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1 ABSTRACT

The impacts of the current urbanization and clindtange challenges are well documented, as wethes,
role of cities and the urgent action that needske place at the local level, especially in sraall middle-
sized cities. As extreme climatic events unfol@éréhis a need to identify the potential and thatstiies that
can help municipalities steer urban planning onaensustainable and resilient track to reach tiobai!
climate goals within the next decade. Now more #ner, Nature-based solutions (NbS) such as Bleergr
infrastructure(BGI) are proving to be a feasibleerative for cities to adapt their urban environinia
response to climate change, while simultaneoudgining economic, environmental, and social co-fiene

Anticipating climate challenges in cities makeital to change today's traditional urban planningp
initiatives that consider greener solutions likelB&owever, some implementation barriers such adabk
of stakeholders' involvement to navigate and catera more resilient and adaptive city environmeratike
difficult the transition.

As part of the Morgenstadt Global Smart Citiesistite (MGI), financed by the German Government
through the International Climate Initiative (IKjhe city of Saltillo located in the Northeast @giof
Mexico is paving the path towards sustainable urnpi@mning through the City Lab project. In the ffirs
phase, the City Lab consisted of an integratedrudmalysis, stakeholder engagement, and the ctiameH

a roadmap of solutions by experts and local adtotackle the city’s urban challenges. The City lpabcess
allowed anchoring the identified measures in thanping documents of Saltillo, ensuring the
implementation of the roadmap in the long term. \Biameously, it opened up spaces for co-creati@h an
community engagement valuable to understand tigesditcal environment and identify its potential.the
second phase of the City Lab, the implementatiora gfilot project based on BGI addressed the most
pressing problems of the city such as pluvial flgodater scarcity, and depletion of aquifers. is tkgard,
the stakeholders were actively involved in analgziplanning, formulating, developing, implementing,
testing, evaluating, and maintaining the pilot pobjto cope with climate impacts and contribute to
sustainable urban development in the short, me@inchlong term. In this paper, special attention e
given to the process of pilot project implementatishowing the efforts that the City Lab Saltill® i
undertaking to implement BGI techniques such as gardens, infiltration basins, permeable pavenad,
vegetation in a public and urban space as an ddaptaeasure in response to climate change. Trost&$
reshaping the city's discourse, shifting the rdlarban planning, and highlighting climate actianaashared
responsibility among the public, private, acaderaid civil society.

Keywords: Urban planning and co-creation, Blue-greéefrastructure, Nature-based solutions, Climate
change adaptation, Governance of Nature-basedswut

2 INTRODUCTION

In the current race against climate change impartsan interventions for mitigation and adaptatgain
relevance when dealing with middle-size cities, ezong approximately 45% of urban areas in emerging
economies like Mexico, and expected to bear thatbof climate impacts in the coming decades (UN-
HABITAT, 2022). On the other hand, the need to tpdhe planning processes and urban interventialfs c
for immediate action and for pilot concepts that aasily implemented, tested and replicated in cdse
success. Implementing nature-based solutions (ldb%ctions that aim to protect, sustainably manauge,
restore natural and modified ecosystems addressimgnt societal challenges (IUCN, 2020),is a tdasi
alternative to address current climate challengesiddle-size cities from emerging economies. Nb8Iso

an umbrella term for a variety of nature-based eggines such as Low-Impact Development (LIDs), Best
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Management Practices (BMPs), Green infrastructurBEcmsystem-based Adaptation (EbA) among others
(lISD, et al., 2022). For the pilot project in &t the implementation of NbS has been done tghoBlue-
green infrastructure (BGI). The latter offers theajest benefits for the provision and control aitev
qguantity and quality as well as biodiversity. Beitmpd control one of the key services of BGI, lioes
substantial hydrological functions easing the itgption and allowing the retention of rainwater and
stormwater, and at the same time offers benefitisgathe recreational, cultural, and well-being disiens
(Bacchin, K., et al 2016; Kopp et al, 2021).The lenpentation of the pilot project in Saltillo is eegied to
increase and improve green permeable areas inityhetlee reduction of floods and their impacts, and
promote citizen engagement and participation imanplanning processes.

2.1 Saltillo climatic conditions

The Mexican city of Saltillo has a population ofnalst one million inhabitants (INEGI,2020). The city
located in the desert of Coahuila is a highly vidie area exposed to variability in hot tempeesgur
between spring and summer (Fig 1). Neverthelesshglthe short rainy season, heavy rainfall andnsso

are frequent due to mainly intense atmospheric ginena (Mok et al., 2021). Despite Saltillo’s averag
annual precipitation of 484 mm, the climatic coimtis and extreme weather cause floods and droughts
(IMPLAN, 2021). However, these extreme events aretine only ones; the city suffers heat waves durin
the spring and summer, and cold temperatures itewin

SALTILLG

Fig. 1: Localization city of Saltillo, Mexico.

In addition to the above, the city of Saltillo Hasd rapid urbanization, growing extensively as rawfing
city. Its urbanization patterns characterized l®y ¢bncentration of the population in the centrehef city
with few green spaces and sealed permeable suriexaserbate the increasing temperature, the urean
islands (UHIs), and flooding in urban spaces duea¢olack of pluvial drainage in most parts of ditg and
insufficient capacity in areas where it existdslexpected that the effects and impacts of clinahnge in
Saltillo and the region will be worse than todaydawith the combination of rapid and unplanned
urbanization, extreme events will be more frequétit many monetary and non-monetary consequences fo
the population (Mok et al., 2021).

2.2 Pilot project background: Saltillo’s city profile and roadmap

Through the first phase of the City Lab, it wasgiole to identify opportunities to improve the mgrhance

of Saltillo in selected sectors and to develop ausinade, sustainable and integrated solutions poane

the urban infrastructure processes or services f@search phase was supported by interviews ol |
actors and resulted in a city profile as a diagonadtthe city with identified potentials and a dmaap with
project ideas that were co-created between the lGibyteam and the local actors. In the water sethter
urban assessment highlighted challenges such @diritp lack of rainwater drainage, and water slygrtas
pressing in Saltillo. To address these challengesecommendation was made to integrate Blue-green
infrastructure into the urban space, enhancingdhgs green permeable areas and recharging already
overexploited aquifers by creating a sponge citgaf(Ordonez J.A., et al., 2021).Such a recommigoa
was taken forward in the pilot project implemerdati
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3 METHODS AND TOOLS

The pilot project was developed by an internatioaatl interdisciplinary team composed of research
institutions such as the University of Stuttgarland the Fraunhofer Society and a local team fdrime
the Municipal Planning Institute (IMPLAN) and thednoldgico de Monterrey. The international institos
performed the project coordination, and the loednt provided the local know-how, conducted the
stakeholder management and outreach, and coorditteeesearch and the pilot project implementation
site. To achieve the implementation of the BGI teghes such as rain gardens, infiltration basins,
permeable pavement and vegetation in a public dmahuspace as an adaptation measure to climatgehan
five steps were developed (see Fig. 2).
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Fig. 2: Diagram process of the implementation pilatject.

For step one, site selection, the team performeaping exercise with a Geographical Informatiost&m
(GIS)to identify public spaces that flooded aftginrevents and where citizens were affected by tAdran,
the sites were evaluated using similar criteria presented to the Mayor of the city, the Directeraf
Public Works, and the Directorate of Urban Develeptto find the most suitable place to intervenee T
following criteria were considered during the eaion:

* Facilities and networks: No public networks wereetied during the construction work.
* Flood risk and frequency: Frequency of floodingrdseper year.

e Social impact: Number of citizen complaints duédoding.

e Land use: Public or private space.

* Population density: Benefited citizens.

« Aesthetic urban development: The potential of improent of the green public space.

e Contribution to the achievement of the City Lab jBcb objectives: Demonstrative adaptation
measure.

To define the intervention, a participatory process carried out aiming to involve the neighbourghe
co-creation of the pilot project. During this exse; the neighbours were asked about the currenbiughe
public space, their experiences during the floodingnts, and their expectations from an urbanvatgion

to improve the area. In the third step, preliminggghnical studies were conducted to understand the
characteristics of the area to be intervened. Tieahstudies such as a topographic survey, soilhaugcs,
hydrological study and vegetal inventory were exeduWith this information, the next step consistéthe
elaboration of an executive project, appointed ugto public bidding. The company selected for the
implementation was responsible for making architedtand engineering designs for the public squiare.
this step, the City Lab local team and the selectadpany carried out a SWOT analysis of environadent
and socio-cultural characteristics to be considaredhe design process for the integration of BGI
techniques. The design proposal, acknowledgingliysical characteristics of the selected site, liradthe
topography, urban trees, landscape, and hydrograpiai hydrology conditions of the site. Regardioga-
cultural aspects, the design proposal focused ditipteuusers and rights holders' involvement. Talaon
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the project in the local environment, the fifthpstonsisted of the involvement of stakeholders toatid
support the project's implementation and mainteaafier the end of the City Lab project in Saltillo

4 RESULTS

The implementation of the pilot project in Saltihas been a joint effort that started with the Mi@iative,
and the City Lab project and was followed by cisg@ssments, participatory workshops and the roadfmap
project ideas. The integration of the Planningitast of Saltillo (IMPLAN) in an international coepation
project like MGI drew the attention of local stakéders and authorities, and the results of thearebeand
the potential of the pilot project idea openeddber to in-kind cooperation from third parties. Redjng the
best site for the implementation of the pilot pobjenapping with GIS tools to identify the areashwiluvial
flood risks showed four potential sites (Fig. 3).

ALTERNATIVE 1: BRISAS
NEIGHBOURHOOD SQUARE

ALTERNATIVE 3:
NEXT TO THE SCHOOL CBTIS 97

Saltillo

NORTE

Arteaga
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HIBERNIA NEIGHBOURHOOD
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T —

Escala grafica

Fig. 3: Pilot sites identified with GIS.

After mapping, the four sites were evaluated ussngilar criteria (see Table 1). Obtaining the best
conditions to introduce BGI techniques was a squmatiee neighbourhood Brisas where there were tdigu
networks affected, a high risk of flooding, andgreomplaints from neighbours. Furthermore, the lasel
would allow an intervention and it could contribtitethe overall MGI project objectives. The squbas a
total surface area of 0.35 hectares, with a total0& people living in 30 private homes. The popata
density of the area directly benefited by the potject is 30,388ha per km?, and the housing tersiB4
homes per hectare (IMPLAN, 2023). Being this squbeesite with the highest density of the shostist
four, these figures highlight the overall low déysn the city, one of the main characteristicsSatltillo’s
urban fabric.

. Alternative 1 Alternative 2 Alternative 3 Alternative 4
SELECTION CRITERIA BRISAS SQUARE CARE CENTER CBTIS SCHOOL LA HIBERNIA
Technical conditions
(no public networks affected) Good Geod Good Good
Flooed Risk accordmg to GIS : : : :
and Saltllo’s Risk Atlas High Medium Medium High
Soctal  Impact Numberof
Citizen complamts due to High High High - Medium Low
floeding
Land Use Public Green Arez Public Green Arsa Public Green Arez Private Residential
Population Density High Medium High Low
Utrbzn Image Improvemesnt High High Medium Low
Visibility High Medmm High Low
Centribution o the
zchievement of the MGI High Medium hedium Low
Project objectives

Table 1: Selection criteria pilot area
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With the pilot site selected, a needs assessmehttiaé@ neighbours of the pilot area was also uaéert.
The local team contacted the Secretary for Soc@aleldpment of Saltillo to gain an understandinghef
procedures for citizens' involvement in planninggasses. The first approach was done with the suppo
the Secretary and only to the local neighbours’neduwvho manifested interest in the pilot intervient
After this encounter a workshop was organized fon@ighbours to map the needs, the problematiasare
after the rain events, and the current uses optiflic space where the pilot is taking place. Tdatel was a
crucial step to ensure the acceptance of the éion and to recognise and incorporate the current
dynamics and activities that take place in thet@itea (Fig. 4).

Fig. 4: Participatory processes to identify speaifiquirements for the neighbours.

To complete the site assessment, the City Lab teamducted technical studies with support from the
Secretary of Infrastructure and Public Works oftifal A topographic survey and a soil mechaniasdgt
were performed to identify the characteristicshaf terrain and to assess the feasibility of thestwantion of

a rain garden and an infiltration basin to tackle pluvial floods in the selected area. Figure5reanezes
the topographic and hydrologic conditions of theaar

| i |

Flooding with greater Flooding o1 sidewalk
atension and bus mon

Fig. 5: Topographic and hydrologic conditions ¢ ffilot area (Elaboration: PEW Studio)
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The results of the topography survey indicate thoff accumulates in this area without outlets torm
drains. Only one grate connected to the sanitamgiseith a reduced capacity was identified, whiamrmot
be enlarged because it would cause an overflowgftrehe sanitary pipes into the houses in the #sa
result, runoff accumulates in the area, causingdileg on the avenue, sidewalks and even, in heaing,r
flooding into the houses. This amount of water angiation remains for days in the area until itiadyally
drained through the sanitary sewer and evaporatesabsorbed in the green area.

The estimation from the hydrological study showat the maximum runoff volume that reaches the ptgpe
in a two-year return period was 20,135 m3,in 5 y&&,000 m3, and in 10 years 61,740m3. In all cdbes
runoff volume estimated is high. This is due to tmban basin with an area of 2.27 km2being95%
impermeable. The simulation was carried out comsigeextreme storm situations with a duration of 24
hours, using the HEC-HMS software developed by th&. Army Corps of Engineers Hydrologic
Engineering Center (HEC). Given these scenariosa# decided to consider a large capacity for gssgth
and size of the rain garden and infiltration basithniques to reduce flooding events related teaa yeturn
period. Besides the technical studies forementiptedievelop the executive project, which included
landscape and engineering design for the publiarequwo characteristics were considered for theO3W
analysis (see Fig. 6).

Strengths Wealknesses
Medium and low permeability

Tlow direction to the square
Compacted soil

Lack of recreational areas
Active citizens to care green arca
Lack of pedestrian path and mobility

1
1
1
1
1
1
1
1
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Well conserved green areas and urban trees I
1
1
1
1
: . 1
Diverse community around the square 1

1

1

1

Inclusive design for the public space Rejection of the type of intervention

Improving the public space for recreational activities Limitation of use of the public space

High frequency of floods

Soft slopes and watershed shape High water volume accumulatd

Threats

1
1
1
1
1
1
1
1
e - 1
Flow accumulation in permeable green area 1
1
1
1
ey I
Opportunities 1

1

[}

1

1

i Environmental characteristics

- Socio-cultural characteristics
Fig. 6: SWOT analysis for environmental and socititcal characteristics.

The analysis highlighted strengths, weaknesserappties, and threats for each characteristidyaed.
The design proposal involved four BGI techniquesape with the high water volume accumulated after
rain events, the lack of pedestrian and path ntgbife limited quality public space, and the mediand
low permeability, among other factors. Figure 7vehidhe design of the public square integratingia ra
garden, an infiltration basin, permeable pavemand, vegetation. The infiltration basin was locatedhe
centre of the square where the run off accumulafesr heavy rain. The calculation of its capacity
considered the volumes identified in the techn&talies. The rain garden was located along thetstioe
mitigate the risk of flooded houses and reduceanits' complaints. The existing vegetation was raaiatl
and more was added to create comfortable spacdbdareighbours to stay, and permeable pavement was
implemented in areas where the neighbours weradyjrdoing some activities. The considerations Her t
last two measures aimed to create inclusive psiplaces with improved conditions for recreationéivaies

for the local community.
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Fig. 7: Render of the pilot project.

During the implementation phase, a high level eblaement of local stakeholders was achieved. Ndy o
the local community was involved and interested blsio the Mayor of the city, various municipal
directorates, as well as private sector represeesasictively participated. The available budgethaf MGl
project for the pilot project in Saltillo was ordylowing a percentage of the overall project desigranks to
the outstanding project dissemination during thet fphase of the CityLab, and the acknowledged/agles

of the project by the local stakeholders, the mipaitty contributed with technical studies and the
landscaping of the square. Private companies tutdxdl to the excavations for the infiltration baaird the
rain garden, and the local community contributedvkedge and valuable insights from the pilot area.
Stakeholder outreach and management as well as/érall planning was performed by the City Lab team
The company appointed for the design, performeadedisthe construction and works management to deliv
the BGI techniques.

5 DISCUSSION

In times of rapid urbanization, increasing populati resource depletion, degradation of ecosystems,
growing pressures on urban land and water resquacesa climate crisis, Nature-based Solutions JNbS
such as Blue-green infrastructure (BGI) provide tipld opportunities for both society and nature to
increase their climate resilience (Rizzi and Utkai2020). These solutions bring diverse natural serdi-
natural features and processes into urban and landscapes, through locally adapted, resourceieii,

and systemic interventions to provide different sgsbem services that can be useful as adaptatidn an
mitigation measures for climate change (EC, 2020).

Like many cities, Saltillo’s future needs to beiepated, changing from today's urban spaces ihte-b
green spaces, and implementing BGI as an adaptatieasure for the climate crisis. However, the
implementation of NbS is not yet well disseminaiadcertain areas and in some cities of emerging
economies is still a mechanism to be explored. Wais evident in Saltillo, where this type of infrasture
was not implemented before, and there is a shomégmntractors in the region with expertise ors thi
particular topic.

While international cooperation projects such asMGI Initiative and the City Lab in Saltillo opeshéhe
door for funds, stakeholder engagement, research caacreation of solutions for sustainable urban
development, they are only the first step in a®oecban transformation that needs to be promotethéy
city including all public, private, academia, andilcsociety sectors. This is a key finding thatimte to the
role of the governance of NbS as the enabler cktiypes of interventions.

From the global perspective, although BGI playses lole in sustainable urban development, theiigdes
and planning stress the need for multidisciplinamyd integrated approaches that are aligned with
frameworks of global relevance such as the SDGgfkaiml, 2021) and to the strategic planning docume

in the city such as Climate Action Plans. On theepthand, despite the efforts of global agreemants
instruments to make climate action more inclusiad &ransparent, in most countries, it continuedvdo
considered primarily a government task. Being NbSeaple-centric approach for climate adaptation tha
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involves decision-making over public goods, theoimement of different stakeholders with different
interests is key to ensuring climate justice(GIlZ19).

In both phases of the City Lab project in Saltilloe relevance of intersectoral participation taham the
project results in the city’s environment was ewtdand thus highlighted the role of the publicyate, civil
society and academic sectors in the urban transtismof the city. This is a key finding to undarsd and

go beyond the limitations imposed by short-termguts, such as the City Lab, which come with time a
financial limitations. The governance of NbS apptas such as BGI needs to be considered to overcome
barriers to urban transformation. From the polieyspective, established visions, plans and stedegie
necessary and need to be supported with laws #fatedinstitutions for the adaptation processes thad
establish implementation mechanisms. Policies and heed to be accompanied by processes that gromot
public participation and communication, monitorangd evaluation and conflict resolution (Iza A., 9D1

From the social perspective, BGI has the potemtisdmpower communities when involved in the project
phases, including their perspective and knowledgbe analysis, design, implementation and momigpaf
the intervention (Kopp et al., 2021). The recogmitof the current activities performed by the nbmlrs in
the pilot area was crucial to engaging the locahmmuoinity and rights holders in the process. Thaokshé¢
scope and size of the intervention of the pilojgrbin Saltillo it was easier to reach out to staiders with

a clear message of what was intended and theicabjity potential and benefits for the city.

With the selection of the four BGI measures in thilst project their replication could be executgen in
smaller areas that require less time, costs amatteifi its interventions. From the experience oé th
implementation of the pilot project in Saltillohet installation of permeable pavements and greenarg
the least time-consuming measures while the impiatien of the infiltration basin and the rain gamd
required more work, machinery, and earth moveméiits. latter, of course, is because of the magnitide
the flooding in the area.

In terms of maintenance of BGI, it is importanthighlight that each BGI technique is unique in terof
size, shape, components and service deliveredyéausring specific maintenance actions (Langeetldl.,
2022).According to Vollaers et al. (2021), all B&Eomponents could have specific failures thataraour
within them, especially on the interfaces, anddms cases the responsibilities to solve them gm fooe
actor to the next, impacting the cost. The expegen the case of Saltillo’s pilot project showéettthe
decisions made by the implementing bodies playsaleain how costly or easy would it be to mainttie
techniques implemented. Low-cost maintenance shalwdys be considered first since the long-termscos
can be much higher than the costs associated héttplanning, design, and construction phases.if th
sense, it is relevant to involve the citizens ane s$taff taking care of the area and provide spémes
understanding the maintenance requirements. ltorshwmentioning that some guidelines for mainteeanc
activities exist, such as those proposed by SeRttldic Utilities (2019). This guideline recommeritie
maintenance actions needed before visual inspedtioally, it is worth highlighting that if the maienance
of BGI is done correctly and promptly, it would dite whether the long-term benefits intended are
achieved.

Through the pilot project implementation, it wasaakvident that modular approaches with implememtat
phases make it easier to execute infrastructurgisy especially when time and financial resouraes
limited. In Saltillo, the modularity of the pilotrgject concept allowed the management of the filghnc
resources available to give priority to the BGlhieiques that would tackle the flooding in the padoga.

With the implementation of the pilot project in 88 and the spaces for citizen participation thare
opened, the municipality can work hand in hand whle local neighbours for the maintenance and
monitoring of the pilot area. This was possiblenttsato the timely involvement of the municipalitycathe
local neighbours and the identification and protecof the current practices and activities of mieeghbours

in the pilot area. The monitoring of the projecbyides key input to the municipality to upscaleapply
pilot projects like this in other districts of Shdt.

6 CONCLUSION

The implementation of NbS such as BGI is provindh¢éoa suitable approach to cope with the impacts of
climate change in middle-size cities where the magent action is required. There are many derived
benefits from the ecological, social, and economerspectives that come along with this type of
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intervention. However, the success of BGIl dependa large extent on the governance structuresatieat
conceived for their design, implementation, and ntemiance. Actors from all sectors need to be
acknowledged and integrated according to theirréstelevel and vulnerability towards climate change
impacts. It is crucial to align the scope of théeimentions with local and global agendas, bus ialiso
relevant to intervene with a sufficient understagdof the areas of work, the community and thelloca
environment. This opens the door for cooperationd &ilor-made solutions to adapt to the identified
climatic risks and offers a solid base to introdumenitoring and evaluation processes that are key t
building a solid base in the replication of suchaswes. While international cooperation and finagci
mechanisms are essential to kick-start rapid swbée urban transformation at the local level, they not
sufficient to transform cities in their entiretyhds, the need to anchor this type of scheme witiegjic
planning documents and to the local environmentstakeholders is the key to sustainable urban
transformation, adaptation, resilience, and liviigtin the face of climate change.
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