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ABSTRACT
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We are called to be the 
architects of the future, not its victims.

-Buckminster Fuller

iv



1

I
N
T
R
O

D
U
C
T
I

O

N

I
N
T
R
O

D
U
C
T
I

O

N

Image 1.1 Worldwide rural vs. urban population 1950-2050 (projected)

I-INTRODUCTION
The next century of urban development will 
largely be defi ned by two global processes 
already well under way: climate change and 
urbaniza  on.  The intersec  on between 
these two forces gives rise to the ques  on 
facing ci  es that is both  meless and yet 
uniquely and urgently of the moment: 
how to balance their increasing needs for 
space and ameni  es with the threat of 
natural hazards to which they are ever more 
exposed?   

Since the middle of the 20th century, the 
world popula  on has become steadily 
more urbanized, growing in number from 
746 million in 1950 to 3.9 billion in 20141, 
marking the fi rst  me in history that more 
people worldwide live in urban areas than 
in rural areas.  While the rural popula  on 
has also increased along with the total 
world popula  on, projec  ons suggest that 
it reached its zenith in the early 2000’s, 
and will gradually decline in the coming 

decades. 2

This is a trend that shows no sign of 
abatement; urban popula  on is expected to 
con  nue to rise by an es  mated 2.5 billion 
people by the year 2050, at which point it 
will account for 2/3rds of the total world 
popula  on3.  With urbaniza  on percentages 
(percent of total popula  on living in urban 
areas) of 80% for South America and 81% 
for North America, the American con  nent 
is currently the worlds most urbanized.4  The 
countries that fall under the purview of this 
paper (Chile, the United States, and Canada) 
are each among the highest urbanized in the 
con  nent, and each is projected to con  nue 
to urbanize by at least 4% by the year 2050 
(Table 1.1).5

The urban growth trend can be a  ributed 
to two dis  nct demographic phenomena: 
increasing migra  on to ci  es and an ever-
rising general popula  on.  The increase in 
popula  on worldwide is worth examining 
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Table 1.1  Rural vs. urban populations in 2014 and 2050 (projected) for the three countries cov-
ered in this paper. 

Urbaniza  on Pop Total (in mil-
lions)

Percentage of Popula  on Urban-
ized

2014 2050 2014 2050

United States 262 350 81% 87%

Canada 29 39.5 82% 88%

Chile 16.8 19.5 89% 93%

in more detail, since its causes may not be 
immediately obvious and have repercussions 
in other realms of our study. 

Contrary to what one may assume when 
seeing the steady rise in overall popula  on, 
the fer  lity rate worldwide has actually 
decreased con  nually since the mid 1960’s, 
when it reached its peak at 5.06 children 
per woman.6 Rather, the greatest driver 
of the rising popula  on has to do with the 
remarkable increase in life expectancy, 
especially in some of the world’s most 
populous regions, over that same period.  
Average life expectancy from birth has 
grown apace with the total percent of 
urbanized popula  on, and studies suggest 
that city living may part of the reason.7  In 
the United States for example, rural and 
urban life expectancy rates have both risen 
in the past 50 years, but at increasingly 
diff erent rates.  While rural life expectancy 
from birth rose from 70.5 years in 1969-
1971 to 76.7 years in 2005-2009, urban 
life expectancy rose from 70.9-79.1 during 
those same  me periods, increasing the 
rural-urban disparity from 0.4 years to 2.4 

years.8  Even with declining birth rates, the 
incredible increases seen in life expectancy 
worldwide have unbalanced growth rates 
in urban areas compared to those in rural 
areas. 

The other major contribu  ng factor to city 
growth is migra  on.  In these contexts 
we are primarily concerned with internal, 
rather than interna  onal, migra  on; the 
displacement of peoples from rural to 
urban areas within the borders of a single 
country.  Reasons for migra  on are varied, 
but sociologists generally speak of them 
in terms of ‘push’ (repellant) or ‘pull’ 
(a  ractant) factors.  Push factors, such as 
those listed in table 1.2, provide reasons for 
individuals or groups to leave rural areas, 
while pull factors present specifi c incen  ves 
for their reloca  on to urban areas.             

Pull factors are varied and specifi c to 
individuals and groups, but perhaps the most 
compelling pull factor is the truly outsize 
role that modern ci  es play on the world 
stage.  In economics, culture, religion, or 
any other interna  onal subject, ci  es off er 
unprecedented opportuni  es for innova  on 
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Image 1.2  Births per woman worldwide 1965-2015. Source: World Development Indicators, The 
World Bank. Reproductive Health. September 18, 2017. http://wdi.worldbank.org/table/2.14#

Image 1.3  Worldwide life expectancy from brith1960-2015. Source: World Development Indi-
cators, The World Bank. Reproductive Health. September 18, 2017. http://wdi.worldbank.org/
table/2.14#
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and advancement.  The largest and most 
connected of these can become what 
Saskia Sassen termed ‘global ci  es’, urban 
conglomera  ons that transcend na  on 
state boundaries to link the world together 
through commerce and informa  on.9  The 
unlocking of the knowledge and experience 
concentrated in these global ci  es will be 
key to preparing urban areas worldwide for 
the shared threats they face.  As our world 
becomes increasingly interconnected, the 
importance of the city con  nues to grow, 
and its role as a pull factor for emigrants will 
increase as well.

Push factors driving popula  on towards 
ci  es are varied, but the most important 
factor for us to consider is the category 

of environmental problems and natural 
hazards, and how climate change will 
infl uence the other push factors in the list.  
As the top climate change offi  cial at the 
UN noted, “Climate change is the threat 
mul  plier that worsens social, economic 
and environmental pressures, leading to 
social upheaval and even violent confl ict.”10

As the eff ects of climate change con  nue to 
assert themselves worldwide, these push 
factors are exacerbated.  Problems that rural 
areas suff er today like high unemployment 
and a lack of access to fresh water will 
only increase in severity with the changing 
climate.  This suggests that even if the 
demographic component of urban growth 
were stagnant, the coming years would see 

Push Factors Pull Factors

High Unemployment Higher Standard of Living/Wages

Poli  cal/Religious Persecu  on Labor Demand

Civil War Poli  cal/Religious Freedom

Environmental Problems/Natural Hazards Be  er Healthcare

Lack of Social Mobility More Ameni  es/Opportuni  es

Table 1.2  Common push and pull factors affecting migration, both internationally and 
internally

Image 1.4  Climate change will exacerbate many existing push factors driving migration from 
rural to urban areas worldwide. 
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Image 1.5  The effects of climate change are varied and effect regions across the globe. 
Image sources, clockwise from left. 1)Associated Press. [Photo] 2018. Retrieved from https://
www.wdtn.com/news/u-s-world/the-latest-northern-california-fi re-whirl-reached-143-
mph/1344670006. 2) Alamy Stock Photo, Robert Harding. [Photo] 2010. Retrieved from https://
www.carbonbrief.org/climate-change-is-already-shifting-the-timing-of-european-fl oods-study-
says.  3) Agence France Presse. [Photo] 2018. Retrieved from https://www.scmp.com/news/
asia/article/1296077/japan-heatwave-kills-four. 4) Science Media Centre. [Photo] 2017. Re-
trieved from https://www.sciencemediacentre.co.nz/2017/09/04/leaked-mfe-report-coastal-
hazards-climate-change-news. 5) Robert McSweeney. [Photo] 2018.  Retrieved from https://
www.carbonbrief.org/guest-post-climate-change-is-already-making-droughts-worse.  6)Reu-
ters, M. Bazo. [Photo] 2018. Retrieved from https://www.dw.com/en/peru-fl oods-in-line-with-cli-
mate-change-models-says-climatologist-mojib-latif/a-38045642  
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a marked increase in urbaniza  on due to 
climate change factors alone.  The reality 
is that these processes compound on one 
another, and the next century will without a 
doubt be one of constant growth for urban 
areas.  

This has specifi c resonance geographically, 
since urban areas are not equally or 
randomly distributed across the map.  
Historically founded at points of connec  on 
(rivers, coasts, mountain passes), ci  es 
tend to concentrate on coastlines.  This 

asymmetrical geographic distribu  on of 
urban centers means about 6% of the 
world’s 7 billion inhabitants live within 5km 
of a coastline and almost 40% live within 
100km, numbers that will only grow along 
with the popula  on of the urban areas.11

The concentra  on of popula  on along 
coastlines presents a special concern from a 
risk and vulnerability standpoint: of the 15% 
of ci  es vulnerable to two or more natural 
hazards, most are located on a coastline 
(Image1.6).     

Image 1.6  Rate of exposure to natural disasters of major cities worldwide.  Almost all of the 
cities facing 3+ disasters are located around the Pacifi c Ocean, highlighting the role of geog-
raphy in risk exposure. Source: UNDESA, World Urbanization Prospects: The 2014 Revision
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The projected con  nued development in 
coastal areas increasingly puts both lives 
and economic capital at risk to the threat 
of natural hazards: over 80% of disasters 
reported by na  onal sources occurred in 
urban areas12.  Less developed na  ons, 
especially those in the hazard-centric zones 
such as the south pacifi c are especially at risk 
for loss of life, while increased construc  on 
and trade in more developed countries in 
the global north places ever more economic 
capital at risk: From the 1970’s up to the mid 
2000’s, the propor  on of the world’s total 
GDP annually exposed to tropical cyclones 
rose from 3.6% to 4.3%, with the majority of 
that increase coming in developed na  ons.13

This level of exposure is a direct result of 
the ways in which coastal areas have been 
developed over the past 200 years.  Since at 
least the dawn of the industrial revolu  on 
coastal development paradigms worldwide 

have focused primarily on the consolida  on 
of land for human exploita  on, be that 
industrial, recrea  onal, or housing.  

The reality of our development paradigm 
comes into confl ict with the other great 
worldwide process eff ec  ng ci  es in the 
21st century: climate change.  The evidence 
that the earth’s climate is changing is widely 
accepted, and one need only look at the 
global shi   in surface temperature of 1.1 
degrees Celsius since the end of the 19th

century, with 16 of the last 17 warmest 
years on record coming in the last 20, to 
understand why.14

The eff ects of this climate change have 
already begun to have repercussions in 
every city and country around the globe.  
Diff erent al  tudes, la  tudes and localized 
topography can all infl uence the type 
and severity of eff ects of an increasingly 

Image 1.6  Global sea level height variation from 1993-2018. Overall rate of change is +3.2mm 
yearly. Source: https://sealevel.nasa.gov/understanding-sea-level/key-indicators/global-mean-
sea-level
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warming world.  

As shown in image 1.6, 2014 sea level had 
a global average 2.6 inches (67mm) higher 
than it was in 199315, and that average 
con  nues to rise at a rate of around 1/8 
inch (3.2mm) per year.  Sea levels are rising 
worldwide at an increased pace thanks 
to two repercussions of climate change: 
thermal expansion of the oceans and 
mel  ng glaciers and ice caps.  Thermal 
expansion is the process by which water 
expands as it gets warmer.  As the planet 
warms, the oceans increase in temperature, 
causing their molecules to expand and the 
mean sea level across the planet slowly 
but inexorably rise.  At the same  me, the 
warming temperature on earth is causing 
land based ice like glaciers to melt as seen 
in image 1.7, releasing previously solid state 
water into the oceans, further raising the 
global sea level.  

In order to tackle these two diffi  cult 
challenges of the next century ci  es will 
need to draw on all sources possible.  
The concentra  on of peoples in ci  es 
exacerbates vulnerability, but it also off ers 
unparalleled opportunity for innova  on and 
crea  vity.  Thanks to the interconnectedness 
of our world today, smaller, less developed 
ci  es have access to knowledge and 
experience from far beyond their borders 
with which to form their own responses.  At 
the same  me, larger, more developed ci  es 
with experiences in adapta  on planning can 

off er a guide as to what form responses to 
climate change and extreme weather events 
can take.

Using as a frame the development of 
coastal defenses along the ocean border 
of two ci  es on the Pacifi c edge of the 
American con  nent, this thesis seeks to 
advance the understanding of how the 
par  culari  es and commonali  es of ci  es 
eff ect the ways in which informa  on and 
experiences in resilience adapta  on can be 
translated between se   ngs.  This exchange 
will be crucial for ci  es in vulnerable areas 
like Valparaíso, Chile in par  cular as they 
a  empt to adjust their current design and 
development paradigms with the reality of 
a changing world.     

Vancouver and Val paraíso

All three typologies of border exploita  on 
can be found at diff ering points along the 
coast of central Chile’s Valparaíso Región 
between just the municipali  es of Valparaíso 
and Viña del Mar (Image 1.8).  The uses of 
the border in Gran Valparaíso speak with 
some specifi city about the par  cular history 
of the area, but they also give an insight 
into development trends of coastal borders 
worldwide.  

The development of the coast in all of 
Chile’s fi  h region, but especially Valparaíso 
and Viña del Mar, is heavily based around its 
rela  onship with the capital city of San  ago, 
just 115 kilometers to the southeast. 
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Image 1.7  Evidence of glacial retreat, in this case of the Upsala glacier in Southern Chile.  
Picture A is from 1984, while picture B is from 2016. The distance retreated by the ice is equal to 
nearly 9 kilometers.

Upsala Glacier
2016

Upsala Glacier
1984

 A )

B)
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Image 1.8  Three typologies of coastal border development, from top: commercial at the port 
of Valparaíso. Stev Reise, [Photo] 2010, retrieved from http://spekuliereisen.com/blog/?page_
id=565.  Recreational at Caleta Portales. Playa Caleta Portales. [Photo]. Retrieved from https://
playacaletaportales.wordpress.com/.  Housing at Avenida Perú. Felipe Igualt [Photo] 2015.  
Used with permission from photographer. 
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Valparaíso’s port, by virtue of its proximity 
to San  ago and convenient loca  on 
for ships making the trip around Cape 
Horn, played a major role in focusing the 
development of its coastal border towards 
mercan  lism.  The process by which the 
coastal border of Valparaíso arrived to the 
industrial state is in today was not a passive 
process though.  Despite how it may appear 
today, Valparaíso’s border was not always 
as en  rely relegated to port uses.  Indeed, 
before the arrival of the rail connec  on 
between San  ago and Valparaíso in the mid 
1800’s, there were a number of recrea  onal 
spots for Porteños of all class levels along the 
coastline.  A  er the railway was completed, 
facilita  ng travel between the ci  es, the 
border began to change.  The recrea  onal 
areas (baños) were displaced towards the 

more well-to-do Viña del Mar as the railroad 
was given priority over the coastal region in 
Valparaíso, the industrial port city: 

Beyond crea  ng a symbolic and 
material limit with the sea, the 
extension of the rail line from Baron 
Sta  on to the center of the center of 
the city was the catalyst for a series 
of instala  ons including warehouses, 
storage sheds, classifi ca  on yards, 
housing for company workers and 
construc  on workers, all of which 
took coastal space and made 
it diffi  cult to maintain the old 
recrea  on areas. 16            

Today the border of Valparaíso remains 
dominated by the port and transporta  on 
needs, the only remnant of the old public 

Image 1.9  The proximity of Santiago played a major role in the development of the coastal 
border of Gran Valparaíso.  

Gran Valparaíso

Santiago
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access to recrea  on areas along the border 
are located on the outskirts of the city at 
playa Las Torpederas and playa San Mateo.  

Even with the monopoliza  on of the border 
in Valparaíso by the port and railway, it 
wasn’t un  l decades later that Viña del Mar 
would capitalize on the opportunity and 
move towards a tourism based paradigm 
for their border.  Even the tourist buildings 
that did exist were not oriented towards 
taking advantage of the coastline:the Gran 
Hotel, built in 1874 was over a kilometer 
from the ocean, and was touted more for 
its ease of connec  on to Valparaíso than 
for the city itself (Image 1.10).  In the early 
1900’s though there was a recogni  on that 

with the proximity of San  ago and the 
lack of recrea  on areas in Valparaíso, an 
opportunity existed to create a new type 
of border in Viña del Mar, as shown by this 
1922 le  er in the local paper: 

Let us create in Viña del Mar a modern 
beach town.  It is inconceivable that 
nobody is interested in promo  ng 
tourism.  An elegant beach town 
could act as a true a source of 
riches...Among the measures that 
the municipality should encourage 
would be: the founda  on of modern 
bathing facili  es, equipped with 
all the most appealing ameni  es; 
the founda  on of a casino and a 

Image 1.10  1903 advertisement for the Gran Hotel of Viña del Mar, no view of the coastline is 
shown, and the wording highlights the trains that run all day to Valparaíso.  Carlos Torneo, 1903.
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thousand other ac  vi  es that would 
make Viña del Mar an ideal site and 
a  ract tourists from every country.17

In the following decades the planning 
paradigms guiding coastal use in Viña del 
Mar would shi   towards specifi cally what 
the author called for, as the municipality 
posi  oned itself as a hub for visitors, building 
its casino in 1929, and off ering an alterna  ve 
but comfortable lifestyle for interna  onal 
tourists.  As wealth in Chile grew and a 
middle class in San  ago formed in the mid 
1900’s, demand for second homes led to an 
expansion of property development in the 
coastline, which has con  nued into today:  

The beach communi  es along the 
north-south axis of the Metropolitan 
Area of Valparaíso have shown high 
and persistent levels of investment 
and construc  on.  In the last fi  een 
years it has been driven in residen  al 
areas as much by the secondary 
home projects for the richest 10% 
of Chilean households as for the 
development of urban highways for 
the macro central region…18

In this paradigm of coastal development, 
which began in the 30’s with the construc  on 
of the Municipal Casino, Avenida Perú, and 
Plaza Colombia, and persists today, the 
border became the façade for a reinvented 
tourist city.   

Chile, as part of their na  onal climate change 

plan (Plan de Acción Nacional de Cambio 
Climá  co 2017-2022), recognized the 
inherent possibili  es in these rela  onships.  
One of the measures they promote as part of 
their goal of developing the capacity of local 
governments to respond to climate change 
is the exchange of informa  on regarding 
successful experiences with other countries 
and locali  es (Ficha MG9: Programa de 
Intercambio de experiencias exitosas 
entre municipios y gobiernos regionals y 
con pares de otros países, en materias de 
cambio climá  co).19 While possessing one 
of the most developed economies in La  n 
America, Chile is classifi ed by the United 
Na  ons World Economic Situa  on and 
Prospects as a Developing Economy, and 
lags far behind other countries in terms of 
developing concrete plans for adapta  on to 
climate change, especially considering the 
vulnerability of many of its most important 
areas.  

As part of their na  onal climate change 
plan and as defi ned by their agreement in 
the Paris Climate Accords of 2015, Chile 
has begun developing climate adapta  on 
plans for individual ci  es.  The second 
largest metropolitan area in Chile, and its 
most vulnerable to climate change, Gran 
Valparaíso, is in the course of developing 
their own plan, as recently as September of 
2017 gathering community input into the 
process.  

The city of Vancouver became one of the fi rst 
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North American ci  es to address climate 
change with the 1990 report “The Clouds 
of Change”, and in 2012 the city dedicated 
itself to becoming the greenest city on earth 
in the Greenest City Ac  on Plan.  Vancouver 
has decades of experience planning for 
the same oceanic changes that currently 
threaten Valparaiso, and as a global city 
it commands a range of experience and a 
base of knowledge not locally available in 
the Zona Central of Chile.  
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General Objec  ves

Explore the causes and eff ects of coastal 
fl ooding in ci  es on the west coast of the 
Americas and how responses to urban 
fl ooding events have incorporated the 
concepts of resilience in their infrastructure 
and urban fabrics.  

Specifi c Objec  ves

-Develop a compara  ve study between 
two ci  es at diff ering stages of adapta  on 
planning (Vancouver and Valparaiso) based 
on their geographic, demographic, and 
clima  c profi les.

-Understand the poten  al current and future 
eff ects of coastal fl ooding in Vancouver and 
Valparaiso through case studies of historical 
extreme weather events in the two ci  es.   

-Compare the local codes and adapta  on 
plans geared towards mi  ga  ng or adap  ng 
to coastal fl ooding and extreme weather 
events.

-Evaluate what adapta  on strategies may 
best be suited for Valparaiso to improve 
resilience at its coastal border.  

Hypothesis

Coastal ci  es of the Americas will be heavily 
aff ected by the most destruc  ve and 
impac  ul symptoms of climate change, and 
over the next 100 years, chang es to storm 
surge levels produced by extreme weather 
events will require coastal ci  es to change 
the paradigms that guide the development 

and design of their coastal borders.  Some 
ci  es, like Vancouver, have decades of 
climate change adapta  on planning to draw 
on, while others, like Valparaiso are just 
beginning to incorporate climate planning 
into their future plans.  Vancouver’s 
experiences in climate adapta  on can 
provide helpful examples for Valparaiso to 
follow as it begins the process of exploring 
coastal fl ooding mi  ga  on op  ons.

II-OBJECTIVES AND HYPOTHESIS
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This thesis is based on the following 
methodology:

1. Literature Review

a. A review of the relevant 
literature and information 
surrounding resilience and 
adaptation.  We specifi cally 
focus on the themes of 
resilience thinking and 
coastal adaptation strategies 
on which we will base 
our theoretical processes 
throughout the rest of the 
text.  

2. Comparative Study

a. While cities worldwide 
may share some similar 
characteristics and 
threats, each situation is 
fundamentally unique, and 
the optimal solution for one 
city may not be appropriate in 
another. Understanding the 
diff erences and similarities 
will be key to deciding 
which experiences can most 
appropriately and eff ectively 
translate from one area to 
another.  Here we undertake 
an analysis of current and 
historic topographic, urban, 
demographic profi le points 
in order develop a working 
comparison of the two urban 
areas.  

3. Case Studies

a. Proper evaluation of 
development paradigms 
requires us to have a 
fi rm grasp on the types 
of threats faced by each 
coastal area.  For this we 
undertake a case study of 
past extreme weather events  
that have aff ected each 
coastline, developed from 
contemporary documentary 
analysis as well as post-
event academic studies. This 
study aims not just to explore 
the relevant threats but also 
how each city has responded 
past events. 

4. Adaptation Review 

a. Finally we explore the 
methods that Vancouver 
and Valparaíso have used 
in their approaches to 
adapting their borders to 
future coastal inundation.  
This exploration is done 
via review of local planning 
instruments, existing local 
adaptation/mitigation plans 
and an observational survey 
of current coastal defense 
solutions. 

III-METHODOLOGY
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Our theore  cal analysis in this thesis is 
based on an urban systems framework 
that, fi rst and foremost, conceptualizes the 
city as a system: a network of individual 
components defi ned by its func  on (its 
stable state) and its boundaries.  The 
following sec  on reviews relevant literature 
surrounding urban systems and how they 
display resilience, specifi cally to natural 
hazards.   

Social Ecological Systems (SES)

Key to the concept of the social-ecological 
system is the understanding that systems 
can be dynamic and complex enough that 
more than one stable state may exist.  
Ecosystems with mul  ple equilibrium states 
and scales are fundamental to the concept 
of the Social-Ecological System (SES) and to 
our understanding of how urban systems 
display resilience.  While the academic 
no  on of the Social-Ecological System is 
an evolving fi eld, a review of the literature 
surrounding the concept suggests that an 
SES is defi ned by the following four criteria:

- An integrated system that spans 
across ma  er, life, and human social 
and cultural phenomena.

- A system consis  ng of rela  onships 
between elements at mul  ple scales 
and within nested systems.

- A system which is complex and 
adap  ve, with proper  es of self-
organiza  on and emergence.

- A system with abstract thought and 
symbolic construc  on.1

The SES framework, and par  cularly how it 
applies to ci  es, is the context within which 
we will be examining resilience.  The city is 
not simply a collec  on of built and green 
spaces; of people and animals; of pathways 
and edges; of landmarks and connectors.  
Rather it is all of those things at once 
and more.  Modern ci  es are incredible 
amalgama  ons of human beings, nature, 
and the built environment, combining on 

mul  ple scales into exceedingly complex 
systems.  Together, those individual systems 
form together to create a City; a large Social-
Ecological System with its own characteris  cs 
and dynamics.  Understanding the coastal 
border as a contained system in itself, while 
simultaneously being part of a larger system, 

IV-LITERATURE REVIEW

Image 4.1  The city as a Social Ecological 
system comprised of individual systems 
nested together, acting on mulitple scales.
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will be key to our concept of resilience 
moving forward (Image 4.1).  

The concept of the city as an ecological 
system is not a new one, da  ng back 
to at least the mid 1900’s with the 
development of landscape ecology and 
its focus on interac  ons between mosaics 
of interconnected patches of land (Image 
4.2).2   However, more recent studies 
have moved beyond simply applying an 
ecological framework to the analysis of 
human se  lements towards an a  empt to 
interpret the city as a complex ecological 
system with uniquely social aspects that 
aff ect its func  on.  

This framework is useful for emphasizing the 
unique role that human value systems play 
in the dynamics of city SES, driving choices 
on mul  ple scales that can ul  mately aff ect 
the citywide biophysical system.  Indeed, 
Plessis’ synthesis suggests that the SES of 

Image 4.3  The three spheres of existence 
of a social ecological system.  Adapted 
from Du Plessis, 2008.

Image 4.2  Landscape Ecology conceptualizes the landscape as an interconnected series of 
patches, or mosaics, that have diverse and complex relationships between each other. These 
examples of mosaics are based off Richard T.T. Forman's 1995 book Land Mosaics: The ecolo-
gy of landscapes and regions.  Amanda Bayley. [Image] 2008. Retrieved from http://portfolio.
amandabayley.com/landscape-architecture/
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the city is composed of three interlocking 
spheres of existence (Image 4.3): the 
geosphere (ma  er), the biosphere (life), and 
the noosphere (mind).3  The three spheres 
are a nested con  nuum, as life requires and 
is born from ma  er, and mind requires and 
is born from life.  It also highlights the SES as 
a panarchy, namely, a structure in which the 
individual systems have rela  onships across 
scales and hierarchies4.  This interweaving 
of scales means that ac  ons taken in the 
smallest of subsystems can ripple across 
other component systems and aff ect the 
SES as a whole.

Resilience

The etymology of the word resilience can 
be traced back to the la  n word resilere, 
meaning “to rebound” or “to recoil”.5  In 
some disciplines, the modern day usage of 
the word doesn’t stray far from those roots, 
such as in engineering, where resilience 
refers to the ability of a material to absorb 
energy when deformed elas  cally and the 
recovery of that energy when returning 
to its original state.6  In its psychiatric and 
psychological connota  ons resilience also 
hews close to its original La  n connota  on, 
as it represents to the ability of individuals 
to process life changes and transi  ons.7 On 
a much larger scale is the similar concept of 
societal resilience:  the ability of groups or 
communi  es to cope with external stresses 
or disturbances as a result of social, poli  cal, 
and environmental change.8

It was the usage of the word in the fi eld 
of ecology however, that precipitated the 
prolifera  on of resilience studies across 
the many fi elds that it reaches today.  C.S. 
Holling introduced the concept of resilience 
in ecology in his 1973 ar  cle Resilience 
and the Stability of Ecological Systems, 
where he described it as the “measure of 
the persistence of systems and their ability 
to absorb change and disturbance and s  ll 
maintain the same rela  onships between 
popula  ons or state variables.”9  Holling and 
his collaborators con  nued to iterate on the 
defi ni  on of resilience, and in a 1996 paper 
he explicitly diff eren  ates between his 
defi ni  on of ecological resilience, and that 
of what he terms ‘engineering resilience’.  
Engineering resilience, he explains, 
measures the resistance to disturbance 
and the speed of return to equilibrium, 
while ecological resilience measures the 
amount of disturbance that a system can 
undergo before fundamentally changing its 
character:

One defi ni  on focuses on effi  ciency, 
constancy, and predictability-all 
a  ributes at the core of engineers’ 
desires for fail safe design.  The 
other focuses on persistence, 
change, and unpredictability-all 
a  ributes embraced and celebrated 
by biologists with an evolu  onary 
perspec  ve and by those who search 
for safe fail designs. 10
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The rela  onship between these two types 
of resilience may not necessarily be aligned, 
meaning that designing a system to increase 
short term engineering resilience may in 
fact reduce long term ecological resilience.11

Holling illustrates this point with examples 
from ecological systems that sacrifi ced 
long term stability for short term effi  ciency, 
such as in the managed forest ecologies 
of the western United States (Image 4.4), 
but examples exist in other contexts as 
well.  Designing to increase resilience to 
one hazard, such as using wood framing in 
housing to resist frequent seismic ac  vity, 
can detract from another, such as when a 
fi re spreads rapidly through  ghtly packed 
wooden buildings.   

What these various defi ni  ons of resilience 
ul  mately display is that context ma  ers, 
and that our defi ni  on of resilience, and 
resilience thinking, is infl uenced by the 
se   ng in which we are evalua  ng them.  
For our purposes we will be working 
with the defi ni  on of resilience provided 
by Walker, et al. in 2006 in regards to 
Social Ecological Systems: “the capacity 
of a system to absorb disturbance and 
reorganize while undergoing change so as 
to s  ll retain essen  ally the same func  on, 
structure, iden  ty, and feedbacks”.12  There 
are four aspects that defi ne the resilience 
of any system, and while the fi rst three 
apply across any scale, the fourth applies 
specifi cally to integrated systems (SES) as a 
whole.

Image 4.4  US fi re management policy has generally been arranged around suppressing forest 
fi res whenever possible, increasing short term resilience to hazards, but that has allowed un-
derbrush and grasses to fl ourish, creating environments primed for massive mega-fi res like we 
have seen in Califronia over the past several years.  Bob Strong, Rueters.[Photo] Retrieved from 
http://news.abs-cbn.com/overseas/07/30/18/come-and-get-me-boy-pleaded-before-califor-
nia-fi re-death
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-La  tude: corresponds to the maximum 
amount a system can change before it 
crosses a threshold beyond which recovery 
is diffi  cult or impossible.

-Resistance: the ease or diffi  culty of 
changing the system

-Precariousness: how close to the threshold 
the current state of the system is

-Panarchy: the infl uence of other subsystems 
on the resilience of the given system13

These four aspects operate within what 
can be termed a ‘basin of a  rac  on’14

(Image 4.5), a theore  cal region within 
which the system remains stable and 
func  onal, responding normally to 
individual subsystems of which it is formed.  
In real world SESs, a system tends to move 
within this basin of a  rac  on, pulled to its 
equilibrium state but constantly beset by 
random disturbances (like natural hazards) 

and decisions from human actors that move 
it away from equilibrium.     

Regardless the fi eld of study, resilience 
in hazard management tends to revolve 
around four key ac  ons: prepara  on, 
resistance, recupera  on, and adapta  on.15

Prepara  on is the stable state that a system 
rests at between disturbances, and the 
ways in which it organizes itself for the next 
event.  Resistance, as noted before, is the 
system’s ability to withstand change and 
maintain func  onality.  Recupera  on is 
the way the system returns itself to its pre-
disturbance func  onality.  Adapta  on is the 
system’s capacity to rearrange itself to be  er 
confront future disturbances.16  These four 
ac  ons can be conceptually arranged in a 
circle, called the cycle of resilience (Image 
4.6) that help illustrate the cyclical nature of 
hazards and responses.   

Basin of Attraction

Image 4.5  How an individual system functions within its Basin of Attraction, and the aspects 
that defi ne its resilience.  Adapted from Walker, et al. 2004.
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An important dis  nc  on is between simply 
mi  ga  ng risk and the more complex task 
of building resilience.  Rosa  , et al explain 
the drawback to a  emp  ng to design 
specifi cally for reducing risk: 

A risk management approach 
addresses the vulnerabili  es of 
specifi c systems and quan  fi es the 
loss of func  onality of that system 
in the event of specifi ed hazardous 
event(s).  Once func  onality of the 
system is understood, solu  ons can 
be off ered to be  er prepare the 
system to prepare and resist the 
hazard.  As the dominant assessment 
strategy for engineered systems 
risk management aims to off er 
solu  on in an  cipa  on of known 
hazards with the expecta  on that 

opera  ons will con  nue as normal…
However, complex systems o  en 
pose problems for the risk manage 
management approach because 
feedback loops, interdependencies, 
future unknown and variable spa  al 
and temporal scales can result in 
hazards and community se   ngs 
that are varied and unpredictable.17

Whereas improving the resilience of a 
system based around the idea that future 
unknown variables, be they ecological, 
biological, or physiological, will undoubtedly 
arise to adversely aff ect the stability of the 
system.  Preparing for the unpredictable 
means incorpora  ng the ability to change 
and adapt to mul  ple disturbances across 
the panarchy of systems.18

Resilience Thinking

In discussing how Vancouver and Valparaiso 
have approached threats posed by natural 
hazards and sea level rise we will be 
employing a concept called resilience 
thinking.  A term coined in Resilience 
Thinking: Integra  ng Resilience, Adaptability 
and Transformability, resilience thinking is 
an approach to analyzing social-ecological 
systems that recognizes the capacity of a 
system to adapt and transform as vital to 
its persistence.19  In terms of ci  es, it means 
adap  ng to an urban design paradigm 
that encourages planners and designers to 
embrace the possibili  es inherent in both 
sudden and gradual changes, and rests 

Image 4.6  The 'cycle of resilience'.  Adapt-
ed from Rosati, et al. 2015.

DISTURBANCE
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on two main concepts: adaptability and 
transformability.

Adaptability and Transformability

Adaptability, in the context of a social 
ecological system, is understood specifi cally 
as the ability of the human actors within a 
system to infl uence the aspects of resilience 
men  oned above.  This is an explicit 
recogni  on that the ecological outcomes 
in an SES are primarily dictated by human 
ac  ons taken in integrated systems.20 The 
human element introduces variance into an 
SES unseen in strictly ecological systems in 
the form of human values and norms that 
not only help shape the built environment, 
but also the response to disturbances 
that aff ect it.  Individuals, organiza  ons, 
ins  tu  ons, and evens socie  es can ‘learn’ 
from past events and arrange themselves 
to be  er respond to events.  This is 
fundamental to the diff erence between 
ecological and social-ecological systems: 
disturbances to the system are not simply 
shocks, but opportuni  es to learn and 
reorganize according to past experiences.  
It’s this faculty for abstract thought and 
symbolic construc  on that serve as the key to 
resilience thinking: there are opportuni  es 
of growth and reorganiza  on not present in 
ecological systems that lack the agency to 
alter their trajectories.21 Agency works both 
ways however, as Berkes notes: 

Since human ac  ons dominate social-
ecological systems, adaptability 

is mainly a func  on of the social 
component of the integrated 
system.  However, adapta  on is 
not a mechanis  c or predetermined 
outcome.  Human agency including 
the role of individuals, leaders 
and ins  tu  ons, is important and 
infl uences outcomes.  This collec  ve 
capacity to manage resilience 
determines whether thresholds can 
be successfully avoided.22

Unlike strictly ecological systems, which 
over  me will naturally adapt themselves to 
their environment, an SES places the onus of 
adapta  on onto the human actors involved.  
If they choose not to engage in the process, 
or have a nega  ve overall infl uence, the 
system’s adaptability suff ers greatly. 

Avoiding thresholds is generally the 
goal of building a resilient system, but 
occasionally it may become necessary for 
the system to change the variables around 
which it is arranged.  This ac  on is called 
a transforma  on, and the ease with which 
it occurs is called transformability.  In 
resilience terms, this is what occurs when 
a system absorbs change greater than 
its la  tude, and crosses a threshold into 
another basin of a  rac  on, arranging itself 
around new equilibrium states.23  While this 
is generally the outcome to be avoided in 
a systems framework, Resilience Thinking 
suggests, somewhat paradoxically, that the 
transforma  on of an individual system may 
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be necessary for the long term resilience 
of connected systems to which it is related 
across the panarchy.  Chelleri tell us that: 

Because of such (short term) 
recovery perspec  ve of resilience 
some important (long term) 
sustainability goals are missed or 
misunderstood.  In fact simply trying 
to make systems more robust to 
changes may lead unsustainable 
systems to resist over  me.  As in 
the Schumpeter economic concept 
of crea  ve destruc  on (Shumpeter, 
1942) long term resilience requires 

constant transforma  ons across 
diff erent scales, components 
(groups), or subsystem collapses 
in order to make the en  re system 
evolve.24

This perspec  ve suggests that in order for 
large scale complex systems, like a city, to 
survive over  me, it may be necessary for its 
component systems to occasionally fail, or 
transform.  An example of this ac  on can be 
found in the way in which the San Francisco 
waterfront transformed itself a  er the Loma 
Prieta earthquake in 1989 damaged the 
exis  ng freeway there.  Instead of inves  ng 
in the repairs that would be necessary, 
the city removed the freeway en  rely, and 
converted the area into an open boulevard 
with ample green space and access to the 
waterfront (Image 4.7). 

Mi  ga  on and Adapta  on Plans

In recogni  on of the costs, both in terms 
of lives and dollars, that natural disasters 
pose, and their accompanying increase in 
potency and frequency thanks to climate 
change, local and state governments have 
taken it upon themselves to develop hazard 
mi  ga  on and adapta  on plans that seek 
to address the threats they face.  Hazard 
mi  ga  on plans (HMP) and Adapta  on 
Plans (AP) both seek in their own way to 
defray the eventual costs associated with 
the intersec  on of human se  lements and 
nature, though their focuses and strategies 
diff er.   

Image 4.7  The San Francisco waterfront 
at Embarcadero in 1992 (above) and 2003 
(below), before and after the removal of 
the Embarcadero freeway.  San Francisco 
Planning Department. [Photo] 2015.Re-
trieved from http://www.upout.com/blog/
san-francisco-3/old-san-francisco-a-look-at-
before-and-after-the-embarcadero-free-
way-came-down
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Hazard Mi  ga  on Plans focus on reducing 
“the loss of life and property, human 
suff ering, economic disrup  on, and disaster 
assistance costs resul  ng from natural 
disasters.”25  Specifi cally, HMPs iden  fy the 
hazards and threats most likely to aff ect the 
indicated area, and subsequently present 
the most implementable strategies to 
mi  gate them.  

Adap  on Plans generally build on top of 
Hazard Mi  ga  on Plans, iden  fying what 
aspects of the HMP will be aff ected by 
future climate change, and presen  ng 
op  ons to reduce both the eff ects on by 
those hazards, but also the city’s overall 
contribu  on to global climate change.  

While it is possible to have one type of plan 
without the other, a comprehensive study of 
200 ci  es in Europe shows that in prac  ce, 
the two are closely linked.  They found that 
not a single city studied had an adapta  on 
plan without previously detailing a Hazard 
Mi  ga  on Plan.  The study also showed 
that while it may be true more and more 
locali  es are willing to invest in planning 
for hazards and climate change, they are far 
from ubiquitous: 35% of the ci  es examined 
had no mi  ga  on plan, and a full 72% had 
no adapta  on plan.26

Despite this fi nding, both plans are 
becoming more common worldwide, and 
they are mainly found in developed na  ons, 
the UN, recognizing the dispropor  onate 
danger posed by climate change to 

developing na  ons, has made a concerted 
eff ort to encourage less developed na  ons 
to consider mi  ga  on and adapta  on 
op  ons.  These eff orts include the Na  onal 
Adapta  on Programs of Ac  on established by 
the United Na  ons Framework Conven  on 
on Climate Change (UNFCCC) in 2001, 
which allows for least developed countries 
to apply for grant money that allows them 
to undertake urgent adapta  ons to increase 
resilience to hazards associated with climate 
change.  Other events, like the World 
Conference on Disaster Risk Reduc  on, held 
every ten years in Japan since 1995, work 
to raise the profi le of hazard mi  ga  on 
eff orts worldwide.  Of par  cular note is 
the Hyogo Framework for Ac  on, adopted 
at the WCDRR in Kobe in 2005.  Held just a 
month a  er the Indian Ocean tsunami that 
killed over 200,000 people, the backdrop 
of such a disaster brought the issue to the 
forefront as governments worldwide were 
encouraged and incen  vized to priori  ze 
minimizing disaster risk in their countries.27
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 Adapt strategies focus on reducing exposure or vulnerability of assets during a fl ood event.  
O  en called ‘so  ’ defenses, these strategies are based around changing or tweaking exis  ng 
infrastructure or behaviors.  Examples of strategies that adapt their target include:

-zoning laws that change the urban fabric of an area by permi   ng only certain typologies of 
buildings in certain areas or construc  on laws that specify the use of fl ood resistant materials 
or methods 

-forecast and warning systems that advise residents of poten  al fl ood events

Strategies for protec  ng assets reduce risk by preven  ng or mi  ga  ng the nega  ve eff ects of 
the inunda  on, protec  on strategies, also called hard defenses, can include: 

-sea or inland dikes

-sea walls or wave breaks

Retreat, probably the most extreme of the adapta  on strategies, involves ac  vely moving vul-
nerable assets out of the hazard area.  This can be achieved by:

-proac  vely forcing homes and residences away from the coastline or danger area

-reac  vely choosing to not rebuild in a certain area a  er a disaster

-gradually over  me buying out private property and rezoning the area

PROTECT

ADAPT

RETREAT

Image 4.8  The three adaptation strategies employed in coastal defenses: Adapt, Protect and 
Retreat.  

Coastal Adapta  on Strategies

Strategies undertaken with the aim of increasing resilience in the coastal region of urban areas 
fall into three broad categories, adapt, protect and retreat, which are explored in the following 
image (Image 4.8):
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As noted previously, the two urban areas 
explored in this paper are that of Vancouver, 
Bri  sh Columbia, Canada, located in the 
Cascadia Region of North America (Image 
5.1) and that of Greater Valparaiso, located 
in the Central Zone (Zona Central) of 
Chile in South America (Image 5.2).  Both 
are important mari  me ci  es to their 
respec  ve regions with deep  es to the 
Pacifi c Ocean on which they rest.  We will be 
focusing specifi cally on the most important 
municipali  es in each urban area: the City 
of Vancouver in Metro Vancouver, and the 
municipali  es of Valparaíso and Viña del 
Mar in the conurba  on of Gran Valparaíso. 
The following sec  on is an a  empt to place 
each urban area in its geographic, clima  c, 
and demographic context.       

Geographic

Over millions of years, the earth’s tectonic 
forces have formed both Cascadia Region 
of North America (Vancouver) and the Zona 
Central of Chile (Valparaiso) in very similar 
ways.  Comprehending their similari  es, 
and how they relate to the challenges 
each city faces regarding extreme weather 
events and climate change requires us to 
understand the underlying forces at work in 
the shaping of the planet. 

Both the Cascadia Region and the 
Zona Central are defi ned by two major 
topographic landmarks: their coastline 
with the Pacifi c Ocean and their respec  ve 
coastal mountain ranges.  Those mountain 

ranges, the Cascade Mountains in the 
Cascadia Region and the Andes Mountains 
in the Zona Central provide a frame which 
defi nes the climate, landscape, and to a 
large extent, the culture of the regions.  
While imposing spectacles in their own 
right, both ranges are in truth part of a 
much larger mountain range: the American 
Cordillera, which runs the en  re length 
of the American con  nent in one form 
or another, from the southernmost parts 
of Chile through western Canada (Image 
5.3).  Understanding how this mountain 
range has shaped the past and present of 
both Cascadia and the Zona Central of Chile 
requires an understanding of the way the 
great plates which cons  tute our earth 
work.  

The science of tectonic plates is accepted 
as the standard model to understand the 
structure and working of the planet earth.  
According to this model, the world is 
composed of spherical layers that surround 
a nucleus of superheated iron.  From the 
interior to the exterior the layers are: the 
inner core, the outer core, the mantle, and 
the crust.  For our explora  on of the geology 
and topography of the Americas, we will 
concentrate on the mantle and the crust.

The mantle is composed of three layers 
of iron and magnesium silicate of varying 
consistencies.  Immediately a  er the core 
the mantle is solid, though suffi  ciently 
plas  c to fl ow slowly.  A  er the mantle, 

V- CONTEXTUAL STUDIES
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Metropolitan Vancouver
-Located in Pacifi c Northwest of North 
America (Cascadia Region)
-Largest city in Western Canada
-Home to 2.5 million residents over 3000 
square kilometers

Image 5.1  Location of Metropolitan Vancouver in the Pacifi c Northwest of North American 
continent.  Source for all images Google Earth.
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Image 5.2  Location of Gran Valparaíso conurbation on the South American continent.  Source 
for all images Google Earth

Gran Valparaíso
-Located in Zona Central of Chile (Región 
V - Valparaíso)
-2nd largest conurba  on in Chile a  er 
capital of San  ago.
-Home to 1.2 million people over 700 
square kilometers
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Image 5.3  The American Cordillera, formed by similar tectonic forces runs the length of the 
Americas and defi nes much of the local climate and culture.
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there is a layer of liquid magma, called the 
asthenosphere, and fi nally a layer of rigid 
rock.  The crust, like the outer layer of the 
mantle, is rigid and composed primarily of 
granite under the con  nents, and basalt 
under the oceans.  Together, the two rigid 
layers of the mantle and crust are called the 
lithosphere, and exist not as a con  nuous 
layer but as a series of independent 
plates.  In the relevant literature, plates are 
generally categorized by size, with between 
8 and 14 ‘major’ plates, though the 
defi ni  on of ‘major’ can vary from author 
to author.  Despite the varia  on, always 
included within the range of the major 
plates are those with the most consequence 
to the geology and topography of the west 
coast of the Americas: in North America, 

the North American Plate; in south America, 
the South American Plate; and to the west 
of both of them, the Pacifi c Plate (Image 
5.4).  In addi  on to these three main plates 
there are two more that play a cri  cal role 
in history of the Zona Central of Chile and 
the Cascadia Region.  Some  mes counted 
as major plates, other  mes as secondary 
plates, the Juan de Fuca plate in the 
northern hemisphere and the Nazca plate 
in the southern hemisphere both interact 
with the plates around them to create the 
topography we see today. 

As two plates moving towards each other 
meet, one is inexorably forced beneath the 
other, crea  ng pressure both in the zone 
where one plate is diving beneath the other, 

Image 5.4  Map of the major tectonic plates worldwide, with the plates most important to the 
formation of the west coast of the Americas highlighted.  Adapted from worldatlas.com
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but also in the separate plates themselves.  
Oceanic plates, composed primarily of 
basalt, are denser than their con  nental 
counterparts, thus when an oceanic plate 
meets a con  nental plate it moves under 
the lighter plate, pushing up sediment from 
the con  nental plate in a wedge to form 
mountains along the coastline, a process 
known as orogeny.  Internal thrus  ng on the 
con  nental plate eventually allows magma 
to rise up from the asthenosphere through 
the crust and volcanic hotspots are created 
in those same mountains, as seen in image 
5.4.  This is the situa  on that produced the 
en  re American Cordillera, as the North 
American and South American tectonic 

plates respec  vely subucted smaller oceanic 
plates along their borders and through the 
slow process of orogeny, gave rise to coastal 
mountains.1

The result is a remarkably similar 

topography along the en  re western 
coast of the Americas, what Inman and 
Nordstrom (1971) classify as collision-edge 
mountainous coasts2: coastlines that both 
lie along the collision edge of tectonic plates 
and have mountainous terrain with a short 
con  nental shelf.  Both Chile and Cascadia 
meet this criteria, as Chile averages just 
175km between the coastline and the 
Andes, which also serve as the border 
with Argen  na; in Cascadia, the cascade 
mountain range sits between 160-240km 
from the Pacifi c Ocean depending on the 
la  tude.  Both mountain ranges rise well 
over 3000m and contain a mix of ac  ve and 
ex  nct volcanoes.  And in both coastlines, 
the stretch of con  nental plate that lies 
under water, also known as the con  nental 
shelf, is quite narrow (under 50km wide).  
One major and impac  ul diff erence in 
their morphology is the presence of barrier 
islands in Cascadia.  While the Central 
Coast of Chile lies completely exposed to 
the Pacifi c Ocean, as we see in image 5.1, 
most of the major popula  on areas of 
Cascadia are shielded from direct contact to 
the ocean by a series of islands, including 
Vancouver Island, the largest island on the 
west coast of the Americas.  

Metropolitan Vancouver Geographic 
Se   ng 

Although the Cascadia Region of the North 
American con  nent, also known as the 
Pacifi c Northwest (PNW), does not have a 

Image 5.5  This image from the United 
States Geological Service shows the forces 
at work in a subduction fault zone between 
a continental plate and an ocean plate. 
Source: USGS, https://www.usgs.gov/me-
dia/images/subduction-fault-zone-diagram 
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legal designa  on in either Canada or the 
United States of America, its geographic 
boundaries are generally understood 
to include the states of Oregon, Idaho 
and Washington of the United States of 
America, and the southern part of the 
Canadian province of Bri  sh Columbia.  In 
terms of popula  on, Cascadia is moderately 
large: it lacks a megacity like Los Angeles, 
Chicago or New York, but it does have three 
metropolitan areas (Portland, Oregon; 
Sea  le, Washington; Vancouver, Bri  sh 
Columbia) each of which is home to at least 
2 million people.

The Vancouver Metropolitan area is located 
at la  tude 49˚, longitude 123˚ in Bri  sh 
Columbia, the westernmost of Canada’s 

thirteen provinces and territories.  The 
largest city in western Canada, it sits just 
across the border from the United States, 
around 180km from the US city of Sea  le.  

Thanks to its loca  on east of Vancouver 
Island, the city of Vancouver is reasonably 
sheltered from the major storms that 
pass through the area.  Despite its rela  ve 
security behind the buff er of the largest 
island on the west coast of North America 
though, the city remains permanently 
in danger of storm related fl ooding and 
damage because of the sheer number of 
bodies of water by which it is surrounded.  
To the north is the Burrard Inlet, to the west 
the Strait of Georgia, and to the south is the 
Fraser River.  The numerous streams that 

Image 5.6  The city of Vancouver is the largest municipality in the area of Metro Vancouver. 
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once ran through the city have almost all 
been paved over, replaced by an extensive 
storm sewer infrastructure, which can back 
up when sea levels rise too high, as during 
extreme high  des.

Gran Valparaiso Geographic Se   ng

Although there are small ci  es and towns 
up and down the central coast of Chile, the 
only large urbanized zone is the conurba  on 
of Gran Valparaiso, located in Chile’s V 
region on the Pacifi c Coast at la  tude 33˚ 
south and longitude 71˚ west, about 115 
kilometers northwest from the capital city 
of San  ago.  

Although the total area of Gran Valparaiso 
stretches inwards towards the coastal 
mountain range, the heart of the 

conurba  on sits on the coast in the hills 
and fl atlands that surround the Bay of 
Valparaiso.  Three municipali  es border the 
bay, Valparaíso, Viña del Mar, and Concón, 
while Quilpué and Villa Alemana are located 
inland.  Viña del Mar and Valparaíso, the 
two most developed and populous of 
the municipali  es, are the focus of this 
inves  ga  on.  The development of the 
urban area, in the past and today, is  ed 
strongly to the port located at the foot 
of the sloping hills of the municipality of 
Valparaiso.  From its ini  al se  lement in 
the 16th century, the port of Valparaiso 
quickly developed into the most important 
anchorage in Chile, and one of the major 
stops in the worldwide shipping trade that 
dominated the 19th century. Its meteoric 

Image 5.7 Map of Gran Valparaíso conurbation, covering 5 municipalities (comunas), of which 
our investigation focuses on the two largest, Valparaíso and Viña del Mar. 
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growth is due in part to its proximity to the 
capital of San  ago (Valparaiso was declared 
the offi  cial port of San  ago in 1544) and in 
part to its coopera  ve topography, with a 
depth (12.5-13.7 meters) suffi  cient to allow 
the large commercial ships and a natural 
promontory in Punta Angeles that protects 
boats from the worst of the southwestern 
winds.    

Climate

The second contextual point of our two 
cases is that of the climate, and here too 
the tectonic forces that formed the region 
over millions of years have resonance today.  
Earth’s climate has several macro variables 

that change over  me, including solar 
output, asteroid impacts, and the planets 
rela  on with the sun,3 but once the sun’s 
radia  on enters the atmosphere, it also 
is aff ected by local the surface features of 
the earth, meaning the topography of the 
planet also has an infl uence, direct and 
indirect, on regional climates.  

The most commonly used climate 
classifi ca  on methodology, the Koppen-
Geiger system, defi nes both the Zona Central
of Chile and the en  rety of the Cascadia 
region as having Warm Mediterranean 
Climates (csb)4.  In this classifi ca  on system 
a region’s climate is defi ned by the three 
le  ers of its code:

Image 5.8 Worldwide mapping of the Koppen-Geiger climate system.  Both Valparaíso and 
Vancouver sit in the Csb designation of Warm Mediterranean Climate. Source: Peel, M.C., Fin-
layson, B.L., and McMahon, T.A. [Image] 2007. University of Melbourne  



40

C
O
N
T
E
X
T
U
A
L
 
S
T
U
D
I
E
S

- The fi rst le  er represents the 
general climate type.  C denotes a 
temperate climate, with the average 
temperature of the coldest month 
over 0 degrees Celsius.  

- The second le  er represents the 
precipita  on pa  ern.  S denotes 
a wet winter, with three  mes as 
much rain during the we  est winter 
month as the driest summer month.

- The third le  er represents summer 
temperature.  B indicates a warm 
summer, with the ho  est month 
of the year averaging less than 22 
Celsius, but with at least 4 months 
averaging over 10 Celsius.

The Pacifi c Northwest is well known for its 
rainy climate, and while the reputa  on is not 
undeserved, it is commonly misunderstood.  
Measured in quan  ty of precipita  on, 
major popula  on hubs like Portland, 
Vancouver and Sea  le actually receive far 
less than other major North American ci  es.  
According to a study done by San Francisco 
based Weatherbill Inc., in terms of average 
rainfall Sea  le is actually the 41st we  est city 
in the United States, followed by Portland at 
number 42.  The Northwest reputa  on for 
rainfall isn’t completely misplaced however, 
as the same study found that Sea  le was 
the number one city in the USA in terms of 
‘rainy days’ per year (defi ned as a 24 hour 
period with more than .6 cen  meters of 
rain).  Indeed the average number of clear 

or only partly cloudy days in Cascadia varies 
each month, from a measly four to eight 
in winter months, eight to 15 in spring 
and fall months, and 15 to 20 in summer 
months (Image 5.9).  The heavy rainfall 
in the Cascadia region can also infl uence 
the intensity of fl ooding during extreme 
weather events, as saturated water tables 
and backed up storm drains exacerbate 
already stressed infrastructure.

Cascadia owes its climate to the interac  on 
between three main features: the 
topography, the infl uence of the Pacifi c 
Ocean, and the rota  ng pressure regions 
in the nearby North Pacifi c Ocean.  These 
pressure zones (one high, one low, which 
trade places in the winter and summer), 
infl uence what type of wind is carried from 
the Pacifi c Ocean over the region.  In the 
summer the high pressure system, called 
the North Pacifi c High, is dominant, and 
the clockwise movement brings warm 
westerly and north-westerly winds over 
Cascadia.  In the winter the low pressure 
system, called the Aleu  an Low, moves 
from its place farther north and intensifi es, 
displacing the high pressure system south.  
The combina  on of these two systems 
sends southwesterly wind into Cascadia 
carrying moist ocean air that is closer to 
the temperature of the ocean than the 
temperature of the land it encounters, 
producing a condensa  on eff ect that 
intensifi es as the air reaches the physical 
barrier provided by the Cascade mountain 
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Image 5.9 Climate and temperature graphs for Vancouver, Canada. Source: Climate-data.
org. https://en.climate-data.org/location/963/ 
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Image 5.10 Climate and temperature graphs for Valparaíso, Chile. Source: Climate-data.org. 
https://en.climate-data.org/location/963/ 
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range.  The result is a temperate climate 
year round with stretches of wetness that 
last months at a  me.  

The Aleu  an Low is also responsible for the 
most powerful storms that aff ect the Pacifi c 
Northwest.  Colloquially called “Big Blows” 
and meteorologically defi ned as mid-
la  tude (or extratropical) cyclones, these 
storms can reach wind speeds comparable 
to the category 2 or 3 hurricanes that 
periodically devastate the Caribbean.  These 
potent storms are driven by low pressure 
systems common in the North Pacifi c Ocean 
during winter months where cold air fl owing 
towards the tropics and warm air fl owing 
towards the poles meet, forming what is 
known as a polar front.  Cyclones form 
along this polar front through a process 
called cyclogenesis, wherein the two bands 
of air moving in opposite direc  ons create 
a strong horizontal temperature gradient, 
providing the latent energy necessary to 
create the strong winds associated with 
these storms.  The aforemen  oned Alue  an 
Low pressure system si   ng off  the coast acts 
to both increase the power of the cyclones 
as well as guide them towards landfall in the 
Pacifi c Northwest.   

Similar to Cascadia, the Zona Central 
of Chile derives its climate from the 
interac  on between the ocean and the 
inland topography.  While the Andes are 
the dominant geologic feature of Chile, the 
Zona Central included, there is another, 

smaller range that plays a major role in the 
microclimates of the region.  The Cordillera 
Costa runs parallel to the Andes Mountains, 
and while much smaller in al  tude (2000m 
vs. 5000m), it sits much closer to the 
coastline: in the Zona Central it ranges from 
35 to 40km from the coast.  The Cordillera 
Costa plays the role that the Cascades do 
in the Pacifi c Northwest, forcing the water 
laden winds coming from the pacifi c up and 
keeping the coastal region more temperate 
but we  er than inland areas like San  ago. 

Average temperature in the region ranges 
between 11.4 Celsius in the winter to 17.0 
in the summer, with an average of 14.2 
year round.  Like the Cascadia region, the 
Zona Central pays for its moderate climate 
with higher precipita  on levels than its 
drier, more temperature vola  le neighbors.  
Precipita  on levels are highest in the 
winter months, reaching their maximum of 
115mm in June (Image 5.10).  Winds in the 
area primarily come from the southwest 
between 40 and 60 degrees south, and 
a shi   from predominantly WSW winds 
to more SW direc  on has recently been 
observed, possibly due to the displacement 
of the South Pacifi c High pressure system.5

Sea level fl uctua  ons

Local sea level is the major factor in the 
severity of coastal fl ooding during extreme 
weather events, and has several variables, 
both short and long term in nature.  Some 
of the more impac  ul short term infl uences 
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Image 5.11 Tide charts for Vancouver (above) and Valparaíso (below). Source: https://www.
tide-forecast.com/, Accessed August 5, 2018 
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(pressure, wind and wave setup) are 
discussed in the natural hazard sec  on, but 
here we look at several of the infl uences 
that are generally factored into base sea 
level when calcula  ng storm surge, rather 
than calculated apart.  

Tides

Outside extreme weather events, the 
most impac  ul component of sea level are 
daily  des. The  des in both Valparaiso 
and Vancouver are mixed semi-diurnal, 
meaning they have two high and low  des 
each day with diff ering maximum water 
levels.  Winter  des are larger than those 
in summer, and the maximum  de comes 
every 18.6 years, though twice-yearly 
maximum  des, colloquially called King 
Tides, can come close.  King Tides are a 
non-scien  fi c name given to the perigean 
spring  de, the yearly event when the sun 
and moon align, producing extra high  des.  
In Vancouver especially these  des are a 
major contributor to fl ooding events in the 
urban area.  

In Vancouver the highest recorded  dal 
range (diff erence between high and low 
 des of the same cycle) is 5.06 meters 

and image 5.11 shows a weekly  de chart 
for the region.6  King  des in Vancouver 
can reach 5 meters above chart datum, a 
level that leaves the coastline extremely 
vulnerable to fl ooding, as a surge of just .6 
meters on top of the  de level could result 
in fl ooding in the coastal zone.7  Tides in 

Valparaiso have a much lower range, with a 
recorded maximum of 1.8 meters8 (weekly 
 de chart in image 5.12), sugges  ng the 

overall eff ect that  des play on coastal 
fl ooding in Valparaiso is much less than that 
of Vancouver.

The measuring of sea levels along coastal 
areas is the provenance of each relevant 
na  onal agency (NOAA in the United 
States9, DFO in Canada,10 SHOA in Chile11), 
and while the exact tools used in each case 
may vary, the methodology of determining 
the mean sea level is the same world-over.  
The level of the ocean is measured rela  ve 
to a fi xed land point hourly at sta  ons on 
or near the coastline with instruments 
called  de gauges (also called marigrams 
or mareographs).  The constant monitoring 
of the sea level fl uctua  on provides 
benchmarks for high and low  des for 
the area.  Given the mul  tude of various 
infl uences that may subtly change the level 
of the sea, achieving a data set suitable 
to defi ne a mean sea level may require 
years and years of informa  on gathering.  
NOAA’s mean sea levels for example are 
generated by taking the average height of 
all  de fl uctua  ons from nineteen years of 
con  nuous measurement.  This immense 
amount of data allows for a reasonably 
reliable es  ma  on of the water level, 
without the fl uctua  ons inherent in any 
small sample size.  

El Niño Southern Oscilla  on (ENSO) and 
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Pacifi c Decadal Oscilla  on (PDO)

These two periodic long term climate 
varia  ons of the western Pacifi c Ocean 
also aff ect local sea levels.  El Niño and La 
Niña are the warm and cold phases of the 
El Niño Southern Oscilla  on, a fl uctua  on 
in temperature in the Pacifi c Ocean that has 
eff ects on both regional ocean processes 
and global weather pa  erns.  No two ENSO 
episodes are exactly alike, but they generally 
last between nine months to a year, though 
extended periods have lasted years.12 Like 
the ENSO, the Pacifi c Decadal Oscilla  on 
is a climate varia  on in the Pacifi c Ocean.  
There are two main points that separate 
the two events however.  The fi rst is that 
the main eff ects of the varia  on are seen 
mainly in the northern Pacifi c and the North 
American con  nent, as opposed to the 
ENSO which primarily aff ects the southern 
Pacifi c.  The second is the  me period over 
which they are ac  ve: while the typical El 
Niño may last a number of months, the PDO 
typical runs in 20-30 year cycles.13

Both varia  ons are associated with warming 
or cooling of surface water temperature, 
which will raise or lower sea levels thanks to 
thermal expansion.  This type of varia  on, 
be it local or global, is called steric sea level 
change, and is a result of changing density 
of the ocean water.  These are very long 
term fl uctua  ons, impar  ng change over 
many years’  me, and although they can 
cause signifi cant varia  ons in sea level, in 

prac  ce they are considered part of the 
baseline mean sea level, and for storm 
surge purposes are calculated as part of the 
astronomical  de.  

Currents   

The climate and livelihood of much of the 
west coast of the Americas depend heavily 
on the ocean currents that run along their 
coastlines.  Along the western coast of the 
United States the dominant current is the 
California Current, a cool water current that 
branches from the North Pacifi c Current 

Image 5.12 The two major, and one mi-
nor, currents that impact the coasts of the 
Zona Central in the Southern Hemisphere 
and the Pacifi c Northwest in the Northern 
Hemisphere

Humboldt Current

California Current

Alaska Current
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off shore of the Cascadia region and runs all 
the way to Baja California.  In the southern 
hemisphere, off  the coast of Chile and 
Perú it is the Humboldt (or Perú) Current, 
a cold water current that runs the length 
of the western coasts of both countries.  
Both currents draw cold water from their 
respec  ve poles and move it along the 
coastline towards the equator, and in both 
cases the currents play major roles in the 
ecosystems and climates of the coastal 
regions they abut, as well as in the cultures 
of the human se  lements that arose in 
those areas.   

These two principal currents func  on 
very similarly and share many of the same 
a  ributes.  Both currents are classifi ed as 
eastern boundary currents, meaning that 
they are bounded by land to their eastern 
fl anks, and both are aff ected year-round 
by a phenomenon called ‘upwelling’, a 
fairly rare occurrence in ocean currents 
worldwide.  Upwelling is the replacement 
of warmer, shallow, nutrient depleted water 
from the coast with cooler, deeper, nutrient 
rich water farther off shore.  This transfer 
is crucial for crea  ng the vibrant marine 
ecosystems that can be found up and down 
the western coast of the Americas.  The 
nutrients that the cool water brings to 
the coast fer  lize the waters there, which 
in turn feed the marine life that provide 
sustenance for larger sea and land wildlife.  
It’s these upwelling areas that make the 
coasts of Chile and Cascadia some of the 

most prolifi c fi sheries in the world. 

The cool currents running along the 
coastlines of the west coast also contribute 
to the weather pa  erns of each region.  
Wind blowing across the cold water of 
the currents and consequently passing 
over the coast serves to cool the coastal 
areas, contribu  ng to the year-round 
temperate climates found in Cascadia and 
the Zona Central, modera  ng their weather 
considerably compared to ci  es at similar 
la  tudes on the east coast of the Americas.  

Local Climate Change Eff ects

While it’s true that the global sea level is 
rising, the fi gure of 3.2mm per year cited 
earlier is a global average, and local factors, 
such as bathymetry and currents, play an 
important role in how fast or slow sea levels 
rise in localized areas.  In Vancouver the 
threat posed by the rising sea is a serious 
concern: a study of the largest coastal 
ci  es in the world found that Vancouver 
ranked number eleven in terms of poten  al 
future fl ooding damage, with $107 million 
projected in annual damages by the year 
2050.14  And as noted previously, these 
aren’t solely concerns for the distant future, 
as perigean  des already reach high enough 
to cause fl ooding when combined with 
strong winds.  In addi  on to the parks and 
recrea  on areas that line the coast in Metro 
Vancouver, over 250,000 residents live 
within one ver  cal meter of the current sea 
level,15 and as the mean sea level increases, 
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that number will only con  nue to rise.  The 
fact that Vancouver sits at the mouth of 
the Fraser River delta further complicates 
ma  ers, as fl ooding may come along the 
banks of the river as well as from the ocean 
coast.  

In Valparaiso sea level rise is less of an 
immediate concern than it is in Vancouver.  
While it may play a role in future climate 
change scenarios, annual sea level rise 
along the coast of Chile tends to vary 
substan  ally; in some places, like Arica, 
it has even fallen.16  Studies suggest that 
this varia  on is primarily due to the highly 
seismic nature of the Chilean coastline, 
which can put the varia  on of sea level not 
so much in the rise of the oceans as in the 
rise and fall of the coastline itself. 17  A  er 
the 2010 earthquake centered off  the coast 

of central Chile, researchers noted a rise 
along much of the Chilean southern coast, 
small in some places, up to 2.5 meters above 
its previous level in the Arauco Peninsula.18

Nor was this an excep  onally rare incident:  
a  er the 2014 earthquake in Iquique, a 
team of scien  sts used GPS to map upli   
and subsidence along the northern Chilean 
coast, fi nding results that varied between 
15cm of upli   at Chanabaya to 50cm of 
subsidence at Pisagua.19

Given the coastal sea level varia  on possible 
from a single seismic event, of which Chile 
experiences dozens per year, sea level rise 
is less of a local concern for the central 
coast.  Rather, it’s the increase in strength 
mid-la  tude storms could have the greatest 
poten  al impact.  While the science is much 
less clear on the implica  ons of a warming 
climate on storms than it is for the rising sea 
level, there have been studies sugges  ng 
that the warmer surface temperature of 
the oceans and the increased levels of 
condensa  on in the atmosphere will lead to 
more powerful mid-la  tude cyclones of the 
type that commonly hit both the Chilean 
central coast and Cascadia.20

Climate change is also aff ec  ng the coastline 
of Chile on another, more gradual scale.  A 
study found a marked increase in the number 
of powerful storms to hit the Zona Central of 
Chile over the past 60 years, from 5 events 
per year in the mid 1900’s to around 20 a 
year in the 2010’s, including 83 events with 

Image 5.13 The earthquake in 2010 raised 
the coastline all along the southern Chil-
ean coastline.  This lighthouse in Lebu, 
Bío Bío Region used to be isolated on a 
small island, but uplift created a new tidal 
platform.  Source: Paul Duhart, Alejan-
dro Ramos. [Photo] Servicio Nacional de 
Geología y Minería.   
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signifi cant wave heights over three meters 
between 2015-2016.21  The same study 
suggested that this rise may be contribu  ng 
to increasing rates of coastal erosion along 
the beaches of Gran Valparaíso, combining 
with the development paradigms along the 
border to exacerbate the risk of signifi cant 
change.22

Demographic

City of Vancouver, Bri  sh Columbia

Made up of twenty-one municipali  es 
splayed around the mouth of the Fraser 
River delta opening to the Strait of Georgia 
to the west and bounded by the Canadian 
stretch of the American Cordillera mountains 
to the east and north, Metro Vancouver 
covers nearly 3000 square kilometers and 

according to the 2016 census is home to 
just under 2.5 million residents23.  Its unique 
loca  on, nestled between the Salish Sea 
and Coast Mountains mean that available 
buildable land in Vancouver is permanently 
at a premium, so new development tends 
to go up rather than out.  This has led to 
the municipality of Vancouver having the 
highest popula  on density in all of Canada, 
at nearly 5,500 persons per square kilometer, 
and of the top ten densest municipali  es in 
Canada, Metro Vancouver holds four24.

The city of Vancouver is the economic center 
of western Canada, driven primarily by its 
port ac  vity.  Serving as Canada’s gateway 
to the Pacifi c, the port of Vancouver is 
Canada’s largest and the third largest in 
North America according to total tonnage.25

Image 5.14  This view of False Creek highlights emphasizes the city's priveleged setting be-
tween the mountains and the sea.  Source:  Tourism Vancouver. [Photo] Retrieved from https://
www.tourismvancouver.com/    
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It does over 200 billion worth of trade per 
year with over 170 diff erent countries, and 
serves as the backbone of the western 
Canadian economy.26  Beyond purely 
economic eff ects, through its exposure to 
peoples and cultures around the world, the 
port has played a major role in defi ning the 
city of Vancouver as one of the world’s most 
diverse metropolitan areas.

Huddled as it is between the sea and the 
mountains, Vancouver’s idyllic se   ng is a 
major draw to tourists looking for outdoor 
ac  vi  es, and in 2016 over 10 million 
people visited the city, contribu  ng over 
4 billion USD to the local economy and 
providing 70,000 full  me jobs.27  In addi  on 

to Whistler Mountain, a world renowned ski 
resort located a short drive away, Vancouver 
is in close proximity to several na  onal 
parks and nature reserves, as well as 
popular des  na  ons like Vancouver Island.  
Vancouver’s port also plays a major role in 
the regions robust tourism industry, as it 
plays temporary home to over 230 cruise 
ships annually, either as a fi nal des  na  on 
or a port of call for the ships on their way up 
or down the coast to visit the glaciers and 
 ords of Alaskan.28

Gran Valparaíso, Zona Central

Composed of fi ve municipali  es spread 
out along the coast and the interior, Gran 
Valparaiso is home to just under 1 million 

Image 5.14  The city of Valparaíso wraps around Valparaíso Bay, forming a natural amphi-
theater and reinforcing the importance of the relationship between city and sea. Source: 24 
Horas. [Photo] Retrieved from http://www.24horas.cl/nacional/asi-se-ven-vina-del-mar-y-la-ba-
hia-de-valparaiso-desde-el-aire-1803746    
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persons in 700 square kilometers of land, 
according to the 2017 census.29  While the 
tendency for most of the 20th century has 
been a steady fl ow of emigra  on from Chiles 
regions (including Valparaiso’s V region) 
to the capital city San  ago, according to 
analysis of the 2012 census, Valparaiso 
inverted this trend in the last decade.  The 
fl ow from other regions of Chile, especially 
the south, has stayed steady, but instead of 
seeing the expected decline, Gran Valparaiso 
actually saw its popula  on grow by 7.5%, 
the highest rate of growth of any urban area 
in Chile.  And that growth isn’t expected to 
slow any  me soon: the popula  on of Gran 
Valparaiso is expected to grow to 1.2 million 
inhabitants by the end of the decade.30

Although the total area of Gran Valparaiso 
stretches inwards towards the coastal 
mountain range, the heart of the 
conurba  on is on the coast, seated in the 
hills and fl atlands that surround the Bay of 
Valparaiso.  The development of the city, in 
the past and today, is  ed strongly to the 
port located at the foot of the sloping hills 
of the city of Valparaiso.  From its ini  al 
se  lement by Europeans in the 16th century, 
the port of Valparaiso quickly developed 
into the most important anchorage in 
Chile, and one of the major stops in the 
worldwide shipping trade that dominated 
the 19th century. Its meteoric growth is 
due in part to its proximity to the capital 
of San  ago (Valparaiso was declared the 
offi  cial port of San  ago in 1544) and in 

part to its coopera  ve geography, with a 
dra   (12.5-13.7 meters) suffi  ciently deep to 
allow the ingress of large commercial ships 
and a natural promontory that protects the 
boats in the harbor from the worst of the 
southwestern winds and waves that are the 
most common in the zone.     

The magic of Gran Valparaiso is that of an 
urban area  ed unmistakably to the sea that 
abuts it.  Despite the fact that the economy 
of the region has diversifi ed since its days as 
one of the premier ports of the world, today 
the rela  on between the Zona Central and 
the ocean remains fundamental.  Tourism, 
one of the sectors of the economy most 
important to the region today, depends 
heavily on the rela  on between the urban 
and the ocean, with nearly 70% of the 
overnight visits in the region occurring in the 
coastal area of Gran Valparaiso (Valparaiso, 
Viña del Mar, Concon).31  Like Vancouver, the 
port of Valparaiso maintains a crucial role in 
the tourism industry as well: in the 2015-
1016 tourist season the dock dedicated to 
cruise ships welcomed 27 ships and nearly 
94,000 passengers.    

Natural Hazards

The homogeneity in the topography and 
geography of the west coast of the Americas, 
and their placement within the large scale 
weather-geologic system of the Pacifi c 
coastline means that they experience many 
of the same truly disrup  ve natural hazards 
that, when they occur in proximity to human 
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se  lements, become what we call natural 
disasters32.  The most infl uen  al of these 
shared events experienced in the west coast 
of the Americas are earthquakes, tsunamis 
and coastal storms.  Each of these natural 
phenomena may occur independently of 
each other, but within the greater geologic/
weather system of the Pacifi c coast, their 
interplay becomes cri  cal to understanding 
the adapta  on solu  ons best suited to 
address their ever-present threat.

Earthquakes

The tectonic plates that form the western 
border of the Americas are part of a larger 

system that encircles the en  rety of the 
Pacifi c Ocean, o  en colloquially called the 
Ring of Fire.  The name is derived from 
the copious number of volcanos, many 
s  ll ac  ve, that were formed by the same 
orogeny that gave rise to the American 
Cordillera.  The plates that form the ring are 
constantly in mo  on, resul  ng in a series of 
combus  ble borders which produce around 
90% of the seismic ac  vity worldwide33.  Of 
the 17 most powerful earthquakes in the 
world since 1900, only 1 has not been in the 
ring of fi re34.

As noted previously, currently around 36% of 

Image 5.14  The Ring of Fire derives its name from the high number of active volcanoes and 
tectonic faults that surround the Pacifi c Ocean.  Earthquakes, tsunamis, and volcanic eruptions 
are all hazards that occur with some frequency to the countries that sit along the border.     
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the world’s popula  ons lives within 100kms 
of a coast, and in the countries that make up 
the ring of fi re, that number is even higher.35

In Chile, 78% of the popula  on lives within 
100km of the coastline, while in Japan that 
number jumps to 99%.36 The concentra  on 
of people living so closely to the areas most 
aff ected by the moving tectonic plates 
creates a situa  on in which earthquakes 
represent a real and daily threat to hundreds 
of millions of lives, and one that the process 
of urbaniza  on is intensifying.  

In 1906 a movement in the border between 
the Pacifi c plate and the North American 
plate (the San Andreas Fault) resulted in 
3,000 deaths and over 80% of the city of San 
Francisco going up in fl ames.37  At the  me 
of the earthquake, the city had a popula  on 
of 342,782 in 53,323 homes, half of which 
were homeless a  er the earthquake and 
the fi re that followed.38  Today, the San 
Francisco Bay Area is home to 8.7 million, 
and while the current city of San Francisco 
has a much smaller popula  on of 800,000, 
they are crammed into only 124 square 
kilometers, making it the second most 
densely populated city in the USA, apart 
from New York.  An earthquake of equal or 
more force than that that struck the city in 
1906 could be catastrophic for the region, 
as was recently imagined in the 2015 
blockbuster San Andreas. Even in areas 
and cultures prepared for natural hazards, 
the results can be devasta  ng.  When a 9.1 
earthquake struck Japan in 2011 it le   more 

than 18,000 dead or missing, in a country 
whose building codes provide the basis for 
seismic focus designed across the globe. 

Seated as it is along the subduc  on 
boundary of the Nazca plate beneath the 
South America plate, Chile has one of the 
highest rates of seismicity in the world: 
every decade since 1900 has recorded an 
earthquake of at least 7.0 on the Richter 
scale.  Despite the frequent seismic events 
experienced in Chile, experts predict that 
built up pressure along the tectonic border 
will lead to an even larger earthquake, 8.7 
or higher, within the coming decades.39

While Vancouver also lies along a subduc  on 
zone, it is much less seismically ac  ve than 
Chile.  For decades it was assumed that the 
lack of recorded history of earthquakes in the 
region meant that the Cascadia Subduc  on 
Zone did not have the power necessary to 
produce massive scale earthquakes like the 
ones in Chile experienced in 2010.  More 
recent studies, both geologic and sociologic, 
have shown that the faults in the Northwest 
have a prolifi c history of major earthquakes, 
and projec  ons today predict an 8.2+ 
earthquake has a 1-in-3 chance of striking 
in the next 50 years.40

Tsunami

In the ring of fi re, the danger of an 
earthquake extends beyond the immediate 
destruc  on brought by the movement 
of the earth or the fi res that o  en follow.  
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Image 5.15  The 1906 San Francisco earthquake and following fi re devasted the city, leaving 
half the population homeless.  California has subsequently adapted its building codes to the 
challenge of living in a highly seismic setting. Source: AP Photo. [Photo] 1906. Retrieved from 
https://www.sfgate.com/bayarea/article/SAN-FRANCISCO-1906-quake-toll-disputed-2738704.
php  

Image 5.16  Like other countries in the Ring of Fire, Chile must contend with hazards from mul-
tiple sources.  Rather than the shaking of the earthquake in 2010, it was the ensuing tsunami 
that caused the most damage in places like Dichato, Chile. Source: Juan Eduardo Lopez, El 
Mercurio. [Photo] 2010. Retrieved from http://www.emol.com/especiales/2010/fotos_AD/terre-
moto_chile_aereas/
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Another result of the shi  ing tectonic plates 
can be massive waves that move thousands 
of kilometers from their epicenter to strike 
at distant shores.  Tsunamis are the waves 
produced by disturbances in a body of 
water, the most common of which is the 
movement of tectonic plates, but may also 
include meteorite impacts, landslides, or 
submarine erup  ons.   Once the disturbance 
occurs, the waves of the tsunami spread in 
all direc  ons from the epicenter, towards 
the nearest land.  The manner in which the 
wave makes landfall depends in a large part 
on the topography of the coastline because 
the velocity of the wave is  ed directly to the 
depth of the water in which it moves.  Waves 
move faster when the distance between the 
surface of the water and the fl oor of the 
ocean is greater, and move slower when the 
distance is less.  In other words, a wave’s 
height is directly  ed to its speed: the faster 
a wave is moving, the lower its total height 
will be.  A wave in the middle of the ocean 
will be low but fast moving, but that same 

wave, as it approaches the coast will slow 
and grow in height.

Because of the frequency of seismic ac  vity 
in the ring of fi re, tsunamis on the west coast 
of the Americas are an ever present danger.  
Of the 531 deaths caused by the powerful 
2010 earthquake off  the coast of Chile, 153 
were a direct result of the ensuing tsunami, 
the majority of which were concentrated 
in the south and center-south zones of the 
country.41 Other seismic events in Chile, 
such as a 2014 8.2 earthquake off  the 
coast of Iquique also triggered a tsunami 
in the northern part of country, sparking 
evacua  on no  ces along the coast.  The 
damage was compara  vely minor, and there 
were no direct fatali  es reported from the 
tsunami but the experience displays the 
threats associated with seismic events in 
Chile goes well beyond the ini  al shaking 
of the earth.  Tsunamis striking the west 
coast of North America are a much rarer 
event (outside of Hawaii), and tsunamis in 

Image 5.17  Tsunamis are byproducts of disturbances in bodies of water, and are especially 
relevant in an area like the ring of fi re where undersea agitations are common.  In deep water 
the waves created move faster but are smaller than when they approach land, at which point 
they slow but gain in size.
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the Pacifi c Northwest are even scarcer.    In 
such a case, massive destruc  ve produced 
underwater many miles away may come 
ashore with li  le warning for those on the 
coast.  Such was the case for the Na  ve 
Americans that lived on Vancouver Island 
in the year 1700.  Although no wri  en 
history of the region exists of that  me, 
geologic evidence and oral history from the 
indigenous tribes suggest that the last mega 
earthquake that struck the region caused 
a tsunami so powerful it caused serious 
damage in Japan 10 hours later.  Closer 
to the epicenter, the wave hit land just 
15 minutes a  er the earthquake, and the 
result was the near eradica  on of coastal 
communi  es, such as the Pachena Bay tribe 
of Vancouver Island.42

Storm Surge

In a study of the climate change impacts 
to US coastlines, the team overlaid trends 

of sea level rise over the past 40 years 
with trends of storm surge over the same 
 me frame to see which areas will be most 

aff ected. While their study makes it clear 
that all SS levels will eventually be aff ected 
by SLR, the interes  ng fi nding is that the 
areas that currently have the lowest levels 
of SS (such as the Pacifi c NW) will actually 
be those where SLR has the most immediate 
and propor  onally signifi cant changes.  This 
suggests that the areas least prepared for 
the impact will be those most immediately 
aff ected.      

In the coming years, major amounts of SLR 
will have drama  c and catastrophic eff ects 
worldwide.  In the much closer future 
however, the smaller amounts of SLR will 
begin to be felt immediately in coastal 
communi  es mainly through its infl uence 
on storm surge levels.  

Storm surge is the diff erence in water rise 

Image 5.18  Storm Surge components.  Although it appears monolithic, storm surge is calculat-
ed as a combination of several different factors.  Pressure, wind, and wave setup are all short 
term variables that, along with local bathymetry and coast shape, will determine the size of 
the storm surge.  
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during a storm, beyond that of the normal 
astronomical  de.43  Commonly associated 
with hurricanes, cyclones, typhoons, or 
other extreme weather events, storm 
surge is frequently the most damaging 
a  ribute of these storms, and also the most 
directly aff ected by climate change.  While 
an approaching storm surge appears as 
a monolithic wave of water, in reality it is 
composed of a number of layered short and 
long term components, each of which has 
its own set of independent.  We previously 
explored how  des, a short term variable, 
and ENSO/PDO, the long term variables, 
aff ect sea level, so here we will examine the 
short term components that form storm 

surge and are measured separately from 
mean sea level when calcula  ng storm 
surge levels.  

Pressure set-up

A storm surge starts with the confl uence of 
water and wind circula  on during a storm; 
wind pressure circula  ng around the eye 
creates a ver  cal circula  on in the body 
of water.  In deep water, the circula  on 
is generally undisturbed and there is 
li  le indica  on of the rise.  As the storm 
approaches the coast however, the seafl oor 
disrupts the ver  cal circula  on of the water, 
forcing it up and crea  ng the pressure set-
up.  

Image 5.19  Storm Surge at Avenida Perú in Viña del Mar can overtop the coastal defenses 
and cause the popular seaside avenue to be closed to foot traffi c for safety precautions. 
Source: Photo by author, Jan 21, 2018.
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Atmospheric pressure at sea level has an 
inverse rela  onship with the mean sea 
level: as the atmospheric pressure drops, 
the mean sea level rises, at about a 1 to 1 
ra  o.  As low pressure centers move closer 
to land, the mean sea level will rise along 
with them, increasing the chance of a 
damaging storm surge.    

Wind set-up

As wind blows over a body of water, the 
interac  on of the moving wind against the 
surface of the water creates a fric  on, wind 
shear, which subtly pulls at the water.  Even 
with small amounts of shear, the overall 
integrated eff ect over a large body of water 
can result in an increase of water level on 
the leeward side, crea  ng the eff ect of wind 
setup.44  During a storm, and especially as 
the water meets a landmass, this eff ect is 
enhanced, resul  ng in mean water levels 
higher than normal.

The fi rst unknown variable in the equa  on 
is U, average wind speed in miles per hour.  
The next is fetch distance in miles.  The fetch 
is the uninterrupted distance over a body 
of water over which wind is able to blow.  

Intui  vely, storms with larger distances 
between the eye and the extremes can 
generate larger waves since the longer 
fetches allow for greater fric  on buildup.  
Finally, the depth along the fetch distance is 
measured to account to for the rela  onship 
between wave speed and water depth. 

While diff erent naming and intensity-
classifi ca  on systems exist for storm around 
the world, the most commonly used system 
for classifying storms in the Caribbean, 
Atlan  c and north Pacifi c oceans is the 
Saffi  r-Simpson Hurricane Wind Scale.  The 
Saffi  r-Simpson wind scale classifi es storm 
events as hurricanes level 1-5 based off  of 
their observed windspeed.  Storms with 
windspeeds between 74-95 miles per hour 
(mph) are classifi ed as level 1 hurricanes, 
with level 2 storms showing speeds between 
96-110 mph, level 3 between 111-129, level 
4 between 130-156, and level 5 hurricanes 
having winds 157 mph and above.  

Un  l 2009 the scale was known as the Saffi  r-
Simpson Hurricane Scale, and predicted 
pressure and storm surge as well.  The 
predicted storm surge results of that scale 
however were o  en well off  their mark, 

Image 5.20 (following page)  Photo A) David Lam Park in Vancouver fl ooded during a King 
Tide.  Source: Edouard de Marenches. [Photo] January 4, 2018.  Retrieved from https://www.
vancourier.com/news/city-of-vancouver-wants-your-king-tide-photos-1.23136320.  Photo B) 
Avenida Perú in Viña del Mar dealing with excess water from storm surge. Source: Photo by 
author, January 21, 2018. Photo C) Estero Marga Marga in Viña del Mar fl ooding due to excess 
rains during a storm front.  Source: Saavedravera. [Photo] July 13, 2016.  Retrieved from http://
www.adnradio.cl/noticias/nacional/estero-margamarga-amenaza-con-desbordarse-en-vi-
na-del-mar/20160713/nota/3187927.aspx. Photo C) False Creek in Vancouver fl ooded during 
a King Tide. Source: CTV.[Photo] January 6, 2018. Retrieved from https://www.castanet.net/
news/BC/215588/King-tide-causes-fl ooding
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due to the outside factors (most specifi cally 
local bathymetry) that end up eff ec  ng 
storm surge size.  For storm predic  ons in 
the USA for example, the Saffi  r-Simpson 
scale is used to purely measure windspeed, 
while the storm surge predic  ons are made 
by a separate modeling system maintained 
by the Na  onal Hurricane Center, part of 
NOAA.   This model, offi  cially named Sea, 
Lake, and Overland Surges from Hurricanes 
(SLOSH) takes into account the factors 
missing from the Saffi  r-Simpson Scale.

Wave set-up

Similar to ac  on of the wind on the surface 
of the water, the constant ac  on of waves 
against a shoreline also serves to gradually 
raise the mean water level.  As the waves 
break against the shoreline, not all of the 
energy is transferred back to the main body 
of water.  Over  me, as the energy builds up 
along the coastline, the water level closest 
to shore also rises.45

Coastal Flooding 

While coastal fl ooding is a direct byproduct 
of storm surge, storms are not the only 
way fl ooding can occur.  In North America 
fl oods account for almost 20% of all natural 
disasters and in South and Central America 
that number jumps to 40% (this includes all 
fl ooding, not just coastal fl ooding). Together, 
storms and fl ooding are far and away the 
most prevalent disasters in the Americas 
and worldwide, making up over 60% of 

disasters in Central and South America, 
and nearly 90% in North America.46  This 
high fi gure is par  ally due to the fact that 
fl ooding is o  en a secondary result of other 
weather pa  erns. Periodic inunda  ons 
brought on by extreme  des and rising sea 
levels are an increasing threat in low-lying 
urban areas, and one of the major causes of 
damage from natural hazards.

Flooding can also occur in coastal urban 
areas thanks to weather events that may 
not necessarily involve a large storm 
surge, but are accompanied by extreme 
levels of precipita  on.  The extratropical 
cyclones that aff ect the Pacifi c Northwest 
are notorious for being accompanied by 
heavy precipita  on and are most common 
in the already rainy winter season, stressing 
local drainage systems beyond their ability 
to respond.  Rain falling on soil already 
saturated is especially dangerous, resul  ng 
in trees falling, landslides, and even sinkholes 
in heavily populated urban areas.  As steady 
rainfall accumulates during the wet winter 
months, it can result in a higher general 
water table, which, when inundated with 
heavy rainfall during the storm produces a 
widespread satura  on of surface material.47

Combined with the generally hilly terrain 
in the coastal regions of the west coast 
of the Americas, this amounts to perfect 
condi  ons for producing landslides.  While 
central Chile does not receive nearly the 
rainfall of Cascadia, heavy precipita  on can 
cause drainage and fl ooding problems as 
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well.  Of par  cular note is the municipality 
of Viña del Mar, which sits at the mouth of 
the River Aconcagua.  During storms the 
river can rise, backing up storm sewers and 
fl ooding streets across the tourist city.   
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In order to understand the nature of the 
threats posed by extreme weather events 
to the func  oning of the coastal border, 
we will examine recent incidents that have 
caused par  cular damage in both ci  es.  
The events are the following:

Vancouver

-December 15th, 2006 “Hanukkah Eve 
Storm”

-December 17th, 2012 “King Tide Storm”

Valparaíso

-August 8th, 2015 “Meteotsunami” 

Hanukkah eve storm 2006

Characteris  cs 

The storm known as the Hanukkah Eve 
Storm aff ected Cascadia on December 
14th and 15th of 2006.  Meteorologically 
defi ned as an extratropical wave cyclone, it 
developed over the Northeast Pacifi c Ocean 

then moved easterly, eventually crossing 
over Vancouver Island and into southern 
Bri  sh Columbia.  The storm brought with it 
three dis  nct weather fronts that ba  ered 
the en  re Cascadia region with record 
se   ng wind and rain.   

The Oregon coast saw windspeeds reaching 
97.1 miles per hour (156.2 kilometers per 
hour), while even areas farther inland such 
as Sea  le Tacoma Interna  onal Airport 
(SeaTac) saw speeds of 70 mph (112 kmh), 
both of which were the highest on record 
since the 1962 Columbus Day storm.1  The 
storm also brought with it unexpectedly 
heavy precipita  on during a month already 
notable for being an outlier in regards to 
rainfall.  December of 2006 was on track 
to receive about 170% of normal rainfall, 
satura  ng the local water tables and 
destabilizing the soil across the region.2

Even a small amount of precipita  on could 
have caused a fair amount of damage, but 
the amounts received were far from normal.  
In one hour, SeaTac received 7.9mm of 

VI-CASE STUDIES

Table 6.1 Comparison of windspeed and precipitation levels for several key cities within Casca-
dia region.

City State/Province Weather Sta  on Windspeed 
(mph/kph)

Precipita  on 
(24hrs)

Portland Oregon DPDX 53/85.3 23mm

Olympia Washington KOLM 53/85.3 41mm

Sea  le Washington KSEA 69.1/111.2 39mm

Victoria Bri  sh Columbia CYYJ 40.9/65.9 26mm

Vancouver Bri  sh Columbia CYVR 59.1/95 16mm
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Image 6.1 The path 
of the Hanukkah 
Eve Storm, as well 
as several other 
historically power-
ful regional storms 
(dotted lines).  The 
Hanukkah Eve storm 
tracked over the 
southern tip of Van-
couver Island before 
turning northwards 
just past Vancouver.  
The winds that ac-
companied the storm 
were intense, but the 
directionality spared 
Vancouver coastal 
areas from the worst 
of the waves, instead 
the areas trees bore 
the brunt of the storm 
effects.  Source: 
Read and Reed, "Ha-
nukkah Day" 

precipita  on, while farther north at Boeing 
fi eld, they measured 48.8mm of rain over a 
24 hour period3.  The levels of precipita  on, 
both during and before the storm, played 
a major role in the casual  es and property 
damage reportedly throughout the region.  

Damage

Damage in Vancouver was primarily 
centered in the Stanley Park area, where 
winds gus  ng at 97.6 mph (157 kmh) toppled 
around 10,000 trees across 41 hectares4.  
The waves ba  ered the park’s famous 
seawall walkway, throwing debris six meters 
into the air, causing extensive damage to the 
pavement and retaining wall and causing 
the Lions Gate Bridge connec  ng the park 

to downtown Vancouver to temporary close 
in the morning due to trees blocking its 
access routes.5   Downed trees on power 
lines cut electricity to about 250,000 homes 
and 100 stoplights, interrup  ng the next 
day’s commute6.  Ferry service between 
Vancouver Island and the city of Vancouver 
was temporarily stopped as a result of a 
barge colliding with a ferry berth7.  

The United States por  on of the Cascadia 
region was hit even harder.  Like in 
Vancouver, falling trees were responsible 
for a large por  on of the overall damage.  
Downed trees blocked roads across western 
Washington and knocked out power lines to 
nearly 1.5 million households8.  Uprooted 
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trees can be a danger in any wind event, 
especially one as powerful as this one, but 
the extremes that this storm saw were 
mostly due to its  ming, arriving as it did 
during an excep  onally wet month that had 
already seen several lesser storms hit the 
region, leading to the highest one-month 
totals of precipita  on in numerous areas 
throughout Cascadia.  The accumulated 
eff ect of the rain brought by the storms was 
an elevated local water table and highly 
saturated topsoil, reducing cohesion and 
shear strength of trees across the region9.

The rain also brought serious infrastructure 
problems in western Washington.  The 
Washington State Department of 
Transporta  on (WSDOT) reported 88 roads 
and highways in total suff ered some form 

of closure, including Interstate 5, the main 
freeway connec  ng the en  re western 
seaboard of North America.   According to 
analysis of the closures by Read and Reed, 
the roads were closed for the following 
reasons: 67% for fallen trees and rocks; 
10% for downed power lines and fl ooding; 
6% for high crosswinds; 17% for mudslides, 
traffi  c light failures and accidents10.  The 
Tacoma Narrows Bridge (famous in its fi rst 
incanta  on for collapsing under heavy winds 
in 1940) was also closed for the dura  on of 
the storm.

Another infrastructure failure was brought 
about by the precipita  on when overloaded 
sewage treatment plants discharged 
raw sewage into the adjacent Puget 
Sound.             

Image 6.2  Photo A) Debris and waves caused asphalt along the seawall to loosen. Source: 
City of Vancouver. [Photo] 2006. Retrieved from https://globalnews.ca/news/3123909/watch-
10-years-since-major-windstorm-hit-stanley-park/.  Photo B) Downed trees damaged the 
seawall in Stanley Park.  Source: Jason Payne. [Photo] 2006. Retrieved from http://www.wind-
sorstar.com/business/Photos+2006+windstorm+Stanley+Park/5861528/story.html. Photo C) Trees 
and other damage to Stanley Park caused the fi rst park closure in 40 years after the storm. 
Source: Paul Lawson. [Photo] 2006. Retrieved from http://stanleyparkecology.ca/2016/11/01/
wake-windstorm-new-way-forward-spes-stanley-park/
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Casual  es

There were 14 known fatali  es in 
Washington State and hundreds of reported 
injuries.11 The main culprit was in both 
categories was carbon monoxide poisoning.  
A  er the power failure many families, 
especially immigrant families, used outdoor 
stoves or generators indoors in order to 
stay warm in temperatures that, in some 
cases, dropped below zero.  8 deaths were 
directly a  ributed to this, as well as over 
250 non-lethal cases that were reported 
to local hospitals over the course of the 
two day storm12. Falling trees also were 
responsible for a number of deaths, either 
via direct impact or secondary causes, such 
as road blockage.  One death in Sea  le was 
caused by a backed up runoff  system that 
fl ooded a woman’s basement and led to her 
drowning.13  

Cost

In Vancouver the repairs to park and seawall 
cost upwards of 10 million US dollars14, and 
there were around 80 million US dollars of 

insurance claims made in response to the 
storm.  In the US insurance claims rose to 
220 million dollars, across over 57,000 
individual claims15.  

Analysis

The Hanukkah Eve storm was one of 
the most powerful windstorms to strike 
Cascadia in the last half century.  Strong 
winds and excep  onally heavy rain were 
the hallmarks of the storm and while they 
caused extensive damage and casual  es 
across the en  re region, the damage was 
almost exclusively as a result of secondary 
results (downed trees, carbon monoxide 
poisoning, etc).  The damage in Vancouver 
was centered around Stanley Park, primarily 
due to uprooted trees rather than fl ooding.  
This highlights the diff erence that  des and 
wind direc  on can make in the severity of 
fl ooding events in Vancouver, since the 
peak wind hours were outside of high  de 
ranges, and the westerly winds avoided 
more vulnerable areas.16   

Image 6.3 (following page)  Photo A) Kitsalano Pool was swamped by waters that overtopped 
the retaining wall. Mike Klassen [Photo] 2012. Retrieved from http://www.vancouversun.com/
Metro+Vancouver+storm+surge+climate+change+preview+expert+says+with+video/7709174/
story.html. Photo B) Eroded foundations along the Stanley Park seawall caused sinkholes 
and other critical failures. Kim Stallknecht [Photo] 2012. Retrieved from http://www.van-
couversun.com/Metro+Vancouver+storm+surge+climate+change+preview+expert+-
says+with+video/7709174/story.html. Photo C) Waves carrying debris battered the seawall, 
piers, and beaches along Stanley Park (pictured) and West Vancouver. Kim Stallknecht [Photo] 
2012. Retrieved from http://www.vancouversun.com/Metro+Vancouver+storm+surge+cli-
mate+change+preview+expert+says+with+video/7709174/story.html. Photo D) The fi rst fl oor of 
the Silk Purse art center in John Lawson Park was fl ooded by surge waters. Mark van Manen 
[Photo] 2012. Retrieved from http://www.vancouversun.com/Metro+Vancouver+storm+surge+-
climate+change+preview+expert+says+with+video/7709174/story.html
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The King Tide Windstorm of December 
17th 2012

The storm that tracked across Vancouver 
Island and the Strait of Juan de Fuca on 
December 17th 2012 was not an especially 
powerful windstorm, nor did it bring record 
levels of rain like the infamous Hanukkah 
day storm of 2006 did.  What it did have 
however, was a pris  ne sense of  ming.  The 
storm coincided with the perigean 
spring  de (King Tide), with sea 
levels peaking around 5.5m high, a 
full meter over what the expected 
 de level would be.  The addi  onal 

surge, provided by the storm, in this case 
just 69cm, was all it took to produce sea 
levels high enough to fl ood and cause serious 
damage in coastal areas.  

The storm that caused the fl ooding was one 
of several to pass through the Cascadia region 
in the month of December, but unlike the 
others, it alone had the requisite low pressure 
center (983mb) to produce rela  vely strong 
winds, with sustained speeds of up to 31 
mph (50 kmh) in Vancouver and gusts of 40 
mph (65 kmh)17.  As the storm tailed off  over 
Vancouver Island the winds rotated westerly, 
coinciding to the hour with the high  de and 
resul  ng in a storm surge that crested the 
seawall in several loca  ons around the city.    

Damage

A
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Unlike the Hanukkah eve storm, with its 
heavy winds and rain, the characteris  cs 
of the storm of December 17th resulted in 
the damages being focused almost en  rely 
along the coastline.  Stanley Park and West 
Vancouver saw the brunt of the fl ooding, but 
there was damage all along the shoreline.  

Waves crested the Stanley Park seawall 
in several places, breaking pavement 
and throwing logs and debris onto the 
pathways18.  Recrea  onal beaches were 
fl ooded, as were some municipal buildings 
near the coast.  At Jericho Park, giant logs 
thrown by the storm surge damaged a 
wooden pier, pu   ng it temporarily out of 
service, and Kitsilano Pool was completely 
inundated.  West Vancouver also saw 
its seawall damaged with rocks and logs 
smashing into the retaining wall and 
jumping onto pathways.  

Casual  es

There were no direct casual  es from the 
fl ooding, although several car crashes were 
reported in the area a  ributed to the storm, 
one of which was fatal.19

Analysis

This storm in par  cular was a good indica  on 
of what the next 100 years may bring for 
Vancouver in terms of climate change’s 
eff ects on sea levels.20  As sea levels rise 
worldwide, the storm surge levels reached 
by this rare convergence between storm 
and  de (a once in 50 years occurrence) 

will become more and more frequent, even 
without factoring in more vola  le weather 
pa  erns.   
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Image 6.4 (following page)  Photo A) Paseo Wheelwright, a popular boardwalk overlooking 
Valparaiso Bay, suffered major damges to its wooden deck all along its length. Patricio Winck-
ler. [Photo] 2015. Photo B) The temporary closure of Caleta Portales hurt local tourism and 
fi shing industries that depend on the infrastructure there for their businesses.  Soy Valparaiso. 
[Photo] 2015. Retrieved from  http://www.soychile.cl/Valparaiso/Sociedad/2015/08/08/338969/
Olas-de-hasta-5-metros-provocan-graves-danos-en-el-borde-costero-de-Valparaiso-y-Vina-
del-Mar.aspx. Photo C) Massive waves crashing against sea defenses at Juan de Saavedra, 
between Caleta Portales and Curva de los Mayos. Agencia Uno. [Photo] 2015. Retrieved from 
http://www.theclinic.cl/2015/08/08/galeria-hd-la-intensa-marejada-que-azotoPhoto D) Waves 
completely covering Playa Acapulco in Viña del Mar. Agencia Uno. [Photo] 2015. Retrieved 
from http://www.theclinic.cl/2015/08/08/galeria-hd-la-intensa-marejada-que-azoto-la-v-re-
gion-en-imagenes/
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Gran Valparaíso-August 8 2015

On August 8th of 2015, a powerful storm 
struck the central coast of Chile, causing 
signifi cant damage in coastal ci  es along 
a 500 kilometer stretch of coastline, from 
Coquimbo in the north to Bucalemu in 
the south.  The storm is notable for the 
severe levels of storm surge it produced 
and the subsequent damage in coastal 

infrastructure.  

Just one of several weather events that 
struck the Chilean coast over several weeks 
that August, the August 8th event stood out 
from the rest for its wind speeds, gus  ng 
up to 68.4 mph (110kmh) and low pressure, 
reaching 981mb as it moved off  the coast 
of Valparaiso21.  Data from a Watchkeeper 
buoy deployed by SHOA in Valparaiso bay 
registered a signifi cant wave height of 7.23 
meters, and a maximum wave height of 
10.23 meters.22  

Damages

There was damage all along the central 
coast, from San Antonio in the south to 
La Serena in the north but Valparaiso 
was par  cularly hard hit, where the 
northwesterly winds bypassed natural 
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defenses like Point Angeles to strike hard 
at normally sheltered piers and coastline.  
Ini  al es  mates from the port authority 
es  mated over 5 billion dollars in damages 
to the coastal infrastructure in Gran 
Valparaiso.23 In addi  on to the damage to 
public works, the ministry of the Interior and 
Public Security (ONEMI) registered 4,276 
persons aff ected by the storm, including 
533 private residences damaged.24       

The stretch of coastline between the 
neighborhoods of Cerro Barrón in 
Valparaíso and Cerro Recreo in Viña del Mar 
was par  cularly vulnerable to the westerly 
winds.  Paseo Wheelwright, a popular 
boardwalk for exercise or sightseeing, saw 
damage to its infrastructure es  mated at 
$700,000 dollars.25  The wooden walkway 
of the boardwalk was seriously damaged, as 
were various ligh  ng elements and urban 
furniture.  Coastal erosion was also a major 
issue in this event, as the beach along paseo 
wheelwright had over 35,000 cubic meters 

of sand and par  culate moved from the 
zone.26

Caleta Portales, an ac  ve fi shing pier and 
popular lunch spot for tourists and locals 
alike, sustained $1.6 million dollars in 
damage to both its pier (inaugurated in 
2005) and its main building, which houses 
both merchant stands and restaurants.  The 
pier was especially damaged, as repeated 
pounding from waves caused fi ve of the 
concrete slabs that formed the pavement of 
the pier to completely separate from their 
frames and a further two were irreparably 
damaged. 

Several buildings along the coastline near 
the promontory of Cuerva de Los Mayos, just 
past paseo Juan de Saavedra, suff ered heavy 
damage as well, including two belonging to 
the Chilean Navy.  The combina  on of wave 
ac  on and eroded founda  ons, especially 
on reclaimed land, caused upwards of $1.15 
million dollars in damages to four buildings.  

Image 6.4  The extensive damage to the ‘new pier’ and the crane (pictured) at Caleta Por-
tales meant local fi shing boats were unable to embark.  Patricio Winckler. [Photo] 2015.  
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The Recreo Yacht Club, even with a sheltered 
harbor area, had a boat sink and suff ered 
damages to its pool and main clubhouse 
area.  Addi  onally, beach erosion from 
farther down the coast brought par  culate 
to the dockage area, lowering the total 
draught with new sand.   

Several prominent tourist areas in Viña del 
Mar were also aff ected, such as the Sheraton 
Hotel, whose en  re basement fl oor was 
fl ooded.  Waves passing over the seawall 
at Avenida Peru led to fl ooding in streets 
and apartment buildings up to several 
hundred meters inland, and caused serious 
damage to several restaurants situated on 
the popular tourist avenue.  The beaches of 
Viña del Mar also saw massive amounts of 
erosion, as an es  mated 31000 cubic meters 
of sand moved at Playa Caleta Abarca 
exposed the concrete founda  ons of the old 
pier.  Playa Acapulco, just off  Avenida Peru 
also experienced erosion heavy enough to 
cri  cally damage its wooden boardwalk.  

Casual  es

In the central coast, the storm took one 
life, an architect who died trying to save his 
sinking boat in Concón.  Outside of Gran 
Valparaíso, the event claimed another five 
lives.  

Analysis

This was the most damaging event in 
recent history for Gran Valparaíso.  Strong 
winds combined with a more westerly wind 

direc  on caused damages beyond what 
was normal for this type of winter storm 
(temporal).  Studies suggest that these 
types of storms with uniquely high wave 
heights, called meteotsunamis, will become 
more common with the changing climate.27

If that is the case, these types of damages 
could become the norm rather than the 
excep  on.  The highly visible damage to 
popular areas and the prominent press 
coverage can be seen as a direct contributor 
to the subsequent study carried out by 
the Chilean Na  onal Hydraulic Ins  tute 
regarding the adapta  on of Avenida Perú 
and Juan de Saavedra.  
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Plans and Reports-Vancouver

In December of 2014 the City of Vancou-
ver Coastal Risk Flood Assessment (CFRA) 
Phase 1 was published by Northwest Hy-
draulic Consultants, a local engineering fi rm 
specializing in water resources.  The report 
details in over 140 pages the threats the 
municipality of Vancouver faces from rising 
sea levels and extreme weather events.  A 
year later Phase 2 of the same assessment 
was published, examining possible solu  ons 
and strategies for the vulnerable areas out-
lined in phase 1.  At 250 combined pages, 
the CFRA is a comprehensive look at how 
a coastal city can prepare for the dynamic 
threats they will increasingly be facing in 
the coming century.  Before we examine the 
CFRA and its implica  ons however, it’s im-
portant to understand the adapta  on plan-
ning in the city of Vancouver that preceded 
it, and how those plans laid the groundwork 
for the policies of today.   

Clouds of Change - 1990

Vancouver became the fi rst city on the 
American con  nent, and one of the fi rst 
worldwide, to a  empt to comprehensive-
ly tackle the issue of climate change with 
their 1990 report Clouds of Change.  This 
report examined the global threat of cli-
mate change (at that  me referred to as at-
mospheric change) and how it would aff ect 
Vancouver. It proposed 35 ac  ons for the 
city that would begin to mi  gate the pro-
duc  on of damaging gasses by the city.  It 

was, for its  me, an ambi  ous document, 
recognizing the need to take correc  ve 
locally ac  on before cri  cal points were 
reached globally.  The introduc  on lays out 
the reasoning plainly, well before most of 
the world had begun to consider, much less 
accept this type of thinking: “Atmospheric 
change means we have to change.”1

Many of the goals set out in Clouds of 
Change are more directed towards infl u-
encing behavioral changes of ci  zens and 
businesses, such as minimizing uses of plas-
 c packaging or encouraging the prac  ces 

of telecommu  ng or working from home, 
although there is a sec  on dedicated to 
land-use changes for the city to consider.
2  The report raised awareness throughout 
the region about the necessity of behavior 
altering decisions, but despite its ambi  ous 
goals, not much came from the actual rec-
ommenda  ons.  As one of the key par  ci-
pants put it 22 years later: 

But in fact, we made very li  le diff er-

VII-ADAPTATION RESPONSES

Image 7.1 The Clouds of Change report 
was Vancouver's fi rst foray into climate ad-
aptation planning.  Source: City of Vancou-
ver Planning Department. [Image] 1990.   
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ence.  Our predic  ons as to the levels 
of CO2 and impacts were derided as 
being wildly imagina  ve; we turned 
out to be conserva  ve.  Virtually ev-
ery one of the 35 recommenda  ons 
got glowing acceptance comments 
from the powers that be, but li  le 
was implemented.3

Perhaps the most consequen  al of the rec-
ommenda  ons were the very last three, 
through which we can see the development 
of a culture of adap  ve planning.  

- Recommenda  on 33: Study Adap-
 ve Measures directs the city to 

study and produce reports on “mea-
sures required to adapt to local con-
sequences of atmospheric change, 
such as sea-level rise…”4

- Recommenda  on 34: The City’s Role
promotes the role of the municipal 
government in the adapta  on pro-
cess, including the goal of support-
ing ci  zens and government offi  cials 
in specifi c projects in response to 
climate change in coopera  on with 
other parts of the world.  Specifi cally 
the city could provide guidance “by 
developing policies and technolo-
gies which will be in high demand 
elsewhere in the country and the 
world”.5

- Recommenda  on 35: Public Involve-
ment and Educa  on suggests that 

fostering public awareness of both 
the threats the city faces and the 
campaign to address them will “de-
velop public support for local ini  a-
 ves [to address climate change]”6

Recommenda  ons numbers 33, 34 and 35 
began to lay the groundwork for the future 
planning and prepara  on the municipal-
ity would see in the next 25 years.   This 
‘groundwork’ specifi cally has similari  es to 
the principles of resilience thinking, notably 
their concepts of ‘encouraging learning’ and 
‘broadening par  cipa  on.  Regarding the 
principle of par  cipa  on, the Stockholm 
Resilience Center tells us that: 

Involving a diversity of stakeholders 
in the management of social-ecolog-
ical systems can help build resilience 
by improving legi  macy, expanding 
the depth and diversity of knowl-
edge, and helping detect and inter-
prest perturb  ons…It may occur in 
various –or all- stages of a manage-
ment process, although diverse par-
 cipa  on can be par  cularly useful 

in the startup phase.7

These recommenda  ons in par  cular can 
be seen as focusing on crea  ng the en-
vironment necessary for applying future 
adapta  ons.  As we covered previously in 
a social-ecological system, adapta  on to 
changing environments is not a given when 
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factoring in the ac  ons (or inac  ons) of 
humans actors.  Adaptability must be de-
veloped, and the Clouds of Change moved 
Vancouver towards that end.  

Greenest City 2020 Ac  on Plan (GCAP) - 
2011

While the Clouds of Change report may not 
have generated the type of trac  on in the 
city government as its authors had envi-
sioned, it did provide a blueprint to interest-
ed par  es in Vancouver of how to develop a 
more enduring and impac  ul solu  on: The 
Greenest City Ac  on Plan (GCAP).  Formal-
ized in 2011, this plan sets out ten goals for 
the municipality to become what they call 
the ‘greenest city in the world’ by the year 
2020.  Goals range from the more open 

ended (increase amount of locally grown 
food consumed in the city) to the very spe-
cifi c (decrease CO2 emissions in exis  ng 
buildings by 20%).  Some of the goals were 
clearly evolu  ons of recommenda  ons 
originally from the Clouds of Change report.  
For example, the 1990 document called for 
the city to 

…make bicycling a be  er transporta-
 on alterna  ve by providing ample 

bicycle parking and related bicycle 
facili  es; implemen  ng and expand-
ing the Vancouver Bicycle Plan; and 
improving enforcement of all traffi  c 
laws rela  ng to road sharing by bi-
cyclists and motorists.”8

The Greenest City Ac  on Plan built on that, 
manda  ng that the city aim for half of all 
trips in its borders be by foot, bicycle, or 
public transporta  on.  This, incidentally, is 
one of the goals that Vancouver has already 
reached: in 2015 the city announced that it 
had achieved its goal of having the majority 
of trips be by some mode other than auto-
mobile.  

It wasn’t only the goals of the 1990 plan that 
provided outlines for the GCAP, but the pro-
cess of researching and enac  ng the plan as 
well.  The Greenest City process started in 
2009 with an external panel that compiled 
informa  on about leading ci  es worldwide 
in each category of climate adapta  on that 
Vancouver wanted to address.  The next 
step involved a buy-in from the en  re city 

Image 7.2 The Greenest City 2020 Action 
Plan is a comprehensive look at adapting 
the social-ecological system of Vancouver 
as a whole to the changing environment.  
Source: City of Vancouver. [Image] 2011.   
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government, as separate city departments 
took ownership of each of the 10 goal areas, 
all of them working underneath a tempo-
rary Greenest City offi  ce formed specifi cal-
ly to help integrate and guide the planning 
process.  Approaching the process via a 
model of polycentricism allows for greater 
resilience across the en  re system as well, 
since no one department can collapse the 
en  re system if they fail.  

The experience with the fi rst climate change 
plan showed planners that they would need 
broad public support to move their goals 
beyond “glowing acceptance comments” to 
actual implementa  on.  As such, from the 
very start they sought to involve various 
social groups, diversifying the stakeholders 
in the enterprise and tying the community 
closer to the future of the plan.  As part of 
the process the city started a public-facing 
ini  a  ve called Talk Green To Us to interface 
with the public at large.  Through presen-
ta  ons to civic groups and an online cam-
paign that reached out to the public across 
social media pla  orms, Talk Green To Us so-
licited input from ci  zens on how the city 
could meet its ambi  ous goals.  According 
to city es  mates, over 35,000 people con-
tributed in some form or another to the 
planning process.9 This emphasizes the fo-
cus on building resilience through par  cipa-
 on, not only engaging the public in an am-

bi  ous project, but poten  ally unearthing 
unknown informa  on that would otherwise 
have been overlooked. 

Climate Change Adapta  on Strategy

Although a Climate Adapta  on Working 
Group had existed in Vancouver since 2007, 
it wasn’t un  l the push for adaptability 
was featured as a quick start op  on of the 
Greenest City plan that a wide-ranging cli-
mate adapta  on strategy became a reality.  
The city joined the Local Governments for 
Sustainability (ICLEI) Climate Change Ad-
apta  on Ini  a  ve pilot in 2010, and work-
ing through their methodology created the 
Greenest City Climate Change Adapta  on 
Strategy.  With its formal adop  on in 2012, 
Vancouver became the fi rst municipality in 
Bri  sh Columbia with a climate adapta  on 
plan.

The Climate Change Adapta  on Strategy is 
a comprehensive report examining the risk 
and vulnerability of city infrastructure and 
ci  zens to four principal climate change ef-
fects10:

1. Increase in intensity and frequency 
of heavy rain events

2. Sea level rise

3. Increased frequency and intensity of 
storms and weather extremes

4. Ho  er, drier summers with more 
heat waves

For each of the categories, primary and sup-
por  ng ac  ons are iden  fi ed that would 
not necessarily solve the issues presented, 
but rather put the city in a be  er posi  on to 
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respond to them.  As the report itself notes: 

The strategy is a living document 
and will con  nue to be revised and 
updated as climate change science 
and adapta  on prac  ce evolves.  As 
this is the fi rst Adapta  on Strategy 
for Vancouver, many of the proposed 
ac  ons focus on increasing our un-
derstanding of coming challenges 
and integra  ng climate change into 
planning, design and emergency 
management.  Successive itera  ons 
of the Strategy will yield more de-
tailed ac  ons. 11

No  ng that although observable eff ects 
from rising sea level may take some  me to 
appear, due to complicated environmental 
and fi nancial implica  ons involved in adap-
ta  on projects, there is a sense of urgency 
to begin discussing op  ons.   To that end, 
the fi rst primary ac  on recommended in the 
sea level rise sec  on is for a Coastal Flood 
Risk Assessment to determine the best mi  -
ga  on op  ons for city infrastructure.  

Coastal Flood Risk Assessment (CFRA) 
Phase 1 and 2, 2014-2015

 The CFRA was carried out by an external 
team of consultants in two phases.  Phase 
one was a detailed look at the threats posed 
by sea level rise and fl ooding, as 5 poten-
 al climate change and storm scenarios 

were modelled for their impacts on various 

regions of the city.  Phase two summarizes 
the poten  al management solu  ons to the 
vulnerabili  es outlined in phase one.  Pos-
sibili  es discussed cover all three adapta-
 on strategies, and a future third phase will 

focus on specifi c recommenda  ons from 
phase two with feasibility studies and other 
planning ac  vi  es.  

The phase one ac  ons iden  fi ed signifi cant 
an  cipated impacts to public infrastruc-
ture and homes in Vancouver, sugges  ng a 
1/500 year storm event today would cause 
1700 displaced households and nearly 500 
damaged buildings.  Projec  ng that same 
storm with a 1 meter sea level rise would 
cause 4000 displaced homes and more than 
800 damaged buildings.  Addi  onal noted 
poten  al impacts included economic dis-
rup  on, environmental degrada  on from 
fl oodwaters mixing with contaminants, and 
social trauma.  

Phase two took the fi ndings of the phase 
one report and applied them to eleven dis-
 nct zones of the city.  Going zone by zone, 

the report:

1. Examines the poten  al fl ooding 
scenarios and the assets aff ected for each 
zone

2.  Presents a series of poten  al ad-
apta  on strategies, including pros 
and cons posited by external stake-
holders  

3.  Reviews the consequences and 
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tradeoff s associated with adop  ng 
or declining each poten  al alterna-
 ve

The adapta  on strategies presented are 
classifi ed into the three categories we cov-
ered previously: protect, adapt, or retreat.  
Table 7.1 shows the frequency with which 
each category of strategy was deemed ap-
propriate by the authors of the study, as 
well as the most common implementa  ons 
proposed.  

While the report does detail zone specif-
ic mi  ga  on strategies, the key takeaway 
from the CFRA is the proposal for a Coast-
al Flood Adap  ve Management Plan that 
would work to guide the municipality’s de-
cision making around adap  on strategies 
going forward.  The proposed Adap  ve 
Management Plan would provide a frame-
work for both evalua  ng the feasibility of 
zone specifi c ac  ons, and more crucially, 
when to implement them.  Projec  ng the 
eff ects of sea level rise on coastal fl ooding 

is a long-term exercise, and making deci-
sions now for problems of the future is, at 
best, spending resources unnecessarily, and 
at worst, locking the city into solu  ons that 
may be irrelevant or undesirable in future 
scenarios.  

The adap  ve plan imagined by the CFRA 
report would func  on on a 5 year update 
cycle in order to maintain fl exibility.  Every 
fi ve years the city would review the status 
of their exis  ng mi  ga  on eff orts, as well 
as the new developments in climate science 
and the local implica  ons.  From there, they 
could make decisions about what ac  ons, if 
any, to take within that next fi ve year win-
dow.  This allows for changing variables to 
inform their decisions, such as:

-new climate science

-new vulnerabili  es in the city

-eff ec  veness of previous mi  ga  on 
ac  ons

Protect
60% of propsed strategies

• Sea Barrier
• Sea Wall
• Dike (road or inland)
• Structured Wall
• Cliff  Armoring

Adapt
26% of proposed strategies

• Zoning changes restric  ng cri  cal infrastructure and buildings in 
fl oodplains

• Eleva  ng city infrastructure
• Building code changes to fl ood proof new and exis  ng buildings
• Development of fl ood warning systems

Retreat 
13% of proposed strategies

• City buyouts of property, followed by removal of roads and infrastruc-
ture and eventual re-naturaliza  on of area.

Table 7.1 Overview of the distribution of CFRA Phase II adaptation strategies presented in fi nal 
report.   
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-changing values of ci  zenry

The majority of the infrastructure adapta-
 ons discussed above would take serious 

investments of  me and resources, mean-
ing a  me buff er is needed between when 
a risk becomes too great and when the mit-
iga  on eff ort to assay that risk is put into 
place.  The CFRA suggests an automa  c trig-
ger system that would allow suffi  cient  me 
to plan, develop, and implement strategies 
deemed necessary.  In this case, the trig-
ger would either be a set level of sea level 
rise (i.e. 60cm) or a fi xed number of cri  -
cal buildings and infrastructure at risk (i.e. 
10% of buildings at risk during a 1/500 year 
storm).  This sugges  on is a way of formal-
izing the adap  on leg of the resilience circle 
we previously examined, bypassing the in-
herent unreliability of human actors in or-
der to force adapta  on processes every fi ve 
years.    

Code Adapta  ons-Vancouver

A review of the relevant laws governing 
construc  on in Vancouver show that the 

municipality uses its posi  on as the only 
municipality in Bri  sh Columbia with the 
power to enact its own building codes in 
order to impose stricter rules than s  pulat-
ed by provincial law on buildings and infra-
structure in the city.  Among its city-specifi c 
laws are the Flood Plain Standards.  Passed 
in September of 2014 as a direct result of 
the CFRA phase one fi ndings, the new fl ood 
plain standards are an example of a mi  ga-
 on strategy to adapt current infrastructure 

and buildings to poten  al hazards.  The pur-
pose of the bylaws are to provide special 
zoning regula  ons to buildings built within 
the fl oodplain, that is, within an area of the 
city deemed suscep  ble to fl ooding.  New 
construc  on within those specifi c areas are 
subject to a special Flood Construc  on Lev-
el (incorpora  ng sea level rise to the year 
2100 and a 1:500 year storm) as well as per-
mi   ng restric  ons that seek to protect both 
the homeowner and the city from damages.

Per the Vancouver Building By-law No. 
10908, the Flood Construc  on Level states 
that the underside of a fl oor system or the 
top of a concrete slab in a habitable build-

Table 7.2 Site coverage and Floor Area Ratio demands for principal zoning areas along water-
front in City of Vancouver.

Zone Site Coverage Floor Area Ra  o

RS-1 40% 0.6

RT-2 45% (Senior housing 40% includ-
ing exterior paths)

0.6 or 0.75 depending on height

C-1 Not Applicable 1.2 or .75 for dwelling units

M-2 Not applicable 5.0 for manufacturing, tranporta  on and storage
1.0 for all other uses
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Image 7.3 A) Map of desig-
nated fl oodplains for Metro 
Vancouver based on fl ood risk 
asessment to 2100, including 
sea level rise, in CFRA Phase I.
B) Example of building elevat-
ed using pile foundations in 
Maine coastline, USA. Photo by 
P.A. Slovinsky 12-2009.
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ing, must be 4.6 meters above the Vancou-
ver datum point.12  This can be achieved 
either by raising the grade of the site or 
eleva  ng the base of the structure.  The 
FCL by-law does not make any changes to 
pre-defi ned zoning regula  ons in regards to 
site coverage (ocupación de suelo) or fl oor 
area ra  o (coefi ciente de construc  bilidad).  
The vast majority of the zones within 100 
meters of the shoreline in Vancouver are 
zoned as RS-1, a single family residen  al 
district.  The only other residen  al zone 
that appears with any frequency close to 
the shoreline is RT-2, a 2 family district that 
allows for some mul  family housing.  C-1, a 
commercial/residen  al zone, is the second 
most common within 100 meters of the 
shoreline, especially in the False Creek Flats 
area and downtown.  Finally, the port and 
its immediate surroundings are zoned M-2, 
an industrial and manufacturing district.  Ta-
ble 8.2 summarizes the common shoreline 
abu   ng zoning types and their site cover-
age and fl oor area ra  o requirements.

Subdivision requirements in the bylaws in-
clude legal covenants that acknowledge the 

danger of fl ooding in the area and an en-
gineer’s report posi  vely affi  rming that the 
land is suitable for its intended purpose.    

Plans and Reports-Valparaíso

Valparaiso, and Chile in general, has a much 
shorter list of experiences to draw upon for 
its adapta  on planning projects.  As part 
of its con  nuing involvement in the Unit-
ed Na  ons Framework Conven  on on Cli-
mate Change (UNFCCC), Chile developed 
a na  onal plan to confront the issues they 
will face na  onally from eff ects of climate 
change.  The Plan de Accion Nacional de 
Cambio Clima  co 2017-2022 (PANCC) ex-
amines the threats global climate change 
poses to Chilean communi  es and cri  cal 
sectors of the economy, specifi cally no  ng 
the danger to infrastructure posed by:

…an increase in the intensity and fre-
quency of storm surges, pu   ng at 
risk coastal popula  ons, damaging 
not only the coastal infrastructure, 
but also the environmental services 
and associated economic ac  vi  es, 

Image 7.4 Diagram of possible elevation solutions according to Vancouver Floodplain Stan-
dards from 2014.

+4.6 over Vancouver GD

1m
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aff ec  ng ports, piers and beaches.13

First and foremost the PANCC is a guidepost 
for ministries and municipali  es when ap-
proaching adapta  on issues.  It is less fo-
cused on dicta  ng specifi c goals or solu  ons 
than it is on collec  ng informa  on and de-
veloping the context necessary for climate 
adap  on strategies to take place.  Ac  on 
paths are iden  fi ed in four main categories 
(Adapta  on, Mi  ga  on, Means of Imple-
menta  on, Climate Change Management 
at the communal and regional level) with 
discrete goals in each.  In terms of storm 
surge, this means be  er understanding the 
risks and vulnerabili  es of Chilean commu-
ni  es, specifi cally through a report every 
two years (star  ng in 2018) that details 
each coastal inunda  on event, and star  ng 
in 2020, detailed inunda  on and risk maps 
as well.  Addi  onal reports, also as part of 
the Adapta  on ac  on path, are called for 
to cover the various sectors of the Chilean 
economy and environment. 

Understanding the environment and haz-
ards present is a crucial part of being able to 
appropriately adapt a system and increase 
its resilience.  The fact that as of the publish 
date of this inves  ga  on neither map nor 
report exists suggests there is a defi ciency 
in the capacity of the system to appropriate 
adapt itself a  er a disturbance.  This may be 
a case in which the human actors are hin-
dering rather than helping the adaptability 
of the coastal border system.  

For the infrastructure of the country, this 
resulted in the Plan de Adaptación y Mi  -
gación de los Servicios de Infraestructura al 
Cambio Climá  co 2017-2022. Following the 
pa  ern of the more comprehensive PANCC, 
this off ers plans of ac  on regarding adapta-
 on and mi  ga  on op  ons, this  me spe-

cifi cally focused on a range of public infra-
structure across the country.  The plan does 
not detail specifi c measures, but does high-
light the urgent need in Chile for be  er ob-
serva  on and analysis programs to provide 
a be  er base for understanding the impacts 
of poten  al adapta  on strategies and prop-
erly evalua  ng best op  ons. 

On the local level there has been some 
movement towards adap  ng the coastal 
border, par  cularly a  er the storm of Au-
gust 8, 2015.  The massive failure of the 
coastal defense infrastructure during that 
event put on display the poten  al for seri-
ous damages to life and property during ex-
treme weather events.14  As a result, in 2016 
the Direccion de Obras Portuarias, a subset 
of the Ministry of Public Works (Ministerio 
de Obras Publicas, MOP) tasked with over-
sight of all water related infrastructure and 
architecture, commissioned a study “Anali-
sis Para el Estudio de Mejoramiento de De-
fensas Costeras en los Sectores de Avenida 
Peru y Juan de Saavedra” with the aim of 
improving the mi  ga  on capabili  es of two 
especially hard hit areas along the Gran Val-
paraiso coastline.
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Stages 1 and 2, completed in 2016 and 2017 
involved review of previous studies and 
study of the wave pa  erns, respec  vely.  
Stage 3 focuses on Avenida Perú, model-
ling and tes  ng in a wave machine the cur-
rent state of the coastal defenses along the 
length of the popular, as well as four alter-
na  ve proposals that would poten  ally of-
fer higher levels of protec  on.  In the ini  al 
stage 3 report, released in February 2017, 
three situa  ons are modelled of varying 
storm intensity and  de levels to gauge the 
levels of overtopping and of damage to the 
defense system itself.  The maximum storm 

level considered was a 100 year return pe-
riod while the maximum  de was +2.68m.  
In July of the same year a further study was 
released analyzing an op  on involving an 
ar  fi cial beach added to the exis  ng rocks.          

The July report concludes by recommend-
ing the ini  al construc  on of the so-called 
‘op  mized alterna  ve’, essen  ally an addi-
 onal layer of tetrapods placed a  er the ex-

is  ng rocks, similar to what exists currently 
at Juan de Saavedra.  A  er a period of ob-
serva  on an addi  onal expansion of the 
current concrete wall could be undertak-
en, eff ec  vely changing to proposal three, 
which according to the modelling would re-
duce overtopping by up to 74% compared 
to the current defense.  

Three addi  onal measures are recommend-
ed regarding dealing with the overtopped 
water once it passes into Avenida Perú:

-concrete planters fi xed to the pavement on 
the opposite sidewalk to break the energy 
of overpassed water

-improving the drainage system

-closing the street to vehicular and pedes-
trian traffi  c during extreme weather events

Stage 4 of the study is currently underway 
examining coastal mi  ga  on op  ons for 
Juan de Saavedra.

This study and the proposed changes to 
Avenida Perú represent an eff ort to in-
crease the resilience of the Viña del Mar 

Image  7.5 Study of design options for im-
proving resilience to storm surge in Viña del 
Mar and Valparaíso.  Source: DOP. [Image] 
2016.
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waterfront to storm surge by adap  ng the 
exis  ng protec  on coastal defense.  The 
study is detailed in its summary of previous 
projects and its modelling of wave ac  ons 
along the rocks and retaining wall.  As we 
covered in the Case Studies sec  on, the 
impetus for this project was the damaged 
suff ered during the August 8th, 2015 storm, 
and all available evidence shows an eff ort to 
learn from what failed in previous itera  ons 
in order to improve the func  oning of the 
coastal system.  But it is unclear what exact-
ly the lessons learned are. Rather than an 
evolu  on of ideas to adapt or transform the 
waterfront system and its defenses, none of 
the solu  ons tested stray beyond the realm 
of elongated or raising the defenses that 
currently exist.  

Code Adapta  ons-Valparaíso

The Instrumentos de Planifi cación Territo-
rial for Valparaiso are mostly silent on the 
issue of storm surge and coastal inunda-

 on.  Zoning by-laws for each municipality 
give site coverage and fl oor area ra  os for 
buildings within them, though there are no 
specifi c coastal border zones which demand 
mi  ga  on or adapta  on measures.  The 
zoning areas that border the waterfront for 
the municipality of Valparaíso are given in 
table 7.3.  Of note are the use restric  ons 
that maintain a paradigm designed around 
the port and industry, as well as the set-
backs from other buildings.  Combined with 
restric  ons on the length of the buildings, 
this does prevent clumped buildings that 
would fare poorly during a tsunami.  In the 
context of the use restric  ons and the mas-
sive lot sizes (compared to V6a for exam-
ple), it’s much more likely these by-laws are 
related to keeping the waterfront free for 
commercial and industrial exploita  on that 
they are for mi  ga  ng risk.     

The Plan Regulador Comunal de Viña del 
Mar defi nes the coastal border (borde 
costero, BC) thusly:

Zone Principal Use Site Coverage Minimum Lot Distance between 
buildings

A1 Port -Industrial-Rail-
way

10% 10,000m2 30m 

A2 Ar  sanal Commeri-
cal Fishing

10% 5,000m2 100m

A3 Port-Industrial-Rail-
way

50% 10,000m2 30m

G Recrea  onal 20% n/a 10m

V6a Residen  al <9m=50%
>9m=30%

500m2 3m

Table 7.3  Zoning comparisons for main zoning areas in Valpraíso (A1, A2, A3, G) and Viña del 
Mar (V6a) that border the waterfront in areas affected by storm surge.  
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It is the zone between the streets 
that run along the coastal edge and 
the sea, which extends from the limit 
with the comuna of Concón un  l the 
southern limit of the Comuna of Viña 
del Mar with Valparaíso at El Sauce.  
This zone is comprised of the beach 
areas as well as the rocky areas that 
abut the ocean and provides space 
for a large number of persons for 
recrea  onal and touris  c ends.15

As we noted previously, it was not un  l the 
early-to-mid 1900´s that the coastal border 
of Viña del Mar was began its conversion 
from industrial to recrea  onal use.  Part of 
this was achieved through law no. 13.364, 
commonly known as Ley Lorca, which, by 
declaring the buildings along the coastal 
border to have a public u  lity, managed to 
give some measure of control over the type 
of buildings constructed.        

Nor are there specifi c construc  on guide-
lines for buildings in fl ood or (tsunami) 
planes, as there are for an  -seismic con-
struc  on.  Those codes, based on similar 
laws in the United States, are developed and 
published by the Na  onal Standards Ins  -
tute (Ins  tuto Nacional de Normalización).  
Examined and revised a  er each major seis-
mic event in the country (1985, 2010, etc.), 
these standards not only play a large role in 
the iden  ty of Chilean construc  on, but are 
interna  onally recognized as successfully 
saving lives.16
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Avenida Errazuriz
Large thoroughfare in Valparaíso, running parallel to 
the coastal border.  Thanks to port and city metro 
holdings, there is a large off set between coastal 
border and public access for almost the en  rety of 
Valparaiso’s coastline

PORT METRO ERRAZURIZ

Hard Defenses: 
-concrete barrier raising city eleva  on several 
meters above sea level
-concrete wall aprox 1.5m in height dividing 
port holdings from metro   
So   Defenses:
-very large setback from public access to bor-
der
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Paseo Wheelwright
Popular boardwalk stretching from Muelle Baron 
to Caleta Portales, off ering access to beaches with 
occasional points of recrea  on or relaxa  on.  Consoli-
dated  into areas of passage and areas of 'being', with 
lookouts that lean out into the ocean.

BEACH

Wooden walkway over 
slopped concrete barrier 

forces wave ac  on up and 
through the gaps between 

slats of wood.  Easily replace-
able if damaged. 

BOARDWALK TRAINYARD
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Paseo Juan de Saavedra
Mostly abandoned area just north of the popular Caleta Portales 
in Valparaíso.  Deteriorated conten  on walls and stone pathways 
are all that remains in an underu  lized space.  Currently only a 
passageway between the main highway (Avenida España) and the 
naval buildings at Curva de Mayos.

ROCKY 
BEACH

PUBLIC 
ACCESS

The concrete retaining wall is fronted by a rocky beach and topped 
by large stone planters, usually containing small palms.  Much of 

defense has eroded away under wave pressure and combined with 
its underuse, today gives off  the appearance of a ruin. 

METRO/TRAIN 
TRACKS HIGHWAY
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COASTAL DEFENSE 
SURVEY LOCATION
VIÑA DEL MAR
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Wide explanade in Viña del Mar very popular with 
tourists and locals alike, off ering priveleged views of 
Valparaíso Bay.  Primarily a pedestrian throughway 
although there are residences opposite the border.

Despite par  al adapta  ons to 
overtopping storm surge in 

buildings along Avenida Perú, 
including inclosed ground 

fl oor pa  os, many residences 
s  ll suff er damage during 
extreme weather events.

The inclined riprap wall and raised concrete barrier have proved in-
suffi  cient to stop overtopping from powerful waves, most notably 

during the storm of August 8, 2015.

RIPRAP AND 
CONTENTION WALL

PUBLIC 
ESPLANADE AVENIDA PERÚ
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The scien  fi c community has comfortably 
aligned behind the idea that climate change 
will have drama  c implica  ons for human 
se  lements worldwide.  Evidence from our 
comparisons suggest that coastal ci  es in 
par  cular will need to reevaluate not only 
their coastal defense systems, but the urban 
planning paradigms that have guided their 
decision making processes up to this point.  

Minimizing disrup  ons from climate change 
eff ects as measured by casual  es and insur-
ance costs will clearly be a priority for all cit-
ies, but the economic and cultural profi les of 
coastal ci  es like Vancouver and Valparaiso 
suggest complica  ons that stretch beyond 
the readily quan  fi able.  The very iden  ty 
of coastal metropolitan areas are so inher-
ently  ed to the ocean that any change in 
that rela  onship can be extremely diffi  cult 
to process.  

Cultural evidence from civiliza  ons on every 
con  nent suggest a historically complicated 
rela  onship between man and ocean, play-
ing the role both of provider and destroyer 

of livelihoods.   That connec  on has always 
been complex, but we seem to be entering 
into a new era of the rela  onship between 
man and environment.  Some scien  sts sug-
gest that evidence exists that the planet 
is transi  oning from the Holocene epoch, 
which it has been in since the end of the 
last ice age almost 12,000 years ago, into 
the Anthropocene epoch, one defi ned by 
human impact on the planet. 1  Never in the 
millions of years of planetary history has a 
species infl uenced the earth the way the 
human species has begun to infl uence the 
stability of our environment.  

As we come to grasp with that fact and as 
our understanding of the world around us 
con  nues to evolve, this paradigm has be-
come less and less valid.  We are seeing our-
selves and our ci  es as just one part of nest-
ed systems; no longer the sole protagonists, 
we are instead part of an ensemble cast.

Hypothesis 1: Over the next 100 years, 

Image 8.1 Evidence abounds of the 
historic connections to the sea in both 
Vancouver and Valparaíso.  The crests 
for each city (the city of Vancouvers 
to the left, the Valpraíso regions to 
the right) refl ect the importance of 
the relationship with the ocean, each 
contrasting an image of a sailing ship 
with land based images.  Vancouvers 
motto “By Sea and Land we Prosper” 
could easily be placed under Val-
paraísos crest and retain the same 
meaning.

VIII-DISCUSSION
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changes to storm surge levels produced 
by extreme weather events will require 
coastal ci  es to change the paradigms that 
guide the development and design of the 
coastal border.  

This hypothesis rests on two assump  ons 
explored through the methodology of the 
thesis:

1. Coastal ci  es of the Americas face 
unique challenges from changes 
both internal and external.

2. The urban design paradigms that 
shaped our ci  es of today are not 
adequate to respond to the chal-
lenges of the future.  

Challenges facing coastal ci  es

The unique internal challenges that the 
American coastal ci  es will have to contend 
with over the next 100 years are centered 
on the demographic changes they will un-
dergo, and the o  en outsize role they play 
in the livelihood of their regions.   

The demographic changes involved main-
ly revolve around the increasing demand 
for, and ever present lack of, space.  Simi-
lar tectonic histories have assured that the 
presence of the American Cordillera and 
other coastal mountain ranges in the west 
coast of the Americas will always present 
problems for ci  es seeking to expand their 
presence on the land.  Ci  es have adapted 
to the physical restric  ons in a number of 
ways (increasing density, reclaiming land, 

Image 8.2 View of the ‘Malecón’ in Valparaíso, the street border of the city and sea, during 
a storm in 1900.  The street was protected by a metal structure made of vertical railroad ties 
embedded in the sand every 15 to 35 centimeters, fi lled in-between with granite. Source: Harry 
Olds.  [Photo]
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etc), but given the natural barriers, there is 
always going to be a tension between city 
and environment.   This tension is infl amed 
by the demographic changes taking place 
worldwide, as the steady urbaniza  on of 
the world popula  on con  nues to increase 
the need for space in ci  es worldwide.   

Beyond the inherent physical limita  ons 
of their se  lements, there are other con-
sidera  ons that make American coastal 
ci  es par  cularly vulnerable to the eff ects 
of climate change.  For one, any disrup  on 
to their system can have massive ripple ef-
fects for the wider area.  As we covered in 
our contextual comparison, the port and 
tourism industries are cri  cal not just to 
the metropolitan area of Gran Valparaiso, 
but the en  re region.  Cruise ships that 
dock in Valparaiso feed tourists to wineries 
in Casablanca, bou  que hotels in San  ago, 
even ski resorts in the Andes.  Likewise, 
companies from all over Chile depend on 
the port of Valparaiso to export their goods 
to the rest of the world: more than 30% of 
all foreign trade to Chile comes through 
the port of Valparaiso.2  The beaches of 
Gran Valparaíso, especially in the munic-
ipality of Viña del Mar, are major tourist 
a  rac  ons on their own right, the product 
of a conscious eff ort by city offi  cials in the 
mid-to-early 20th century to posi  on Viña 
del Mar as a tourist des  na  on.  Although 
its industrial past can s  ll be seen in spots 
along the coastline (most notably at the re-
cently remodeled Muelle Vergara), zoning 

and other by-laws designated the coastal 
area as recrea  on-specifi c.  

Vancouver likewise is the point of entry 
into the en  re western half of Canada, 
serving as the backbone of a tourism in-
dustry that contributes more to the GDP of 
the provincial economy than any primary 
resource industry outside of oil and gas3.  
Its port is the jumping off  point for cruises 
going north towards Alaska and millions of 
tourist a year come for the natural se   ng 
of Bri  sh Columbia itself.  

For both Valparaiso’s Zona Central and 
Vancouver’s Cascadia, it can be said that a 
widely dispropor  onate amount of the re-
gional economy, culture, and in many ways, 
iden  ty, is  ed to a rela  vely  ny stretch of 
land of their principal city.  Regardless of 
other benefi ts or drawbacks, this puts an 
enormous responsibility on the design of 
the border in these metropolitan areas, to 
ensure the en  re region is not unduly af-
fected by damages at such a small percent-
age of its land area.      

Externally, the coastal ci  es of the Ameri-
cas will face the brunt of the most impact-
ful changes brought by climate change.  
While the types of threats both ci  es face 
are similar, both in terms of natural hazards 
and in terms of climate change scenarios, 
they diff er in degree and some par  culars.  
Se  led on the shores of a sheltered body of 
water and protected by a series of islands 
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Image 8.3 Vergara Pier (Muelle Vergara) in Viña del Mar, before its recent remodelling.  Built 
in 1894 its location in the middle of the most popular beach in the city serves as a reminder 
how systems can transform themselves. Source: Marítimo Portuario. [Photo] 2015. Retrieved 
from http://www.maritimoportuario.cl/mp/comenzo-el-retiro-de-emblematica-grua-del-
muelle-vergara-en-vina-del-mar/

Image 8.4 The newly remodeled Muelle Vergara. Source: Municipalidad de Viña 
del Mar. [Photo] 2016. Retrieved from http://www.soychile.cl/Valparaiso/Socie-
dad/2016/12/15/435651/Vinamarios-podran-visitar-el-muelle-Vergara-hasta-las-23-horas-du-
rante-el-verano.aspx
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from the open ocean, Vancouver does not 
face the same level of danger from haz-
ards like tsunamis or meteotsunamis that 
Valparaiso does.  Its loca  on does howev-
er mean it its more impacted by projected 
changes to sea level, as the king  des, to-
day minor concerns, would result in major 
fl ooding events with an extra meter of sea 
level.  Combined with the extremely wet 
climate of the Cascadia region, whose pre-
cipita  on levels are also projected to in-
crease as a result of the changing climate, 
Vancouver’s infrastructure is par  cularly 
suscep  ble to overloading and fl ooding.  

There exists a level of urgency for Valparaí-
so projects that does not necessarily cor-
relate to Vancouver.  The threat Vancouver 
faces from climate change is more imme-
diate, but as we see from historical case 
studies and analysis of the scien  fi c com-
munity’s outlook, it is a more predictable 
one.  The strong correla  on between dam-
aging fl ooding events in Vancouver and 
local King Tides4, allows for some level of 
predictability in forecas  ng how and when 
major fl ooding events will begin to aff ect 
cri  cal city infrastructure and private prop-
erty.  Valparaíso’s threat is both more, and 
less urgent than that of Vancouver.  Tides 
have li  le correla  on with fl ooding events 
in Valparaiso, instead the overall power of 
the weather event is a much stronger pre-
dictor of damages.  Sea level rise in Val-
paraiso is much less of an immediate con-
cern as well, as sources actually have sea 

levels in the region falling slightly in recent 
years.  The highly variable rate of subsid-
ence and upli   along the coastline howev-
er mean that that sea levels don’t have the 
same long term predictability as they do in 
Vancouver.  

An  quated design paradigms

Both Vancouver and Valparaíso were set-
tled in a  me when our fundamental un-
derstanding of the world around us, and 
the ocean in par  cular, was much diff erent.  
The ocean was tempestuous and unpre-
dictable assuredly, but always something to 
be tamed and conquered by man.   Though 
ini  ally se  led by Europeans in the ear-
ly 16th century, Valparaíso grew to promi-
nence as a city around the same  me as 
Vancouver was being se  led in the early to 
mid 1800’s.  The story of that era was one 
of expansion and exploita  on across many 
scales.  New inven  ons and advancements 
from the century before had opened the 
door to new paradigms of human interac-
 on with their environment:

‘The industrial revolu  on was the 
fi rst spectacular triumph of the 
human species over the pa  erned 
ancient limita  ons of the natural 
world.’  A  er thousands of years 
humans were no longer asking how 
to protect themselves from nature, 
but rather how to extend their dom-
inance over nature to ensure eco-
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nomic progress.5   

No be  er example of this sen  ment exists 
than the process of land reclama  on, or 
land fi ll, by which new land is created from 
that of the sea.  At diff ering points in their 
history, Vancouver and Valparaiso found 
themselves lacking in buildable land near 
the city centers, and their response, like 
that of coastal ci  es worldwide, was to take 
the needed land from the sea.  The process 
of land reclama  on is an extremely com-
mon tac  c in coastal ci  es, where build-
able land in desirable areas is o  en half 
that of a similar landlocked city.  Reclama-
 on has one clear benefi t (providing more 

buildable land) and a host of drawbacks, 
not least among them is that extending the 
coast into the oceans only exacerbates the 
eventual eff ects of sea level rise.

In Vancouver, the inlet known as False 
Creek used to be twice its current size be-
fore its fl atlands were claimed by the city, 
and the popular shopping area Granville 
Island was li  le more than a sandbar be-
fore it was built up.  For its part, the coast-
line of the municipality of Valparaiso has 
undergone at least 5 dis  nct expansions 
since 1835, to the point where today near-
ly all of the most cri  cal func  ons of the 
city take place on in-fi lled land.  In Viña del 
Mar, Avenida Perú, the area most aff ected 
by storm surge damages, is built over what 
used to be beach front.  

Surveys of the coastal zones in both cit-
ies studies show a coastline that has en-
croached ever further into the ocean, and 
coastal borders designed around consol-
ida  ng for human exploita  on the land 
claimed from the sea.  Local zoning regu-
la  ons, in Valparaíso especially, support 
this idea, as they dedicate large swathes 
of waterfront to industrial or transpor-
ta  on func  on via use restric  ons.  The 
current coastal defenses, as well as those 
being considered for the near future, are 
almost exclusively protec  on strategies, 
specifi cally those designed around in-
creasing short-term engineering resilience.  
During a disturbance, their primary goal is 
to return the system to its pre-disturbance 
state as quickly as possible.  As suggested 
by Holling, et al. in their 1996 paper com-
paring engineering resilience to ecological 
resilience, this focus on bounce-back abil-
ity may be reducing the capacity for those 
same systems to adapt themselves to a 
changing environment.   

The old rela  onship between man and sea 
was based on the understanding of the 
ocean as a constant presence, with know-
able hazards and a reasonably sta  c coast-
line.  In this system, humans were the sole 
protagonists, and any changes were prod-
ucts of our changing values, norms and 
technologies (i.e. coastal protec  on zones 
vs. coastal development).  Ever evolving 
value systems have begun to call into ques-
 on some of the cultural founda  ons of 



103

D

I
S

C

U

S

S
I

O

N

RECLAIMED LAND IN 
CITY OF VALPARAÍSO

N

Image 8.5 This line of red paving stones on Serrano Street in the port district of Valparaíso 
marks the 1818 city border with the sea. Photograph taken by author.
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that rela  onship though, and recently even 
some of the evidence based assump  ons 
we have made about the environment that 
undergirded that paradigm are proving less 
reliable than previously thought.  

The last decades have seen both Cascadia 
and the Zona Central of Chile begin to re-
examine their understanding the ocean-
based hazards to which they are exposed.  
Evidence recently uncovered of past me-
ga-earthquakes that occurred off  the coast 
of the Pacifi c Northwest have reshaped the 
concepts of the threats posed by tsunamis.  
Unlike a country like Japan, which has a 
well recorded and preserved history of its 
various earthquakes and tsunamis over a 
millennium, the wri  en history of the Pa-
cifi c Northwest extends only back to Euro-
pean coloniza  on in the mid 1800’s.  As his-
torians and scien  sts in the region explore 
the oral history of indigenous peoples and 
evidence le   behind in the geologic record, 
a new vision emerges of the poten  al haz-
ards the ocean harbors.  

Similarly, Valparaiso is recently beginning 
to come to terms with its own history of 
tsunamis.  Offi  cial planning documents and 
SHOA inunda  on maps suggest that Val-
paraiso is reasonably safe from tsunamis: 
literally the only men  on of tsunami in the 
Plan Desarrollo Comunal de Valparaiso is on 
page 26, where it men  ons that Valparaiso 
does not have a history of catastrophic tsu-
namis.6  This conclusion is roundly contra-

dicted by a new study which relies on his-
torical recrea  ons of the 1730 earthquake 
in Chile to es  mate inunda  on levels that 
are far above the current maximum levels 
in SHOA’s inunda  on maps.7  Even more 
recently, the Regional Ministry of Hous-
ing and Urbanism (Ministerio de Vivienda 
y Urbanismo) for the fi  h region indicated 
that it intends to carry out a study of the 
tsunami risks in its coastal areas in order to 
update its zoning regula  ons.    

These cases highlight how changes to our 
built environment take place as part of a 
process, one that begins with a changing 
understanding of the world around us.  
Adapta  ons to infrastructure and urban 
planning, before they are put into place in 
the physical world, require paradigm shi  s 
that allow us to view the ocean, and the 
environment more broadly, as a dynamic 
en  ty.  This step is crucial, because the ul-
 mate goal is not simply to adapt the infra-

structure for climate change, but rather to 
create and sustain built environments that 
are themselves adaptable. 

Hypothesis 2: Vancouver’s experiences 
in climate adapta  on can provide help-
ful examples for Valparaiso to follow as 
it begins the process of exploring coastal 
fl ooding mi  ga  on op  ons.

Climate change adapta  on will be a cost-
ly, if essen  al, investment for ci  es around 
the world over the next 100 years.  As we 
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covered, it is the coastal borders in ci  es in 
par  cular that will face massive challenges 
from the double force of rising sea levels 
and ever-increasing vulnerable popula-
 ons, and will be a necessary focus of both 

fi nancial and poli  cal investment for ci  es 
as they adapt their coastlines to rising sea 
levels and more frequent and powerful ex-
treme weather events.  Understanding the 
impact and risks associated with the chang-
ing climate is the fi rst step in this process, 
one that has become more or less equally 
accepted worldwide.  Deciding how and 
when to spend the economic and poli  cal 
capital that will be necessary for adap  ve 
strategies in coastal zones is the next step, 
and here some ci  es have clearly outpaced 
others.

The City of Vancouver, while yet to enforce 
any serious infrastructure changes along its 
waterfront, has conducted studies of the 
threats and proposed a system to guide 
their decision making into the future.  Val-
paraiso is now star  ng the same process, 
and experiences in Vancouver can help 
shape the form of the discussion going for-
ward.  Our explora  on of the diff erences 
between the two ci  es’ approaches thus 
far have yielded three main takeaways in 
which Valparaíso can learn from the expe-
riences of Vancouver.

These are the three main takeaways from 
Vancouver’s experience that can be ap-
plied to Valparaiso:

- Increasing resilience in the 
coastal border requires mean-
ingful ci  zen engagement.

- Coastal resilience requires a sys-
tem wide eff ort, both poli  cally 
and culturally, built towards 
emphasizing and fostering the 
capacity to learn and adapt to 
ever changing environments. 

- Adapta  on strategies are ap-
plicable in almost all environ-
ments, and off er ways to use 
to the exis  ng environmental 
(built, natural, and cultural) ad-
vantages to the benefi t of the 
city.

Increasing resilience through ci  zen en-
gagement

Vancouver’s experiences with its several 
climate adapta  ons plans highlight how 
integral ci  zen involvement is in order to 
eff ec  vely carry out the eventual conclu-
sions.  The fi rst eff orts at climate adapta-
 on were ambi  ous, as embodied in the 

Clouds of Change report, but lacked the 
popular support to carry out the majority 
of the ideas presented.  Later versions fo-
cused on building ci  zen engagement as a 
central part of the eff orts.  Talk Green to 
Us, the public-facing component of the 
2011 Greenest City Ac  on Plan, is a useful 
example of how community engagement 
can be deployed in service of an adapta  on 
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plan.  Thanks in part to the public outreach 
eff orts, Vancouver has had much more sus-
tained success with its implementa  on of 
resilience building through its Greenest 
City Ac  on Plan, making improvements 
over their baseline measurements in every 
single category they explored.8

Applying something like this to Valparaiso 
could take a number of forms.  The culture 
and history of Gran Valparaiso are linked 
closely to the sea, but a large part of the 
current ci  zenry is less and less connected 
to the border itself thanks to private devel-
opment or transporta  on infrastructure 
dedicated to automobiles.  This separa  on 
may contribute to the lack of public aware-
ness of how changes to the environment 
will likely aff ect the city.  Changing land use 
pa  erns to provide more access could help 
encourage public involvement in future 
planning.  

Implementa  on of a government spon-
sored program like Talk Green to Us to in-
form and seek input from the public, with 
events located at coastal border sites like 
Juan de Saavedra or Avenida Peru could 
contextualize the challenges facing the city.  

Valparaiso, like Vancouver, is home to a 
number of renowned universi  es that 
have historically been drivers of social 
change, providing opportuni  es for gov-
ernment-university partnerships to future 
explore ideas and solu  ons rela  ng to re-

siliency in coastal areas.  The city of Van-
couver for example paired with the local Si-
mon Fraser University to sponsor the ‘The 
Octopus’ Garden’, a series of talks hosted 
by the university in summer and fall of 
2017 centered around how ci  es, Vancou-
ver in par  cular, can manage the challeng-
es posed by sea level rise.  A similar out-
reach program in Valparaiso could involve 
universi  es such as Pon  fi cia Universidad 
Catolica de Valparaiso, Universidad de Val-
paraiso, and Universidad Tecnica Federico 
Santa Maria, and would not only off er new 
outlets of inves  ga  on, but would provide 
a new genera  on of young people engaged 
with the issues facing the region.  

The plan set forth in the CFRA approaches 
the predictability by establishing a 5 year 
review cycle to periodically re-evaluate in-
terim changes in environment, policy and 
culture.  One of the key points made by the 
CFRA, and one very much relevant to Val-
paraíso, is the importance of con  nuously 
evalua  ng the cultural context of the sit-
ua  on.  Solu  ons that may be considered 
anathema today may be acceptable, or 
even desirable 25 years from now.  

Although re-evalua  on and analysis is a crit-
ical part of adapta  on plan, one as focused 
on long term change such as Vancouver is 
working towards would s  ll leave Valparai-
so vulnerable to more immediate, less pre-
dictable events.  Slow, measured change is 
appropriate in a region where damaging 
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fl ood events are  ed closely to rising sea 
levels, but in Valparaiso the fl ooding events 
are violent and unpredictable, much less .  
Adap  ng the coastline in Gran Valparaiso 
demands a diff erent approach, one that 
incorporates periodic analysis, but that fo-
cuses more on immediate ac  on to create 
fl exible, adaptable spaces and leans on the 
community to develop resilient systems.

Building resilience across the panarchy 

The paradigm guiding social-ecological sys-
tem thinking tells us that ci  es, being large 
SES’s themselves, are made up of many 
individual systems, nested and intercon-
nected between each other.  Within the 
SES, the concept of panarchy suggests the 
dis  nct systems that compose the greater 
social ecological system are all constantly 
ac  ng upon each other.  The coastal zone 
of a city may well be a unique system, but 
its impacts reach deep into the metropoli-
tan area, and the region that surrounds it.  
Building resilience is not something that 
can be undertaken in isola  on, rather, it 
must be approached holis  cally with the 
understanding that building resilience at 
the border also means building resilience 
in the systems that interact with it.  

The concepts of resilience thinking rein-
force this idea: among their discussion of 
prac  cal applica  ons they highlight the 
importance of managing connec  vity, not-
ing that highly interconnected systems can 

provide benefi ts to the social ecological 
system as a whole, but may also facilitate 
the spreading of the impacts of a distur-
bance in an isolated area.9  Human systems 
face an addi  onal layer of complexity in 
that we must consider the social aspects 
of having highly integrated or segregated 
networks.  Social groups can share infor-
ma  on and cultural ideals across network 
boundaries, poten  ally bringing new per-
spec  ves and norms to more conserva  ve 
cons  tuencies, paving the way for adapta-
 ons outside the realm of current poli  cal 

considera  on.  As with other ecological 
systems though, social connec  vity also 
comes with a price, in that it can lead to 
the homogeniza  on of ideas: 

Studies show that when homogeni-
sa  on of norms occurs, the explor-
a  ve ability of social actors drops, 
leading to a situa  on where the 
network members all think in the 
same way and may believe they 
are doing well while they are actu-
ally heading towards unsustainable 
pathways.10

The suggested lesson here is that while 
connec  vity is important to the overall re-
silience of a city, it needs to be carefully 
managed.  Vancouver’s Greenest City 2020 
Ac  on Plan is an example of what it looks 
like to a  empt to build resiliency into the 
en  re social-ecological system.  The focus 
Vancouver has put into improving the resil-
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ience of their coastal border in the face of 
sea level rise is just one part of a massive 
eff ort at reshaping the en  re city around 
the wide ranging eff ects of climate change.  

The program includes serious infrastruc-
ture and urban planning changes, such as 
the extension of the public transit sky train, 
expansion of their public park system, or 
changing building codes to emphasize en-
ergy effi  ciency.  Sharing equal billing with 
these programs are others, designed not 
so much to eff ect the built environment, 
but rather the behavior of those who in-
teract with it.  These include projects de-
signed to encourage local food consump-
 on (through the expansion of number of 

local farmers and community markets) and 
pla  orms that engages and educates local 
businesses to encourage them to lower 
their environmental footprint.11  Strategies 
such as these may not directly infl uence 
the coastal border but they do play a role 
increasing its resilience.  Because of the re-
la  onship between each nested system in 
the large social-ecological system, increas-
ing resilience in one can obliquely increase 
it in others.  

One example touched on previously, of 
which both Vancouver and Valparaíso ex-
posure, would be improving the func  on-
ing of storm runoff  systems.  Similar to the 
discussion of land reclama  on from the 
sea, at various points in their histories the 
need for habitable land led to both ci  es 

paving over or constraining natural streams 
and runoff s that would otherwise carry the 
excess water to the ocean or help mi  gate 
the rise in local sea levels. The delta of the 
estuary Marga Marga in the municipality 
of Viña del Mar is a prime example of this 
situa  on: during major storm events heavy 
precipita  on works in conjunc  on with the 
increased local sea levels to overload drain-
age systems and exacerbate fl ooding at the 
coastal border.  Improving func  onality of 
the carrying and drainage capacity of the 
estuary, while not directly an interven  on 
in the border, would nonetheless serve to 
increase its resilience capacity.  

Perhaps as importantly as the physical ad-
apta  ons in connected systems can have 
on the border area are the infl uences such 
changes can have on what we would nor-
mally consider within the realm of possibil-
ity.   

Emphasis on adapta  on strategies

If there is only one lesson that can be ex-
tracted from Vancouver’s experiences with 
climate change adapta  on, it is undoubt-
edly this: it is a truly massive undertak-
ing.  Decades of study and planning went 
into every change, and even then, actual 
results produced can be minimal.  While 
the understanding that climate change will 
require serious changes to city systems is 
growing (in Europe around 80% of ci  es 
over 500,000 residents have a mi  ga  on or 
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adapta  on plan in place)12, there remain se-
rious hurdles to ac  on that limit the breadth 
and width of solu  ons possible at this  me.  
Speaking during a city council mee  ng in 
2016 for example, Mayor Gregor Roberston 
of Vancouver told the council that “From my 
perspec  ve it’s hard to imagine a managed 
retreat given the value of land and the scar-
city of land we have here”.  

Given the very real restric  ons that exist 
on possible strategies, for the most imme-
diate impact, it is the category of adapta-
 on strategies that off er the most plausible 

route for building resilience in coastal areas.  
For Valparaíso these solu  ons come in two 
forms: near term or long term.  

Near-term adapta  ons

In the short term Valparaíso must contend 
with coastal infrastructure suited neither for 
the types of storm surge they are currently 
experiencing, nor for the other hazards that 
threaten the coast.  Loca  ons like Avenida 
Peru in Viña del Mar and Juan de Saavedra 
in Valparaíso face the brunt of the damages 
today, but with changes to storm direc  on, 
could bring the same force onto other more 
sheltered areas in Valparaíso.  Immediate 
answers to address this situa  on are avail-
able if we consider the border through its 
ecological resilience lens and take into ac-
count the la  tude inherent in the coastal 
border system: it can withstand occasional 
fl ooding and stay func  onal within its basin 

of a  rac  on if designed to do so.

As Vancouver’s experience has shown, ter-
ritorial planning instruments (Instrumentos 
de Planifi cación Territorial, IPT) off er a num-
ber of ways in which to adapt the border 
area.  Among the most direct and obvious 
tools would be to create a specifi c zoning 
area for the strip of land most eff ected by 
storm surge.  This would allow the city to: 

-Set a Flood Construc  on Level, requiring 
new construc  on to have its base fl oor slab 
be elevated to a specifi c height, reducing 
risk of fl ood damage during storms.  Van-
couver´s specifi c fl ood construc  on level of 
+4.6 meters was based on the CFRA Phase 
1 modelling results for the region, and any 
FCL in Valparaíso or Viña del Mar should be 
as well.     

-  Adjus  ng site coverage and fl oor-area ra-
 os to encourage favorable distribu  ons of 

habitable fl oor space above ground fl oor 
and away from poten  al fl ood damage. 

-Restrict the use of buildings constructed 
along the border, limi  ng ground fl oors to 
commercial and storage uses.  This would 
greatly diminish physical danger to resi-
dents and personal property damage.

-Stop placement of cri  cal infrastructure or 
services for vulnerable popula  ons with-
in the fl oodplain.  This is a crucial point for 
hospitals and nursing homes in par  cular, 
as we noted previously the elderly popula-
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 on in ci  es is projected to increase greatly 
by 2050 in search of healthcare in par  cular.  

This last adapta  on also underscores the 
necessity of an integrated approach as we 
touched on in the previous point.  While 
removing vulnerable popula  ons from po-
ten  al inunda  on areas (either for storm 
surge or tsunami) is an important goal, the 
reali  es of the topography in Valparaíso and 
Viña del Mar mean that there is not much 
available land suitable for these types of 
services.  Removing them from the fl ood-
plain likely means building in the hills or far-
ther away from the center of the city, intro-
ducing problems in terms of accessibility for 

low mobility popula  ons.  This rela  onship 
between areas of the city highlights the na-
ture of the panarchy: improving transporta-
 on and accessibility op  ons for one sector 

of the city (hills) can end up eff ec  ng resil-
ience in another (coastal border).  

Another poten  al adap  on is to the de-
sign and construc  on philosophies behind 
the buildings along the border themselves.  
These adapta  ons are not necessarily asso-
ciated with planning instruments, though 
some, like using water resistant materials 
or fl ood proof construc  on concepts could 
be specifi ed.  Others are oriented around 
a design concept that seeks to accommo-

Image 8.6 Adapting current buildings, like this café on Avenida Perú in Viña del Mar, to be 
more resilient to climate change could mean raising their primary seating area to a second 
fl oor, rather than employ temporary measures like the plywood barriers shown. Photograph 
taken by author.
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date the occasional fl oodwaters.  Examples 
abound in fl ood prone areas worldwide, but 
an excellent example exists in Vancouver at 
Kitsalano Beach (Image 8.8). 

Adapta  ons strategies are based around 
taking something exis  ng and reinforcing 
its ability to respond to specifi c threats.  To 
that end, exis  ng so   defense programs, 
like the tsunami warning system already in 
place, could be used for warning residents 
in aff ected areas of poten  al surge events.  
The blanket alarm that occurs during a tsu-
nami threat may be extreme for storm surge 
warnings, but repurposing the system to 
send text messages instead would be an ef-
fec  ve way to adapt an exis  ng system to a 

new reality.

Long Term Adapta  ons

The strategies we covered in the previous 
sec  on are all things that could be imple-
mented in Valparaíso within the next 5 to 
10 years, and would serve as a base for the 
city to gradually increase its resilience to all 
manner of threats.  Longer term solu  ons 
for the same purpose are more diffi  cult to 
project, mainly due to the poten  al situa-
 onal changes, as covered in Vancouver’s

CFRA Phase II report where they lay out 
some of the main issues with producing 
long term strategic sea level rise planning.  
The most important among them are the 
uncertain  es in climate change projec  ons, 

Image 8.7 Enforcing a fl ood construction level in Viña del Mar could prevent situations such 
as this on Avenida Perú. Photograph by author.
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the changes to the city itself, and the chang-
es to the value systems which defi ne what 
solu  ons are poli  cally and socially viable.  
These ambigui  es highlight the need for a 
system which can monitor and periodically 
reassess threats and solu  ons.  The report 
on storm surge risk and vulnerability called 
for in the PANCC is a start, but it remains to 
be seen how eff ec  ve it will be. 

It is also possible that planners need to start 
thinking now about long term solu  ons that 
involve increasing not just the adaptability 
of the coastal border, but its transforma-
bility as well.  Depending on how grave the 
eff ects of climate change end up being, it 
may be necessary for the border system to 

rearrange itself around new variables.  This 
would move the focus onto developing the 
social-ecological resilience of the coastal re-
gion.  Resilience in this sense, which we pre-
viously explored as resilience thinking, rec-
ognizes that there may be more than one 
acceptable stable state for the coastal bor-
der.  Transforma  on as a real op  on for an 
area may be a poli  cally diffi  cult pill to swal-
low, but it is one that has been undertak-
en, in varying contexts, with success in ur-
ban areas worldwide. Indeed, the sec  ons 
of the coastal areas of both Vancouver and 
Viña del Mar have undergone dras  c chang-
es in their respec  ve histories, transforming 
from industrial to recrea  on focused.  

Image 8.8 The Boathouse restaurant at Kitsalano Beach in Vancouver is raised on columns, 
and has open space on the fi rst fl oor that lets water pass through if fl ooding occurs. Source: 
Google Earth.
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As our concept of the rela  onship between 
man and our environment has evolved, 
so to have the paradigms through which 
we approach our built environment.  The 
Cheonggyecheon River restora  on project 
in Seoul, South Korea was one of the fi rst 
interna  onally recognized examples of this 
paradigm shi  .  Completed in 2005, the 
emblema  c project opened to the public 
a previously paved-over stream that runs 
through the heart of the mega-city, trans-
forming the strip of land from exclusively 
transporta  on based to recrea  on/trans-
porta  on, off ering residents and visitors an 
array of social and environmental benefi ts.  
The river project also helped to increase 
the social-ecological resiliency of the city, 
providing fl ood protec  on for extreme 
rain events (1 in 200 year events) as well 
as greatly increasing biodiversity in the 
area, reducing air pollu  on for ci  zens, and 
bringing an average of 64,000 visitors daily.

One need not look outside the country for 
examples of how embracing transforma-
 on can increase the resiliency of a coastal 

area.  Dichato, Chile, was one of the hard-
est hit locali  es from the earthquake of 
2010, and while it suff ered from the ini  al 
earthquake damage, it was hit far worse 
by the ensuing tsunami.  The regional re-
sponse to the coastal devasta  on caused 
by the tsunami,  tled Plan Reconstruc  on 
del Borde Costero de la Región Bio Bio, was 
headed by Chilean architect Sergio Baer-
iswyl and represents a holis  c approach 

to coastal zone security.  Large por  ons of 
the border were restructured, and a new 
zoning category was implemented at the 
border in order to restrict housing and pro-
vide mi  ga  on for the rest of the city.  The 
new mi  ga  on parks, beyond increasing 
the resilience of the city to tsunami and 
storm surge, increased the public spaces 
available to its ci  zens tenfold.13 The plan 
maestro of Dichato recognizes the possibil-
i  es in the transforma  on, sta  ng: 

Without a doubt, the story of ci  es 
aff ected by the earthquake of the 
27th of February will be wri  en as 
before and a  er.  In eff ect, will nev-
er go back to being as they were be-
fore, and by that same reasoning, 
it is reasonable to think that they 
could be even be  er, as long as we 
act with transforma  ve purpose, 
with realis  c administra  on of the 
available resources, and with nec-
essary prudence when considering 
expecta  ons.14

These are the types of resilience building 
solu  ons that architects, planners and cit-
izens should be looking forward towards.  
The development paradigms of today are 
powerful but restric  ve, as we have seen in 
both Vancouver and Valparaíso.  Orien  ng 
adapta  on eff orts towards community fo-
cused, city-system wide eff orts could yield 
benefi ts in terms of long-term resilience 
for the future.      
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Our inves  ga  on into the coastal regions 
of two American conurba  ons suggests 
that pressure on ci  es, both internal and 
external, will demand changes to the de-
velopment of coastal communi  es world-
wide, and those on the west coast of the 
Americas more than most.  The very same 
topography and climate that ini  ally made 
the western coast of the Americas such an 
a  rac  ve place to se  le means those same 
se  lements will face some of the harshest 
eff ects of climate change.  Combined with 
the ever increasing worldwide movement 
towards urbaniza  on, the ques  on of how 
to approach this new reality will be the 
defi ning issue to shape our most important 
ci  es in the century to come. 

Under the previous border design para-
digm, the answer to steadily growing pop-
ula  ons in coastal ci  es was to encroach 
further and further onto oceanic territory 
to consolidate land for human exploita  on.  
Our fi ndings throughout this thesis suggest 
that this paradigm simply will not be com-
pa  ble with what the future brings.  

What seems clear in general from the re-
sponses we have seen proposed or under-
taken in both Vancouver and Valparaiso is 
that city and infrastructure resilience are 
viewed primarily as engineering problems.  
The major studies commissioned by both 
ci  es were carried out by engineering fi rms 
or en   es (Northwest Hydraulic Consul-
tants in Vancouver, Ins  tuto Nacional 

de Hidraulica in Valparaiso).  Recall that 
resilience, understood through the lens of 
engineering, revolves around the ability 
of a system to return to its original state.  
This approach suggests that what most 
concerns city governments, the threat they 
most wish to defend against, is change.  It 
also suggests that while resilience is a com-
mon goal, marshalling the will to follow 
through with what may be diffi  cult adap-
ta  ons to truly approach a resilient water-
front is a diffi  cult proposi  on.    

This conserva  sm (used in the literally, not 
poli  cal sense) is not wholly unjus  fi ed.  
Democra  cally elected local governments 
like those in Valparaiso and Vancouver are 
ul  mately responsible to the electorate, 
whose principal concern (in almost all 
ma  ers) is protec  ng or improving their 
quality of life.  In this sense a solu  on 
designed to maintain the status quo is not 
just acceptable, but perhaps preferable.  
The examples of responses we have seen 
suggest however, that what may be advan-
tageous for homeowners and businesses in 
the coastal zone is not necessarily the best 
op  on for the overall system.  As we’ve 
seen through our analysis of the both the 
coastal systems and the forces ac  ng upon 
them, the demographic and environmental 
variables at work in the coastal borders of 
metropolitan areas are powerful enough 
that maintaining the status quo is not a 
realis  c goal for the next 100 years.  

IX-CONCLUSION
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The variables that are ac  ng to change 
coastal environments, while inevitable, are 
s  ll very much unpredictable in nature.  
This vola  lity in how the border may even-
tually change suggests a design paradigm 
that accommodates change and embraces 
unpredictability, one based on social-eco-
logical rather than engineering resilience, 
presen  ng the rela  onship between sea 
and city not as a source of tension, but 
rather of opportunity.  This vision of the 
border encourages planning that will adapt 
buildings and the urban fabric to accom-
modate changes, wherever and whenev-
er they come.  The only way to be truly 
resilient to a an undefi nable hazard is to 
accept the change inherent the process of 
adapta  on.  

This thesis works to advance our under-
standing of how our current coastal de-
velopment paradigms will be aff ected by 
climate change, and how ci  es will be able 
to share knowledge and experience across 
boundaries.  In the course of our inves-
 ga  on several other themes arose that 

would be valuable contribu  ons for future 
study.  One issue that we did not delve 
deeply into is how the local poli  cs eff ect 
the paradigms in place in each city.  De-
pending on situa  on, this may be a cri  cal 
piece into how well experience translate 
from one municipality to another.  It should 
also be noted that poli  cs, even more so 
that other variables, can shi   quite quickly 
from minute to the next, so any evalua  on 

should be on general themes rather than 
specifi cs.  

One of the points that became clear during 
our explora  on was the necessity of an 
overarching strategy that integrates all 
systems in the Social-Ecological System of 
the metropolitan area.  A working study of 
what such a strategy would look like, what 
areas it would cover, and how it would be 
implemented would be a cri  cal piece for 
future adapta  ons.  

Another point men  oned in our discussion 
is the cri  cal nature of ci  zen engagement 
in the process.  While we provided some 
examples of the form this could take in Val-
paraíso, an in-depth study into how best to 
ac  vate ci  zens groups and involve them in 
the adapta  on process could be extremely 
valuable.  Specifi cally in order to under-
stand what local ins  tu  onal knowledge 
there may be able coping with disasters, 
and how it can be leveraged into offi  cial 
planning.  

Finally we mainly focused our a  en  on on 
coastal defense op  ons that fall under the 
category of adapt strategies, seeing these 
as the most feasible and impac  ul op  ons 
available building resilience around a new 
development paradigm at coastal bor-
ders.  However, further inves  ga  on into 
retreat op  ons, would be an extremely 
valuable contribu  on to the fi eld.  As we 
have noted many  mes throughout this 
text, the nature of the variables that will be 
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changing the coastal environments are very 
unpredictable, and even the best scien  fi c 
models are s  ll just projec  ons;  it is en-
 rely possible that our current worst case 

scenarios are too conserva  ve.  In that case 
op  ons that today we consider outside 
the realm of feasibility may become more 
palatable, or even necessary, and having 
informa  on regarding their possible imple-
menta  on would be cri  cal.   

The epigraph of thesis was taken from a 
man who died over 35 years ago, but he 
may was well have been speaking to the 
architects and planners of the current day.  
In the context of urban areas, his words 
read more as an ul  matum than an innoc-
uous observa  on.  With the evidence we 
have explored regarding both the poten-
 al eff ects of climate on coastal areas, 

and their level of preparedness for them, 
Buckminster Fuller’s words carry an urgen-
cy for human se  lements worldwide, and 
serve as a clarion call for those who would 
approach the challenges head on.  This 
thesis suggests that ci  es, their govern-
ments and ci  zens alike, can embrace the 
role of the architect in coming century, and 
work with clients to design a new paradigm 
for coastal uses and development, or they 
can con  nue with the status quo, and cast 
themselves as vic  ms of foreseen changes.  



118

C

O

N

C

L

U

S
I

O

N



119

B
I
B
L
I

O

G
R
A
P
H
Y

Arellano, Hernán Cisternas “Evalúan daños del temporal para reparar Caleta Portales y vialidad en Viña del Mar”. 
El Mercurio. August 10, 2015

Baeriswyl, Sergio Rada.  Gobierno Regional Bio-Bio “Plan de Reconstrucción del Borde Costero-PRBC 18”. Decem-
ber, 2010.  

“B.C. reels a  er third major storm knocks out power.” CTV News, December 15, 2016. h  ps://web.archive.
org/web/20070128203513/h  p://www.ctv.ca/servlet/Ar  cleNews/story/CTVNews/20061214/high_
winds_061215/20061215?hub=TopStories.  Archived from the original on 2007-01-28. 

Berkes, F. “Understanding uncertainty and reducing vulnerability: lessons from resilience thinking” Nat Hazards 
41: 283. (2007)

Booth, Rodrigo. “El Estado Ausente: la paradójica confi guración balnearia del Gran Valparaíso (1850-1925)”. Eure. 
Vol. XXVIII, N˚83, pp. 107-123. May 2002

Carvajal, M., Contreras-López, M., Winckler, P., Sepúlveda, I. “Meteotsunamis Occurring Along the Southwest 
Coast of South America During and Intense Storm”.  Pure and Applied Geophysics.  June, 2017.

Carvajal, M., Cisternas, M., Catalán, P.A., “Source of the 1730 Chilean earthquake from historical records: Impli-
ca  ons for the future tsunami hazard on the coast of Metropolitan Chile” Journal of Geophysical Research.  May 
2017. 122, pp.3648-3660

Center for Interna  onal Earth Science Informa  on Network (CIESIN), Columbia University, 2012. Na  onal Aggre-
gates of Geospa  al Data: Popula  on, Landscape and Climate Es  mates Version 3 (PLACE III), Palisades, 
NY: NASA Socioeconomic Data and Applica  ons Center (SEDAC). h  p://sedac.ciesin.columbia.edu/data/
set/nagdc-popula  on-landscape-climate-es  mates-v3. Accessed November 1 2016

Chelleri, Lorenzo. (2012) “From the Resilient City to Urban Resilience. A review essay on understanding and 
integra  ng the resilience perspec  ve for urban systems”. Documents d’Analisi Geografi ca vol 58-2. Pp 
287-306.

Chong, Eliana. “Simulaciones muestran cómo alza del nivel del mar inundaría costas de ciudades en Chile” La 
Tercera. November 27, 2017. h  p://www2.latercera.com/no  cia/simulaciones-muestran-alza-del-niv-
el-del-mar-inundaria-costas-ciudades-chile/

City of Vancouver, 2011 (July 5), “Administra  ve Report from Deputy City Manager to Vancouver City Council re: 
Greenest City 2020 Ac  on Plan” Accessed July 01,2018. h  p://vancouver.ca/fi les/cov/GCAP- council-report.pdf

City of Vancouver. “Greenest City 2020 Climate Adapta  on Strategy”. Vancouver, BC. 2012

City of Vancouver Building By-law Number 10908, Flood Construc  on Levels and Regula  ons related to Designat-
ed Flood Plains (September 2014)

City of Vancouver Planning Department.  “Clouds of Change: Final Report of the City of Vancouver Taskforce on 
Atmospheric Change.” June 1990. 

X- BIBLIOGRAPHY



120

B
I
B
L
I

O

G
R
A
P
H
Y

Dean, B., Collins, I., Hatheway, D., Scheff ner, N. “Wave Setup: FEMA Coastal Flood Hazard Analysis and Mapping 
Guidelines Focused Study Report” FEMA. February 2005. 

Department of Fisheries and Oceans Canada. “Tides, Currents and Water Levels”. Accessed  August 3, 2018. 
h  p://www.waterlevels.gc.ca/eng

Des  na  on Bri  sh Columbia. “A Snapshot of Tourism in BC”. March 2018.

División de Cambio Climá  co del Ministerio del Medio Ambiente, Gobierno de Chile. “Plan de Acción Nacional de 
Cambio Climá  co 2017-2022”

Du Plessis, C. 2008. “Understanding Ci  es as Social-ecological Systems.” World Sustainable Building Conference 
–SB-08, Melbourne Australia, 21-25 September.

Earle, Steven. 2015. Physical Geology. CreateSpace Independent Publishing Pla  orm, 2016.

Espinoza, Patricia. “The Climate Change Story is a Security Story.” Paper presented at the Munich Security Confer-
ence, Munich, Germany, February 2017.

Forseth, Patrick. The Adapta  on to Climate Change Team. “Adapta  on to Sea Level Rise in Metro Vancouver: A 
Review of Literature for Historical Sea Level Flooding and Projected Sea Level Rise in Metro Vancouver” February 
20, 2012

Hansen, Gladys, and Condon, Emmet.  Denial of Disaster. Cameron and Co., San Francisco, 160 p. 1989

Folke, C., S. R. Carpenter, B. Walker, M. Scheff er, T. Chapin, and J. Rockström. “Resilience thinking: integra  ng 
resilience, adaptability and transformability”. Ecology and Society, 15(4): 20. 2010. h  p://www.ecolog-
yandsociety.org/vol15/iss4/art20/ 

Hallega  e, S., Green, C., Nicholls, R. J., and Corfee-Morlot, J. “Future Flood Losses in Major Coastal Ci  es,” Nature 
Climate Change 3. 2013: 802 – 803.

Hower, Mike. “Vancouver’s segue from sustainability to resilience” Greenbiz. August 4, 2016. h  ps://www.green-
biz.com/ar  cle/vancouvers-segue-sustainability-resilience.  Accessed May 3, 2018

Igualt F., Breuer, W., Winckler, P. Contreras-López, M. “Rehabilitación de centros urbanos afectados por el tsunami 
2010 en la Comuna de Pelluhue, Chile”  La  n American Journal of Aqua  c Research, 45(4): 659-674, 
2017

Ins  tuto Nacional de Estadis  cas.  “Enquesta Mensual de Alojamiento Turis  co 2017.” Accessed March 12, 2018. 
h  p://www.ine.cl/estadis  cas/economicas/turismo

Ins  tuto Nacional de Estadís  cas. “Resultados CENSO 2017”. Accessed 2 August, 2018. h  ps://resultados.cen-
so2017.cl/Region?R=R05  

Israel, Bre  . “Huge Chilean Earthquake Raised Country’s Coast”.  Live Science. July 29, 2010.  h  ps://www.live-
science.com/6795-huge-chilean-earthquake-raised-country-coast.html



121

B
I
B
L
I

O

G
R
A
P
H
Y

Jaramillo E, Melnick D, Baez JC, et al. “Calibra  ng coseismic coastal land-level changes during the 2014 Iquique 
(Mw=8.2) earthquake (northern Chile) with leveling, GPS and inter  dal biota.” Bianchi CN, ed. PLoS ONE. 
2017;12(3):e0174348. doi:10.1371/journal.pone.0174348.

La Ilustre Municipalidad de Viña del Mar. “Plan Regulador Comunal de Viña del Mar”. 2002

Ludwin R., Dennis R., Carver D., McMillan A.D., Losey R., Clague J., Jonientz-Trisler C., Bowechop J., Wray J., James 
K. “Da  ng the 1700 Cascadia Earthquake: Great Coastal Earthquakes in Na  ve Stories” Seismological 
Research Le  ers. Vol 76, No 2. March/April 2005

Mantua, Nate. “The Pacifi c Decadal Oscilla  on (PDO)” h  p://research.jisao.washington.edu/pdo/. Accessed 1-08-
2018

Mar  nez, C., et al. “Coastal erosion in central Chile: A new hazard?”, Ocean & Coastal Management, 2017.  
h  p://dx.doi.org/10.1016/j.ocecoaman.2017.07.011

Mass, C. and B. Dotson, 2010: Major Extratropical Cyclones of the Northwest United States: Historical Review, Cli-
matology, and Synop  c Environment. Mon. Wea. Rev., 138, 2499–2527, h  ps://doi.org/10.1175/2010M-
WR3213.1 

Mateo365.com LTD. “Tide forecast Vancouver”. Accessed April 27, 2018 h  ps://www.  de-forecast.com/loca-
 ons/Vancouver-Bri  sh-Columbia/  des/latest.  

McKnight, Zoe and Hager, Mike “Metro Vancouver storm surge a climate change preview, expert says” Van-
couver Sun. December 28, 2012. h  p://www.vancouversun.com/Metro+Vancouver+storm+surge+cli-
mate+change+preview+expert+says+with+video/7709174/story.html

M. C. Peel, B. L. Finlayson, T. A. McMahon. “Updated world map of the Koppen-Geiger climate classifi ca  on.” 
Hydrology and Earth System Sciences Discussions, European Geosciences Union, 2007, 4 (2), pp.439-473.

Mendelsohn, R., Emanuel, K., Chonabayashi, S., & Bakkensen, L. “The impact of climate change on global tropical 
cyclone damage”. Nature Climate Change, 2(3), (2012): 205-209. DOI: 10.1038/nclimate1357

Morgan, W. J., Rises, trenches, great faults, and crustal blocks, J. Geophys. Res., 73, 1959–1982, 1968.

Murbach, Dave. “Technical Memorandum: SBFCA’s Feather River West Levee Strengthening EIP Project” January 
10, 2011

NOAA (Na  onal Oceanic and Atmospheric Administra  on), 1972, “A study of earthquake losses in the San Fran-
cisco Bay Area - Data and Analysis” Offi  ce of Emergency Preparedness: U.S. Department of Commerce, 
220 p.

NOAA. “What is el niño and la niña?” Na  onal Ocean Service website, Accessed June 22, 2018. h  ps://oceanser-
vice.noaa.gov/facts/ninonina.html, 28/06/18.

NOAA. “Is Sea Level Rising?” Na  onal Ocean Service website, Accessed March 15, 2018. h  ps://oceanservice.



122

B
I
B
L
I

O

G
R
A
P
H
Y

noaa.gov/facts/sealevel.html 10/10/17.

NOAA. “Sea Level Trends”. Accessed July 2, 2018.  h  ps://  desandcurrents.noaa.gov/sltrends/. 

NOAA, Na  onal Hurricane Center. “Storm Surge Overview.” Accessed March 13, 2017h  ps://www.nhc.noaa.gov/
surge/.  

Northon, Karen. NASA. “NASA, NOAA Data Show 2016 Warmest Year on Record Globally” h  ps://www.nasa.gov/
press-release/nasa-noaa-data-show-2016-warmest-year-on-record-globally Updated August 6, 2017.  Accessed 
August 4, 2018.  

Northwest Hydraulic Consultants, 2014. City of Vancouver Coastal Flood Risk Assessment. Prepared for City of 
Vancouver, December 2014.

Oregon State University. “Odds are about 1-in-3 that mega-earthquake will hit Pacifi c Northwest in next 
50 years, scien  sts say.” Science Daily. Accessed May 3, 2018) www.sciencedaily.com/releas-
es/2010/05/100524121250.htm 

Oxford Dic  onaries (2018) Resilience. Oxford University Press, n.d. Web. 15 January 2018. h  ps://en.oxforddic-
 onaries.com/defi ni  on/us/resilience

Pankhurst, R. (2009), The Physical Geography of South America - Edited by Thomas T Veblen, Kenneth R Young 
and Anthony R Orme. Geographical Journal, 175: 86–87. doi:10.1111/j.1475-4959.2009.318_3.x

Paredes, Alexis R. “$5 mil millones costará reparar caletas y borde costero tras el temporal”.  El Mercurio de Val-
paraíso.  August 12, 2015.

Park J, Seager TP, Rao PSC, Conver  no M, Linkov I “Integra  ng risk and resilience approaches into catastrophema-
nagement in engineering systems.” Risk Anal 33(3):356–368 (2013)

Price, Gordon. “Clouds of Change Report Online-with thoughts from a venture capitalist” Price Tags.  January 
25, 2013. Accessed May 5, 2018 h  ps://pricetags.ca/2013/01/25/clouds-of-change-report-online-with-
thoughts-from-a-venture-capitalist/.  

Read, W. “February 3-4, 2006 Windstorm” Offi  ce of the Washington State Climatologist h  p://www.climate.
washington.edu/stormking/

Read, Wolf and Reed, Dorothy.  “The 2006 Hanukkah Eve Storm and Associated Civil Infrastructure Damage in 
the Cascadia Region of the United States and Canada.”  12th Americas Conference on Wind Engineering.  
2013.

Reckien, D., Flacke, J., Dawson, R., Heidrich, O., Olazabal, M., Foley, A., Hamann, J., Orru, H., Salvia, M., Hurtado, 
S. Gregorio, Genele   , D. and Pietrapertosa, F., (2014), “Climate change response in Europe: what’s the reality? 
Analysis of adapta  on and mi  ga  on plans from 200 urban areas in 11 countries”, Clima  c Change, 122, issue 1, 
p. 331-340, h  ps://EconPapers.repec.org/RePEc:spr:climat:v:122:y:2014:i:1:p:331-340.



123

B
I
B
L
I

O

G
R
A
P
H
Y

Reckien, et al. “How are ci  es planning to respond to climate change? Assessment of local climate plans from 885 
ci  es in the EU-28”. Journal of Cleaner Produc  on. Vol 191. August 1, 2018. P. 207-219

Rosa  , Julie & Touzinsky, Katherine & Jeff  Lillycrop, W. (2015). “Quan  fying Coastal System Resilience for the US 
Army Corps of Engineers”. 10.13140/RG.2.1.1560.9763.

Sanchez, Ray. “Experts: Strict Building Codes Saved Lives in Power Chilean Earthquake”.  CNN. April 3, 2014. 
h  ps://edi  on.cnn.com/2014/04/02/world/americas/chile-earthquake/index.html.  Accessed May 31, 2018.  

Sassen, Saskia. “The Global City: Introducing a Concept.”  The Brown Journal of World Aff airs 11, Issue 2 (Winter/
Spring 2005): 27-43.  h  p://www.saskiasassen.com/pdfs/publica  ons/the-global-city-brown.pdf

Saxer, Shelley Ross, and Jonathan D. Rosenbloom. Social-Ecological Resilience and Sustainability. Wolters Kluwer, 
2018

“Sea level maps show coastal communi  es like Vancouver in race against  me.” Vancouver Sun. November 8, 
2017.  h  p://vancouversun.com/news/local-news/sea-level-maps-show-canadas-coastal-communi  es-
in-race-against-  me

Schneider, W., Donoso, D., Garcés-Vargas, J., Escribano, R., 2017. Water-column cooling and sea surface salinity 
increase in the upwelling region off  central-south Chile driven by a poleward displacement of the South Pacifi c 
High. Prog. Oceanogr. 151, 38-48.

SHOA. “Nivel del Mar”. Accessed August 1, 2018. h  p://www.shoa.cl/php/nivel-del-mar.php

Silbergleit, V., Prezzi, C. “Sta  s  cs of Major Chilean Earthquakes Recurrence” Natural Hazards. June 2012. 445-
458

Simonsen, Sturle Hauge. “Applying Resilience Thinking: Seven Principles for Building Resilience in Social-Ecological 
Systems”. Stockholm Resilience Centre, 2015.

Singh, Gopal K., et al. “Widening Rural–Urban Dispari  es in Life Expectancy, U.S., 1969–2009” American Journal 
of Preven  ve Medicine , Volume 46 , Issue 2 , p.19-29

Sorenson, Eric “Columbus Day 1962: Memories of storm that roared s  ll vivid.” The Sea  le Times, October 6, 
2002.  h  p://community.sea  le  mes.nwsource.com/archive/?date=20021006&slug=columbus06m0#_
ga=2.145275634.7558127.1520535972-171477673.1520535972

Sta  s  cs Canada (2016). Census Profi le 2016 Census. Vancouver [Census metropolitan area], Bri  sh Columbia 
and Bri  sh Columbia [Province]. Retrieved from h  p://www12.statcan.gc.ca/census-recensement/2016/
dp-pd/prof/details/page.cfm?Lang=E&Geo1=CMACA&Code1=933&Geo2=PR&Code2=59&Data=Count&-
SearchText=vancouver&SearchType=Begins&SearchPR=01&B1=All&TABID=1

Stephens, S. L., B. M. Collins, E. Biber, and P. Z. Fulé. 2016. “U.S. federal fi re and forest policy: emphasizing resil-
ience in dry forests.” Ecosphere 7(11)



124

B
I
B
L
I

O

G
R
A
P
H
Y

“Storm Damages Stanley Park and West Vancouver Seawalls” CBC News, December 17, 2012. h  p://www.cbc.ca/
news/canada/bri  sh-columbia/storm-damages-stanley-park-and-west-vancouver-seawalls-1.1226209

Stromberg, Joseph.  “What is the Anthropocene and are we in it?” Smithsonian Magazine Online. January 
2013. h  ps://www.smithsonianmag.com/science-nature/what-is-the-anthropocene-and-are-we-in-
it-164801414/. Accessed April 15, 2018.  

Talmazan, Yuliya. “10 years since major windstorm hit Stanley Park.” Global News, December 15, 2016. h  ps://
globalnews.ca/news/3123909/watch-10-years-since-major-windstorm-hit-stanley-park 

Tebaldi, C., Strauss, B. H., Zervas, C.E. “Modelling sea level rise impacts on storm surges along US coasts”.  Envi-
ronmental Research Le  ers. Vol. 7. 2012: 11pp.  

Tinis, Sco   W. Mid-season storm surge update: December 2012.  Prepared for Fisheries and Oceans Canada and 
the Bri  sh Columbia Ministry of the Environment.  December 28, 2012

Tourism Vancouver. “Vancouver’s Tourism Industry Fast Facts”.  Accessed April 05, 2018.  h  ps://www.tourism-
vancouver.com/media/corporate-communica  ons/vancouvers-tourism-industry-fast-facts/

United Na  ons, Department of Economic and Social Aff airs, Popula  on Division. World Urbaniza  on Prospects: 
The 2014 Revision, (ST/ESA/SER.A/366). 

United Na  ons, Department of Economic and Social Aff airs, Popula  on Division. “World Popula  on Prospects: 
The 2017 Revision, Key Findings and Advance Tables.” Working Paper No. ESA/P/WP/248. 2017 

United Na  onals Interna  onal Strategy for Disaster Reduc  on. Secretariat (UNISDR) “Hyogo framework for ac  on 
2005–2015: building the resilience of na  ons and communi  es to disasters.” Geneva, Switzerland: UN/
ISDR. (2007)

V Region de Valparaiso. “Economía”. h  p://www.vregion.cl/economia.php. Accessed 22 Mayo, 2018

Valencia, Manuel. “Proyectan Alza de Habitantes en el Gran Valparaiso y baja en Concepción al 2022”. El Mercu-
rio. April 8, 2013

Vancouver Fraser Port Authority, 2015 Financial Report, p. 3-7. h  ps://www.portvancouver.com/wp-content/up-
loads/2015/11/2015-Financial-Report-fi nal-WEB.pdf

Vancouver Historical Wind Speed.  Environment and Climate Change Canada. Accessed September 25 2017. 
h  ps://vancouver.weatherstats.ca/metrics/wind_speed.html

Veliz, Guido. “Conurbación La Serena Coquimbo”, Revista Geografi ca. Coquimbo, Chile 1990

Walker, B.; Holling, C.S.; Carpenter, S.R. and Kinzig, A. (2004). «Resilience, adaptability and transformability in 
social–ecological systems». Ecology and Society, 9 (2), 5. [h  p://www.ecologyandsociety.org/vol9/iss2/
art5/



125

B
I
B
L
I

O

G
R
A
P
H
Y

Winckler, P., Contreras-López, M., Beyá, J., & Molina, M. “El temporal del 8 de agosto de 2015 en la región de 
Valparaiso, Chile Central.” La  n American Journal of Aqua  c Research, 45(2). (2017)

Wilma, David.  “Hanukkah Eve Wind Storm ravages Western Washington beginning on December 14, 2006” Histo-
ry Link, December 27, 2006. h  p://www.historylink.org/File/8042

“Windstorm Insurance Claims $220 Million Total”, The Sea  le Times, January 10, 2007. h  p://Archives.sea  le-
 mes.nwsource.com.

The World Bank. “Reproduc  ve Health.” World Development Indicators.  September 18, 2017. h  p://wdi.world-
bank.org/table/2.14#

The World Bank and the United Na  ons. Natural Hazard, UnNatural Disasters: The Economics of Eff ec  ve Preven-
 on.  World Bank Publica  ons, 2010. 



126

B
I
B
L
I

O

G
R
A
P
H
Y

Printed in Viña del Mar, Quinta Región of Chile in 2018 on 32lb 8.5x11" extra white paper 
using Calibri size 12 font


