Consider plant
selection carefully
to ensure continuity
of food sources
throughout the year
Install wildlife green
corridors with
native vegetation,
accompanied by a
dedicated
monitoring program
to track wildlife
presence and




Areal/Priority

2. Soil quality
maintenance
and

improvement

3. Sustainable
water
management

manage the flora and fauna found in the spaces and

Objectives

2.1. Maintain or
increase UGI soil
quality

3.1. Improve water
consumption
efficiency in
irrigation

3.2. Reduce water
runoff

Strategic line

2.1.1. Implement
sustainable soil
management practices

3.1.1. Implement water-
efficienct infrastructure
and practices

3.2.1. Increase
permeable surfaces

PUB General Objective:

Indicator

Soil organnic
matter percentage

Percentage
reduction in
freshwater
consumption for
irrigation

Percentage
reduction in water
runoff volume

gardens of university cam

Maintain or increase
soil organic matter
over time

Annual

Reduced freshwater
consumption for
irrigation over time

Ongoing monitoring

Reduced water runoff

- Ongoing monitorin
volume over time going 9
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puses in a sustainable and respectful manner.

Recommended Recommended
Frequenc actions

Status

movement within
the UGI.

Implement
composting
programs

Prioritize the use of
natural fertilizers
like compost,
organic waste and
garden waste
Maintain
permanent cover of
soil through
mulching or
vegetation to
maintain moisture
and prevent
erosion

Install infrastructure
for rainwater
harvesting

Install smart
technologies to
monitor water
consumption for
irrigation purposes
Install efficient
irrigation systems

Install rain gardens
or bioswales on
appropriate areas



manage the flora and fauna found in the spaces and

PUB General Objective:

Indicator

gardens of university cam

puses in a sustainable and respectful manner.

Areal/Priority

4. UGI coverage
and UES
provision

Objectives

4.1. Expand UGI
coverage and
enhance UES
provision

Strategic line

3.2.2. Promote
groundwater recharge

4.1.1. Install new spatial
and technologial units of
UGl

4.1.2. Establish
"experimental areas" to
conduct pilot projects

Percentage
increase in water
infiltration

Percentage
increase in UGI
coverage
compared to
baseline

Number and
effectiveness of
pilot projects

Increased water
infiltration volume
over time

Annual

Increase UGI
coverage compared
to baseline

Annual

Increase in number
and effectiveness of
pilot projects over
time

Annual

Results
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Recommended Recommended
: Status
Frequenc actions
to capture and
infiltrate water

Establish
permeable
pavement zones on
appropriate areas
to allow water
infiltration

Install infiltration
wells an
appropriate area to
recharge
groundwater
Habilitate unused
spaces as spatial
UGI (parks,
gardens, etc)
Invest in UGI
technological units
(green roofs, green
walls, etc)
Establish zones as
"experimental
areas" to conduct
pilot projects and
test different UGI
design approaches
and their UES
provision



manage the flora and fauna found in the spaces and

PUB General Objective:

Indicator

gardens of university cam

puses in a sustainable and respectful manner.

Areal/Priority

5. Cultural and
educational use

Objectives

5.1. Increase the
provision of cultural
UES obtained from
UGl

Strategic line

4.1.3. Rehabilitate
existing UGI

5.1.1. Increase the use
of UGI for research and
education programs

Rate of UES
provision by
rehabilitated UGI
compared to
baseline

Number of students
participating in UGI
related educational
programs

Increased rate of
UES provision by
rehabilitated UGI
compared to baseline

Annual

Increase number of
students participating
in UGI related
educational programs
over time

Ongoing monitoring
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Recommended Recommended
: Status
Frequenc actions

Establish a project
to rehabilitate
existing UGI and
enhance its UES
provision,
developed over an
assessment and
identification of
ecological needs
and priority UES
demand.

Install a botanical
garden,
accompanied by a
specific program
for research and
education purposes
Promote in-campus
urban gardening
initiatives
Integrate UGI
related projects,
research and
activities into the
University's
curricular activities
Develop
educational
workshops and
programs focused
on UGlI-related
topics (biodiversity,
urban gardening,
natural heritage,
etc.)



PUB General Objective:
manage the flora and fauna found in the spaces and gardens of university campuses in a sustainable and respectful manner.

requenc actions

Promote
participation in
citizen science
projects inside the
campus
(iNaturalist)
Provide designated
spaces and
amenities within or
around UGI for
recreational
activities (benches,
stands, pavillions,
trails, fitness
stations, etc)
Promote cultural,
sport, recreational
and leisure
activities inside and
around existing
UGI that allows to
appreciate these
spaces and their
benefits (yoga,
picnic sessions,
outdoor
performances,
fitness classes, art
exhibitions, sports,
outdoor film
screenings, cultural
events, etc.)

5.1.2. Increase th_e use Percentage of user Increase the _ -

of UG for recreational . . percentage of user Ongoing monitoring
o satisfaction . . .

activities satisfaction over time
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Areal/Priority

6. Permanent
monitoring

manage the flora and fauna found in the spaces and

Objectives

6.1. Increase the
knowledge of UES
provision inside the
system

6.2. Increase the
knowledge of UES
demand inside the
system

Strategic line

6.1.1. Implement
continuous biophysical
monitoring of UES
provision

6.2.1. Implement
continuous user surveys
to monitor UES demand

PUB General Objective:

Indicator

Number of UES
monitored and its
guantity

Number of surveys
recieved and UES
demand incidence

gardens of university cal

Increase the number
of UES monitored
and increase their
provision

Increase the number
of surveys and
reduce UES demand

Ongoing monitoring

Ongoing monitoring

Results | 84

mpuses in a sustainable and respectful manner.

Recommended Recommended
: Status
Frequenc actions

Establish a
comprehensive
monitoring and
evaluation protocol
to collect data on
UES provision, that
is subject to regular
updating and
reviews to
incorporate
emerging
knowledge and
techniques.
Establish a
comprehensive
monitoring and
evaluation protocol
to collect data on
UES demand
through surveys or
interactive
platforms, that is
subject to regular
updating and
reviews to
incorporate
emerging
knowledge and
techniques.



manage the flora and fauna found in the spaces and

PUB General Objective:

Indicator

gardens of university cam

puses in a sustainable and respectful manner.

Areal/Priority

7. Program

evaluation and
communication

Objectives

7.1. Achievement of
the "Strategy for
adaptive
management of UGI
for the UASLP"
objectives

7.2. Guarantee the
adaptive nature of
the strategy

Strategic line

7.1.1. Continuosly

monitor and evaluate the

effectiveness of this
protocol adapting

methods, indicators and

targets based on an
iterative learning
process

7.2.1. Maintain an
updated database of
UES and UGI

7.2.2. Implement a
periodic review of the

strategy and modify it as

needed based on
current data

7.2.3. Include main
stakeholders into the
review of the strategy

Target
achievement rate

Number of UES
with updated
information

Number of reviews
done

Number of relevant
stakeholders
involved

Maintain a consistent
high rate of
achievement of
predefined targets
and objectives

Increase the number
of UES with updated
information over time

Do at least one
review

Increase the number
of relevant
stakeholders involved
over time

Annual

Every three years

Every three years

Every three years
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Recommended Recommended
: Status
Frequenc actions

Establish a
comprehensive
monitoring and
evaluation protocol
to assess the
effectiveness of
UGl interventions,
that is subject to
regular updating
and reviews to
incorporate
emerging knowlede
and techniques.
Maintain a
consistent digital
database of all data
gathered.

Generate a report
encompassing the
results of the
review for
communication and
transparency

Invite student
representatives,
administrative and
maintenance
personal, experts,
etc. to an open
review excercise



PUB General Objective:
manage the flora and fauna found in the spaces and gardens of university campuses in a sustainable and respectful manner.

requenc actions

Establish a
communications
plan to constantly
share UGI and
UES related
updates,
achievements, and
research findings
through various

7.3.1. Implement a channels such as
7.3. Communicate = comprehensive Number of persons  Increase the number websites, social
the results to the communication protocol reached of persons reached Ongoing monitoring media, or printed
community to inform the results to material

the community Operate an open-

access, free, digital
platform to publish
UGI and UES
gathered
information,
enhancing
accessibility and
public use of the
data

Note. Status: green = relevant progress made, yellow = limited progress made, red = no progress made.
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0. DISCUSSION

6.1. On the protocol design

6.2. On the protocol validation




6.1. ON THE PROTOCOL DESIGN

For the development of the instrument, the first choice to make was to select an
appropriate design. Between the three basic approaches, qualitative, quantitative,
or mixed methods, the election of the latter was done based on the recommendation
made by Creswell (2009).

Since this is a phenomenon considered as complex, nonlinear, and dynamic, neither
guantitative nor qualitative methods are sufficient in themselves to capture the trends
and details of the situation (Creswell et al., 2004) so, qualitative methods can assess
the context first, helping to develop the tool, while quantitative methods come later

in the study, with a reduced scope based on previous results.

This rationale concurs with the use of mixed methods for development purposes,
which involve the sequential use of qualitative and quantitative methods, where the
first method is used to help inform the development of the second. The rationale
behind it is to increase the validity of the devised tool and obtained results, by

capitalizing on the inherent strengths of each approach (Greene et al., 1989).

This also coincides with the “instrument design model”, where implementation
begins with qualitative data collection and analysis and moves to quantitative
instrument testing. Integration happens at data analysis stage when qualitative data
is analyzed and used to develop an instrument for data collection (Creswell et al.,
2004).

The resulting protocol adheres to many of the criteria described as characteristics
that decision makers consider key in selecting analytical UES tools (Bagstad et al.,
2013). These are: quantified outputs, independent application, adequate
documentation, scalability, generalizability, incorporation of non-monetary
perspectives and affordability. However, time tool fails on some key aspects like level
of development, uncertainty estimates and short time requirements. The first of these
will be overcome by itself once the protocol begins running and data gathering starts
to flow. The second aspect was not devised into the original design, but the

recommendation should be expressed to be included in following iterations. Finally,
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because of the nature of the protocol, the tool can never be short timed. This is of
great importance because most decision makers reported time and cost
requirements are the most important requirements in tool adoption, stating a strong
preference for low-cost screening tools. Transposing this view over the UASLP
context is concerning, as decision makers can have the same opinions, disregarding
the implementation of this protocol, which can explain the low participation rate of

experts, which leads us to comment the pilot.

6.2. ON THE PROTOCOL VALIDATION

6.2.1. THE BASELINE

e ON EXISTING DATABASES
Multiple challenges were faced with the acquisition of data. Starting with the low
quality of existing databases which was often incomplete or outdated. This restricted
the elements that could be analyzed and in turn, created a non-representative

baseline for the study.

Multiple authors and institutions highlight the importance of a strong baseline in the
development or implementation of an evaluation tool for decision-making (Dobbs et
al., 2011; International Union for Conservation of Nature and Natural Resources
(IUCN), 2020; Kim & Coseo, 2018; The Economics of Ecosystems and Biodiversity
(TEEB), 2012; World Health Organization (WHO), 2017).

The implication of a weak baseline stemming from poor databases is that we lack
the information against which to assess real impacts, so decision-making becomes
impaired (Christiansen et al., 2022). This generates an impact on the credibility of
the whole project, as adequate data collection is one of the primary elements to keep
methodological rigor (Harrison et al., 2020). The importance of an adequate data
collection and management needs to be highlighted for the protocol to be

implemented successfully over the next years.

e ON PARTICIPATORY MAPPING
Another data related challenge was the difficulty to establish the sampling effort

found during the participatory mapping process. Due to time and resources

Discussion | 89



restrictions, it was decided to carry out an estimation based on total population, but
spatial based data is affected by different concerns than population-based data
(Carrie et al., 2022).

Although it is still under debate, a common recommendation when dealing with
participatory mapping polygons is to sample above 25 participants, assuming each
one maps 4 — 5 polygons per ecosystem service, which translates to an average of
100 — 125 polygons per mapped attribute. The data gathered for this research was
above the recommended number of participants, although the number of polygons
per mapped attribute was way below the methodological requirement of 100, ranging
from 20 to 66. This carries implications on the sample representativeness, impacting
once again on the credibility of results obtained. For future iterations, a larger sample
must be procured either through a stronger effort of convincement or a larger amount
of time accepting surveys, although response rates for internet based PPGIS
averages around 13% (Brown & Kytta, 2014), which could be a problem in future

assessments.

Regarding this, there is a high level of importance in having the support from local
authorities, since people may not have the interest or motivation to participate, but
structural incentives like enhancing bad communication structures and bureaucratic

procedures could improve participation rates (Fors et al., 2021b).

The PPGIS exercise on this project was carried as a normal uses value mapping,
presented as a single participation process of consultation, however, different
examples in which this very same tool can be harnessed to engage users at higher
levels of participation like active collaboration if users can vote for suggested
changes, partnerships for the development of new trails, or empowerment when
allowing for knowledge sharing of foraging sites have been documented (Fors et al.,
2021b). This concurs with the opinions of other researchers, who sees PPGIS as a
potential foundation for iterative public participation, throughout the complete

management cycle of UGI (Brown & Kyttd, 2014).

Discussion | 90



e ON EXPERT CONSULTATION
The expert consultation low participation rate was something expected, as loosing

panelists is recognized as one of this method’s main disadvantages. However, it is
of little concern as the method does not call for a statistically representative sample,
differing in this regard to other common surveys (Shariff, 2015). However, this
presents its own set of problems, as the selection of experts introduces an
inescapable bias into the results. There is a need to ensure sufficient commitment
from participants, appropriate levels of expertise and a diverse range of responses,
to ensure high quality responses from the selected panel of experts. The solution
this research project devised for this was to develop a transparent expert selection
process with clear criteria (Devaney & Henchion, 2018). However, a practice that
should be removed on future iterations is snowball sampling, since it has been
documented that friends, colleagues, or other contacts might share similar views
with regards to several aspects, leading to a group of similar thinking individual,
which in turn exponentiate cognitive biases related to framing and anchoring,
desirability, bandwagon effect and belief perseverance.

Although cognitive biases are inevitable, a measure that was implemented on this
research to counter this was to ask participants for an argument or justification of
their answers, forcing them to enter a reasoning process. However, there are some
features that should be used to counteract common biases on Delphi surveys,
namely: high group heterogeneity, inclusion of individuals with strong opposing
views, avoid snowball sampling, introduce role-playing to elicit different
perspectives, warning about possible biases, participants with high expertise and
cognitive abilities, ensure a high level of involvement, and design a questionnaire
that ensures that each question is unrelated to the previous one (Winkler & Moser,
2016). These recommendations should be considered for future iterations of this

protocol.
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6.2.2. THE STRATEGIES
e ON FORESIGHTING
Although there are many methods used in foresighting, including interviews,
literature review, modelling, brainstorming, SWOT, back casting, simulation gaming,
scenario building, among others, Delphi was the method of choice for developing the
strategies due to its suitability when knowledge about a phenomenon is incomplete,
and when the objective is to enhance the understanding of problems, opportunities,

and solutions (Phdungsilp, 2011).

This method is considered as balanced when analyzed through “the foresight
diamond”, which means that it gives an almost equal weight to creativity or
imaginative thinking, expertise or knowledge in a particular area, interaction to
challenge and articulate different perspectives, and evidence, that recognizes the

importance of reliable supporting documentation (Popper, 2008).

This, coupled with the fact that it has been identified as very useful in defining ways
to achieve or avert future situations (Renzi & Freitas, 2015), a concept very similar
to strategic management, reaffirms the selection of this technique as a starter for the

development of the strategies.

e ON ADAPTIVE MANAGEMENT
UGI is a complex system, and its successful management is not only about assigning

suitable resources, but also about understanding the complexity of the system itself.
Typically, UGl management activities are carried out routinely without a clear
direction, neglecting the fact that this infrastructure can play a significant role in

improving people’s quality of life and offer the multiple benefits.

Successful management of public green spaces requires setting a direction through
a strategic management plan (Aly & Dimitrijevic, 2022). This document set the link
between daily operations and its context, allowing it to be responsive and flexible to
its user’s demands by receiving continuous feedback on the operation of the system,
which may reveal a missing quality or a lost opportunity for interventions. This backs
up the implementation of an adaptive strategy for the management of the UGI inside

the UASLP campuses, based on ecosystem services provision.
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The strategy, developed by following the pilot run of the protocol, intends to be an
adaptive approach for enhancing UES provision in the ZUP campus. The key
elements of adaptive management have been ingrained into it via an emphasis on
constantly gathering knowledge of the system through a systematic and rigorous
monitoring and evaluation (M&E) instrument; a proposed “experimental area” that
has the purpose of testing new interventions at a small-scale, fostering innovation,
creativity, and experimentation with different UGI configuration or management
practices; and periodical stakeholder collaboration to discuss new ideas. Together
these three elements provide constant supply of data about the system that will fuel
the iterative learning cycles of the adaptive management plan. Coupled with
continuous assessment and annual reports as the technical loop, and a periodical
total revision of the plan every few years as the institutional loop, the adaptability
and flexibility of the strategy are also assured, allowing modifications as necessary,
informed by the emerging knowledge of the system (Hsu et al., 2020b; Razzaghi Asl
& Pearsall, 2022a).

Now, to implement the strategy effectively, specific timelines for each loop are
crucial. The technical loop involves continuous M&E with annual reports, aligned
with the institutional working cycles to facilitate the generation, analysis, and
publication of data, conforming to common sustainability frameworks. The
institutional loop, however, demands careful consideration. Strategies like the one
proposed should be proactive, influencing decision-making with scientific evidence.
Therefore, the suggested approach is to align the institutional loop with major
planning cycles inside the university. At the UASLP, the current Plan Institucional de
Desarrollo (Institutional Development Plan, PIDE) is scheduled to reform in the 2024-
2030 cycle, so the current project should aim to generate data to influence this plan.
The subsequent institutional cycle should be scheduled for 2029, influencing the

following PIDE, and maintaining its influential approach.

However, some insights about the future of this plan have been envisioned during

the pilot run, and it's looking more like a difficult start.
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6.2.3. THE CHALLENGES
e THE BIG PICTURE: GOVERNANCE
During the test of the pilot run some problems, previously identified as common for
adaptive management strategies implementation on unsuitable governance systems
emerged (Green et al., 2016b; Hsu et al., 2020b).

The lack of horizontal and vertical coordination resulted in overly complicated
communications; the pluralization, lack of clarity in responsibilities and deficient
internal coordination resulted in deficient databases and confusion over the status
of information and data; and low stakeholder engagement and lack of interest
resulted in difficulty to manage the increased number of stakeholders and a generally

low response rate.

However, its necessary to understand that adaptive governance is not playing alone
here. An interplay between hierarchical governance, scientific-technical governance,
adaptive governance, and governing strategic behavior are working together, over
different structures, at the same time. So, it is of importance to consider all of them,

even when operating under the rules of one (Primmer et al., 2015).

For the scope of this research, hierarchical governance includes the legal context
governing UGI and the UASLP institutional framework; scientific-technical
governance refers to AA and all its programs in its current state; governing strategic
behavior is represented by the interests of the many actors at play, and although at
first glance adaptive governance seems absent from the institution, if considering
the conception that this type of governance is a response to the constant
shortcomings of centralized top-down approaches to governance (Frohlich et al.,
2018), it could be expected that a heavily top-down hierarchical system like the
UASLP’s institutional context developed some adaptive elements as coping

mechanisms.

| argue that the development of a program of urban gardening with a strong focus
on experimentation and student engagement (Unihuerto) is a clear example of that.
Alongside their green roof initiative (Unitecho), an edible fungi production program

(Fungicasita), the implementation of bug hotels on certain areas, the development
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of biodiversity databases, and the installation of a food forest initiative, indicates that
there are some key actors pushing for adaptability, flexibility, experimentation, and
innovation inside the institution. All characteristics of adaptive governance, that
could push for the successful implementation of this adaptive management strategy
for the urban green infrastructure of the UASLP.

e THE SMALL DETAILS: LANDSCAPE DESIGN
Considering that the strategies developed are set at a university planning level, the

scope is not supposed to reach the specific configuration of the proposed UGI,
however it is imperative to acknowledge that the final implementation at project level,

will fall in the realms of a different but related discipline: landscape design.

According to recent research, vegetation can be strategically planted and managed
to optimize the provision of desired ecosystem services using demographic and
urban landscape knowledge (Bodnaruk et al., 2017). Different locations and
configurations offer different impacts on ecosystem services supply (Zhao et al.,
2020). This is because the balance of UES is strongly related to the person’s
experience, use, and value of the infrastructure, but also in individual UGI
characteristics and contextual factors (Cimburova & Berghauser Pont, 2021; Drillet
et al., 2020).

Considering one example inside the UASLP ZUP campus, the Engineering Faculty
cafeteria, was marked by people as an area where they like to socialize, making it a
spot where comfortable and aesthetic spaces need to be installed. However, the
specific way this could be reached must be subject to another technical analysis,
where the details of different solutions, spatial configurations or even plant species,
furniture color or construction materials must be analyzed. This technical analysis
must be carried out by specialists on ecological landscape design, who must
consider the different tradeoffs that come into play when working on such a detailed

scale. This, however, falls outside of the scope of the present study.
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/. CONCLUSIONS

7.1. Review of results
7.2. Limitations of the study

7.3. Recommendations and future research
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7.1. REVIEW OF RESULTS

This research successfully achieved its general objective, by designing an urban
green infrastructure (UGI) management strategy based on urban ecosystem
services (UES) for the Universidad Autbnoma de San Luis Potosi (Autonomous
University of San Luis Potosi, UASLP).

For this, the relevant UES provision and demand provided by the UGI of the UASLP
Zona Universitaria Poniente (Western Zone, ZUP) campus were defined and
evaluated, and specific high-impact strategies to enhance the provision and satisfy

the demand of UES from the students inside the institution were proposed.

The outcome goes beyond an applicable protocol to generate an adaptive
management strategy. By conducting this study in the global south, at small local
scale, with a vision towards the future, considering the communication of results, the
inclusion of ecosystem disservices, the use of a systems perspective, and employing
explicitly participatory and spatial methods, this research contributes significantly to

expand the knowledge of an under-researched area.

Furthermore, the findings offer valuable insights, particularly on the importance of an
appropriate governance structure for the successful implementation of the UGI
management strategy, but also highlight various technical challenges related to data
gathering, effective data visualization, communication of results, and the intricacies

of the physical implementation at urban design level.

The obtained results on UES at small-scale UGI should be of great utility for urban
planners and designers working in similar social-ecological contexts, to make
science-based and informed decisions towards the sustainable development of
cities, and to effectively adapt urban systems as resilient communities against

climate change, that are functional to help preserve local biodiversity.
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7.2. LIMITATIONS OF THE STUDY

For the tool development phase, the election of a certain purpose and design,
although based on the stated objectives, could have been a different one, and its

mostly related to the author’s own views.

For the pilot phase, low participation by students and experts, incomplete databases,
and a literature review that was non-exhaustive created biases that must not be

overlooked.

Finally, strategy development had to be done different than planned due to scarcity
of time and resources, which creates a different outcome than the one that could
have been obtained if the protocol ran as originally planned. The final strategies were
constructed by the author with the help of a non-exhaustive and non-systematic
literature review, which alters the final proposal to the author's own opinions,

capacities, and knowledge.

7.3. RECOMMENDATIONS AND FUTURE RESEARCH

During the implementation of the project, the overlooked steps must be carried out
for the institutional cycle, for the experts to gather enough knowledge of the system
and develop better suited strategies for the site.

Future researchers should consider participation rate to obtain a representative
sample of the student’s body. The expert selection and engagement strategies need
to be revised to reduce the biases and increase participation. The possibilities of

escalation at city level should be explored.

To allow a successful implementation over a long term, there needs to be integration
with the strategic development plans at university level, to landscape design at
implementation level, to financial bodies at economic level, and to other horizontal
programs inside Agenda Ambiental (Environmental Agenda, AA), to align the water,

energy, waste, biodiversity and the whole sustainability strategy under a single goal.
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I.  First expert consultation survey

Table 1. Pre-selection of relevant UES and UED, and proposed indicators and
methodologies for their assessment.

(@)
c

E=]
A
o
Q
o
>
n

Regulating

Biodiversity

Habitat

connectivity

Microclimate

regulation

Noise reduction

Air quality

regulation

Carbon

sequestration

Pollinators

Pests

Flora diversity.

Bird richness.

Native species
percentage.

Structural connectivity
index.

Beta-diversity.
Temperature reduction
in °C.

Increase in relative

humidity by percentage.

Reduction of solar

radiation in kw/m?2.

Noise reduction in dB.

Change in atmospheric
pollutants concentration
in ppm

Biomass carbon
sequestration.
Pollinators diversity.

Pollinators richness.

Number of experiences

Shannon-Wiener Index,
Specific richness or Literature

search for native species.

Calculation of structural
connectivity index or
Calculation of beta-diversity.
Direct measurement at

variable distances from the
UGI

Direct measurement at
variable distances from the
fe]

Dry deposition model (i-tree

€co)

Allometric equations (i-tree
eco)

Shannon-Wiener Index or

Specific richness.
Participatory mapping
(Spraycan web)
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Soil quality Chage in soil organic Loss on ignition
maintenance matter content in

percentage
Waterflow Decreased runoff. Runoff curve number or Rain
regulation Rain interception. interception model (i-tree

€co).

Aesthetic Number of experiences. Mapeo participativo
pleasure (Spraycan web)

Connection with  Number of experiences Participatory mapping

nature (Spraycan web)
Stress Number of experiences Participatory mapping

o reduction (Spraycan web)

% Allergens Allergen species Based on Ogren Plant Allergy

© presence Scale list.
Community Number of experiences Participatory mapping
creation. (Spraycan web)
Perception of Number of experiences Participatory mapping
insecurity (Spraycan web)
Food Food production Annual comparison of food

> production capacity in kg/m?2. production in kg/m?.

'% Water Infiltration capacity in Estimation based on soil

-% infiltration m/h. texture.

O \Vater Quantity of water used  Calculation of irrigation sheet.
consumption above irrigation sheet.

Ecosystem good or service Ecosystem disservice
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Table 2. First expert consultation survey.

Survey 1.

Considering that the attached pre-selected list of urban ecosystem goods,
services, and disservices, with their proposed indicators and methodologies is only
a reference, and is not restrictive, please respond.

On the "Relevance" column please mark with an (x) the 10 UES / UED that you
consider as the most relevant for the green areas inside the western campus of the
UASLP.

On the following column, please provide a short justification for your decision,
based on your expert knowledge. You can elaborate using any criteria you find
important, like extension, duration, intensity, or others.

On the last 2 columns please select one indicator and one method of monitoring
for each element you marked as relevant. You can select them from the reference
list, or write a completely new one, if you think it could be better for the context of
the project.

If you consider important to add a different UES / UED to those provided on the
reference list, please write it on the last row. You are free to add as many new
items to the list as you want, as long as you provide a reason, indicator and method
for it, and keep the final count of 10 relevant UES / UED.

UES / UED Relevance | Justification | F.roPosed | Proposed
indicator | method

Biodiversity
Supporting Habitat

connectivity
Microclimate
regulation
. Noise
reduction
Air quality
regulation

Reaulati Carbon
egufating sequestration

Pollinators

BN Pests

H Soil quality
maintenance

Waterflow

regulation

10
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Aesthetic
pleasure

Connection
with nature
Stress
Cultural reduction

Allergens
Community
creation
Perception of
16 | )
Insecurity
Food
production
Water
infiltration

Water
consumption

Provisioning | 18

19
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[I. Second expert consultation survey

Table 3. Pre-selection of relevant urban green infrastructure units or interventions.

Urban Green Infrasiruciure

An urban garden developed to produce food,
1 Food garden promoting local food production, community
engagement, and sustainable agriculture practices.
A garden primarily focused on cultivating ornamental
2 Floral garden flowers and plants, enhancing aesthetics and
providing habitat for pollinators.
A curated collection of diverse plant species for
educational, research, and conservation purposes.
A garden that features plants of cultural and
4 Etnobotanical garden traditional significance, highlighting their historical,
medicinal, and cultural uses.
Rows of closely spaced shrubs or small trees
intentionally planted to form a dense boundary or
barrier, providing privacy, windbreaks, and visual

3 Botanical garden

5 Hedges / Barriers

delineation.
Trees planted in a straight line or pattern along
6 Lined trees streets, walkways, or paths, enhancing aesthetics,

providing shade, and creating visual definition.
A linear stretch of green space connecting different
areas within an urban landscape, promoting
biodiversity, enhancing connectivity, and providing
recreational opportunities.
Vertical structures covered with vegetation, often
8 Green wall installed on building exteriors, enhancing aesthetics,
improving air quality, and providing thermal insulation.
Vegetation integrated into building facades,
9 Green facade contributing to energy efficiency, improving air quality,
and creating a visually appealing environment.
Plants grown vertically on structures such as planters
10 Vertical garden or frames, maximizing green spaces and providing
aesthetic benefits.
A structure with climbing plants or vines growing over
11 Vegetated pergola it, providing shade, creating a pleasant outdoor
space.

7 Green corridor

Annex A — Pilot testing tools | 118



Urban Green Infrasiruciure

Vegetated roofs installed on buildings, reducing
12 Green roof stormwater runoff, mitigating the urban heat island
effect, and providing habitat for wildlife.
A subsurface structure designed to collect and
13 Infiltration well infiltrate stormwater runoff into the ground,
replenishing groundwater and reducing runoff.
Shallow vegetated channels or depressions designed
14 Bioswale to manage stormwater runoff, promoting infiltration
and filtering pollutants.
A planted depression or basin that collects and filters
15 Rain garden stormwater runoff, allowing water to infiltrate into the
ground and reducing water pollution.
Porous surfaces that allow rainwater to infiltrate into
16 Permeable pavement the ground, reducing stormwater runoff and
replenishing groundwater.
Planting indigenous plant species adapted to the local
17 Use of native species  ecosystem, supporting biodiversity, and requiring less
maintenance and resources.
Providing habitat features like nesting boxes, insect
18 Shelter for biodiversity hotels, or bird feeders to support wildlife and enhance
urban biodiversity.
Regular assessment and recording of species
diversity and population trends to inform conservation
efforts. It could be done either by specialists or using
citizen science.
A holistic approach to pest control that combines
various strategies, minimizing chemical pesticides
and promoting natural pest control methods.
Artistic installations incorporating natural elements or
Nature-based art . :
21 installations themes, enhancing the aesthetic appeal of urban
spaces and promoting environmental awareness.
Adapting green infrastructure practices based on
seasonal variations, such as adjusting irrigation, plant
selection, and maintenance activities like pruning and
fertilizing.
Recycling organic waste into nutrient-rich compost,
reducing landfill waste, and enhancing soil quality.

19 Biodiversity monitoring

Integrated pest

20
management

22 Seasonal management

23 Composting
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Urban Green Infrasiruciure

Techniques like soil aeration, mulching, and organic
amendments to enhance soil health, fertility, and
water retention.
Implementing measures to prevent soil erosion, such
25 Erosion control as erosion control blankets, retaining walls, and
strategic planting to stabilize slopes.
Installing infrastructure to collect and store stormwater
26 Rainwater harvesting  for future use, reducing demand on freshwater
sources.
Water-efficient irrigation methods like drip irrigation,
smart controllers, and moisture sensors to minimize
water waste and promote plant health.

Soil improvement
practices

Efficient irrigation
systems

Table 4. Second expert consultation survey.

Survey 2.

A. First, take a look at the summary of the previous expert consultation on the
attached "reference information" document, and answer question 1.

B. On the same "reference information" document, analyze the ecosystem services
currently provided by the ZUP Campus green areas, and the pre-selected list of
urban green infrastructure initiatives, and answer question 2.

C. Finally, open the "ZUP Campus map" document, and allocate the provided dots,
according to the answers you gave on the previous question.

Question 1. Looking at the summarized table, please provide at least 3 actions or
interventions that you consider as highly relevant to implement, in order to manage
the university's green spaces in a sustainable way.

Question 2. From the pre-selected list provided on the reference document, please
identify the 5 Urban Green Infrastructure units or interventions that you consider are
the most relevant for implementation on the ZUP Campus green areas management
plan. Write them in order of importance on the following table and provide a short
justification for each.
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Selected UGI
unit or | Justification
intervention

Question 3. Considering the interventions as you ranked them on question 2; open
the "ZUP Campus map" document and allocate the 5 dots spatially on the areas
where you would implement each selected intervention.
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ZUP CAMPUS MAP.

Look at the blue circles on the right side of the map. Each one represents the UGI unit or intervention
that you selected on Question 2, the number inside it represents the rank you gave them. Please clic
and drag them to the spatial location that you would like to see the solution implemented. The idea

is to spatially localize your previous answers.

291900 292200

- ‘ e ——— - S
e ar— - e 4 =

| Symbology
[ zuP Campus

2450400
00+0SHT

2450100
00T0SPT

291900 292200

Figure 1. Reference document: ZUP Campus map
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lll.  Participatory Mapping (PPGIS) survey

Table 5. Design of the participatory mapping survey (PPGIS).

INTRODUCTION

This is a participatory mapping exercise of Urban Ecosystem Services within the
Zona Poniente campus of the UASLP.

Urban ecosystem services are the "benefits that people obtain from ecosystems
and that are directly produced by ecological structures within urban areas".
Under this logic, university green areas generate urban ecosystem services that
all university students enjoy.

INSTRUCTIONS

You will be presented with a series of interactive maps, on which you will be able
to mark, with a "spray" type tool, the university green zones or areas that best
answer the specific question.

Remember to activate the tool by clicking on “activate spray tool” button, located
on the upper section of the screen. If pressed again, the tool is deactivated. The
“Delete” button eliminates the marked spots for the current question, and the
“‘Restart” button brings you back to the original view.

The website allows for the free navigation among questions, by clicking on “next

question” and “previous question” buttons, located on the right section of the
screen, which gives you freedom to edit your answers.

Do not forget to zoom in to your area of interest before marking your answer.

To facilitate the management of the information generated, please use the
following scale when answering.

1 click - "The area | am marking answers the question lightly".

2 clicks - "The zone | am marking answers the question moderately".

3 clicks - "The zone | am marking responds to the question intensely".
DEMOGRAPHIC DATA

¢What is your role at the UASLP? Student, professor, administrative, other

¢ What faculty or department are you a part of?

TRAINING

Utilize this moment to familiarize yourself with the use of the spraycan tool. You
can start by marking the location of your faculty or department inside the University
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Western Campus. Remember to zoom in to an adequate level and that you can
always delete your answer. When you are ready, please click on the “next
question” button to start the survey. The information gathered on this specific
guestion will not be used on the research.

QUESTIONS

UES / UED

1. Considering the green areas
located inside the UASLP
Western Campus only. Does any
green area on campus strike you
as particularly  aesthetically
pleasing?

What plant, animal, structure, or
situation makes you feel this way?

Aesthetic pleasure

2. Considering the green areas
located inside the UASLP
Western Campus only. Is there
any place on campus where you
enjoy appreciating nature?

What plant, animal, structure, or
situation makes you feel this way?

Connection to nature

3. Considering the green areas
located inside the UASLP
Western Campus only. Is there a
place on campus where you go
to relax?

What plant, animal, structure, or
situation makes you feel this way?

Stress reduction

4. Considering the green areas
located inside the UASLP
Western Campus only. Is there a
green area on campus where
you prefer to socialize?

What structure or situation makes you
feel this way?

Community building

5. Considering the green areas

located inside the UASLP
Western Campus only. Does any
place on campus feel unsafe to
you?

Insecurity
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Can you give a specific reason for this?

6. Considering the green areas
located inside the UASLP
Western Campus only. Have you
had negative encounters with
animals inside the site?

What animal was it?

7. Considering the whole campus. | Demand for microclimate regulation
Do you know of any place on
campus where you suffer from
excessive heat?

. Considering the whole campus. | Demand for water flow regulation
Do you know of any site on
campus that suffers from
flooding due to rainfall?

. Considering the whole campus. | Demand for noise regulation
Do you know of any site on
campus where outside noise
reaches annoying levels?

10.Considering the whole campus ¢Is there a specific area where you think
the installation of a new green infrastructure would be beneficial?

If so, which infrastructure? (Some examples are: forested areas, floral garden,
green roof, green walls, urban garden, xerophyte garden, simple pots, and so on)
Which ecosystem service would you like to provide to that space?
CONCLUSION: Will you be willing to participate in an interactive activity to support
this research? If you do, please leave your name, e-mail and cellphone number
for us to contact you.
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INTRODUCTION AND OVERVIEW.

Currently there is a great deal of interest on the importance of green spaces as
support for a healthy life on urban areas. This is because the planet’s population is
growing at an accelerated rate with a clear tendency towards urbanization. It is
believed that by 2030, more than 60% of estimated population (4.9 of 8.1 billion) will
live in cities, areas characterized by their huge and complex environmental footprints
(Endlicher et al., 2007). Due to global climate change, ample regions of the world
will have to face multiple common challenges in the coming years like demographic
explosion, temperature rising, food insecurity, water scarcity and increased risk of
droughts and floods (Kim & Coseo, 2018). Urban systems, composed by highly
modified landscapes, are a key element to sustain the environment and their
inhabitant’s wellbeing (Guillen-Cruz et al., 2021).

All ecosystems (including the highly urbanized) possess functions and provide
services. The first ones refer to the properties or processes inherent to the system,
while the second ones refer to the benefits that humans obtain directly or indirectly

of said ecosystem functions (Costanza et al., 1997).

The publication of the Millenium Ecosystem Assessment in 2005 contributed to put
the term of “ecosystem services” in the public eye, and related literature has grown
exponentially ever since (Martinez-Guzman et al., 2021). Afterwards it became
consolidated in the international agenda in 2015, with the publication of the
Sustainable Development Goals by the United Nations, by being included in the

Objective 11. Sustainable communities and cities (Stahle, 2018).

At the Universidad Autonoma de San Luis Potosi (Autonomous University of San
Luis Potosi, UASLP), the Agenda Ambiental (Environmental Agenda, AA) is an
organization created with the explicit mission of articulating strategies to reach
sustainability inside the university and society through the multidisciplinary
integration of 4 pillars: education and research, institutional management, linkages

and projects, and communication.
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As part of its institutional management axis, the AA has implemented the Sistema
de Gestion Ambiental (Environmental Management System, SGA), to improve the
environmental performance of the UASLP in all its functions and transform it into a
sustainable institution in conjunction with the community (Nieto-Caraveo & Medellin-
Milan, 2004).

One of the many programs devised by the AA is the University Program for
Biodiversity (PUB), whose general objective is “to integrally manage the flora and
fauna found in the spaces and gardens of university campuses in a sustainable and

respectful manner” (Universidad Autonoma de San Luis Potosi (UASLP), n.d.).

Considering that the UASLP has the interest and capacity for action by implementing
these programs in all its campuses located in the whole state, and that as a whole
they cover a vast number of social and ecological contexts, it has been decided to
use its institutional capacity to design a strategy that can be applied in urban areas
with different geographical extent, population size and climatic conditions.

Multiple relevant reports affirm that ecosystem services and biodiversity can be
successfully managed through a cyclic and integrated management and planning
style and recommends that it consists of a baseline of appropriate information,
participatory consultation to determine objectives, implementation of actions,
monitoring, assessment, and results reporting. This management methodology
known as adaptive management is highly robust and responsive in the face of
uncertainty. (Green et al.,, 2016; Hatfield-Dodds et al., 2007; Hsu et al., 2020;
International Union for Conservation of Nature and Natural Resources (IUCN), 2020;
McPhearson et al., 2015; Razzaghi Asl & Pearsall, 2022; The Economics of
Ecosystems and Biodiversity (TEEB), 2012; Wentworth, 2017; World Economic
Forum (WEF) & Alexander von Humboldt Biological Resources Research Institute,
2022)

This protocol integrates the concepts of systemic vision, participatory approaches,
adaptive management, local idiosyncrasies, and inclusion of high impact actors in a
logical sequence, adequate for its implementation on a small-scale, university

campus context. (Table 1)
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Table 1. Overview of the protocol.

Objectives will be taken from the institutional agenda.
Geographic scope will be done through the categorization of urban
green infrastructure by configuration and type.

Main actors will be identified and classified by interest and influence.

objectives

Final product is the categorization of main components.

Define scope and

(Deutsche Gesellschaft fur Internationale Zusammenarbeit, 2019).
Based on e-Delphi methodology (Olsen et al., 2021)
Selection of a group of experts through “type of actors” and “snowball”

sampling, based on roles and experience.

Specific objective 1

Data will be gathered and given to them based on a literature review.
Final product is a prioritized list of urban ecosystem services

UES and UED

and disservices, their indicators and chosen methods of

Identify and prioritize

evaluation.

Demand and provision

When possible, data gathering from literature review.

When necessary, sampling or surveying using specific methodologies
per ecosystem service or disservice.

Indicators calculation.

Statistical analysis (Liu et al., 2017)

Correlation matrix comparing urban ecosystem services.

Determination matrix comparing urban ecosystem services and urban

Specific objective 2

green infrastructure.
Spatial analysis (Burkhard & Maes, 2017)
Elaboration of cartography for provision and demand of ecosystem
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services.

Identification of main components using a matrix based on key
guestions (Elia et al., 2020).
Interrelations and goal of the system will be deducted.

Final product is a diagram of the complex system.

Specific objective 3
Generate a complex
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Identification of spatial shortfalls on the provision and demand of
ecosystem services.

Creation of ecological production functions (EPF) through ordinary
least square (OLS) regression.

Calculation of marginal values through regression coeficients.
Final products are spatial shortfall maps and ecological
production functions for each urban ecosystem service or
disservice.

(Wong et al., 2018)

Identify synergies and tradeoffs

Based on the structured decision-making methodology (Robinson et
al., 2016).

a) Problem statement. Taking the institutional objectives as basis.
b) Definition of objectives and management strategies. Use of e-
Delphi to determine fundamental objectives, subobjectives and

the assessed alternatives and calculating the expected utility value for

< management alternatives based on identified shortfalls.

()

= C) Consequences. Modelling of management alternatives using
(8}

iOA EPF.

o d) Optimal decision. using e-Delphi to assign different weights to
."(:)

(]

(o

)

each one, selecting the optimal (Wong et al., 2018).
e) Monitoring. Develop a set of indicators for monitoring based on
the methodology of The World Bank (TWB. 2009. Making Monitoring

and Evaluation Systems Work. A Capacity Development Toolkit, n.d.).
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f) Learning. Through the application of a double loop of learning.

Final product is an adaptive management strategy.
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1. DEFINE OBJECTIVES AND SCOPE.

The first step consists of defining objectives and scope and identifying the main
actors on urban green infrastructure (UGI) management inside the area of study.
This will be done through a literature revision and open interviews with workers and

managers of the project.

The research objectives are already defined on the corresponding section of this

document.

To define the geographic scope of the project, a digitalized and georeferenced plan
of the UASLP western campus will be used, where the different UGI present will be

identified. An on-site verification will be carried out afterwards.

The classification of Zhao et al. (2020) will be used to categorize the UGI, who
determined differences in the provision of urban ecosystem services (UES) and

urban ecosystem disservices (UED) based on their types and configurations.

The UGI themselves will be categorized using the hierarchical classification created

by Castellar et al. (2021). This classification matrix is presented on Table 2.
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Table 2. UGI categorization matrix.

Configuration

Lined trees
o ; Urban forest
LI =EIR  Individual tree Sidewalk
Orchards
trees
Park
Mixed Green corridor  Urban garden
. Small planter _
vegetation Hedges. Botanical
garden
. Vertical Green wall Vegetated
Vertical
c_g planter Green facade pergola
3 Green roof
2 : Infiltration _ Rain garden
S Horizontal _ Bioswale
o basin Permeable
pavement
Compost

Soil improvement
Systems for erosion control

e : Biodiversity habitats and shelters
Biodiversity _ _
Use of native vegetation.

Riverbank engineering

Interventions

Blue corridor
Floodplain management
Diverting elements.

Source: Castellar et al. (2021); Zhao et al. (2020)
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Table 3 presents the matrix required to identify and classify the different actors and
stakeholders for the management of UGI inside the area of study. The matrix will be
filled based on open interviews with administrative and maintenance personal inside

the campus.

Table 3. Matrix for the identification and categorization of main actors

Context creators Main actors
- May become risk Must be actively
AICURINIVENIEER  5ctors, must be involved in the
monitored and process
managed
Crowd Subjects
Irrelevant for the Foster their
Low influence current project partnerships with

key stakeholders
to empower them

Source: Deutsche Gesellschaft fur Internationale Zusammenarbeit (2019)

2. IDENTIFY AND PRIORITIZE ECOSYSTEM SERVICES AND DISSERVICES.

The identification and prioritization of UES and UED allows to reduce the complexity
of the evaluation and ensures relevant results applicable for decision making. The
original methodology was modified in favor of an iterative method, in line with an
adaptive strategy. The Delphi method from dell’Olio et al. (2018) is a formal, deep,
and systemic methodology developed with the objective of reducing the diversity of

opinions inside a group to converge in a common decision.

The criteria for selecting the experts were defined as: variety of roles, variety of
academic disciplines and/or work positions, and prominence on the field. A summary

is presented on Table 4
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Table 4. Expert identification matrix

Discipline / Actor Prominence

Position

Academic Ecology
Edaphology
Hydrology
Climatology
Urban
planning
Sociology
Architecture

Administrative Agenda
Ambiental
Directive
Rectory

Operative Urban garden
Waste
management
Water
management
Maintenance

Source: Hirschhorn (2019)

The methodology will be adapted according to Olsen et al. (2021) by offering a list
of possible answers based on a previous literature review, which reduces the
necessary rounds, and using electronic tools for communication, considering that all
the participants are part of the UASLP and have an institutional e-mail account and
free internet access inside the installations. This decision is made to create a

process that can be easier and more convenient for all the involved participants.
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To expedite the discussion, a pre-selection of 19 UES and UED of interest was
developed (presented on Table 5). Using this list as a basis, the first questionnaire
(presented on Table 6) was designed with the objective of identifying priority
ecosystem goods, services and disservices or adding or removing elements of the
list. The expected result is a complete list of relevant UES and UED for the specific

area of study.

This information will be compiled, reevaluated and the updated list, with the
percentage of votes each item receives, will be forwarded as feedback to all

participants.

Subsequently, the second survey (presented in Table 7) will be conducted to obtain

a list of prioritized elements, for which a constant sum question will be asked.

Experts will distribute 100 points among the UES and UED in the updated list, the
score indicating the importance of each element for the evaluation. According to
Hirschhorn (2019), using a constant sum question makes it possible to analyze
results using simple parametric statistics. Thus, the results will be compiled and

analyzed as follows:

e Arithmetic mean of the score obtained for each variable.

e Standard deviation of the score obtained for each variable.
e Highest value obtained for each variable.

e Percentage of experts rating a variable as zero.

¢ Prioritization, considering the total score received.

Prioritization will be done considering the total sum of points, while the consensus
or divergence among the experts will be measured through standard deviation,

maximum value and the number of null scores attributed to each element.
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Table 5. Pre-selection of relevant UES and UED, and proposed indicators and

o
c
=
S
o
Q
Qo
>
n

Regulating

methodologies for their assessment.

UES | UED

Biodiversity
(Dobbs et al.,
2011; Haase et al.,
2014; Wentworth,
2017)

Habitat
connectivity
(Haase et al.,
2014)

Microclimate
regulation

(Bolund &
Hunhammar, 1999;
Brzoska & Spage,
2020; Dobbs et al.,
2011; Pataki et al.,
2011; Wentworth,
2017)

Noise reduction
(Bolund &
Hunhammar, 1999;
Dobbs et al., 2011,
Wentworth, 2017)

Flora diversity.
Bird richness.

Native species
percentage.

Structural
connectivity
index.

Beta-diversity.

Temperature
reduction in °C.

Increase in
relative
humidity by
percentage.

Reduction of
solar radiation
in kw/m?2.

Noise reduction
in dB.

Shannon-
Wiener Index.

Specific
richness.

Literature
search for

native species.

Calculation of
structural
connectivity
index.

Calculation of
beta-diversity.
Direct
measurement
at variable
distances from
the UGI

Direct
measurement
at variable
distances from
the UGI

(Dobbs et al.,
2011)

(Tian et al., 2017)

(Montes-
Betancourt et al.,
2020)

(Maclean et al.,
2021; Unwin,
1978; Zhao et al.,
2020)

(Department of
Environment and
Heritage
Protection of
Queensland,
2013; lzzaty
Mohd Isa et al.,
2018)
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Air quality
regulation
(Bolund &

Hunhammar, 1999;

Dobbs et al., 2011,
Pataki et al., 2011;
Wentworth, 2017)
Carbon

sequestration
(Bolund &

Hunhammar, 1999;

Dobbs et al., 2011;
Pataki et al., 2011;
Wentworth, 2017)

Pollinators
(Haase et al.,
2014; Wentworth,
2017)

Pests

(Haase et al.,
2014; Wentworth,
2017)

Soil quality
maintenance
(Dobbs et al.,
2011; Obalum et
al., 2017)
Waterflow

regulation
(Bolund &

Hunhammar, 1999;

Dobbs et al., 2011;
Haase et al., 2014;
Pataki et al., 2011;
Wentworth, 2017)

Change in
atmospheric
pollutants
concentration in

ppm

Biomass carbon
sequestration.

Pollinators
diversity.

Pollinators
richness.

Number of
experiences

Chage in sall
organic matter
content in
percentage

Decreased
runoff.

Rain
interception.

Dry deposition
model (i-tree
eco)

Allometric
equations (i-
tree eco)

Shannon-
Wiener Index.

Specific
richness.
Participatory

mapping
(Spraycan web)

Loss on ignition

Runoff curve
number.

Rain
interception
model (i-tree
€co).

UES | UED

(Hirabayashi et
al., 2015)

(Nowak et al.,
2008)

(Montes-
Betancourt et al.,
2020)

(Huck et al.,
2014)

(Pouyat et al.,
2007; Roper et
al., 2019)

(Dominguez
Mora et al., 2008)

(Hirabayashi,
2013)
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UES | UED

Aesthetic Number of Mapeo (Huck et al.,
pleasure experiences. participativo 2014)
(Bolund & (Spraycan web)
Hunhammar, 1999;
Dobbs et al., 2011;
Haase et al., 2014)
Connection with Number of Participatory (Huck et al.,
nature experiences mapping 2014)
(Bolund & (Spraycan web)
Hunhammar, 1999)
Stress reduction ~ Number of Participatory (Huck et al.,
(Bolund & experiences mapping 2014)
s Hunhammar, 1999; (Spraycan web)
= Patakietal., 2011)
8 Allergens Allergen Based on (Dobbs et al.,
(Dobbs et al., species Ogren Plant 2011)
2011; Pataki et al., presence Allergy Scale
2011) list.
Community Number of Participatory (Huck et al.,
creation. experiences mapping 2014)
(Haase et al., (Spraycan web)
2014; Martinez-
Guzman et al.,
2021)
Perception of Number of Participatory (Huck et al.,
insecurity experiences mapping 2014)
(Pataki et al., 2011) (Spraycan web)
Food production  Food Annual (Martinez-
(Martinez-Guzman  production comparison of  Guzman et al.,
et al., 2021, capacity in food production 2021)
_E’ Wentworth, 2017)  kg/m?2. in kg/m?Z.
_E Water infiltration  Infiltration Estimation (Comision
2 (Haase et al., capacity in m/h. based on soil Nacional del
08_ 2014) texture. Agua (CNA),
2002)
Water Quantity of Calculation of ~ (Comision
consumption water used irrigation sheet. Nacional del
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UES | UED Vithod

(Guillen-Cruz et al., above irrigation Agua (CNA),
2021; Kim & sheet. 2002)
Coseo, 2018;

Pataki et al., 2011)

Ecosystem good or service Ecosystem disservice

Table 6. Survey for identification of UES and UED, their indicators and methods.
Survey 1.

Considering that the attached pre-selected list of urban ecosystem goods,
services, and disservices, with their proposed indicators and methodologies is only
a reference, and is not restrictive, please respond.

On the "Relevance" column please mark with an (x) the 10 UES / UED that you
consider as the most relevant for the green areas inside the western campus of the
UASLP.

On the following column, please provide a compelling reason for your decision,
based on your expert knowledge.

On the last 2 columns please select one indicator and one method of monitoring
for each element you marked as relevant. You can select them from the reference
list, or write a completely new one, if you think it could be better for the context of
the project.

If you consider important to add a different UES / UED to those provided on the
reference list, please write it on the last row. You are free to add as many new
items to the list as you want, as long as you provide a reason, indicator and method
for it, and keep the final count of 10 relevant UES / UED.

Provi Pr Pr
UES / UED S| TR B [FIEEESED) [Preresee
reason |indicator | method

Biodiversity

Supporting 2 Habitat
connectivity
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Microclimate
regulation
Noise
reduction

Air quality
regulation
Regulatin .
9 9 sequestration
Pollinators
IEN Pests
Soil quality
maintenance
10 .
regulation
Aesthetic
pleasure
r
13 St ess.
Cultural reduction
Allergens
l creation

Carbon
Waterflow
12 annectlon
with nature
Communit
15 y
16
7

insecurity
Food
production
Water
infiltration
9 Water

consumption

Perception of

Provisioning |18
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Table 7. Survey for the prioritization of UES and UED, their indicators and methods

Survey 2.

The following list of ecosystem goods, services and disservices has been selected
by the whole panel as the most relevant to analyze for the UASLP western campus.

Please distribute 100 points among the listed elements considering that the greater
the number of points you give, the greater the relevance you consider the item to
have.

You can allot any whole positive number to the items, including zero as long as the
final sum is 100. Please try to avoid the use of decimals unless you consider it
completely necessary.

Just like in the previous survey, on the following column, please provide a short
reason for your decision, based on your expert knowledge. You can use any criteria
you find important to decide, like extension, duration, intensity, or others.

UES /UED

Biodiversity
Supporting 2 Habitat
connectivity
3

l Microclimate

regulation
Noise reduction

Air quality
regulation
Carbon
Regulating Hsequestration

Pollinators

el Pests

Soil quality
n maintenance
Waterflow
regulation

10
Aesthetic
pleasure
Cultural 12 Connection with
nature

Stress reduction
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Allergens

Community
creation

Perception of

insecurity

Food production

ik} Water infiltration

Water
consumption

16

Provisioning

3. ANALYZE THE STATE OF ECOSYSTEM SERVICES AND DISSERVICES.

Once UES and UED elements have been prioritized and their indicators and
evaluation methodologies have been chosen, the next step is their quantification and

analysis.

To identify the status of the UES and UED present in the study area, their provision
and demand must first be quantified, then the cause-effect relationships of the main
trends, the factors driving their change, the main stakeholders, and the management

decisions behind these drivers of change must be analyzed.

Table 5 includes the proposed assessment indicators and measurement methods
for the supply, or provision of UES and UED, while demand consultation will be
determined by low incidence areas when it can be measured biophysically or using
participatory mapping by the "Map-me" web platform (Huck et al., 2014), when it is

measured by perception.

3.1. DATA COLLECTION FOR ECOSYSTEM SERVICES DEMAND
The participatory mapping survey was designed to be sufficiently simple, with a brief

introduction and easy-to-follow instructions. The basic structure is presented in Table
8. It is recommended to process the data obtained to weight each participant dataset
equally.
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Table 8. Design of the participatory mapping survey (PPGIS).

INTRODUCTION

This is a participatory mapping exercise of Urban Ecosystem Services within the
Zona Poniente campus of the UASLP.

Urban ecosystem services are the "benefits that people obtain from ecosystems
and that are directly produced by ecological structures within urban areas".
Under this logic, university green areas generate urban ecosystem services that
all university students enjoy.

INSTRUCTIONS

You will be presented with a series of interactive maps, on which you will be able
to mark, with a "spray" type tool, the university green zones or areas that best
answer the specific question.

Remember to activate the tool by clicking on “activate spray tool” button, located
on the upper section of the screen. If pressed again, the tool is deactivated. The
“‘Delete” button eliminates the marked spots for the current question, and the
“Restart” button brings you back to the original view.

The website allows for the free navigation among questions, by clicking on “next
guestion” and “previous question” buttons, located on the right section of the

screen, which gives you freedom to edit your answers.

Do not forget to zoom in to your area of interest before marking your answer.

To facilitate the management of the information generated, please use the
following scale when answering.

1 click - "The area | am marking answers the question lightly".
2 clicks - "The zone | am marking answers the question moderately".
3 clicks - "The zone | am marking responds to the question intensely".

DEMOGRAPHIC DATA
¢What is your role at the UASLP? Student, professor, administrative, other
¢What faculty or department are you a part of?

TRAINING

Utilize this moment to familiarize yourself with the use of the spraycan tool. You
can start by marking the location of your faculty or department inside the University
Western Campus. Remember to zoom in to an adequate level and that you can
always delete your answer. When you are ready, please click on the “next
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question” button to start the survey. The information gathered on this specific
guestion will not be used on the research.

QUESTIONS UES / UED

1. Considering the green areas | Aesthetic pleasure
located inside the UASLP
Western Campus only. Does any
green area on campus strike you
as particularly aesthetically
pleasing?

What plant, animal, structure, or
situation makes you feel this way?

2. Considering the green areas | Connection to nature
located inside the UASLP
Western Campus only. Is there
any place on campus where you
enjoy appreciating nature?

What plant, animal, structure, or
situation makes you feel this way?

3. Considering the green areas | Stress reduction
located inside the UASLP
Western Campus only. Is there a
place on campus where you go
to relax?

What plant, animal, structure, or
situation makes you feel this way?

4. Considering the green areas ] Community building
located inside the UASLP
Western Campus only. Is there a
green area on campus where
you prefer to socialize?

What structure or situation makes you
feel this way?

5. Considering the green areas | Insecurity
located inside the UASLP
Western Campus only. Does any
place on campus feel unsafe to
you?

Can you give a specific reason for this?
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6. Considering the green areas
located inside the UASLP
Western Campus only. Have you
had negative encounters with
animals inside the site?

What animal was it?

7. Considering the whole campus. | Demand for microclimate regulation
Do you know of any place on
campus where you suffer from
excessive heat?

. Considering the whole campus. | Demand for water flow regulation
Do you know of any site on
campus that suffers from
flooding due to rainfall?

. Considering the whole campus. | Demand for noise regulation
Do you know of any site on
campus where outside noise
reaches annoying levels?

10.Considering the whole campus ¢Is there a specific area where you think
the installation of a new green infrastructure would be beneficial?

If so, which infrastructure? (Some examples are: forested areas, floral garden,
green roof, green walls, urban garden, xerophyte garden, simple pots, and so on)
Which ecosystem service would you like to provide to that space?
CONCLUSION: Will you be willing to participate in an interactive activity to support
this research? If you do, please leave your name, e-mail and cellphone number
for us to contact you.

3.2. DATA COLLECTION FOR ECOSYSTEM SERVICES PROVISION
The following is a breakdown of the proposed methods for collecting information and

calculating indicators, grouped by type of UES and/or UED.

e SUPPORTING SERVICES
Biodiversity

In terms of vegetation, and to obtain more concrete results, it is recommended that
a total census of the flora individuals present within the area under study be carried

out.

Annex B — Protocol for the adaptive management of the UASLP green infrastructure | 146



The software i-Tree Eco is proposed to be used for the assessment of a diverse
range of UES and UED, so it is recommended to follow its Field guide, published by
the US Forest Service (2019), the information collected should include as a

minimum:

e species scientific name

e georeferenced location

e diameter at breast height (DBH)

e height of the individual

e crown width (X and Y axis)

e height to crown base

e percent crown missing

e crown health

e identifier of the specific green area (plot)

e photographic reference

For avifauna sampling in urban areas, the recommended methodology is the 5-
minute point count (25 m radius), in 20 specific sites (10 in green areas and 10 in
highly built-up areas) considering a timetable between 7:00 and 11:00 am
(MacGregor-Fors et al., 2021).

If it is not possible to carry out direct sampling, or as a complement to this database,
scientific information obtained in the area and published in scientific journals, theses,
official databases, or the Naturalista portal (Comision Nacional para el Conocimiento
y Uso de la Biodiversidad (CONABIO), 2021), a citizen science project where trained
and accredited personnel can approve the observations reported by users. Thus,
those observations that have professional validation within the area under study will
be added to the list.

Ecological parameters can be measured in a variety of ways. Specific richness (S)
is the simplest way to do this, although it does not take species abundance into

account, so it does not measure diversity (Supriatna, 2018).
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S = number of different species in a specific list.

The Shannon-Wiener diversity index (H') does take species abundance into account,
so it determines the diversity of a specific site (known as alpha diversity) (Supriatna,
2018).

H' =3 pilnpi

Where piis the proportion of individuals belonging to a species in a specific inventory.

The percentage of native species will be obtained by a simple arithmetic calculation.
% sp = (n/N)*100

Where n refers to the number of individuals of the species of interest, and N refers
to the total number of individuals.

Habitat connectivity

Connectivity will be assessed through structural connectivity, which refers to the
biophysical connectivity existing in the landscape, without considering the
ethological response of species. It can be measured through an evaluation of the
configuration or proximity of the different landscape elements. The selected

methodology is the structural connectivity index (Cl;) (Tian et al., 2017).

The ArcGis Path Distance module will be used to calculate the cumulative least cost
distance to the nearest green areas. The resources needed to run the module are

green area coverage, the elevation model, and a resistance map.

The green area coverage map is obtained through the NDVI, calculated with the

following formula:
NDVI = (NIR-Red) / (NIR+Red)

Where NDVI is the normalized difference vegetation index, NIR is the near infrared

spectral band and Red is the red spectral band.
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The building density map is obtained is calculated with information from satellite

images.
Bdi = > (BHij * BAIj) / ALUi

Where BD is the density of buildings, BH is the height of buildings in meters, BA is
the built-up area, and ALU is the area of the given land use, in m2.

In the case of having biodiversity information from neighboring sites, in addition to
that of the site under study, beta diversity can be used to determine connectivity.
Beta diversity refers to the similarity between two neighboring communities, used to
determine if there is species transfer between landscapes, and is commonly

calculated using Sorensen's similarity index (B) (Baselga, 2010).

b+c

B= 2a+ b +c

Where a is the number of species common to both sites, b is the number of species
occurring only at one site, and c is the number of species occurring only at the other
site.

e REGULATING SERVICES
Microclimate regulation

The microclimatic variables of temperature, solar radiation and relative humidity will
be measured directly in the field, following the methodology of Zhao et al. (2020),
who recommends taking the measurements at a height of 1.5 m from the ground,
since this is the average height of human respiration, on sunny days, with little cloud
cover and low wind speed. Measurements will be taken daily, from 8:00 a.m. to 6:00
p.m., with 2-hour intervals. Monitoring will be performed continuously for 10 minutes
each time. Five sampling points will be established for each green area, one at the
center of the green area and four additional ones, one at each edge of the green
area (north, south, east and west). The average value of the 5 sampling points will
be considered as the temperature, solar radiation, and relative humidity of the green

area.
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The effects of reduced temperature and solar radiation, as well as increased relative
humidity, will be calculated by subtracting from the average value obtained the value
measured at a control point, which should be an open field with a paved surface,

without vegetation cover, located within the area under study.

To calculate the microclimate indicators, the methodology of Zhao et al. (2020):
T — To = emperature reduction effect.

RH — RHo = h umidity increase effect.

RS - RSo = solar radiation reduction effect.

Where To, RHo and RSo are control measurements.

Noise regulation

Since noise measurements in this study are not for regulatory inspection purposes,
it was decided to use the "Portable Rapid Assessment” methodology recommended

by the Department of Environment and Heritage Protection of Queensland (2013).

To achieve an accurate measurement using this method, the sound level meter
should be held with the arm fully extended to one side of the body, with the
microphone pointed towards the sound source (in this case the street), to minimize
the sound that may reflect from the body of the person taking the measurement, at
a height of between 1.20 and 1.50 m from the floor level of the receiver, using the A

scale.

When taking measurements outdoors, consideration should be given to moving at
least 3.5 m away from any surfaces that reflect noise, such as concrete walls. In
case of taking measurements in a doorway or window, the microphone should be

placed in the center of the doorway or window.

In areas that present irregular noise, a long-term recording is recommended. In
accordance with the methodology carried out by lIzzaty Mohd Isa et al. (2018),
measurements shall be performed during a period of peak traffic for a period of 1
hour, recording the maximum value of every 30 seconds elapsed, in decibels (dB).
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Since vehicular traffic is restricted inside the campus, the sampling points will be
selected based on the location of the university UGI near the external avenues and
taking as reference a point on the side of the avenue and a point at the other end,
which will serve to determine the noise reduction generated by the presence of the

vegetation structure.

To calculate the noise reduction, a simple arithmetic equation should be performed,

where:
dB1 — dB2 = noise reduction effect.

Where dB:1 refers to the average of the measurements obtained for a green area, on
the side of the roads; while dB: refers to the average of the measurements obtained

for the same green area, at the point opposite to the first measurement.

Air quality

The iTree software will be used to estimate dry deposition of air pollutants, which
refers to the removal of pollutants during periods without precipitation. The software
module calculates hourly dry deposition for criteria pollutants O3, SO2, NO2, CO
and PM10 based on tree cover information, climate data and pollutant concentration
(Hirabayashi et al., 2015).

Tree cover information should preferably be obtained from a total vegetation census
of the area under study. The information collected should include species,
georeferenced location and dasometric measurements (breast height diameter,
individual height, and canopy cover).

Climatic information can be obtained directly from the climatological stations network
of the National Water Commission (CONAGUA), from which information is required
on average, maximum and minimum monthly temperature in °C; and total monthly

and maximum precipitation in 24h in mm.

Air quality data can be obtained from the National Air Quality Information System

(SINAICA), selecting the nearest available location to the site, with hourly
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measurements of criteria pollutants (PMz.s, CO, Oz, SO2 and NOz2) (Instituto Nacional
de Ecologia y Cambio Climatico (INECC), 2022).

The hourly pollutant removal is obtained by calculating the average hourly pollutant

flux (F) obtained by the following equation:
F=Va*C*3600

Where F is the pollutant flux (g m?/h), Vu is the deposition velocity (m/s) and C is

pollutant concentration (g/m3).

The software performs the deposition rate calculations based on climatic information,
as well as specific to the pollutant and tree species evaluated, taking information

from an extensive database maintained by the USDA Forest Service.

Finally, the indicator of hourly air quality regulation by tree cover generated by dry

deposition of atmospheric pollutants is calculated as:
| =F/(F+M) * 100

Where | is the percent air quality improvement per tree; F is the average hourly

pollutant flux and M is the total mass of pollutants per tree cover.

Carbon sequestration

Annual biomass carbon storage and sequestration will be calculated using iTree
software, developed in conjunction with the USDA Forest Service. The sequence of

calculations, described by McPherson E et al. (1994) is presented below.

For carbon stock, the biomass of each tree is calculated using specific allometric
equations compiled from literature; if no equation is available for a given species, the
average of those within its genus is used; if no species of its genus is available, the

average of the equations for conifers or angiosperms is used.

Tree cover information should preferably be obtained from a total vegetation census

of the area under study. The information collected should include species,
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georeferenced location and dasometric measurements (diameter at breast height,

individual height, and crown cover).

If the equation does not take this into account, the software determines the
belowground biomass by multiplying the result by a factor of 0.26; the dry biomass

is then calculated using species-specific conversion factors.

In the case of urban trees, the software considers that their root system has lower

biomass by multiplying the results by a factor of 0.8.

For deciduous trees, leaf biomass is not considered since it is considered to be

released to the environment on an annual basis.

Finally, the total dry weight of biomass is converted to total carbon stock by

multiplying by a factor of 0.5.

For annual carbon sequestration, a standard growth of 0.83 cm per year is

considered and adjusted with the following equation:

Standard growth = 0.83 cm/year * number of frost-free days / 153.

Pollinators

Weekly sampling will be carried out for 12 months, considering the vegetation that
is in bloom. The traps used will be homemade traps for pollinating species, made
with cut plastic bottles, and using a mixture of water, sugar, and yeast as bait
(Montes-Betancourt et al., 2020).

If it is not possible to carry out the sampling directly, or as a complement to this
database, scientific information obtained in the area and published in scientific
journals, theses, official databases, or otherwise use the Naturalista website
(Comisién Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO),
2021), a citizen science project where trained and accredited personnel can approve
the observations reported by users. Thus, those observations that have professional

validation within the area under study will be added to the list.
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Pests

The responses from the participatory mapping will be analyzed by density obtained
in each UGI, for this purpose, the sum of the number of responses for each UGI will

be carried out, following the following formula.
Incidence of experiences in each UGI = ) nuai

Where nual is the number of experiences registered in each UGI.

Soil quality
Following the methodology of Pouyat et al. (2007), n those green areas that are large
enough, a circular plot with a radius of 11.35 m (0.04 ha) will be defined, while

smaller ones will be considered as a whole plot.

A composite soil sample will be taken from within these plots, from a depth of
between 0 and 10 cm, taken with a 2 cm sampling auger. The composite sample will
be generated by mixing between 10 and 15 cores, randomly selected following a
simple random sampling pattern. In those green areas that are too small, a single
sample will be taken in triplicate. These samples will be collected, labeled

appropriately with date, plot and sampling number, and analyzed for organic matter.

Organic matter is considered a good indicator of overall soil quality (Obalum et al.,
2017; USDA Natural Resources Conservation Service, 2015), and will be
determined following the ignition mass loss methodology as described by Roper et
al. (2019).

The soil samples obtained will be sent to an EMA certified laboratory to obtain the
percentage of organic matter. In case outsourcing is not possible, the methodology
to analyze it in laboratory is set out below, as described by Roper et al. (2019).

10 g of dry soil will be taken and placed in a 35 ml mortar previously tared to be dried
in a convection oven at 105 °C and cooled in a sealed desiccator. Once cooled, the
joint weight is recorded (Weight 1). This step will be repeated until a continuous mass

is achieved. Subsequently a muffle will be preheated to 360 °C, and the soil will be
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subjected to this temperature for 2 hours. After this time, it will be placed to cool in a
sealed desiccator. Once cooled, the joint weight is recorded (Weight 2). The formula

for calculating the percentage of organic matter is as follows:

% Organic Matter = ((Weight 1 - Weight 2) / Weight 1) * 100

Water flow regulation

To determine the amount of water runoff at a given site, it is necessary to model the
transformation of rainfall into runoff. It was decided to follow the curve number
method of the Soil Conservation Service, adapted by Dominguez Mora et al. (2008)
for the Mexican territory, which considers the cartographic nomenclature of INEGI,

calculated using the following formula.

Ce=Pe/P

Where Ce is the runoff coefficient, Pe is the effective precipitation, or the part of the

precipitation that runs off, and P is the total precipitation recorded.

508

_ 2ve 2
po_ (P — F5 + 5.08)
2032
(P+ S~ — 20.32)

Where CN is the curve number, determined from land use and soil types.

Precipitation information can be obtained directly from the network of climatological
stations of the National Water Commission (CONAGUA), from which the information

of maximum precipitation in 24h in mm is required.

To obtain CN, the use of GIS and vector layers of edaphology and land use and
vegetation provided by INEGI is required. The value is obtained from tables, where
the hydrological group of the soil is determined, and crossed with the predominant

land use in the area.
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The CN value must be obtained for all possible combinations of soil type and land
use within the area to be evaluated, which must then be weighted by surface area

following the following formula.

CN * %surface
100

weighted CN = z

Once the value of Ce is obtained, the amount of runoff expected at the site can be
modeled through the formula:

Pe=Ce*P

In addition to determining the expected runoff at a site, there is a way to determine
the water flow regulation capacity by the action of vegetation through the amount of
rainfall interception, which reduces the amount of runoff in the area, since a certain
amount of water is stored in the vegetation cover and in soil depressions, in addition

to considering the infiltration in permeable surfaces under the trees.

It was decided to use the iTree software to carry out this calculation, obtained as the
volume of precipitation interception per individual tree (Si), using the following
formula (Hirabayashi, 2013).

LAi
YLA

Si =8 *

Where S equals the annual precipitation interception volume, LAI refers to the leaf

area of the evaluated tree, and Y LA is the summation of the leaf area of all trees.

e CULTURAL SERVICES
Aesthetic pleasure

The responses from the participatory mapping will be analyzed by density obtained
in each UGI, for this purpose, the sum of the number of responses for each UGI will

be carried out, following the following formula.

Incidence of experiences in each UGI = ) nuai
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Where nual is the number of experiences registered in each UGI.

Connection with nature

The responses from the participatory mapping will be analyzed by density obtained
in each UGI, for this purpose, the sum of the number of responses for each UGI will
be carried out, following the following formula.

Incidence of experiences in each UGI = ) nuai

Where nual is the number of experiences registered in each UGI.

Stress reduction

The responses from the participatory mapping will be analyzed by density obtained
in each UGI, for this purpose, the sum of the number of responses for each UGI will
be carried out, following the following formula.

Incidence of experiences in each UGI = ) nuai

Where nual is the number of experiences registered in each UGI.

Allergens

A total census of the individuals of allergenic flora present within the area under
study be carried out, based on the Ogren Plant Allergy Scale list. The information

collected should include species and georeferenced location (Dobbs et al., 2011).

The software i-Tree provides an Allergy Index score based on specific species
allergic potential with a scale going from least allergic (1) to most allergic (10)
potential. (Nowak & Ogren, 2021)

This specific allergic index is weighted by the species leaf area to calculate an Allergy

Index.

Al = Yito (AP x LAy) /LAy
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Where Alx = allergy index in class x (city or land use), APi = allergy potential of
species i (1 — 10), LAx = leaf area (m?) of species i in class x, and LAx = total leaf

area (m?) in class x.

The results are combined and presented into low, medium and high index classes

where: Low = classes 1 — 3, Medium = classes 4 — 7, High = classes 8 — 10.

Creation of community

The responses from the participatory mapping will be analyzed by density obtained
in each UGI, for this purpose, the sum of the number of responses for each UGI will

be carried out, following the following formula.
Incidence of experiences in each UGI = ) nuai

Where nual is the number of experiences registered in each UGI.

Perception of insecurity

The responses from the participatory mapping will be analyzed by density obtained
in each UGI, for this purpose, the sum of the number of responses for each UGI will

be carried out, following the following formula.
Incidence of experiences in each UGI = ) nuai

Where nual is the number of experiences registered in each UGI.

e PROVISIONING SERVICES
Food production

Information on food production should be requested from the AA, which collects it
within the "Unihuerto" scheme, a university program that carries out urban
agriculture activities on campus. It will be requested in kg and broken down by

product.
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The annual difference in production will be calculated by a simple arithmetic

operation, to calculate the increase or decrease in annual production in kg.

(Annual production per year X) — (Annual production per year X-1)

Fresh water provision.

Infiltration is the process by which water passes through the surface and is
distributed in the soil strata. This parameter can be obtained from in situ tests;
however, it is more practical to estimate infiltration characteristics based on soil

textural classes.

Following the methodology of Pouyat et al. (2007), in those green areas that are
large enough, a circular plot with a radius of 11.35 m (0.04 ha) will be defined, while
smaller ones will be considered as a whole plot.

A composite soil sample will be taken from within these plots, from a depth of
between 0 and 10 cm, taken with a 2 cm sampling auger. The composite sample will
be generated by mixing between 10 and 15 cores, randomly selected following a
simple random sampling pattern. In those green areas that are too small, a single
sample will be taken in triplicate. These samples will be collected, labeled
appropriately with date, plot and sampling number, and analyzed for texture using a
hydrometer (Pouyat et al., 2007).

Table 9 presents a reference published by the Comisién Nacional del Agua (CNA),
(2002), which will be used to determine the basic water infiltration rate of each UGI

within the area under study.

Table 9. Basic water infiltration rate by textural class.

Textural class

Very coarse >10.0
(Sand)

Coarse 55-10.0
(Sandy clay)

Annex B — Protocol for the adaptive management of the UASLP green infrastructure | 159



Textural class

Moderately coarse 40-55
(Sandy loam)

Medium 20-4.0
(Loam)

Moderately fine 1.0-20
(Clay loam, Clay sandy)

Fine 05-1.0

(Clay, Silty clay)
Source: Comision Nacional del Agua (CNA), (2002)

Water consumption

Excessive water consumption shall be determined as the amount of irrigation water

used above the required irrigation sheet.

Irrigation sheet is defined as the amount of water required to replenish the moisture
that is usable by vegetation in the root zone. In low frequency irrigation, optimum
irrigation is applied when irrigation requirements equal this value (Comisién Nacional
del Agua (CNA), 2002). It is determined with the formula:

_ (PScc — PSpmp) = Da = Pr
B 100

Lr

Where:

Lr = irrigation sheet (cm).

PScc = percentage of moisture at field capacity (%)

PSpmp = percentage of moisture at permanent wilting point (%)
Da = bulk density (gr/lcm3)

Pr = rooting depth

Lr, PScc, PSpmp and Da parameters will be calculated for each UGI using the SPAW

(soil - plant - atmosphere - water) software developed by the USDA Natural
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Resources Conservation Service (NRCS) (2004). The software makes use of an
extensive database developed by the USDA Hydrology Laboratory, where they have
compiled data for a wide combination of soil textures, with validity in a range of
textures from 5 to 60% clay and 5 to 95% sand, also considering variables such as
organic matter, bulk density, and salinity. The Pr value will be considered in all cases
as 0.40 m, considering the great variety of vegetation present, and that in urban
areas it has been found that up to 80% of the roots develop between 0 and 0.40 m
soil depth (Mohamadzade et al., 2021).

3.3. DATA ANALYSIS
The next step is the analysis of the data obtained. For this, it was decided to combine

a spatial analysis with a classical regression analysis, because this is a suitable
strategy to quantify and explain the multiple spatial relationships of ecosystem

services (Liu et al., 2017).

e STATISTICAL ANALYSIS
A correlation matrix will be generated to analyze the existing relationship between

the different UES and UED analyzed, in addition, a determination coefficient matrix
will be calculated to determine the existing relationship between the different UGI

classifications with the supply and demand of UES and UED at the site.

The correlation matrix is obtained by solving the calculation of Pearson's correlation
coefficient (r) between all combinations of UES and UED, using the following

equation (Liu et al., 2017).

_ _Ix-Do-Y)
Y(x — 2%y - y)°
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Table 10. Correlation matrix

Al A2 A3 An

R1 R2 R4 Rn
R2 R3 R5 Rn
R4 R5 R6 Rn
Rn Rn Rn Rn

Where: A represents an ecosystem service or disservice, and R represents the

correlation between the two.

This information is used to analyze the existing relationships between the various
UES / UED. Through this process it is possible to visualize synergies (high values of

positive correlation) and tradeoffs (high values of negative correlation).

Subsequently, the coefficient of determination (r2) calculated for the relationship
between the different UGI classifications and the various UES and UED will be

analyzed to determine the percentage of the service or disservice explained by the

infrastructure.

Table 11. Determination matrix.

X1 X2 X3 Xn

Y1 Z1 Z2 Z4 Zn

Y2 z2 Z3 Z5 Zn

Y3 Z4 Z5 Z6 Zn

Yn Zn Zn Zn Zn
Where: X represents the demand or provision of an ecosystem service or damage,

Y represents a specific UGI, and Z represents the correlation between the two.

e SPATIAL ANALYSIS
The data will be analyzed spatially by generating maps. According to (Burkhard &

Maes, 2017), the type of map to be generated will depend on the information
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obtained, but in general, the information expressed in Table 12 will be taken as a

reference.

Table 12. Recommended maps for each type of spatial phenomena.

Spatially discrete Spatially continuous
(phenomena occurring in (phenomena occurring
distinct and separate continuously throughout

locations) space)

Abrupt changes
(measurable properties

change abruptly in Proportional symbol map Coroplastic map
space)
Smooth changes
(QEEEIIEL] R e)o[SIgiSER  Point density map or heat Isarithmic map
change smoothly in map Interpolation map

space)
Source: Burkhard & Maes (2017)

This will make it possible to analyze the geospatial distribution of services, allowing
the integration and prioritization of multiple environmental and social values for their
appropriate management (Raymond et al., 2009). For the creation of these maps,

we will take as a reference the methodologies presented by Bettinger et al. (2020).

The choropleth map is a type of map that presents ranges of quantitative
characteristics of spatial features through color changes. Spatial areas of the same
color represent similar conditions. To accomplish this, data must be classified into
appropriate ranges of intervals, and then appropriate colors must be selected to

represent those values.

Isarithmic maps use isolines (lines on a map representing points in space that have
similar values) and areas representing similar values to illustrate similar conditions
of a phenomenon across a continuous surface. To create them, an interpolation

process needs to be used to model a realistic and continuous distribution of the
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surface. Interpolation is recommended only as a rough and general representation,
and it needs to be stated that the surface is not continuous in the real world, and that
the configuration of the built environment have a strong effect on ecosystem services

spatial distribution.

A heat map is basically an isarithmic map that, instead of focusing on specific

measured values, represents the density of occurrences of a given phenomenon.

Finally, the proportional symbol map requires the precise identification of a specific
location, which will be designated a unique symbol, whose characteristics will vary

with respect to an intensity scale.

4. CREATING A COMPLEX SYSTEM

At this point, a wide range of information will be available, from stakeholders,
infrastructure, current supply, and demand of UEG; UES and UED, statistical
relations, among others. The next step is to outline the complex system of current
UGI management. To do so, the information gathered so far should be considered

and use the systems thinking discussed above.

A system is composed of elements, interconnections, and a purpose. The purpose
can only be deduced when studying the system, and the interconnections will
become evident when analyzing the elements, so the initial step, and the only one

that can be described is the identification of the elements (Meadows, 2008).

The construction of an integral complex system cannot be given by a specific
framework, because due to the very nature of the system there are no predefined
sequences or actions to follow that are applicable to all cases. Taking this into
account, the categorization of components elaborated by Elia et al. (2020) for the
development of complex systems for project management will be used as a guide.
The format to be filled out to support the identification of the different components is

presented in Table 13.
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Table 13. Component identification matrix for the elaboration of the complex

system.
Beneficiaries For whom does it exist?
Outcomes  What objective does it serve?
Stakeholders Who is involved?
Activities What activities are executed?
Time How is it structured over time?
Resources What is required?
Budget How much does it cost?
Benefit What is the impact?
Governance How is it managed?

Source: Elia et al. (2020)

5. SYNERGIES AND TRADE-OFFS ANALYSIS USING ECOLOGICAL PRODUCTION

FUNCTIONS (EPF)

Following the methodology of Wong et al. (2018), regression models that link

ecosystem characteristics and produced services, also known as ecological

production functions (EPF), must be created.

EPFs are calculated through the ordinary least squares (OLS) regression method,

which consists of minimizing the sum of squares of the model prediction error. The

function obtained has structure of y = a + bx, where the coefficients a and b must be

calculated as follows:

_ n(Ew) - E0EY)
n (57 — (212

_ EnEx) - EDExy)
n (Xx?) — (Xx)?

b

Where n is the amount of data.
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Once the regression coefficients have been calculated, they will be used to estimate
the line of best fit and thus calculate the marginal values of the different UES and
UED, to evaluate the synergies and tradeoffs in terms of the feasibility of reducing
the deficits of ecosystem services (understanding deficits as the difference between
supply and demand).

Marginal values refer to changes in ecosystem services relative to changes in units

of ecosystem characteristics:

A final ecosistem services

marginal value = —
g A ecosystem characteristics

These regression coefficients can also be used to analyze different future scenarios,
and the possibility of being implemented. The synergies and tradeoffs will be

summarized in a matrix as presented in Table 14.

Table 14. Summary of synergies and tradeoffs.

Shortfall Synergy / tradeoff Feasibility

Source: Wong et al. (2018)

6. THE MAKING OF AN ADAPTIVE MANAGEMENT STRATEGY.

Crevier & Parrott (2019) explain that the steps for creating an adaptive management

strategy are as follows:

1. Initial assessment of the socio-ecological problem, and the development of a

model that represents the managed system.
2. Use of the model to determine the management strategy or policy.

3. Implementation of management actions.
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4. Evaluation of the impact of the management strategy on the system.

5. Increased knowledge about the management of the system by learning from
the results of the applied management strategy.

To accomplish the first two of these steps, the methodology of Robinson et al. (2016)
for structured decision making will be followed, as it is a participatory process,
applicable to systems of different scale and complexity, which allows transparent
decision making that can be subjected to evaluation, and mainly, it uses much of the

information collected previously in this study.

The development of the strategy will be based on the synergies and disjunctions
identified, which should be put into the local context, through the complex system
elaborated previously, with the support of the spatial and statistical information
generated, which will allow an adequate understanding of the complex relationships
in the system, and the making of appropriate management decisions.

6.1. PROBLEM STATEMENT
Considering the institutional context, the problem that the management strategy

intends to solve should be approached from the objectives of the PUB, understood
as "To manage integrally the flora and fauna found in the spaces and gardens of the
university campuses in a sustainable and respectful manner (Universidad Autonoma
de San Luis Potosi (UASLP), n.d.).

6.2. OBJECTIVE DEFINITION
For this stage, the Delphi method will be applied again, using the same panel of

experts that was selected previously, who will be consulted on the fundamental
objectives and sub-objectives appropriate for the strategy. Survey 3 is presented in
Table 15.
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Table 15. Survey to determine the objectives of the adaptive management
strategy.

Survey 3.

Considering the following objectives extracted from the Biodiversity Program of

the Agenda Ambiental.

General objective

To manage integrally in all UASLP activities the flora and fauna found in the

spaces and gardens of the university campuses in a sustainable and respectful

manner.

Specific objectives

e Continue with the programs, projects and multidisciplinary and

interdisciplinary efforts for the diagnosis and creation of knowledge
regarding the species housed in the UASLP campuses with the
commission of experts that considers health, safety, and environment.
Generate communication, education, and community participation
strategies where the procedures for good management of gardens and
non-human animals are made known and applied.
Consider the management of threatened and endangered species of fauna
that are beneficial to the environment, pollination, air quality, as well as
those that bring an imbalance to the ecosystem in which they are found or
in human activities.
Consider flora species in gardens, planters, roofs, and patios that contain
a landscape design, with endemic vegetation and agroecological care for
pest control and pruning.
Replicate, scale up and implement the Unihuerto program in more places,
as well as the creation of new programs to ensure food security, the
creation and maintenance of green spaces and respect for animals.
Conduct forums, conferences and worktables for the integration and
participation of all stakeholders, as well as training courses for gardening
and maintenance personnel.

Please respond.

Questions Answers

In the following space, please define a set
of fundamental objectives and sub-
objectives that, in your opinion, will allow
meeting the purpose of the Biodiversity
Program, considering economic, social
and ecological factors within a context of
supply and demand of UES and UED.
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The summarized data of this survey will be analyzed and if there is no consensus

(defined as 70% agreement), a summary will be provided to you for consideration
and a new iteration of the survey will take place.

6.3. ALTERNATIVES
For this stage, the Delphi method will be applied again, using the same panel of

experts that was selected previously, who will be consulted to propose management
alternatives that address the deficits found in reference to the UES and UED within

the study area. Survey 4 is presented in Table 16.

Table 16. Survey to propose management alternatives.

Survey 4.
Considering the following information which is given to you:
e List and maps of identified shortfalls of UES within the UASLP western

campus.
Sorensen Network representation linking urban green infrastructure,
ecosystem functions, ecosystem services, satisfactors of human needs
and human well-being.
Diagram of the complex social-ecological system for the urban green
infrastructure management of the UASLP western campus.
List of fundamental objectives and sub-objectives generated by this panel
of experts.

Please respond.

In the following space, propose
management alternatives based on
ecosystem services that will allow, in your
opinion, to fulfil the fundamental
objectives and subobijectives.

The summarized data of this survey will be analyzed and if there is no consensus
(defined as 70% agreement), a summary will be provided to you for consideration
and a new iteration of the survey will take place.
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6.4. CONSEQUENCES
Using the EPF built during the statistical analysis, the management alternatives

selected by the panel of experts will be modeled, to evaluate their effect on the

fulfillment of the different objectives set.

6.5. OPTIMAL DECISION
For this stage, it will be necessary to apply the Delphi method again, for which the

same panel of experts that was previously selected will be used, who will be
consulted to assign weights to the different strategies proposed. The experts must
distribute 100 points between the fundamental objectives and sub-objectives
considering the results obtained from the modeling of consequences for each of the
proposed management strategies. Survey 5 will be carried out considering Table 17.

Table 17. Survey to determine the relevance of the different management
alternatives proposed.

Survey 5.
Considering the following information which is given to you:

e Maps of the modeled consequences for each of the proposed management
strategies if applied within the UASLP western campus.
Please respond.

Questions Answers

Distribute 100 points between the
fundamental objectives and  sub-
objectives listed, considering the results

obtained by the various applicable
management alternatives.
The more points, the more relevance.

AdGiional comments. e

The optimal management alternative decision will be obtained by calculating the
expected utility value "E(U)" using the following formula.

E(U) = WF1 (Ws1*UsT + Ws2 * Us2 + ...) + WF2 (Ws3 *Us3 + Ws4 *Us4 + ...) + ...

Where:
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E(VU) = expected utility value.
Wt (1, 2, ...) = weight given to a fundamental objective x.
Ws (1, 2, ...) = weight given to a subgoal y.

Us (1, 2, ...) = value obtained for some sub-objective through the consequence

analysis (normalized, from O to 1)

The alternatives with the highest value of E(U) are considered the best options, since
they represent those options that can reduce the greatest amount of deficit. These
will be the measures that will be proposed for the adaptive management strategy.

6.6. MONITORING AND EVALUATION
Monitoring and evaluation (M&E) are needed to measure the achievement of

objectives and are of special importance in the context of an adaptive management
strategy meant to evolve in an iterative manner, constantly learning from the

collected data.

For this, a monitoring and evaluation plan needs to be devised. This plan is directly
linked to the proposed strategy because the indicators that are being assessed are

directly derived from (and respond to) the objectives of the strategy.

A good indicator is measurable, practical, reliable, relevant, useful to manage, direct,
sensitive, responsive, objective, and capable of being disaggregated. The following

step-by-step guide is provided to select good quality indicators.

Identify what needs to be measured.

Develop a list of possible indicators (brainstorming, research, literature).
Assess each possible indicator.

Select the best indicators.

Draft the protocols.

Collect baseline data.

N o g~ wDd e

Refine indicators and protocols.
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According to The World Bank (TWB) (2009), the development of an M&E Plan
requires the construction of a Logical framework which links objectives, indicators,
measurement information and data sources. Table 18 presents the matrix for the
M&E Logical framework to be filled for this Protocol, once the strategies, indicators
and methodologies are set by the experts.

Table 18. Monitoring and Evaluation framework

Strategic Indicator Baseline | Target | Frequency Data
objective source

Table 19 presents an example of the annual schedule that will be generated once
the selected indicators and frequency of assessment are decided. An important point

is to indicate responsibility for its fulfillment.

Table 19. Monitoring and Evaluation schedule

month

. o month
Responsible STETuTATM ]9 [3 [A[S[ON]D.

Communication products and channels are to be decided by the UASLP or AA, but
the recommendation is to publish a yearly report containing the status for each
ecosystem service indicator, accompanied by maps to show the spatial configuration

of their provision.
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It is necessary to train personal for the continuous M&E of this Protocol, so a
Capacity Building schedule must be devised for the workers responsible to run this

Plan.

Table 20. Capacity building schedule

_
J|FIMIA[M]J|I[A[S]O[N]|D]

A. Relevant topic
(fill row with %)
1. Role or

individual to
be trained
2. Role or
individual to
be trained
3. Role or
individual to
be trained

B. Relevant topic
(fill row with %)
1. Role or

individual to
be trained
2. Role or
individual to
be trained
3. Role or
individual to
be trained

6.7. DOUBLE LOOP LEARNING
Following the framework of adaptive management, a learning process based on two

cycles should be proposed. The short cycle, or technical learning phase, will be
based on monitoring the state of the UGI, as well as the supply and demands of the

UES and UED within the area under study. The long cycle, or institutional learning
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phase, should focus on reassessing the entire strategy, going back to the
deliberative phase, and including the objectives and methodologies used. Figure 1

represents the double loop learning scheme in a graphic manner.

The recommended timeframe is to carry a continuous monitoring with annual
reports, for the technical learning phase, and to carry an institutional cycle every time
a major institutional plan is about to be reformed. The current suggestion is to link it
with the Plan Institucional de Desarrollo 2024-2030 (Institutional development plan,
PIDE), so the following institutional cycle should come in 2029, in preparation for the
next PIDE.

Institutional learning

Iterative phase Deliberative phase
Decision mfking Objectives
Monitoring Stakeholders

Assessment Alternatives

[
£
&

Figure 1. Double loop learning scheme
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