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Abstract

The impacts of climate change will most acutely and severely affect coastal communities
and force the migration gfeoples, nations and cultures. Particularly for indigenous groups,
forced migration and community separation is a threat to their suf@ivalhis study focuses on
developing methodology for climate migration planning for the Guna Yalagdeggenousyroup
residing i n Pan a5h&eéeadevebriagsLRBd aanmmterilalizadticn of dlisnate
change that is uncontrollable even in the most optimistic emissions scd@ffiand will leave
islands more vulnerab[&][29] to both climate processes such as thermal expansion, and climate
events, such as storm surgesl extreme floodingl]. Current literature in climate migration
modeling focuses on the development of a minimum data model for migration that can be
applied globally. This study highlights the literature from three papers that offer such models
[18][17][18][19]. However, this research falls short of applicability for planning due to its lack of
specificity and minimal consideration for cultural resilieniiee Guna Yalgroven their
adaptivity and resilience against adversity from the natural and pbitaridand have
developed unique cultures and practices that alter their interaction with the environment [5]. The
study developsraSLR modeknd suitability in ArcGIS to aid in climate planning. TBER
modelutilizes Representative Concentration PaiyRCP) 2.6 and 8[31][32][33], as well as
a model of storm surgg¢9][7], to aid in the creation of a timeline for migration. The suitability
analysis utilizes factorthat integrate cultural adaptations of the Guna Yala into coding decisions
for suitability, such as the need for a site with arable land, that is close to the coast, and far away
from other communities. The analysis compounds the suitability of 11-soclogical factors,
demonstratinghatLa Chorrera, @aegioneast of Panama Citis most suitable for relocation, and

that likely migration timelines estimate migration at or beR(80

Introduction

As noted by the Intergovernmental Panel on Climate Ch&i@C)in 1990, climate
change driven migration may be the greasesgle impact on humanifit]. Professor Norman
Myers estimates that we will see 200 million climate migrants by 2050, a number which is

widely accepted by the international community. Migration due to climate change has and will



continue to disproportiot@ly impact vulnerable communities, whose rurality, low socio

economic status, and lack of political representation compaundifests[2]. Particularly,

indigenous peoples will have high exposure to environmental ch{8jgés climate change

progreses, estimating the location, timing and scale of climate migration will become essential

to the study of climate change impacts, as well as the development of proactive policies for
marginalized communiteAs J . Ri bot r emar k smplyfalifrorhthee r abi | i t

sky”; it is d4.cially constructed

This study will focus on the Guna Yala, an indigenous tribe in eastern panama, who
reside on the lovlying San Blas island]. As a group that will undoubtedly experience some
of the first severeffects ofSLR, they will need to adapt and plan in order to protect their
community heritage and to ensure that eventual migration will preserve their language and
culture. In order to best assist in the planned relocation of the Guna Yala, this dtedyelict
a suitability analysis of the surrounding regions basedasfialand environmental factors and
discuss the viability of these projections for planning effdrisill also model the likely impacts
of SLRon inundation in San Blas in orderdeeate a visual incentive for planning and aid in the
development of a timeline for migratiofhis study will deviate frormany approaches to
climate modeling by focusingn empowering the resilience and adaptive capacity of this strong
cultural group anduggeshg an approach that takes that into account when planning for
strategic relocatiarParticularly, | suggest an interdisciplinary approach which utilizes tools
from environmental planning and policy to achieve empathy and applicability in theéaetHc

relocation destinations.

This study will evaluate current methods for modeling climate migratioaréas with
low data availabilityand suggesd shift in focustowards modeling that is useful for planning and
takes into account culturegsilience to environmental chasd suggest that a suitability analysis
andSLR model mappedh ArcGIS that takes into acaoat cultural adaptationsocial and
ecological factors is optimal, and utilize the methodology for domestic relocation of the Guna

Yala from the San Blas Islands in Panama.



Chapter 1: Background

1.1 The Guna Yala

The Guna people primarily reside in the Comarca Kuna Yadefirst semautonomous
region to be established in Panama in 1&3&dcovers a strip of land on the eastern side of
Panama, as well as o800 coralislands off the coast known as the San Blas IsIgsidS hey
primarily live on the largest 48 of these islands vaithopulation of around 30,000he
administration and politics of the region are entirely separate to mainland Panama and consists of
elected community representatives known as Saltla3he economy of the Guna Yala is
primarily based off subsistencgreculture and community approaches to welfare. gifv@ary
food sources on the islandseseafood, but they are supplemented by food crops crown on the
mainland such as rice, yams, yucca, plantains, bananas and pineBippiaain industries are

tourism and coconuf$§].

Access to technology and contact with mainland Panama is minimal, meheie is a severe
lack of data in the region from which to base quantitative predictions. The P&wsrsagracks
district population every 10 yedl39][4 1], resulting ininconclusivedata on historical domestic
migration. As a group with prohibitivelpw access to capital and technology, and whose
communitiegesideon low elevation islandg], the Guna Yala will be severely impacted by
SLR.

Regional inundation due ®LR, in addition to shifting meteorological patterns, will have an
impact not onlyon the size of the San Blas Islands, but the subsistence agriculture practices off
which the Guna economy is based. These impacts will require adaptation measures, including

but not limited to strategic relocation.
1.2SLR Impact on San Blas

IPCC Chapted on impacts of climate change on islands describes the increased impact
of climate change on coag®. Theglobal mean sea levid rising and accelerating with high

confidence due to anthropogenic factafls The report outlines factors of coastalidesice that



make it increasingly vulnerable to the impacts and ra&l & These aréhermal expansion in

equatorial adjacent areasstreme sea events, and adimatic anthropogenic drivef3].

SLR does not occur uniformly due to thermal expansionawwanamics and land ice loss.
These create variations of 30% above and below the GM3LRmportantly, changes in wave
height and period have lamgeffects on coastal flooding than the average sea[@8EIThe

IPCC reports that increasing GMSLR will result in increasing frequency of extreme sea level
events such that they will become common by 2100 under all climate scdipri®articularly,

the report documents the increased f@kcoastal communitiesf tropical cyclonesstorm
surgesand marine heatwaves. The report projects thatyavg cities and small islands at

almost all latitudes will experience these events annually by P5T0hese extreme events as
well as relativeSLR will likely result in habitat contraction, loss of functionality and biodiversity
and lateral and inland migrati¢r]. Events such as storm surges can increase the sea level by
15ft, causing severfooding [29][7].

The reportalso commentsn the exacerbation of climate effects due to human interactions with
the land. Specifically, the presenmiemanmadebarriers that prevent inland migration of

marshes and mangroves and limit the availability and relocafisediment willworseneffects

of SLR[7]. In the case of the San Blas islands, this is indeed a concern. In an attempt to deal
with their increasing population, the Guna mined the surrounding coral reefs that would have
otherwise helped protect theasls from flooding to build up the laralea on their islands].

"From 19702001, nearly 80 percent of the peripheral coral disappeared as the Guna population

more than doubled, Guzman and other Smithsonian researchers féund"

In order for adaptation to these effects to occur, significant-sont planning willbe needed.
The report remarks that "taking a leteym perspective when making shtetm decisions”
particularly, accounting for uncertainty and loegpecific risks will be needed to the tackle this
issu€e[8]. Proactive and adaptive measures will nigeble put in place to organize relocation

efforts and develop initiatives to combat the effectSIoR in the short term.

1.3 Current State of Relocation Projefais Gardi Sugdub



In 2017, the BBC documented the intended domestic migration of the Garililsag
subcommunity in the Guna tribe, who have noticed their islands beginning to shrink and are
planning an eventual relocation. The Gardi Sugdub's populat®g@d[39] is planning to
resettle in d 7-acresite on the mainlan®]. This relocationnitiative was launched in 2010 in
collaboration with the indigenous people, the Panamanian Government and independent
organizationslt is the only initiative of its kindDespite the promises made to the Gardi Sugdub
by the Panamanian government aboudgation support, no concrete actions have been
implemented10]. Displacement Solutions, the organization driving the agreement between the
two, remarks that we should not expect the spontaneous migration of individuals from the island
to the mainland, buhat the operation is a collective enterprise that will happen gradually and
likely not completely until a natural disaster where displacement is nec§s8aryhe intention
of the planned relocation is for the Gardi Sugdub to have a viable comms@tifement option
when the ‘'trigger point' of their migration occurs. This is in contrast to the likely alternative,
where the community is forced to disband and migrate to Panama City, where they will be living
in the poorest neighborhoods surroundingdite[10]. This initiative is one of the first of its
kind and provides an example of what may be possible for alling island communities that
are facing climate change. However, the political and economic factors that complicate the
feasibility ofthis project (as seen by the Panamanian government's lack of concrete action on this

initiative) demonstrate the difficulty of such a project.

To create an incentive for such relocation projects, an understanding of the general time at which
forced migraibn will occur may be of help both from a logistical perspective, and to drive a

sense of urgencyrhis study will aim to assist the organizations pushing for planning for this
indigenous community through the development of a visual tool for understa8idmtgnpacts

on community infrastructure.

1.4 Drivers to Climate Migration

Planning for the migration of an entire indigenous group will require significant planning,
funding and infrastructure that must be in place long before the idi@cdsne submergett is
for this reason that estimations of the timeline and severity of climate change impacts on these

islands must be understood.



When examining this case study of the Guna peopseiniportant to understand the climate and
nonclimate drivers to their potential migration. Climate drivers of migration from a
meteorological perspective are divided by the IPCC into the categbeisiate processesnd
climate event$§l]. Estimating climate migration requires predictions about the frequency,
severity and location of climate events. It also requires assumptions about how and when
communities decide to migrat&n analysis of climate and neslimate drivers to migration

builds context around these decisions.

1.4.1 NonClimate Drivers

Sociceconomic status plays a significant role inian d i v mabllity, Which is a key
feature of the ability to migrafé]. The International Organization for Migratiaiescribes
migrations decisions in areas characterized bynoigration in terms of those who are unable to
move and those who choose not to m&. 99% of the Guna people havelaternational
Welfare Index value of under &hd reside in the poorest province in PanflBh With low
access to funds to move and rebuild, their ability to migrate is limiteete are different
degrees of mobility due to a range of reasons, including lack of knowledge about opportunities
outside their geographical and cultural environmgntjal and cultural ties, physical immobility,
gender and agd4]. For the Guna people this is particularly relevant, as the revolutib®bdf
year is a point of historical pride for the indigenous people, and thus they have a strong value for
their lard [5]. Thus,we can classify immobility as being voluntary or involuntary. In the case of
the Guna people, both types of immobility play into migration decisions, impacting perceived
utility trade-off of relocation and adaptation. These semionomic facirs deeply complicate
the decision calculus of individuals and communities when deciding whether or not to migrate in

the face of challenges due$aR.

1.4.2 Climate Drivers

Climate drivers of migration from a meteorological perspective are dividecedP@C
into the categories of climate process®kR, salinization of agricultural land, desertification,
growing water scarcity etc.) and climate events (flooding, storms, glacial lake outburst floods

etc.)[1]. Climate processes have a more gradual impacenigration as conditions tend to



worsen over longer periods of time, and individuals have slowly increasing incentives to migrate.
Climate events on the other hand, tend to cause more drastic migration due to the destruction of
property, and emergencglocation measurd4]. The severity of climate change impacts is
heterogenous both between countries and domestically due to a variety of factors, ranging from
proximity to coastlines to agricultural sensitivity. There are also likely to be some réggons

are positivelyaffected by climate change in the short run. A study predicting economic damages
under UN mitigation targets notes that countries like Canada and Russia are likely to experience
GDP gain from global warming in the short run, due tadinelra becoming arable lafith]. In

order to accurately model migration drivers from climate change, an understanding of the likely

temporal shifts will need to be established.

The IPCC fourth report on adaptationsStioR for low lying islands presents a graphic that

summarizes the drivers and necessary adaptdfipns
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Figure 1: Drivers and Adaptations to Sea Leveldisr Low Lying Islands, Source: IPCC 4th Report

Chapter 2: Literature Review

Current approaches to modeling migration offer insight into the potential ways to forecast

Panamanian indigenous migration for relocation and adaptation planningnpioitant to



firstly note that migration decisions are often multicausal and rarelyoderevironmental stress
alone[1]. In the case of the Guna Yala, this is especially pertinent as community and cultural
identity are extremely closely tied to their land and auton@hyA suitable model for migration

will therefore take into account bohuman and natural factors in migration decisions and strive
for a high level of specificity. This section will discuss a sampling of the approaches to modeling
climate migration both with regard to their suitability to assisting the Guna Yala andibmstat

The three approaches that will be detailed are an instrumental variable approach for migration

modeling, a gravity model and a coupled radiation @& model.
2.1 Instrumental Variable Approach to Migration Modeling

The primarycriteriathat deterrme thesuitability of a modeling approach for migratiare
specificity and accuracy. Feng et al offers a mechanism to measure migration due to climate
change in scenarios where migration data is known by utilizing an instrumental variable
approach to ingstigate the linkage between climate change, crop yields and Méidmrder
migration[16]. Instrumental variable approaches allow for the isolation of the relationship
between crop yields and migration without controlling for all other factors exyli¢itle study
estimates the model using a fixeffects twestage leassquares approach to compare two time
periodsand assumes that the migration between thMd%ico border is happening unilaterally
(from Mexico, to the US])16]. The study utilizes boet data from 1995 to 2000 and 2000 to
2005, to examine its correlation with crop yields as an instrumental variable for climate change.
The outcome of the study indicates that the estimatedaesticity of emigration with respect

to crop yield is appramately-0.2. This means that a 10% reduction in crop yields is likely to
lead to an additional 2% of the population of Mexico to emidda@E This indicates that by
approximately 2080, climate change will induce -B4. million adult Mexicans to emigeas a
result of declines in agricultural productivity due to climate change. This was found at a highly
statistically significant levekuggesting that biases from small sampling and weak instruments

are minimal[16].

Feng et al's utilization of agridukal productivity as an instrumental variable for climate change
does offer a potential strategy for climate modeling in regions where this data is ab@ihdant.

methodologyfor quantifying migration flowss particularlyrobustbecause it is based offeth

10



isolaion of climate impacts on historical data. As Feng et al remarks, policymakers require

plausible forecasts to prepare for future migration flows due to climate cfi®jge

A limitation to this approach is that it assumes tharationdue to clinate change will be linear
as agricultural yields worsen. However, this may not be the case if behavioral or cormmunity
based factors influence migration decisions (e.g. fear of never recovering agricultural yields may

induce mass migration of farmers to th8, resulting in a naetinear migration flow[16]).

This approach has been found to be robust in estimating the correlation between agricultural
yield and cross border migration historicdbiyt may be more difficult to apply to future
projections. The authors remark ttfag specific case study circumstansegh aghanges in
migration policies between Mexico and the @8dinter-government policies to support or
subsidize farmerbmit the applicability of the methodologyl 6]. Temporal unknowns and
adaptation measures will impact the accuracy of any predictions of migration flows into the

future under all methodologies.

The requirement for data specificity in order to implement this magl@ipproach is a

significant limitation for applicationtothe GunaYaRhanamaés | ack of i ntern
as well as specific demographic data on regional groups (beyond population and some socio
economic indicators) makes this approach unswtidylthis case study. It is useful to note that

the lack of data availability in this case study is likely to be emblematic of other vulnerable

coastal areas in developing countries, who are often thought of as the most vulnerable

populations to climatehang€1]. Thus, it is unlikely that an instrumental variable approach to

modeling migration will be scalable across developing anthanitored areas. Feng et al

discusses this in the study, remarking that the accuracy of the results is largely inh@art to

strong efforts of the US government to measureM&Rico migration16].

2.2 Gravity Model for Migration

The minimum data requirement for migration modeling has been explored by a variety of studies
in response to the inapplicability of more robothods of quantification. The earliest such
approach was the gravity model for migratj@8]. This model is based of physics concepts and

has been applied in a variety of climate migration studies, most relevant of which is a recent

11



paper that utilizeshe gravity model in integrated assessment mo8elseviste et al empleya
gravity model for migration and employ four scenarios of border policy to investigate the impact

of border policy on exposure and vulnerability to climate impidatk

Gravity moakls utilize variables that revolve around economic opportunity, proximity (both
geographic and cultural) and migration cqd48. Bilateral migrant flows in the model are a
function of population sizes and per capita income levels (of origin and destigadiups) and
also include a set of bilateral characteristics of the locations indicating suitability for migration
[17]. Through ordinarjeastsquares regression, the gravity model offers a model for migration
that has been shown to have high adjustedired values of between 0.8 and 0.9 in many
studieq17].

The limitations of the gravity method are very similar to the preceding critiques. As noted by
Poot et althe gravity model was developed in a time where minimal data was available for
specificregions[18]. As more data becomes available, the ability to disaggregate migrant flows
(which is a major limitation of the gravity model), increases significantly. This is shown by the
instrumental variable study described above. In this case, thereenmatential for the

modification and reutilization of the gravity model as a method for migration modeling,
however it is more likely to provide a general estimation of population projections rather than

specific directives for policy purposes.

2.3 Radidion Model for Migration

A potential reutilization of the gravity model is suggested by Simini et al, who study the

applicability of the associated radiation model for mobility as a method for migration modeling.

Simini et al provides a universal modet migration patterns through the implementation of a
radiation model for mobility19]. Simini critiques the welknown gravity model for its reliance
on a variety of adjustable parameters that vary by region and offers a stochastic process to
capturinglocal mobility decisions that only requires an input of the population distrib[i&]n
The radiation model simulates migration between cities and was afipkatudy on predicting

human migration in Bangladesh.

12



This study by Davis et alffersaniteration ofradiationthe model applied directly t8SLR [19].
Given the context of this literature review in investigating modeling methods for an area

particularly impacted b$LR, this model offers potentialmethod for the San Blas islands.

Davis et alutilizes the methodology to begin analysis at the individual level. The model, at the
level of the individual, assigns an absorption threshold associated with the population density of
their location of origin, such that individuals from hiiglpopulated regions have a higher
absorption threshold than those in less dense reffi@hsAt the city level, each city has a
probability of absorbing an individual where absorbance is the maximum of the population in
that city. Thusan individual wil decide to migrate to the location of the highest proximity with

an absorbance larger than their threshold. The model uses a statistical mechanics approach to
simulate fluxes between regions within a country. Davis et al examines the models fit to
availabe internal migration data from the 2011 Bangladesh Census, finding that lifetime
migrants had ansquared value d@.75. Davis et al modifies this baseline radiation method to
incorporate considerations 8t.R by accounting for the fact that inundatedas are much more
likely to be experiencing ounigration. They measure inundation using STRM data on elevation
in Bangladesh which is a higlesolution digital elevation modg8]. They evaluate the raster

cells by setting an increasing sea level thresbqual toSLR projections from the IPCC in four
representative concentratipathways for the year 21(QR3]. Thus, the cells with an integer

value above the sea level elevation are-mumdated, while those below the threshold are.

The change in prefence due to the inundation is calculated by reducing the population of
inundated regions according to the population living within an area of a radius equal to the

distance between two districts, keeping the remainder of the original radiation modeakobnsis

There are numerous limitations to this approach. Although it provides an easily applicable model
to other case studies, the migration fluxes modelled do not take into account adaptive measures
by a household or government against inundation, iniaddid any confounding factors that

may make this inundation worse. As discussed, the Guna Yala mining of the coral reef
surrounding their islands is likely to increase susceptibility to climate ej@3nthis would not

be accounted for by the model amduld increase its inaccuracy.
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Another limitation to this approach is the aggregation of migrant flows. As discussed by Davis et
al, the timing, delay or prevention of migration flows can be influenced by a variety of factors
including household or commuypiadaptive measurg$9]. Additionally, migration from regions
inundated bySLR will occur before the time at which the area is completely floaaetlis likely

to be more closely related to the occurrence of climate events. Lastly, as discussed in the
background section regarding the disproportionate effecB.8&on island communities, the

GMSLR does not demonstrate the heterogeneity of regional impa8tdRdf7]. Thus the

projections from this model are likely to be more conservative betlaggender-estimate the
severity of SLR inundation in island communities, and migration is more likely to happen sooner

than if SLR was the only climate impact due to increased frequency of climate events.

All forms of predictive analysiare sisceptible to théact that decisions that we make today and
in the shorterm future will impact the accuracy of modeling attempts. Davis et al discusses the
reality that it may be impossible to incorporate future adaptation measures and opportunities into

modeling beyondhe timeframe of most planning policig®].

These many iterations of models attempting to model migration fall short of accurately
predicting migration for planning purposes. While useful for general expectations of population
movement for applicatiomieducation or incentives to begin thinking about strategic relocation,
in the case of the Guna Yakamore specificsuitability analysis will be required for effective
planning. This study will suggest an alternative to the modeling approach thatisfoisef
minimum data areas and offers regionally specific recommendations for relocation efforts

through a methodology that can be applied to similar case studies.

Part 3: Indigenous Adaptations and Resilience

Although the physical processes of climate change have been a primary focus for literature
on climate migration, the relationship between environmental change and migration is deeply
complicated by factors of a more human nature. Studies often ovexladkural perspetive.
Particularly when it comes to indigenous groups, community adaptability is a significant

characteristic.
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Indigenous peoples oftehare social, cultural and spiritual ties to their land, both in terms of the
physical environment angsociated spiritual environmerd ] Livelihoods, health and wellbeing

are closely linked to subsistence agriculture and land and water management practices that have
persisted for generations. This creates a strong connection held by many indigenasisogiraip

land that influences their responses to environmental chelogesver, while their environmental
connection is strong, their vulnerability is particularly high due to land dispossession, resettlement,
and socieeconomic disadvantaged that is sty linked to the structural challenges and

colonialism they have historically facggl.

This interplay of vulnerability and resilience is an important piece of the study of climate
migration. ®cialecological resiliencenust therefore be a part of thenversatiori5]. Apgar et

al, in a study about the Guna adaptation and transformation highlights that resilience is an
important concept that is emerging to guide and support more inclusive approaches to the
management of combined social and ecologigstiesns p]. The concept of resilience can be used

to think holistically about the characteristi
and systems to survive, adapt and grow in the face of stress and shocks, and even transform when
condiions require ib[22]. Brown discusses the relationship between resilience and vulnerability.
Particularly, that vulnerability emerges in some cases as a function of deficit, absence or
weakening of copings well as adaptive capacities that are exceegldtebmagnitude of changing
conditions. In this sense we can see vulnerability as the opposite of resilience. However, Brown
discusses the flip side of this, that both vulnerability and resilience eaxistoand vary among

groups, over time, and througtifferent stressorg22]. Thus it is essential in discussing
indigenous adaptations to climate change that we do so not just from the lens of their heightened

vulnerability, but their ability to adapt as well.

Brown and Westaway highlight that the commresilience of indigenous peoples
includes their capacity, connectedness, adaptation and feedback, indicating that social change is
necessary for sockacological system (SES) resilien[@3]. This social change involves the
adaptation of community striures, subsistence practices, and culturally informed ways of life
[22]. Apgar et al emphasize that this adaptation and transformation is essential to indigenous

survival of environmental chang8]] Social change also recognizes the capacity of actors in a

15



SES to learn, combine, experience and adjust to maintain a resilient §4}eand can also be

referred to as incremental adaptatja].

Indigenous resilience is particularly important torakee not only for the purposes of this
case study, but because it applies to the most vulnerable populations in the world. This is
particularly relevant to environmental change becaoisé¢he strong relationships between
Indigenous people and their landthsy inform belief systems and daily practic8s Nature is
frequently referred to on interpersonal terms, where it is capable of reciprocity, collaboration and
harm. This creates a sense of connection and responsibility between native peoples and their
environment and has been shown in some studies to demonstrate strong health ¢24¢omnes
connection can both help and hinder resilience. Due to the strongly entrenched attachment to land,
the disruption of the environment becomes a societal disrugt is important to note that a
history of land dispossession and resistance to colonialism has had the likely impact of bolstering
indigenous resilience, whilst also strengthening their ties to[@ndFor the Guna Yala, whose
1925 revolt helped dablish their autonomy from Pananmal1954([5], this is certainly the case.
Thus, there are significant contributing fact
indigenous peoples, and such strong desire to adapt must be taken into wbeouplianning for

environmental change.

In order to understand potential pathways to climate change adaptation for th¥ &ana
their current practices of transformation and change must be unde’spmad. et al explore the
adaptations of the Guna p#e that allow them to exhibit social change and &=8ience With
communitybased approach to governance, their society is deeply tied to their environment.
Despite slight modernization and shifts in activities, the Guna demonstrate high levelsabf soci
cohesion and village life that is managed through a traditional govern®je particular
determinant of the connection between the Guna and their environmenBabthgar,a spiritual
framing that connects the people to the earth and guidestomleecisiormaking processes in
the community $]. Apgar utilizes a participatory approach to examimat facets of their society

allows the Guna to adapt to their environment and observes the following characteristics:
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Enabling Conditions for Adaptive Capacity | Skills, knowledge, practices and underlying

processes

Use of collective memory For the purpose of remembering oral hist

and observing natural cycles

Maintain a relationship with ecosystems Provides context for a relationship with natt
throughBab Igarand interactions directly wit

nature

High Social Cohesion Individuals have a collective identity, there ¢
a diversity of groups within the communi

and there are strong and tight social netwo

Collective management oésources Through territorial autonomy, institution
structures and collective decisiomaking

processes

Management of relationships with oth Through filtering for incoming information
knowledge systems structural links to other processes and in

from diverse views

Source:Skills, knowledge, practices and underlying processes that enable conditions for

adaptive capacityg]

The study concludes that creativity and innovation are required in responding to
opportunities for change and are driven tiglogpiritual and cultural practices, and that the Guna

Yal abds f oc u geflectioniscamparticulac daiver testleeir SES resilierbg

Through tribulations of environmental and societal change, the Guna Yala have persisted
as a cultural group due to their high social cohesion and interpersonal relationship with the natural
world. Thus, an effective adaptation pathway to rising sea lewats empower the strong sense
of agency of the Guna people amdintain their autonomy. Although many climate migration
planning efforts are mot-dowhédappdoaamp|] embpet ¢
cultural underpinnings of Guna society iralie that a grassroots approach will likely increase buy

in and utilize the most adaptive capacities of indigenous resilience.
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Part 4: Methodology
4.1 Introduction

A multi-stakeholdercommunitydrivenapproach to climate migration will require
information to assist planning and decision making. This study will suggest a process for
evaluating the suitability of a domestic regionsridpcationand apply this to the Guna Yala
case studyParticularly, the utilization of a suitability analysis as describelow may utilize the

innovation and creativity discussed by Apgar gbain order to inform inputs for the analysis.

Geographic information systerasiencecan be used for planning and management and is
particularly useful for conducting langse suitability analysis aimed at identifying the most
appropriate regions for an intended use by optimizing for preference, requirements or predictors
of some activity{26]. Using ArcGIS to select characteristics of spatial variables that are suitable
for relocation may be an alternative to modelling migration that optimizes many geographic,
economic and cultural features. Originating in the hdradvn overlay techniages by American
Landscape Architects, a suitability analysis is the superimpositiorap$ that shade the areas in
a region that offer the creates opportunity or constraint for a given pf@gcihe McHargian
approach to the weighting of particulariyitsble or unsuitable areas involves the creation of a
new variable in each factor maps attribute table and assigning a weight to its classification,
indicating desirabilityf27]. The most suitable areas achieve the most positive weight, while the
least wauld be assigned a negative weight. GEsed landise suitability techniques have
increasingly become integral components of urban, regional and environmental planning

activities.

As opposed to models that attempt to predict the timing of migrationdguuiposes of

population management, a suitability analysis provides pathways and options for adaptations.
When coupled with expectations LR, this creates a framework from which policymakers,
non-governmental organizations and communities alike camnelacation and adaptation

efforts.

This study will focus on three implementations of geographic information systems to assist in the

planning of climate change adaptation for the Guna.Y[ia first of which is a suitability
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analysis as described aboWée secnd is aSLR model that visually demonstrates the likely
impacts ofSLR on the coast of Panama and highlights areas that will likely have to relocate
before their residence becomes fully inundated. This model will assist in the highlighting of
regions of concerfor SLR as well as offering probable timelines for planning adicay to

different climate scenarios. The third modell model the infrastructure damage to the island of
Gardi Sugdub, in order to provide incentive for the planning of migration initiatives and assist in
an understanding of the direction and timelih&bR. This will provide information for other

districtsin planning for populatiofluctuations
4.2 SLR Model

The SLR model utilizes features in the 3D Analyst toolbox of ArcMap, a program within
ArcGIS. This is a very simplistic model BLR, unlikestudies such as one from Biging et al,
which use complex hydrology models to achieve higher accuracy levels of pretbhct®iR
i mpacts on San Franci s c[é7p A simplisecrmedeldoiSitRavasi on i nf
chosen due to the intended apgtion of this literature on regional planning in underdeveloped
areas, where large data processing capabilities are unlikely to be p@ésete both financial

and data availability constraints)

SLRwas modelled under a variety of time series eamisionsscenarios in order to represent

the variation in projections in current research. According to the UNDP, the Caribbean Sea is
projected to experience a higher degre8IdR than most areas to the wor[@9] This is likely

due to its proximity to th equator as well as other geophysical factors. It is generally accepted
that by the end of the 2Etentury, the sea level will be betwee2 Ineters (3.28&.56 ft) above
present levelf9] It is important to note that the report states 8l2Ri s  eonidiandh
unidirectional, negative threat to coastal areas in the Caribbean and globally, even if global

temperatures are stabilized a22 5 [29T. 0
4.2.1 Representative Concentration Pathways for Global I[EBn

The Representativ@oncentration Pathways (RCP) are climate scenarios developed in the Fifth
Assessment Report of the IPCThere are four pathways, RCP 2.6, 4, 6, and 8.5, in order from

least to greatest radiative forcing (carbon emisq@3))
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This study will utilize the RCP 2.6 and RCP 8.5 to mod&llR, to provide a conservative and

generous estimate f@LR. Note that these increases are based off-P885 baselines for sea

level, with a 66% central probabilif28]. These data points are the mean of the expectee ran

with a 95% confidence interval.

RCP Pathway | 2050 2100 2300
RCP 2.6 0.98ft 0.982.13ft| mean: 1.55ft 2.06-4.32 ft| mean: 3.19ft
RCP 8.5 0.98ft 1.777.05t | mean: 4.41ft 5.4718.40 ft| mean: 11.9ft

RCP Scenarios, Sourd&1][33]

The following graphs represent the IPCC predictions for both the 2.6 and 8.5 RCP scenarios.

RCP2.6 RCP4.5
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Figure 2: RCP Scenaos, Source: IPCC Chapter 3ea Level Chand28]
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4.2.2 Projections for Coastal Flooding

As discussed ithe introductionregarding drivers to climate migration, it is not only
climate processes such @R that will impact migration, but the frequency of climate events
such as coastal flooding. Particularly because the San Blas Islandshdw@aoobust
infrastructure to manage extreme flooding, and because of the high proximity of houses to the
shoreline, this is likely to be a significant driver to migratidaring the introduction, it was
discussed that extreme flooding events will o@unually by 210(033]. Extreme floods occur
when a storm surge and high tide occur simultaneously and has a likely range 426ih 10
above mean sea leJ@P][7]. This study will model the effect of the mean, a 15ft flood above

mean sea level in order toodel the effects of climate evefds].

It is important to note that thepeojections are likely undeepresentations alimate drivers
for migration due to the exclusion of weather patterns, impacts on agriculture, impacts of
thermal expansion, dmmany more variableg minimumlevel of processing is significantly

more feasible than a complex hydrology mddellocal and regional planning.
4.3 Suitability Analysis

A suitability analysis layers regional factors together and assigns them weights for their
respective suitability for a given problem and displays them as an aggrggaiiorhis is useful
for planning for climate migration because it is a visual repitasien of the most and least
suitable areas for relocati@md can provide data driven locations. This suitability analysis
utilized data from the Smithsonian Tropical Research Institute that aggregated a variety of
ArcGIS shapefiles with spatial distritbons of social and ecological factoi$ese shapefiles
were reclassified in ArcMap 10.8 and displayed as an aggregate of opportunities and constraints.
Opportunity maps display areas that possess suitable characteristics for relocation with a positive
weight [26]. Constraint maps display areas that possess suitable characteristics for location with

a negative weigh6].

4.3.1 Opportuniy Factors
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Variable

Variable Description

Data Source

Rationale for Variable

Name Selection
VPOCLUEL | Access teelectricity Corregimientos and Access to electricity indicates a
Neighborhoods 2010 higher living standard and acce:
Census Report, to services that migrants may
Smithsonian Tropical need access to.
Research Institute (STRI)
[39][41]
VPO Far fromoccupied Corregimientos and The Guna Yal ao
homes Neighborhoods 2010 and autonomy will be supported
Census Report, STRI through the selection of a
[39][41] relocation destination where the
can move as a community,
requiring a significant dtance
away from currently occupied
houses.
Roads Proximity to roads Panamads OSN Proximity to roads allows for
Network, STRI[46] accessible travel to the desired
location.
Medical Proximity to medical | Health Institutions in Medical facilities are necessary
Facilities facilities Panama, STRHUZ2] infrastructure that may be
required if migration is forced by
a natural disaster.
Districts Proximity to San Blas| Panama Corregimientos | Areas near the San Blé&dands
Islands Boundaries, STRI39] in Comarca Guna Yala will be
easiest to migrate to and most
similar culturally.
Arable Land | Abundance of land Geology of the Republic o] Areas with farming capacity will

viable for farming

Panama, STRB6]

allow the Guna to maintain their

practiees and utilize their already

developed industry.
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4.3.2 Constrainfactors

Variable Variable Data Source Rationale for Variable

Name Description Selection

VPOSAGPO| Limited access to Corregimientos and Areas with low access to
clean water Neighborhoods 2010 clean water would provide

Census Report, STRI obstacles to reettlement.
[39][41]

VPOSSESA | Limited access to Corregimientos and Areas with low access to

sanitary facilities Neighborhoods 2010 clean water would provide
Census Report, STRI obstacles to reettlement.
[39][41]

Rivers Avoid high Panamads Hy d|Avoiding areas that are close
proximity tomajor Network, STRI[44] to rivers would prevent
rivers damages due to flooding.

National Avoid National Parkf Pana ma 6 s P r o | National Parks are protected

Parks National Parks, STRHU5] areas and residence is

prohibited.

Storm Surge

Avoid areas
vulnerable to

flooding

Panama Digital Elevation
Modeli 5 meterresolution
STRI[38]

Areas that are likely to be
flooded are unsuitable for

relocation in the long term.

Part 5: Data Analysisand Results

5.11 Flow Chart for RCP Scenarios 2.6 and 8.5 and Storm Surges
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Sea Level Rise Projections
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Figure 3: Flow Chart to Code&SLRand Storm Surge Maps
5.1.2 RCP 2.6SLR Mapping

RCP 2.6 2050

RCP 2.6 2100

9 Kiometers

RCP 2.6 2300

Storm Surge

9 Kiomaters

9 Kiomaters

Figure4: RCP 2.6 Sea Level Rise and Storm Surge Projection 2050, 2100 and 2300
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5.1.3 RCP 8.%5LR Mapping

Figure5: RCP 8.5 and Storr8urge Projections 2050, 2100 and 2300

RCP 8.5 2050

9 Kiometers

RCP 8.5 2300

Legens
Storm Surge 15
ishade

o
hgh 254

5.2.1 Flow Chart for Gardi Sugdub Case Study

Image Processing of Gardi Sugdub

Using Raster
Caleutstor in
ArcMap, change
metres 1o # by
dividing by 3.28

Creata naw feature
fayer for buldings

RCP 8.5 2100

-

Lacate Gardi
Sugdut isand

Create now featura
ayer for frees

Figure 6: Flow Chart to Code Image Processing for Gardi Sugdub
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5.2.2 Final Map of Gardi Sugdub Case Study

ocean_layer

- Buildings_under
- Houses_under

Houses

l:] Buildings

2100RCP 2.6Projection

2050 RCP 2.6Projection ccean_layer2100
B rouses 2100

I vuicings 2100

Houses

Buildings

0 0.0275 0.055 0.11 Miles (1] 0.0275 0.055 0.11 Miles

Figure 7: Gardi Sugdub 2050 RCP 2.6 Projection Figure 8: Gardi Sugdub, 2100 RCP 2.6 Projection

5.3.1 Flow Chart for Suitability Analysis
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Opportunity Analysis
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Figure 11: Constraint Map Figure 12: Opportunity Map
Part 6: Discussion and Results
6.1 SLR Model

Based off the maps for both 2.6 and 8.5 RCP scenarios, climate migvdtibe
necessary the next 30 years. Figtiend5 highlight the islands that will be partially or fully
submerged and cover the majority of the San Blas Islands under all scefaigsdicates that
planning for climate migration must begin immediately to prevent the loss of culture and

community that will likely result from unplanned migration.

While the RCP scenarios are important to understand the scope of expected inundatio
due to SLR, the impact of storm surges is likely to post a larger danger to the welfare of the
Guna Yala. As noted, extreme weather events such as storm surges are likely to become an
annual occurrence by 21(®0][7]. The storm surge model utilizes an average of 15 feBLBf
which not only floods all 400+ coral islands on which the Guna people live, but parts of the
mainland as well. The Guna face storm surges with weak infrastructure, reliance on local

farming andacute poverty [5]. These compounding factors indicate that storm surges are likely
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to force unplanned migration. With these models comes an increased incentive to act and
collaborate for the Guna and Panamanian governments alike, as the danger cbnimeserges

increases as time progresses.

6.1.1 Model Limitations

This approach was completed without specialized equipment in order to ensure its
applicability for local policymakers. However, this resulted in the simplification of the hydrology
of SLR does present some barriers to accuracy. Particularly, this approach does not take into
account regional fluctuations BLR, and bases projections off of GMSLR. For example, this
model does not take into account increased thermal expansion in eagjamnt areasd] and
the coral reef destruction around the islar@]4Hat is likely to exacerbate SLR in this area.
Additionally, recent studies suggest that RCP 2.6 is no longer a possible emissions scenario
given current circumstancg®b]. Therefore,thd st udy’ s analysis of this
is most likely to be a conservative estimate. These factors combined indicate SlaRthe

models in this study are highly conservative.

6.2 Case Study: Gardi Sugdub

Figure 7 and 8 display a highly meervative estimate f@LR in Gardi Sugdub. This
island is one of the most densely populated in San Blas, with a population of 2000. The image
processing in Figures 7 and 8 creates a feature layer for the 385 houses on the island. Under RCP
2.6 in 2050, tiis estimated that 36% of houses will be inundated by the increased sea level. This
projection estimates that 81% of houses will be inundated by 2100. Based off this$udtlel,
will primarily begin to affect the eastern infrastructure. The Gardi Sugdkeowéth the
government and private organizatiod8][must reach an agreement in order for the community
to relocate together. Although the majority of the island will likely remain above sea level by
2050, the partial submersion represents an estimategancy of 740 people. This number is
based off the assumption that the population is evenly distributed across all 385 houses. With
extremely limited data in the region, the exact distribution of residents on the island is unknown.
Despite this limitatia of analysis, 36% of houses is a ftamial amount of the population that

will likely have to migrate by 2050Vith the intention of initiatives being to relocate the Gardi
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Sugdub together, 2050 provides a viable time horizon given the level of inundgpiected by
this time.This graphic offers a visual to be utilized as an incentive to put relocation plans into
action in the short term.

6.3 Suitability Analysis

The suitability analysis is an aggregation of the opportunity and constraint mapsaphe m
indicates four viable districts for relocation based off the 11 social and ecological factors
described in the methodology section.

Distrs
10_DISTRIT | PROVINCIA | DISTRITO |
02 Panama Baboa
I; 05 'Panama Chepo
| Jos ‘Panama ‘Chiman
08 'Panama "Panama
: 10 ‘Panama |San Migueito

This table from ArcGIS represents the four districts that contain viable areas for relocation as
being: Chepo, Chian, Panama and San Miguelito, all of which fall within the Province of
Panama. These areas, as indicated by their high suitability score, fit within the parameters for a
viable location for the Guna resettlement. Particularly, the region directly wieahaina City,

known as La Chorrera, offers the highest level of suitability.

Earlier in this study, the disconnect between literature on climate migration was discussed.
Particularly, the decisiemaking processes and cultural resilience of local popuki®often
disregarded as relevant to the decision to migrate. This study sought to offer an alternative
methodology that would cater to the Guna people and be applicable for use by local policy
makers around the world to initiate similar relocation atities.
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Many of the selected variables justify suitability throwgiversal suitabilityfactors. For
example, proximity to roads (for ease of transport), proximity to healthcare facilities and
availability of sanitary services are likely to be consigyespplicable between different regions.
However, many social factors particular to the Guna people were considered. For example,
proximity to the San Blas Islands was weighted heavily, due to the low mobility of the Guna
people as discussed in thackgound sectionlt was estimated that a traveling distance greater
than 200km would be highly prohibitive, and thus areas closer to the benchmarked location of
the San Blas airport were heavily prioritized. The variable choice also sought to incorporate
factors that would support the adaptations discussed iMtPladigenous Adaptations and

Resilience, which documented the specific adaptations of the Guna Yala ed by Apgar et al [5].

These were included in the layer analysis in the following ways:

Guna Practices for Adaptative Capacity Integration into Suitability Layers

Maintain a relationship with ecosystems The culturally strong connection with land &
sea was integrated through the selection

region with high proximity to coasts, wrder
to maintain and respect this relationship ang

centrality to culture.

High Social Cohesion Areas without occupying communities we
weighted as increasingly suitable due to
strong community  and independe

governance of the Guna Yala.

Collective management of resources Areas with highly arable land were sought
order to maintain the central subsistel

farming practice.

Management of relationships with oth The overarching approach to the suitabi
knowledge systems analysis sought tsupport communitdriven
approaches to climate migration, to support

autonomy and interdependence of

community.
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6.3.1 Limitations of Suitability Analysis

A limitation of the study is the number of so@oological factors that could be
processedThis was largely due to desktop processing capacity and lack of covidéyata in
Panama. Furthermore, the subjective weighting of each of the layers indicates that there is
significant room for bias and data manipulation in the creation of a sitytabdp. Unlike
empirical models such as the gravity, or radiation models discussed previously, the inputs of a
suitability analysis are distinctly based on the choice of the map author. For local policy makers
utilizing this methodology, a high degreesafutiny over the selection and weighting of map
layers must be present in order to verify the results of the study. The purpose of this map is
distinct from a migration model because of its integration of chosen and weighted socio
ecological factors, antthus cannot be compared with regards to its empirical validity. However,
the level of specificity achieves on recommendations for the Guna Yala is to a higher degree

based off the group’s specific needs, rat her

Another limiation of the suitability analysis is regarding the opportunity layer which
buffers San Blas in order to determine which regions are most suitable for relocation (as
proximity can be a driver to migration). Because of a lack of detailed road networkhdataly
buffering that is possible given the data pagtrs was that which buffered using Euclidean
distances. This develops a polygon that demonstrates lkn2@énge from the San Blas Airport.
The utilization of Euclidean distances does not take iotsideration topology or transportation
accessibility in its distance buffer, and therefore the 200 km range has a low level of detail for
planning purposes. Future studies with increased data availability could utilize Manhattan

distances in order to taketo account more detailed factors that impact proximity.

Although the integration of these factors into suitability factor decisions is a step towards
the inclusion of adaptive capacity in migration planning, it could be significantly improved with
input from local experts. The implementation of this methodology for the Guna Yala could
include consultation with indigenous leaders to understand what factors are most important for
them when determining relocation options. It is important to note that thislanalysis offers
potential pathways for migration, it is a-fl@moved analysis from the realities of cultural and

ecological factors in Panama. Although this study provides a suggestion of methodology and a
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sample conclusion given the factors selécits implementation must be commundsiven if it

is to be successful.

It is important to note that the suggested methodology is not a direct substitute for the
gravity, radiation and instrumental variable models discussed in the literature revisw. Thi
solution incorporates climate science and environmental planning techniques, while the models
discussed fall into the environmental economics discipline. The results of the methodology are
therefore not in a medium which allows them to be easily includedlamage functions, and
therefore unsuitable for large scale estimations of climate impacts. The incorporation-of inter
disciplinary techniques is a direct response to the two central flaws discussed in the literature
review: the lack of applicabilitgnd inclusion of cultural adaptivity in current climate modeling
efforts.

However, the models discussed in the literature review section can be modified for
inclusion in environmental planning techniques such as network analysis, which could be an area
of further research. The Gravity Model discussed in the literature review section can be modified
to take into account cultural factors and map relocation destinations by weighting potential
locations by their sociecological viability and Manhattan distanfrom the San Blas Islands.

With publicly available data, there is not a detailed enough road network shapefile to complete
this analysis, but future research could put the methodologies discussed in this study in practice

through the utilization of prate (paid) data sources.

The overarching limitation of this study and the field of climate migration modeling as a
whole is the lack of data in vulnerable regions. Although this can be partially mitigated by the
use of privately sourced databases and locally gathered informatiodataavailability
remains a barrier to the development of a methodology for understanding future climate

migration.
Conclusion

The key findings of this study demonstrate the urgency for planned relocation initiatives
for the Guna Yala and offer a goitial methodology for selecting relocation destinations that

incorporate factors specific to the culture of the Guna. This analysis was completed through a
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model of sea level rise applied to San Blas Panama from288D, as well as an estimation of
inundation due to extreme climate events such as storm surges. By 2050, a significant portion of
the islands will be inundated due to SLR, and by 2300 we can expect to see inundation of
sections of the mainland. Af titpand calturalanal ysi s
resilience to climate change, 4 adaptations were integrated into an analysis of suitable regions for
relocation through a suitability analysis. The suitability analysis visually demonstrates viable
areas for resettlement based off 11 seological factors, highlighting La Chorrera, which lies

to the west of Panama City, as the area with the highest convergence of oppdrituitayions

of specificity due to data availability and GMSLR predictions are preshase limitations

could bepartially mitigated by the use of higher resolution Digital Elevation Models and

utilization of a more complex hydrology model LR as opposed to simplified RCP

projections.The central limitation of this methodology is its inability to be a direcsstuive for

the mobility models discussed in the literature review, by offering andigeiplinary, solution

based approach for the study of climate migrafidns can be progressed upon in future

research through the utilization of network analysisréate a gravity modeDverall, this study
presents aimplified but viable alternative to climate modeling that achieves the aims of being
applicable for planning by local and national governments and sensitive to cultural specificity.
Future researclsirequired to mitigate the limitations discussadiease the applicability of
recommendations through community consultatiansl, further the aim of this research in

creating a globally applicable methodology for commuditiyen migration planning.
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