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ABSTRACT
According to the United Nations, approximately three 
in five cities in the world with 500,000 residents or 
more are at high risk of natural disaster. If the task of 
mitigating and adapting cities is not undertaken, in 
the future these cities will become more populated, 
hotter, and less biodiverse. The environmental and 
climate crises accentuate inequality, given that 
socially and economically vulnerable groups are 
more exposed to natural risks and generally have less 
access to infrastructure and ecosystem services. In 
Latin America and the Caribbean, the most vulnerable 
populations often reside within informal, precarious, 
or low-income settlements. In recent years, there 
have been important advances in rethinking these 
settlements, with the development of urban design 
and planning strategies to improve the quality of life, 
safety, and opportunities for their population. Today, it 
is essential to effectively incorporate climate criteria 
into these interventions. Ecological Design measures 
the impacts of the climate crisis in the most vulnerable 
areas in the region, the informal city, and looks at 
design and planning solutions to protect those who are 
most affected by the consequences of climate change. 
The book provides new lenses through which to 
analyze risk and implement nature-based solutions in 
precarious, informal, and vulnerable urban settlements 
in order to create a more resilient city in the face of 
the coming decades of climate pressures.
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Buenos Aires, Argentina. 
Cristóbal Palma.  

Ecological Design: Strategies for the 
Vulnerable City Facing the Climate Crisis 

The large demographic flow toward cities, 
which has been ongoing for the last decade, 
reflects the aspiration and hope that cities 
can bring people a better future. Every 
year, the urban population grows at a global 
average of 67 million people.1 In 2020, the 
urban population totaled 3.9 billion, which is 
55% of the world's current population, and 
it is estimated that by 2050 it will increase 
to 6.4 billion, which is 66% of the world's 
population.2 As centers of prosperity and 
innovation, cities are also largely responsible 
for the climate crisis and are affected by its 
consequences. Cities consume 75% of the 
energy worldwide and produce between 
50% and 60% of greenhouse gas emissions.3 
According to the United Nations, 
approximately three in five 
cities in the world (with at least 
500,000 inhabitants) are at 
high risk of becoming victims of 
natural disasters.4 

1. C40 Cities and UCCRN. (2018). The 
future we don't want: How climate 
change could impact the world's 
greatest cities. UCCRN Technical 
Report, February 2018: 59. 

2. Data source used to create the 
map: A Date. (2018). https://data.
un.org/ 

3. Data source from UN-Habitat. 
https://unhabitat.org/energy

4. DESA-United Nations. (2018).
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If we do not improve how we mitigate and 
adapt to the effects of climate change, 
cities will become more populated, warmer, 
and less biodiverse in the future. It is more 
urgent than ever to search for an alignment 
between natural processes that allow 
the environment and urban development 
processes to function. The environmental 
and climate crises accentuate inequality, 
given that the most vulnerable groups are 
more exposed to natural risks and have 
generally less access to ecosystem services, 
thereby increasing poverty traps. Globally, 
the richest 1% of the planet's population 
owns 44% of the world's wealth and emits 
greenhouse gases that are equivalent to 
the amount emitted by the poorest 50%.5 
In Asia, Africa, and Latin America, almost 
1 billion people, which represents one-
sixth of the world's population and one-
third of all urban dwellers, live in informal 
settlements, unplanned settings, 
and substandard housing.6 
According to the United Nations 
Human Settlements Program, 
UN-Habitat, it is expected that 
this number will double by 2030.7 

Río de Janeiro, Brasil. 
Connor Fuller. 

5. Coffey, C., Revollo, P. E., Harvey, 
R., Lawson, M., Butt, A. P., Piaget, K., 
Thekkudan, J. (2020). Time to Care: 
Unpaid and underpaid care work 
and the global inequality crisis. 
doi: 10.21201/2020.5419; C40 Cities 
and UCCRN. (2018). The future we 
don't want: How climate change 
could impact the world’s greatest 
cities. UCCRN Technical Report, 
February 2018: 59; CDP. (n.d.) Cities 
at risk: Dealing with the pressures 
of climate change. https://www.
cdp.net/en/ research/global-
reports/cities-at-risk

6.  Davis, M. (2006). Planet of Slums. 
Verso.

7. UN-Habitat. (2014). 
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Valparaíso, Chile. 
Jonny Joka. 

1.3 billion people live below the poverty 
line and, of these, 886 million live in middle-
income countries such as those in Latin 
America, potentially leading to an increase in 
informal settlements.8

In recent years, important advances in the 
rethinking of the informal city have been 
made in many respects.  From a theoretical 
standpoint, there have been attempts to 
formulate a non-discriminatory terminology 
that accepts the spontaneous, kinetic, and 
precarious nature of informal settlements.9 
From a practical standpoint, there has been a 
growing interest in developing urban planning 
and design strategies to improve 
the quality of life safety and 
opportunities for their population. 
Today, it is fundamental to 
incorporate climatic criteria in 
urban interventions in an effective 
way. It is now a recognized 
fact that the process of formal 
urbanization excludes the large 
number of people who have built 
their own homes in marginal areas 
of greater risk in cities and that 
they lack infrastructure and 

8. UNDP and OPHI. (2020). The 
2019 global multidimensional 
poverty index: illuminating 
inequalities. Oxford http://hdr.
undp.org/ sites/default/files/
mpi_2019_ publication.pdf. 
The United Nations defines an 
informal settlement as an area 
where the inhabitants do not 
have tenure rights over the land 
or the houses they inhabit, their 
neighborhoods usually lack basic 
services and urban infrastructure 
and, often homes do not comply 
with building regulations and 
planning, and they are usually 
located geographically and 
environmentally in dangerous 
areas. UN-Habitat. (2014). 

9. See, for example, Elisa Silva 
(2020). Pure Space. Expanding the 
Public Sphere through Public Space 
Transformations in Latin American 
Spontaneous Settlements. Actar; 
Rahul Mehrotra (2015). Kinetic 
City. Gold Publisher; Christian 
Werthmann and Jessica Bridger 
(2015). Metropolis Nonformal. AR + D 
Publisher.
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Colombia. 
Karl Groendal. 

essential services. These conditions have now 
been further aggravated by climate change.10 

The estimates predict that climate change 
will increase risk for people, resources, 
economies, and ecosystems. It has also been 
estimated that it is highly probable that 
landslides, thermal stress, extreme rainfall 
and flooding, water scarcity, erosion, and the 
sea level will all increase. Notwithstanding 
the efforts that cities are making in 
preparation for the incipient climate 
crisis, the poorest and most precarious 
neighborhoods are rarely included in 
the development of public policies, 
infrastructure, urban design solutions, and 
technologies. Faced with this challenge, 
architectural, urban, and landscape design 
have begun to offer solutions that can help 
cities, in particular the most vulnerable 
settlements, designing a future that is better 
adapted to the new weather conditions. 
The cities and their precarious areas are 
new ecosystems that can be designed. The 
great challenge facing the climate future 
is enhancing our capacity to imagine and 
design cities in a better way.

10. IPCC. (2014). Fifth assessment 
report of the United Nations 
Intergovernmental Panel on 
Climate Change. IPCC.
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Ecuador. 
Michael Shick.

Since urban areas will have to reduce their 
emissions in the future, it is also important 
to explore our imagination and the potential 
that design has, assigning the central role 
to nature and ecological practices. This 
can generate meaningful changes in ways 
of thinking about the most vulnerable areas 
of cities. Ecological Design is a project 
that recognizes this reality and seeks to 
develop strategies of intervention that 
directly address deepening inequality as 
a consequence of the effects of climate 
change. This work measures the impacts 
of the climate crisis in the most vulnerable 
areas of our cities, the informal city, while 
reflecting on how to protect those who are 
most heavily affected by the consequences 
of climate change. In addition, it provides 
new lenses through which to analyze risk, 
as well as nature-based design solutions 
for precarious, informal, low-income, and 
vulnerable urban settlements, creating an 
informal city that is more resilient to the 
climatic pressures that will come in the next 
few decades.
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Inés Benítez Gómez
"Ecological Juxtapositions" is a project 
developed for this publication by Inés 
Benítez Gómez. It is specifically aligned 
with efforts against urban inequality 
and climate change, building towards 
sustainable cities and communities in 
Latin America. Through these images, 
it seeks to communicate the horizon of 
understanding, sensitivity, and discourse 
that these topics require, on a more 
abstract level.
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THE VULNERABLE CITY 
AND THE CLIMATE 

CRISIS: URBAN AREAS 
INCREASINGLY AT RISK

1



Cities are key players in the climate crisis. According to pro-
duction-based figures, cities are responsible for 40 types and 
70% of greenhouse gases. If we consider consumption, they 
are responsible for 60 types or 70%, which is to say greenhouse 
gas (GHG) emissions from the production of all the goods con-
sumed by urban residents, regardless of their geographical 
point of production. It should be noted that the main sources 
of GHG emissions in cities correspond to the consumption of 
fossil fuels (coal, gas, and oil) not only for electricity genera-
tion, but also for transport, energy in commercial and residen-
tial premises, heating, refrigeration, cooking, and waste.3 For 
example, only 17.5% of the total energy consumption in 2015 
came from renewable energy.4 However, cities are also centers 
of innovation, the diffusion of ideas, as well as social values 
and therefore are also strategic places in terms of facing the 
climate crisis and rethinking the way we design infrastructure 
and city settlements in a more resilient and sustainable way.5 
Projects with multifunctional infrastructures are being devel-
oped in coastal fronts, green areas, and public spaces, which 

1% OF THE WORLD’S 
POPULATION OWNS 44% OF 
GLOBAL WEALTH, WHILE THE 
POOREST 58% OWN ONLY 2%.1 
THIS UNEQUAL RELATIONSHIP 
IS ALSO MANIFESTED IN THE 
IMPACT OF URBAN PROCESSES 
AND THEIR EFFECTS ON 
GREENHOUSE GAS EMISSIONS 
(GHG) THAT ARE RESPONSIBLE 
FOR CLIMATE CHANGE.2

3. Data from UN-Habitat. https://
unhabitat.org/energy

4. United Nations. Targets for Sus-
tainable development. Objective 
7: Guarantee access to affordable, 
safe, sustainable and modern en-
ergy. https://www.un.org/sustain-
abledevelopment/is/energy/   

5. See, for example, Vásquez, A., Gi-
annotti, E., Galdámez, E., Velásquez, 
P., and Devoto, C. (2019). Green 
Infrastructure Planning to Tackle 
Climate Change in Latin American 
Cities. In Urban Climates in Latin 
America. Springer, Cham. 329–54, 
332. https://doi.org/10.1007/978-3-
319-97013-4_13; Nitavska, N., Zig-
munde, D., and Markova, M. (2019). 
Conception of Green Infrastructure 
as a Tool of City Development Plan-
ning. IOP Conference Series: Mate-
rials Science and Engineering 603 
(4). https://doi.org/10.1088/1757-89 
9X/603/4/042023; Riveros, A., 
Vásquez, A., Ludeña, B., and Josefa 
Vergara. (2015). Infraestructura 
verde urbana: tipos, funciones y 
oportunidades para el desarrollo de 
corredores verdes urbanos en San-
tiago de Chile. Ciudad y calidad de 
vida. Indagaciones y propuestas para 
un habitar sustentable. Santiago: 
USACH, Carbonnel, 2015. pp. 93-107.

1. Coffey, C. et al. (2020). 

2. C40 Cities and UCCRN. (2018). 

CLIMATE 
INEQUALITY: 
A GLOBAL 
PROBLEM 
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can help protect coastlines from rising water levels and flood-
ing, limit erosion, reinforce the soil, and mitigate the effects of 
heat waves in vulnerable neighborhoods. Public spaces that 
can create collaborative communities that are prepared to re-
spond to sudden events and changes over time. 

Cities like New York, Miami, and Bos-
ton, for example, are investing billions of dollars to redesign 
their waterfronts, modify the infrastructure and existing neigh-
borhoods, and implement new projects and policies.6 In recent 
years, these cities have been heavily affected by the climate cri-
sis: Hurricane Sandy in New York, the constant rise in sea level in 
Miami, the combination of the two effects in Boston.7 The new 
infrastructures in urban areas have the objective of mitigating 
these effects and disruptions. They simultaneously generate 
momentum to improve the quantity of green spaces and the 
quality of life in the neighborhoods where they are implement-
ed, rethinking mobility, attracting tourist flows, and generating 
new economies. However, not all cities have the same means 
and resources.

Most urban growth is occurring in de-
veloping countries where extensive portions of the urban popu-
lation live in poverty and in areas that are vulnerable to extreme 
weather events. Cities in countries in the Global South are more 
exposed to the effects of climate change, as seen in Map 01. 
This graph indicates the percentage of the population living in 
informal settlements and the country’s vulnerability to climate 
change. It is based on EM-DAT data from CRED (Center for Re-
search on the Epidemiology of Disasters), with priority given 
to data from UN agencies. Factors shown relate risk to climate 
change, their vulnerability to it, and financial aid for climate 
change projects. Risk indicators include extreme events, rises 
in sea levels, and losses in agriculture. Also included is the per 
capita income (PCI), political freedoms (KKM), population, rural 
population, and population affected by the sea level.8

The World Health Organization es-
timates that each year approximately 90,000 people die due 
to natural disasters such as earthquakes, tsunamis, landslides, 
hurricanes, floods, fires, heat waves, and droughts, and that 
another 160 million are affected by these disasters.9 These 
are events whose magnitude and impact are aggravated by 
climate change. As will be discussed further in the following 
chapters, for the poorest portions of the population who live 

6. For example, in 2019 the city 
of New York passed a capital 
advance plan of 500 million dol-
lars for measures of adaptation 
to climate change and coastal 
protection of Manhattan. This 
is a general investment plan of 
around 10 trillion dollars. Source: 
The Official Website of the City of 
New York. (2019). https://www1.
nyc.gov/office-of-the-mayor/ 
news/140-19/mayor-de-blasio-re-
siliency- plan-protect-lower-man-
hattan-climate-change#/0. The 
City of Boston, for the fiscal year 
of 2020, approved a plan of mea-
sures in which at least 10% 
of new investments are intended 
for open spaces, infrastructure, 
and services in the face of 
climate change.

7. The economic damage caused 
by Hurricane Sandy in New York 
was estimated to be 19 trillion 
dollars. Source: NYC/EDC. (n.d.) 
Https://edc.nyc/project/low-
er-manhattan-coastal-resiliency. 
In Florida, approximately 500,000 
people live within 1 meter (3 feet) 
above sea level, putting 145 trillion 
dollars of real estate value at risk. 
Source: World Wildlife. (n.d.). https: 
//www.worldwildlife.org/stories/
miami-rising-up; Miami being the 
hardest hit city. Source: Cusick, 
D. (2020). Miami is the most 
vulnerable coastal city worldwide. 
Scientific American. https://www.
scientificamerican.com/article/
miami-is-the-most-vulnerable-
coastal-city-worldwide/ 

8. Data source used for mapping: 
A DESA Statistics Division (2018). 
Proportion of urban population 
living in slums (percent) Series 
Code: EN_LND_SLUM. UN Data. 
(2018). https://data.un.org/ Center 
for Global Development. UN (2011). 
https://www.cgdev.org/ publica-
tion / dataset-vulnerability-cli-
mate-change.

9. World Health Organization. 
(n.d.). Environmental Health 
in Emergency. Natural events. 
https://www.who.int/environmen-
tal_ health_emergencies/natu-
ral_ events/en/#: ~:text=Every%20
year%20natural%20disasters%20
kill,wildfires%2C%20heat%20
wave%20and%20droughts

in situations of informality and precariousness, slums and un-
planned neighborhoods, these impacts can even compromise 
their survival. In Asia, Africa, and Latin America, almost 1 billion 
people (equivalent to one-sixth of the world’s population and 
one-third of all urban dwellers) live in informal settlements, 
unplanned settings and substandard housing.10 According to 
the United Nations Program for Human Settlements, UN-Hab-
itat, it is expected that this number will double by 2030.11 To-
day, 1.3 billion people live below the poverty line and, of them, 
886 million live in middle-income countries like Latin America, 
feeding informal settlements.12

Paradoxically, although the informal 
settlements contribute little to greenhouse gas emissions, they 
are the most vulnerable group to the impact of climate change. 
It seems to be a recurring phenomenon within cities that those 
that have a lower capacity for consumption and therefore are 
responsible for a far lower amount of emissions are often the 
ones that most suffer the consequences of climate change.13 

Also at the global level, countries with higher GDPs are often the 
countries responsible for the highest amount of GHG emissions 
and the less vulnerable to climate change. The countries that are 
the most vulnerable to climate change are also those with the 
largest percentage of population living in informal settlements, 
especially in Latin America.14 

10. Davis, M. (2006). 

11. UN-Habitat. (2014). 

12. UNDP and OPHI. (2020).
  
13. Green, R., Miles, S., and Svekla, 
W. (2009). Situation assessment 
in Villa Nueva: Prospects for an 
urban disaster risk reduction 
program in Guatemala City’s 
precarious settlements. Belling-
ham, WA; Wamsler, C. (2006). 
Mainstreaming risk reduction 
in urban planning and housing: 
A challenge for international aid 
organizations. Disasters 30(2), 
151–77. https://doi.org/10.1111/
j.0361-3666.2006.00313.x

14. Data source for the graphs: 
Center for Global Development. 
(2011). https://www.cgdev.org/
publication/dataset-vulnerabili-
ty- climate-change; World Bank, 
UN-Habitat. (2014). https://data.
worldbank.org/indicator/EN.POP. 
SLUM.UR.ZS, 2014. Data for Chile, 
Nicaragua, Paraguay, El Salvador, 
Trinidad and Tobago, Venezuela 
from 2005.
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MAP 01
INFORMALITY AND VULNERABILITY TO CLIMATE CHANGE

Not all cities have the same means and resources. 
The highest rate of urban growth is occurring in 
developing countries, where ample portions of the 
urban population live in poor conditions in areas 
that are vulnerable to extreme climate events.

Source of informality data: 
UN DESA Statistics Division, 2018: Proportion of urban population 
living in slums (percent) Series Code: EN_LND_SLUM https://www.
sdg.org/datasets/f158f819bd284fd5b35e456a152a- 069c_0?geo-
metry=71.896%2C-77.655%2C-69.432%2C75.629 
Source of vulnerability data: Center for Global Development, 
https://www.cgdev.org/ publication/dataset-vulnerability-clima-
te-change, 2011.

Level of vulnerability 
to climate change

-0.44 - 0.06

0.07 - 0.09

0.10 - 0.60

0.70 - 7.40

7.50 - 100

Percentage of the country's 
population living in informal 
settlements 

Index of informality:
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The relation between emissions and 
effects raises issues of equity and justice and establishes the 
need to prioritize finding solutions that can level out the resil-
ience of the poorest neighborhoods in a sustainable way. These 
solutions should also address the need to improve the quality of 
life in the settlements, connecting them with or integrating them 
into the city, and anticipate future developments. Every year, 
the global urban population grows by an average of 67 million.15 
People who live in cities will be increasingly vulnerable to the 
effects generated by climate change and rising temperatures, 
such as greater intensity and frequency of extreme weather 
events like floods, droughts, waves of heat and cold, gradual 
rising sea levels, and acceleration of the processes of desertifi-
cation, erosion, and loss of biodiversity. According to the United 
Nations, about three out of every five cities of the world with (at 
least) 500,000 inhabitants run a high risk of suffering a natural 
disaster.16 Map 02 shows the global urban population of cities 
with more than 1 million inhabitants, and their growth in 1950, 
1975, 2000, and projections for 2035. In 2020, the urban popu-
lation rose to 3.9 billion, which is 55% of the world's population. 
In 2050, it is estimated to increase to 6.4 billion, which is 66% 
of the world’s population, indicating those who will suffer the 
greatest impacts.17 This brings us to our urgent need to reimag-
ine the way in which we intervene in cities, especially in precari-
ous and unplanned areas. The new infrastructure that will shape 
cities in the future will need to be able to deal with the effects 
of climate change on multiple levels.18 

One of the principal effects of global 
warming is the increase in the intensity and frequency of heat 
waves. It is estimated that in 2050 more than 1.6 billion people, 
living in more than 970 cities, will face sustained extreme heat 
conditions above 35°C (95°F) for three consecutive months.19 

Of these 1.6 billion people, 215 million will live in poverty, in over 
230 cities.20 The impact of increased temperatures and heat 
waves in cities is aggravated by the urban heat island effect. This 
is a phenomenon in which cities tend to be warmer than their 
surrounding rural and suburban areas as a result of morpholog-
ical characteristics such as the material properties of the urban 
landscape. This makes areas of urban centers more susceptible 
to extreme heat, which can worsen air quality, cause dehydra-
tion, heat stroke, cardiovascular complications, illnesses, kidney 
disease, and death.21 If no action is taken, the OECD calculates 

that in 20 years’ time, the tropospheric ozone will cause 30 pre-
mature deaths per day per million inhabitants. 

Map 03 shows the temperature 
increase in the austral summer by 2100; the effects of global 
warming for cities is significant. Map 03 also highlights cities 
with average temperatures of greater than 33°C (91°F) during 
the austral summer, and their growth. 

Rising temperatures also cause more 
frequent droughts and floods, which directly affect the most 
vulnerable portions of the global population. By the middle of 
the century, more than 650 million people in over 500 cities 
may face a minimum of 10% decrease in freshwater availability. 
This is worrying, considering that around 500 million people live 
in conditions of borderline water scarcity. Furthermore, anoth-
er 2 billion people (which is almost one-third of the global pop-
ulation) live in countries with water supply problems.22 

Floods are exacerbated due to ex-
treme weather events such as heavy rains, hurricanes, and the 
gradual rise in sea level. The latter is another important effect 
of global warming, which especially affects coastal areas. Graph 
01 shows historical trends over time in sea level increase, tem-
perature changes, population growth, and the population af-
fected by natural disasters, according to future predictions for 
2100 that indicate high impacts for cities. Future predictions 
are based on a high emissions scenario (RCP 8.5), with a signif-
icant increase in temperature and sea level. The disaster rate 
increases to the point where countries could have to deal with 
up to six natural disasters at one time for the year 2100, with a 
population of 1.9 billion people.23 

15. C40 Cities and UCCRN. (2018).  

16. DESA-United Nations. (2018).

17. Data source for the map: UN 
Data. (2018). https: //data.un.org//

18. Coleman, S., Hurley, S., Rizzo, 
D., Koliba, C., and Zia, A. From 
the household to watershed: 
A cross-scale analysis of 
residential intention to adopt 
green stormwater infrastruc-
ture. Landscape and Urban 
Planning 180 (December 2018), 
195–206. https://doi.org/10.1016/j.
landurbplan.2018.09.005; Dobbs, 
C., Escobedo, F., Clerici, N. et al. 
Urban Ecosystem Services in 
Latin America: Mismatch between 
Global Concepts and Regional 
Realities?. Urban Ecosystems 22 
(1) (2019), 173–87. https://doi.
org/10.1007/ s11252-018-0805-3

19. C40 Cities and UCCRN. (2018).

20. C40 Cities and UCCRN. (2018), 
47.

21. Foobot. (2018) Why Summer 
Heats Foster Pollution Spikes? 
https://foobot.io/resources/ 
heat-waves-make-airquality-
worse/; Knowlton, K., Kulkarni, 
S.P., Azhar, G.S., Mavalankar, 
D., Jaiswal, A., Connolly, M., 
Nori-Sarma, A., Rajiva, A., Dutta, 
P., Deol, B., Sanchez, L., Khosla, R., 
Webster, PJ., Toma, VE., Sheffield, 
P., Hess, J.J.; Ahmedabad Heat 
and Climate Study Group. Devel-
opment and Implementation of 
South Asia’s First Heat-Health 
Action Plan in Ahmedabad. Int. 
J. Environ. Res. Public Health, 11(4) 
(2014), 3473-3492. https://doi.
org/10.3390/ijerph110403473; See 
also Norton, B. A., Coutts, A.M., 
Livesley, S.J., Harris, R.J., Hunter, 
A.M., Williams N.S.G., Planning 
for cooler cities: A framework to 
prioritize green infrastructure to 
mitigate high temperatures in 
urban landscapes. Landscape and 
Urban Planning 134 (February 2015), 
127–38. https://doi.org/10.1016/j.
landurbplan.2014.10.018; Vásquez, 
A. et al. (2019). 

22. Jacob Schewe et al. Multimod-
el assessment of water scarcity 
under climate change. PNAS 111(9) 
(2013), 3245-50. https://doi. 
org/10.1073/pnas.1222460110

23. Data source for the graph: 
EM-DAT The International Disaster 
Database. (n.d.) https://www.
emdat.be/; World Bank Open Data. 
(n.d.) https://datos.bancomundi-
al.org/; US Environmental Protec-
tion Agency using data by CSIRO 
(2015); NOAA National Oceanic 
and Atmospheric Administration. 
( 2015). https://www.noaa.gov/; 
Ritchie, H., and Roser, M. (2017). 
CO2 and greenhouse gas emis-
sions. Our world in data. https://
ourworldindata.org/ co2-and-oth-
er-greenhouse-gasemissions; 
Riahi, K., Rao, S., Krey, V. et al. CPR 
8.5. A scenario of comparatively 
high greenhouse gas emissions. 
Climatic Change 109 (2011), 33; 
Lindsey, R. (2019, November 19). 
Climate Change: Global Sea Level. 
NOAA Climate.gov. https://www.
climate.gov/news-features/
understanding-climate/climate-
change-global-sea-level; Mora, 
C., Spirandelli, D., Franklin, E.C. 
et al. Broad threat to humanity 
from cumulative climate hazards 
intensified by greenhouse gas 
emissions. Nature Climate Change 
8 (2018), 1062-1071.
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Every year, the global 
urban population grows an 

average of 67 million. 

In Latin America and the Caribbean, the cities with 
the highest population growth in the region by 
2014 will be Mexico City, São Paulo, and Buenos 
Aires. The first two will be ranked as 2 of the 10 
most populated countries in the world.

Data source: 
UN Data 2018

Population growth

MAP 02
GLOBAL POPULATION – HISTORY AND PROJECTIONS 
Urban population in 1950, 1975, 2000, and 2035 (projection) in cities 
of over a million inhabitants.
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Temperature 
projections by 2100

MAP 03
PROJECTION FOR TEMPERATURE INCREASE BY 2100.

Data source: 
CEDA (Centre for Environmental Data Analysis); the model 
used for climate prediction: HADGEM2 (Hadley Centre Global 
Environmental Model Version 2) with scenario RCP 8.5.
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Rising sea levels are a latent risk for 
urban areas. Between 1993 and 2003, both satellites and tide 
gauges recorded rises in sea level of approximately 3.2 mm per 
year.24 Many cities face further local increases in sea levels, fast-
er than the world average, due to the subsidence caused by 
compaction of sediments and groundwater extraction.25 More 
than 90% of all urban areas are coastal, which puts most of 
the cities around the world at risk of flooding from rising sea 
levels and powerful storms.26 Urban centers built in low-lying 
deltas are especially vulnerable, as higher coastal storm surges 
will present a greater risk to life and property; these conditions 
are exacerbated by rising sea levels and higher waves, which will 
be able to go deeper into interior foundations of cities. The in-
trusion of saltwater, induced by rising sea levels both upstream 
and in the coastal aquifers, can put the urban water supply in 
great danger and contaminate agricultural land, which in turn 
increases risk of the underground waters to flood.27 

In 2050, over 1.6 billion people living 
in more than 870 cities will undergo 
extreme heat conditions as high as 
35°C (95°F) for three consecutive 

months. Of these, 215 million people 
will be living under conditions of 

poverty in over 230 cities. 

24. Intergovernmental Panel on 
Climate Change (IPCC). (2013). 
Summary for policymakers. In 
Stocker, T. F., Qin, D., Plattner, 
G. -K., Tignor, M., Allen, S. K., 
Boschung, J., Nauels, A., Xia, Y., 
Bex, V., and Midgley, P. M. (Eds.), 
Climate Change 2013: The Physical 
Science Basis. Contribution of Work-
ing Group I to the Fifth Assessment 
Report of the Intergovernmental Pan-
el on Climate Change. Cambridge 
University Press.

25. C40 Cities and UCCRN. (2018), 
59; Syvitski, JPM, Kettner, A.J., 
Overeem, I., Hutton, E.W.H., Han-
non, M.T., Brakenridge, G.R., Day, J., 
Vorosmarty, C., Saito, Y., Giosan, L., 
and Nicholls, R.J. ( 2009). Sinking 
deltas due to human activities. 
Nature Geoscience 2 (10), 681-686.

26. CDP. (n.d.) Cities at Risk: Dealing 
with the Pressures of Climate Change. 
https://www.cdp.net/en/research/
global-reports/citiesat-risk

27. C40 Cities and UCCRN. (2018), 
38.
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GRAPH 01
PROJECTIONS FOR THE INCREASE IN TEMPERATURE, 
RISE IN SEA LEVEL, FREQUENCY OF DISASTERS AND 
GLOBAL POPULATION, 2100.
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and Max Roser (2017) - “CO₂ and Greenhouse Gas Emissions”; 
Riahi, K., Rao, S., Krey, V. et al. RCP 8.5—A scenario of 
comparatively high greenhouse gas emissions. Climatic 

Change 109, 33 (2011); Linsey, R. -Climate Change: Global Sea 
Level (2019); Mora, C. et al. Broad threat to humanity from 
cumulative climate hazards intensified by greenhouse gas 
emissions. Nature Clim Change 8, 1062–1071 (2018); NOAA 
Climate.gov – Sweet et al., 2017 IPCC -2015. 

Rise in sea level
Rise in temperature
Population affected by natural disasters
Global population

natural disasters which 
countries may have to deal with 
simmultaneously, in the year 2100. 6
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As demonstrated in Map 04, the 
rising sea level that is estimated for the year 2100 in the high 
emissions scenario RCP 8.5 would affect many coastal cities. 
The color cyan shows the range between 0 and 2 meters. Ma-
jor cities with over 1 million inhabitants are plotted on the 
graph, together with their demographic growth within this 
range. Therefore, it is estimated that these would also be af-
fected by the rise in sea level. The sizes of the circles repre-
sent the affected population. It is estimated that 340 million 
people will be impacted by the rise in sea level in 2050, in 
the high-emissions scenario. This figure will increase to 630 
million by 2100, according to the map, with almost 90 million 
inhabitants in South America and 12 million in Central Amer-
ica.28 Other sources indicate that in 2050, over 800 million 
people worldwide, in over 570 coastal cities, will be at risk of 
coastal flooding from at least 0.5 meters above sea level.29 
Given the rise in sea level and increase in continental floods, 
global economic costs for cities could increase to $1 billion 
annually by the middle of the century.30  

The effects of climate change, as 
we will discuss further in the coming paragraphs, have an even 
greater impact on the most vulnerable areas of cities, finding 
themselves at highest risk and with the lowest amount of re-
sources to confront disruptive events. The inhabitants of these 
areas are the most susceptible to being displaced in the cases 
of climatic disasters, and it is very probable that they will be re-
located to other areas that are equally as vulnerable. In 2020, 42 
million people were displaced for climatic reasons, which makes 
up 10% of the world's migration. It is predicted that in 2050 this 
number will increase to 200 million, which would be 60% of 
migration.31 The International Organization for Migration (IOM) 

In 2020, 42 million people 
were displaced due to 

environmental causes, which 
account for 10% of global 
migration. It is estimated 

that by 2050 this figure will 
increase to 200 million, 60% 

of all migration. 

28. Data source for the map: by 
2100, in scenario RCP 8.5, the rise 
in the sea level is predicted to be 
110 cm. Oppenheimer, M., B.C. Gla-
vovic, J. Hinkel, R. van de Wal, A.K. 
Magnan, A. Abd-Elgawad, R. Cai, 
M. Cifuentes-Jara, R.M. DeConto, T. 
Ghosh, J. Hay, F. Isla, B. Marzeion, 
B. Meyssignac and Z. Sebesvari. 
(2019). Sea level rise and implica-
tions for low-lying islands, coasts 
and communities. In IPCC Special 
Report On The Ocean And Cryosphere 
In A Changing Climate. (2019)

29. C40 Cities and UCCRN. 
(2018), 47.

30. Hallegatte, S., Green, C., 
Nicholls R.J. and Corfee-Morlot, 
J. Future flood losses in major 
coastal cities. Nature Climate 
Change 3 (2013), 802–806.

31. Data source for the map: CEDA 
(Center for Environmental Data 
Analysis); for the weather forecast 
model: HADGEM2 (Hadley Center 
Global Environmental Model 
Version 2), with the RCP
8.5 scenario.
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MAP 04
POPULATION AFFECTED BY RISE IN SEA LEVEL
Rise in sea level projected for the year 2100 in the high emissions scenario 
(RCP 8.5)

Population 
affected

Data Source: 
In 2100, in the RCP 8.5 scenario, the rise in sea level is predic-
ted to be 110cm. Oppenheimer, M., B.C. Glavovic, J. Hinkel, R. 
van de Wal, A.K. Magnan, A. Abd-Elgawad, R. Cai, M. Cifuen-
tes-Jara, R.M. DeConto, T. Ghosh, J. Hay, F. Isla, B. Marzeion, 

B. Meyssignac, and Z. Sebesvari, 2019: Sea Level Rise and 
Implications for Low-Lying Islands, Coasts and Communities. 
In: IPCC Special Report on the Ocean and Cryosphere in a 
Changing Climate.

million people affected by 
the rise in sea level in the 
year 2050. 
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Every second, a new migrant 
is forced into displacement 
due to natural disasters or 

environmental crises. 

32. Avendaño, W. R. and Aguilar, D. 
E. Geopolítica y medioambiente: 
una mirada a la problemática de 
los desplazados Ambientales. 
Revista Investigación & Desarrollo, 
22 (2) (2014). 

33. Aruj, R. with Priotto, G. Pires, 
E. (2017). Migraciones, ambiente y 
cambio climático – Estudios de caso 
en América del Sur. OIM Regional 
América del Sur. 

34. Perales, A. S. and Lastiri, A. 
(2011). Refugiados Ambientales, 
cambio climático y capitalismo, 
integración geoestratégica, 
seguridad, fronteras y migración 
en América Latina. Serie 
Investigación 23: 147. Fundación 
Regional de Asesoría en Derechos 
Humanos, INREDH.

defines three categories of climatic refugees. The first is due 
to conditions of climatic stress that provoke a temporary dis-
placement; these include heavy rainfall, flooding, earthquakes, 
or any reversible climatic event. After a period of time, the in-
habitants can return to their cities. The second is caused by 
damage that is man-made and permanent, forcing people to 
relocate to new settlements. These can be pollutant events, or 
extreme cases such as the Chernobyl disaster. Lastly, the third 
category is caused by the degradation of natural resources in 
devastated habitats, for example, large droughts. In this case, 
cross-border migration tends to rise.32 The climate crisis has 
intensified migration in each of these categories. Today, almost 
26 million people have been displaced due to disasters. This 
means that a new migrant is forcibly displaced every second 
due to natural disasters or climate crises.33 Of these, 75% of 
displacements for climatic reasons occur in cities with large 
poverty indices, mainly in Africa, Asia, and Latin America. Fur-
thermore, over 66% of deaths caused by natural disasters oc-
cur in poor cities with precarious habitats. In 1995, there were 
25 million climate refugees, globally. In 2010, climatic degrada-
tion and the effects of climate change caused the number of 
migrants to duplicate in this category; this amount is expected 
to quadruple and rise to 200 million by 2050.34

In November 2020, according to data 
from the International Organization for Migration, Category 4 
hurricanes Eta and Lota left over 9.9 million people affected, in-
ternally displacing over half a million people in Guatemala, Hon-
duras, and Nicaragua. Therefore, the migrant caravans to the 
United States are also expected to increase. 
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LATIN AMERICA AND 
THE CARIBBEAN: 
ENVIRONMENTAL 
IMPACT AND 
CLIMATIC 
VULNERABILITY

35. Inter-American Bank of Devel-
opment. (n.d.). Cambio Climático: 
Nuevas oportunidades de desarrollo. 
https://www.iadb.org/es/cambio- 
climatico/nuevas-oportunidades- 
de-desarrollo

36. In the case of Latin American 
mega-cities, it is estimated that 
Buenos Aires produces 9,917 Gg 
of Co2-eq/year; Mexico City, 51 
million tons of CO2-eq/year; Rio 
de Janeiro, 11,300 Gg of CO2-eq/
year, and São Paulo, 15,700 Gg of 
Co2-eq/year. For the distribution 
of greenhouse gas emissions, see 
Graph 5. Delgado, G., Campos C., 
and Renteria, P. Climate change 
and urban metabolism of Latin 
American megacities. Hábitat 
Sustentable 2 (1) (2012), 2–25.
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Latin America and the Caribbean (LAC) represents a 
small part of total global emissions, but the region, 
as well as the Southern Cone and Argentina, have 
continued the same global trend of rapid growth up 
until the last five years. 

Data Source:  
World Bank - https://datacatalog.worldbank.org/

GRAPH 02
CO2 EMISSIONS - GLOBAL, LATIN AMERICAN AND THE CARIBBEAN, 
THE SOUTHERN CONE (ARGENTINA, CHILE, PARAGUAY, AND URUGUAY) 
AND ARGENTINA.

O n a regional scale, Latin America and the Caribbe-
an (LAC) are particularly vulnerable to the impacts 
of climate change. By 2050, it is predicted that the 

rise in sea level, in temperature, and in the rate of rainfall will 
translate into an annual cost of approximately 2% to 4% of the 
GDP35. However, the region also contributes to 12% of GHG 
emissions globally, which is driven by forest, agricultural, and 
extractive sectors.36 In per capita terms, LAC generates more 
greenhouse gas emissions than other developing countries, 
such as China or India.

To understand the scale of the cli-
mate challenge of each country, it is useful to understand the 
relative weight and reconstruct the chronology of the emis-
sions in the region. For example, looking at CO2 emissions, 
we can see how Latin America represents a relatively small 
percentage of global CO2 emissions. However, both global and 
Latin American emissions follow the same global pattern of 
rapid increase up until the last five years, where it is shown 
to have stagnated and even slightly decreased. In Graph 02, 
we can see an information schedule that shows the history of 
CO2 emissions on a global level, in the LAC scale, Southern 
Cone, and Argentina. In each graph, the proportion of emis-
sions are shown in different colors, according to the following 
scale: the Southern Cone, with 301M tons, contributes to 15% 
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37. Data source for the graph: 
The World Bank Data. (n.d.). CO2 
emissions (metric tons per cap-
ita). https://data.worldbank.org/
indicator/EN.ATM.CO2E.KT

38. Data source for the graph: 
Chile: Ministry of Environment. 
Inventario nacional de gases de 
efecto invernadero, dataset 2016; 
Uruguay: MVOTMA / SNRCC. 
Inventario Nacional de Gases de 
Efecto Invernadero, 2017 dataset; 
Argentina: SAyDS. Inventario Nacio-
nal de Gases de Efecto Invernadero, 
dataset 2016; Paraguay: Ministry 
of Environment and Sustainable 
Development. Inventario Nacional 
de Gases de Efecto Invernadero, 
dataset 2015.

39. Data source for the graph: 
Institute for Health Metrics and 
Evaluation. (n.d.) Global Health 
Data Exchange. http://ghdx.
healthdata.org/gbd-resultstool; 
Ritchie, H. and Roser, M. (2014). 
Natural disasters. Our world in 
data. https://ourworldindata.
org/natural-disasters; The World 
Bank. (n.d.) The World Bank Data 
Catalog. https://datacatalog.
worldbank.org; United Nations. 
(n.d.). United Nations Global SDG 
Database. https://unstats.un.org/
sdgs/indicators/database/; 
EM-DAT. (n.d.) The International 
Disaster Database. 
http://www.emdat.be.

Comparing the GDP with the 
amount of GHG emitted by 
countries in the region, in 
many cases the relation is 

directly proportional and at 
the same time is inversely 

proportional to the affected 
population; presenting issues 
of equity, social justice, and 

rights to the city.

of Latin America’s total emissions, with 204M being emitted 
from Argentina. In the same way, Graph 03 (above left) shows 
the emissions in 2016, where we can note that emissions in 
the Southern Cone depend principally on Venezuela (5.50kt 
of CO2 per capita), Chile (4.71kt of CO2 per capita) and Ar-
gentina (4.62kt of CO2 per capita). These are the countries 
that emit the highest amount of CO2, followed by Guyana, Su-
rinam, Ecuador, Brazil, Colombia, Uruguay, Bolivia, Peru, and 
Paraguay. Meanwhile in Graph 04 (above right), we can see a 
rise in disaggregated emissions over time and its evolution in 
each country.37 This graph organizes the emissions into tem-
poral sections of five years. 

Finally, Graph 05 (below), shows 
the principle sectors that are responsible for emissions, which 
are eventually disaggregated by section to the Southern Cone, 
as seen in Graph 06. This final graph shows greenhouse gas 
emissions per section of every country in the Southern Cone, 
according to the National Inventory of Greenhouse Gases (IN-
GEI). Those same graphs consider emissions (+) as well as gas 
absorption (-) in the use of land and forestry. The graph to the 
left shows the net value of emissions in kt of GHG, and the graph 
on the right shows emissions per capita of GHG/habitant. It is 
also clear that Chile and Uruguay absorb notable quantities of 
emissions thanks to their forestry and forestry industries, which 
in the case of Uruguay results in a negative balance, with 1.21 tons 
of GHG absorption.38 

If we compare, for example, the GDP 
with the amount of GHG emissions of these countries, in many 
cases it is clear how the relation is directly proportional, and at 
the same time, inversely proportional to the affected population, 
which is manifested in issues of equity, social justice, and rights to 
the city. Graph 07 (to the left), compares the global rate of CO2 
emissions with countries’ GDPs and the natural disasters (shown 
in total number of events), the population affected in each coun-
try (shown in the size of the circles), and the rate of mortality 
(shown in the intensity of color). The countries were selected ac-
cording to those which emitted the most CO2 and which were 
the most affected by natural disasters. The general trend shows 
that the effects of the emissions are spread indiscriminately and 
affect every country in the world. The trend also shows that the 
GDP influences the share of emissions as well as the amount of 
people affected and mortality.39 
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GRAPHS 03, 04, 05
CO2 EMISSIONS PER CAPITA AND BY SECTOR, AND 
GREENHOUSE GASES (GHG) IN THE SOUTHERN CONE 
AND LATIN AMERICA AND THE CARIBBEAN

GHG EMISSION IN LATIN AMERICA AND THE CARIBBEAN PER SECTOR (2014)

CO2 EMISSIONS PER COUNTRY (2016, 
METRIC TONS PER CAPITA)

metric tons per capita of CO2 
are produced by Venezuela, 
Argentina and Chile4+

TIME GRAPH OF CO2 EMISSIONS (METRIC TONS PER CAPITA)

Data source: 
World Bank, CO2 Emissions (metric tons per capita) CEPAL, La 
Economía del Cambio Climático en América Latina y el Caribe. 

A. Bárcena, J. Samaniego, L. M. Galindo, J. Ferrer 
Carbonell, J. E. Alatorre, P. Stockins, O. Reyes, L. Sánchez, 
J. Mostacedo (2015). The economy of climate change in 
Latin America and the Caribbean, a graphic vision. https:// 
repositorio.cepal.org/bitstream/handle/11362/42228/4/ 
S1701215A_es.pdf
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11,801.6 kt
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6,805.6 kt

GRAPH 06
GHG EMISSION IN THE SOUTHERN CONE BY SECTOR (2016)

Data Source: 
Chile: Ministry of Environment, National Inventory of Green-
house Gasses (data 2016)/ Uruguay: MVOTMA/ SNRCC, Natio-
nal Inventory of Greenhouse Gasses (data 2017)/ Argentina: 

SAyDS, National Inventory of Greenhouse Gasses (data 2016)/ 
Paraguay: Ministry of Environment and Sustainable Develop-
ment, National Inventory of Greenhouse Gases (data 2015)

Energy 
Industrial Processes and use of products
Use of land, change in use of land, and silviculture
Agriculture
Waste

GHG EMISSIONS BY SECTOR 
(METRIC TONS PER CAPITA)

GHG EMISSIONS BY SECTOR 
(KT CO2)

Clarification: Argentina does not make the distinc-
tion between agriculture and land use, change in 
land use, and silviculture as other countries do.
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GRAPH 07
NATURAL DISASTERS, GDP, AND EMISSIONS (WORLD) NATURAL DISASTERS AND GDP (LAC)

Data Source: 
HealthData, http://ghdx.healthdata.org/gbd-results-tool 
Hannah Ritchie and Max Roser (2014); “Natural Disasters”. 
Published online at OurWorldInData.org. Retrieved from: 

Data source: HealthData-http://ghdx.healthdata.org/gbd-
results-tool Hannah Ritchie and Max Roser (2014) - 
“Natural Disasters”. 

https://ourworldindata.org/natural-disasters; World Bank 
-https://datacatalog.worldbank.org/OUR UN -https://unstats.
un.org/sdgs/indicators/database/ 
EMDAT- http://www.emdat.be

Published online at OurWorldInData.org. Retrieved from: 
‘https://ourworldindata. org/natural-disasters’ World Bank 
-https://datacatalog.worldbank.org/OUR UN -https://unstats.
un.org/sdgs/indicators/database/ EMDAT-
http://www.emdat.be
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40. C40 Cities and UCCRN. 
(2018), 4.

41. Chafe, Z. (2007). Reducing 
natural disaster risk in cities. In 
Starke, L. (Ed.), State of the World 
2007: Our Urban Future. W.W. Nor-
ton, 112–33; Wamsler, C. (2006). 

42. Data source for the map: 
CDP. (n.d.) 2018-2019 Full Cities 
Dataset, 2017 dataset. https://
data.cdp.net/Governance/ 
2018-2019-Full-Cities-Dataset / 
vzxs-ejjs

43. Data source for the graph: 
Pielke, R. Tracking progress on the 
economic costs of disasters un-
der indicators of the sustainable 
development goals. Environmental 
Hazards 18(1) (2019), 1-6; Ritchie, H., 
and Roser, M. (2014).; Barandiarán, 
M. Esquivel, M., Lacambra, S., 
Suárez, G., and Zuloaga, D. (2019) 
Resumen Ejecutivo de La Metodología 
de Evaluación Del Riesgo de Desas-
tres y Cambio Climático. Climate 
Change Division, Environmental 
and Social Safeguards Unit.

The trend shows that the 
majority of the countries in 

the region have been affected 
by (at least) one disaster 

per year in the last decade, 
and over 50% have had two 
or more natural disasters. 

Smaller countries with a low 
GDP are less equipped to face 

the aftermath of the disasters.

As well as developments in emission 
reduction on a city scale, the region is confronting great chal-
lenges in augmenting its resilience to new and changing scenari-
os. If, in general, we think of the impact of climate change in cities 
as a phenomenon of the future, 70% of cities are currently deal-
ing with the effects of climate change.40 The financial effects of 
climate change could be as devastating as the physical effects. 
Furthermore, the unexpected disruptions of storms, floods, and 
droughts can provoke important disruptions to the city’s gov-
ernment as well as commercial operations. Given the rise in the 
recurrence of these phenomena, the capacity for fiscal reaction 
and uptake will also be reduced, which will in turn limit the capac-
ity for resilience in those countries.41 This can be seen in Map 05, 
which displays disasters related to climate change that have been 
reported by Latin American cities with over 300,000 inhabitants. 
To the left is a description of the relation between the number 
of disasters and the magnitude of the impact. To the right, the 
cities that have been impacted by more common disasters are 
displayed, including: droughts, storms, and heat waves.42

Natural disasters already imply im-
portant losses for countries in this region. Graph 08 shows 
the direct economic losses as a percentage of the GDP for 
Latin American countries, not taking into account whether 
they are or are not products of climate change. This allows 
us to see that certain years have especially affected an ample 
range of countries, for example, in 2010-2011.43 Due to climatic 
inequality, the direct costs of these changes will most likely be 
borne by the least favorable parts of cities, which are precisely 
for whom we should propose agile and effective solutions. To 
the right of this graph, there is a comparison between natu-
ral disasters (mortality and population affected) represented 
by the average over the last ten years, and the GDP of Latin 
American countries. The trend shows that the majority of the 
countries have been affected by (at least) one disaster per year 
in the last decade, and over 50% have had two or more natural 
disasters. Smaller countries with a low GDP are less equipped 
to face the aftermath of disasters. For example, Haiti suffered 
an average of four disasters per year with over 20,000 deaths, 
which is approximately 10 times more than any other country 
in Latin America. 
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Extremely 
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No data

MagnitudeMost Frequent 
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MAP 05
CITIES’ VULNERABILITY TO CLIMATE CHANGE 
Number of disasters and magnitude of its impact on Latin American and 
Caribbean cities with over 300,000 inhabitants

Data source: 
CDP, https://data.cdp.net/Governance/2018-2019-Full-Ci-
ties-Dataset/vzxs-ejjs, 2017 dataset.

CITIES IMPACTED BY THE MOST COMMON DISASTERS: DROUGHTS, 
STORMS, AND HEAT WAVES
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GRAPH 08
NATURAL DISASTERS AND GDP (LAC)

Data source: Pielke, R. (2018); Ritchie, H. and Roser, M. (2014); Barandiarán, 
M. et al. (2019).

*Data from Colombia are not included due to 
inconsistencies in the original database.
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44. Data source for the graph: 
Center for Global Development. 
(2011). Dataset: Vulnerability to 
Climate Change. https://www.cg-
dev.org/publication/dataset-vul-
nerability-climate-change

45. Canales, A., Fuentes, J., and de 
León, C. (2019). Desarrollo y migra-
ción: desafíos y oportunidades en los 
países del norte de Centroamérica. 
Mexico City, Economic Commis-
sion for Latin America, 132-133.

46. Aruj, R. with Priotto, G. Pires, E. 
(2017). Migrations, environment 
and climate change - Case stu-
dies in South America. Regional 
IOM South America.

47. CDP. (n.d.) Cities at Risk: 
Dealing with the Pressures of 
Climate Change. https://www.cdp.
net/en/research/global-reports/
citiesat-risk

48. Perales, A. S. and Lastiri, A. 
(2011). Refugiados Ambientales, 
cambio climático y capitalismo, 
integración geoestratégica, se-
guridad, fronteras y migración en 
América Latina. Serie Investigación 
23: 147. Regional Foundation for 
Human Rights Advisory, INREDH.

49. Basterra, N., Valiente, M., and 
Glibota, S. (2010). Evaluación del 
riesgo ambiental por inundación con 
SIG del valle fluvial del río Paraná 
próximo a los núcleos urbanos de Re-
sistencia y Corrientes. Chaco Provin-
ce, Environmental Management 
Center and Ecology, CEGAE.

50. Sili, M. (2019). Deseos de futu-
ro, intencionalidades y construc-
ción de territorios. La experiencia 
de zonas rurales en la Región 
Chaqueña Argentina. Papeles de 
Geografía 65: 30–48. https: // doi. 
org / 10.6018 / geography. 381251

Alterations in monsoon systems, 
unexpected rains, large 

droughts and a significant rise 
in the sea level could completely 

transform the landscape of 
coastal development across 

the globe, which would cause 
the displacement of entire 

settlements and cities.

In the same way, Graph 09 relates 
the general conditions with respect to climate change and vul-
nerability to climate change, which depends on the socioeco-
nomic factors defined in the previous map. With respect to 
climate change, Caribbean countries are in the lead (Trinidad 
and Tobago, Barbados, Bahamas, Guyana, Haiti, and Jamaica). 
However, with regard to vulnerability, only Haiti and Guyana are 
in the five most vulnerable countries, along with Cuba, Bolivia, 
and Paraguay.44 Another example is the case of Hurricane Mitch 
that in 1998 affected Belize, Honduras, Nicaragua, El Salvador, 
and Guatemala, causing 3 million injuries, which is 12% of the 
population. Due to the cities’ failure to react in the recuperation 
phase after the disaster, there is no certain data on the matter; 
however, it is clear that many families emigrated from their cit-
ies of origin, which was used as an adjustment strategy through 
pre-existing migration corridors.45 

For example, Argentina is among the 
14 countries that are most affected by floods, arriving at losses 
of 1.1% of the National Gross Domestic Product.46 Long-term 
projections (which are always subject to incertitude) estimate 
that by the year 2100 the sea will have risen between 10 to 90 
centimeters, and that global warming could oscillate between 
1.4°C and 5.8°C.47 This could signify the displacement of whole 
cities and affect different islands around the globe, whose migra-
tion population would be absorbed by cities.48 These displace-
ments will principally be due to the worsening consequences of 
global warming, which could generate alterations in monsoon 
systems, unexpected rains,49 large droughts,50 and a significant 
rise in the sea level. These will completely transform the land-
scape of coastal development across the globe.
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GRAPH 09
CLIMATE CHANGE VULNERABILITY IN LATIN AMERICA
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Data source: 
Center for Global Development, https://www.cgdev.org/publication/dataset- 
vulnerability-climate-change, 2011.

The effects of climate change heav-
ily impact the most vulnerable populations in the region and 
increase migratory flows, which are increasingly propelled for 
climatic reasons. Between 2000 and 2015, 8 million people in 
South America migrated for environmental reasons.51 The fol-
lowing maps demonstrate the impact of environmental crisis 
and climatic events on migratory flows. Maps 06 to 13 show the 
environmental motors of migration via different conditions of 
migratory flows. Map 06, for example, exposes displacements 
for environmental and geomorphologic reasons. The countries 
with the least amount of displacements do have more immi-
gration (Belize, Panama, and Suriname). Cities with a large pop-
ulation are highlighted, such as Puebla, Guatemala City, Hava-
na, Santo Domingo (which receives many migrants from Haiti), 
Curitiba, and Porto Alegre. In Argentina, the country with the 
highest number of regional immigrants, Buenos Aires, Rosario, 
and Córdoba are highlighted. In the same vein, Map 09 shows 
the change in land use, which is reflected in the map to the 
left of the graph. The statistics seen on the right show the NPP 
(Net Primary Productivity, the velocity at which trees store en-
ergy such as biomass, and absorb carbon). This variable follows 
only one indicative pattern in Belize, which has a high NPP and 
immigration. In the other extreme is Paraguay, whose very low 
NPP coincides with very high immigration. 

Map 10 represents the risk of river 
flooding, which is scattered throughout the region, concen-
trating at the center of South America. Havana, Guatemala 
City, Lima, Guayaquil, Recife, and Salvador are highlighted as 
the largest cities which are at risk of flooding. Additionally, Map 
12 represents the basic depletion of water, according to the 
relation between the total consumption of water and available 
renewable water supply. The total consumption of water in-
cludes domestic, industrial, irrigation, and expenditure uses. 
Available renewable water supplies include the impact of the 
users of upstream water (consumption) and large dams on the 
availability of downstream water. The significant decrease of 
water from the source is similar to hydrological stress from the 
source; however, in place of using the total extraction of water 
(consumptive as well as non-consumptive), the depletion of the 
baseline is calculated using only the consumptive extraction 

51. Pires, E. (2018). La migración am-
biental en el Pacto Mundial para una 
migración segura, ordenada y regu-
lar: desafíos y aportes para América 
Latina y el Caribe. Brazil/Argentina, 
RESAMA South American Network 
for Environmental Migrations.
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Data source: 
IDMC.
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MAP 06
DISASTER DISPLACEMENT



Change in 
vegetation level

Data source: 
UN Stats SDG indicators, GIS map: World Resources Institute 
C-C-11-Deforestation.

MAP 07
DEFORESTATION
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Affected Population

Drought levels

Data Source: 
Aqueduct World Resources Institute

MAP 08
DROUGHT
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MAP 09
LAND DETERIORATION 

Reduction of the Primary 
Net Production

Data Source: 
MODIS Net Primary Production (NPP), GIS: FAO C-C-10-
Land deterioration.
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MAP 10
RIVER FLOODING

Risk of Flooding

Affected population

Data source: 
Aqueduct World Resources Institute C-C-13-Flooding.
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Risk of flooding

Affected population

MAP 11
COASTAL FLOODING

Data source: 
Aqueduct World Resources Institute C-C-13-Flooding.
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Data source: 
Aqueduct World Resources Institute C-C-14-Water Depletion.
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Level of basic water 
depletion 

Affected population

MAP 12
WATER DEPLETION



Level of hydric 
stress

MAP 13
HYDRIC STRESS

Data Source: 
Aqueduct World Resources Institute C-C-15.
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Countries in the region have 
presented their determined 

contributions on a national level, 
or CDN, reflecting their goals to 
reduce emissions as a measure 

of adaptation to climate change. 
This will limit the rise in global 
temperatures to far lower than 
2 degrees centigrade, on top of 

preindustrial levels. These efforts 
will continue, increasing the limit 
in the rise in temperature up to 1.5 

degrees centigrade. 

(WRI Aqueduct, 2019). The areas that currently consume more 
water in relation to its resources are the eastern Andes, south-
eastern and northeastern Argentina, and northern Mexico. 
Cities that are highlighted for their consumption of water in 
relation to their size and consumption are Mexico City, Mon-
terrey, and Santiago. In the same line, Map 13 shows the base 
hydric stress, which measures the relation between the total 
extraction of water and renewable underground and superfi-
cial water supplies. Water extractions include domestic, indus-
trial, and agricultural uses as well as breeders of consumption 
and non-consumption. The available renewable water supplies 
include the impact of the water users who consume upstream 
water and large dams on the availability of downstream water. 
The highest values indicate more competition between the us-
ers (WRI Aqueduct, 2019). The areas that currently suffer a high 
hydric stress are the eastern Andes, southeastern Argentina, 
and northern Mexico and Venezuela (there is currently a large 
number of people emigrating from Venezuela). 

In this context, it is important to 
note that the countries in these regions have presented their 
nationally determined contributions, or NDCs, reflecting their 
objectives to reduce emissions as a measure of adaptation to 
climate change. This will limit the rise in global temperatures to 
far lower than 2°C on top of preindustrial levels. These efforts 
will continue, increasing the limit in the rise in temperature to 
up to 1.5°C. However, these compromises should be integrated 
vertically in order to secure the maintenance of the targets on 
a subnational and local level. In order to allow for the planifi-
cation and execution of mitigation and adaptation on an urban 
scale, we must take into account the territorialization of this 
process, changing the patterns of emission and making sure 
that the local context is taken into account when thinking of 
solutions of resilience. This is a key milestone in the increase of 
quality of life for the most marginalized neighborhoods that are 
vulnerable to climate change. 
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52. Population Census Data in the 
United Kingdom.

53. Population Census Data in 
Mexico, 1990-2010.

54. Garza, G. (1999). Global econ-
omy, metropolitan dynamics and 
urban policies in Mexico. Cities 16 
(3): 149–70. https://doi.org/10.1016/
S0264- 2751 (99) 00013-X

55. Aguilar, A., Ward, P. (2003). Glo-
balization, regional development, 
and mega-city expansion in 
Latin America: Analyzing Mexico 
City’s peri-urban hinterland. 
Cities 20 (February): 3–21. https://
doi.org/10.1016/S0264- 2751 (02) 
00092-6

Climatic inequality, amongst 
other issues, is a product of 

the accelerated growth in the 
region’s urban fabric. It also 
presents diverse degrees of 
resilience and capacities of 

effective response in the face of 
high climatic pressure.

THE VULNERABLE 
CITY IN THE 
REGION: 
PRECARIOUS, 
UNPLANNED, 
AND INFORMAL 
SETTLEMENTS

T he city is planned according to systems of fixed and 
permanent infrastructure, adapted to relatively stable 
climate conditions. Tram lines, motorways, electricity 

grids, and water networks allowed for the rapid expansion of 
cities and the accommodation of millions of new citizens. This 
led to large rural to urban migrations as a product of the In-
dustrial Revolution. For example, at the beginning of the 1800s, 
the population in London was 1 million, and by 1950, the popu-
lation of Greater London was 8 million.52 In Latin America and 
the Caribbean, the same process occurred in a very acceler-
ated and far more sudden way. 

Mexico City, for instance, grew from 
3.1 million inhabitants in 1950 to 8.2 million by 1990.53 If we in-
clude the surrounding cities of Cuernavaca, Querétano, Pueb-
la, Cuautla, and Pachuca, there is a megalopolis of 50 million 
inhabitants, which is almost 40% of the nation’s total popula-
tion.54 The excessive growth of Mexico City occurred as a ‘cen-
trifugal’ effect that began in the 1970s, when the Federal District 
presented minimal growth, while the periphery went through a 
process of accelerated urbanization.54 In this process of un-
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56. Date source: UN-Habitat. 
(2014). Due to international 
differences in distinguishing char-
acteristics in urban areas, there is 
no single definition that can apply 
to all countries across the world or 
even to countries within the same 
region. Where there are no regional 
recommendations on the subject, 
each country should establish a 
proper definition according to its 
needs. In Latin America and the 
Caribbean, this corresponds to 
towns with a certain population, 
for example, more than 1,000, 
1,500, 2,000, or 2,500 inhabitants 
(other countries such as Cuba, 
Honduras, Mexico, Argentina, and 
Bolivia also occupy this type of 
definition) or populated centers 
that have urban characteristics 
such as public and municipal 
services (among others,  this 
type of definition is used by 
Costa Rica, Dominican Republic, 
Nicaragua, Brazil, Chile, Ecuador, 
and Uruguay).

57. ECLAC. (2017). Desarrollo 
sostenible, urbanización y desigual-
dad en América Latina y el Caribe - 
Dinámicas y desafíos para el cambio 
estructural. Santiago, ECLAC. This 
report deals with data and defi-
nitions of the cities’ expansion, 
from UN-Habitat data, 2014.

58. ECLAC. (1979). Población, urban-
ización y asentamientos humanos 
en América Latina, situación actual 
y tendencias futuras (1950-2000). 
Latin American Conference on 
Human Settlements. Mexico City. 
November 7-10. https://reposito-
rio.cepal.org/handle/11362/19874

59. UNDESA (2016). The World’s 
Cities in 2016. http://dx.doi.org/ 
www.un.org/en/development/desa 
/population/publications/pdf/
urbanization/the_worlds_cities_ 
in_2016_data_booklet.pdf.

60. Cynthia Goytía, in her paper 
titled "Mercado de suelo, infor-
malidad y regulación urbana," 
published by the Lincoln Institute 
of Land Policy and the Ministry of 
Cities, Brazil (2016), shows how 
the growth of the informal city is 
also the result of neoliberal poli-
cies and strategies of exclusion 
that have led to the creation of 
two land markets, one informal 
and one formal. Goytía argues 
that this case is such that reduc-
ing poverty would not necessarily 
reduce the informal city.

61. Janoschka, M. (2002). El 
nuevo modelo de ciudad lati-
noamericana: fragmentación 
y privatización. Revista EURE. 
28-85: 11-29; Slim, G., Campos, C., 
and Renteria, P. (2012). Climate 
Change and Urban Metabolism 
of Latin American Megacities. 
Hábitat Sustentable 2 (1): 2–25.

The larger regional cities 
attract a greater segment 
of the population than is 

capable of being absorbed 
into the formal market, 

generating vast sectors of 
unplanned, precarious, and 
highly informal settlements.

precedented implosion, not only were planned cities formed 
(with a scale and complexity that had previously never been 
heard of) but also resulted in a demographic pressure that the 
cities weren’t capable of absorbing. This gave rise to settlement 
areas of unexpected dimensions that were precarious and un-
planned. Currently, LAC has recorded over 620 million people, 
500 million of whom live in urban zones.56 The process of ur-
banization has occurred very rapidly in comparison with other 
regions, changing from being a mostly rural region in 1950, to 
becoming a predominantly urban region in 2010.57 It is estimat-
ed that between 1950 and 1978, the percentage of the urban 
population rose from 26% to 47%, one of the highest regional 
rates in history.58 In 2014, this figure rose to 80% and is expect-
ed to reach 86% by 2050.59 

As a result of this process of acceler-
ated urbanization, recent decades have been characterized by a 
growing optimism toward the urban surroundings (as a platform 
for the development of a richer life and overcoming the principal 
problems of development). They have also been characterized by 
a preoccupation with the rise in informality and the incapacity of 
the formal market and “laissez-faire”60 politics to foresee secure 
surroundings that are climatically adapted to all persons, equally. 
The effects of climate change pose the greatest risk for members 
of the population who live in impoverished areas and increase 
the percentage of population at risk of being displaced and be-
coming physically, economically, and socially vulnerable.

The larger regional cities general-
ly correspond to metropolitan areas that have concentrated 
a lot of economic activity in recent decades and have been 
converted into important centers of financial, commercial, and 
public services. However, they also attract a great number of 
the population who are incapable of being absorbed into the 
formal market, which generates great sectors of unplanned, 
precarious, and highly informal settlements. Due to this accel-
erated increase on a grand scale, Latin American cities began to 
fragment, generating on the one hand islands of consumption, 
production, and wealth, and on the other, precarity.61 The un-
equal growth of the cities has fed the growth of the informal 
and precarious settlements that are generally found in areas 
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62. Estudios sobre la informal-
idad y el riesgo en Santa Fe, 
Argentina, muestran que las po-
blaciones con menores ingresos 
y de mayor vulnerabilidad social, 
tienden a habitar las regiones 
propensas a inundaciones. A su 
vez, la exposición constante al 
riesgo disminuye su capacidad 
para responder al desastre y 
perpetúa las condiciones de 
marginalidad. Cardoso, M. M. 
(2017). Estudio de la vulnerabili-
dad socio-ambiental a través de 
un Índice Sintético / Caso de dis-
tritos bajo riesgo de inundación: 
Santa Fe, Recreo y Monte Vera, 
Provincia de Santa Fe, Argentina. 
Cuaderno de Geografia 27 (48): 
156–83. https://doi.org/10.5752/
p.2318-2962.2017v27n48p156 

63. UN-Habitat. (2014).

64. UN-Habitat. (2014). For 
example, on the slopes of the 
area surrounding the metropol-
itan city of Guatemala, multiple 
informal settlements are at risk of 
landslides and earthquakes. Given 
this irregular situation, there can 
be no effective participation by 
the government to implement a 
disaster plan for such construc-
tion. Many homes do not have 
regulated sanitary conditions, 
and the streets are used as illegal 
landfills, which makes the popu-
lation susceptible to diseases. See 
Green, R. et al. (2009). 

65. As anticipated by the UN-Hab-
itat report, State of the World’s Cities 
2006/7, and, as you can see, by 
comparing UN-Habitat data 2000 
and 2014. Clichevsky, N. (2006). 
Regularizando la informalidad del 
suelo en América Latina y el Caribe. 
Una evaluación sobre la base de 13 
países y 71 programas. Santiago, 
ECLAC.

66. Basile, P. and Ehlenz, M. 
M. Examining responses to 
informality in the Global South: 
A framework for community land 
trusts and informal settlements. 
Habitat International 96 (February 
2020). https://doi.org/10.1016/j.
habitatint.2019.102108; Fernandes, 
E. (2011). Regularización de asenta-
mientos informales en América Latina. 
Informe sobre enfoque en políticas de 
suelo. Cambridge, Lincoln Institute 
of Land Policy.

67. Source: The World Bank. (n.d.) 
The World Bank Data. Population 
living in slums (% of urban pop-
ulation). https://data.worldbank.
org/indicator/EN.POP.SLUM.UR.ZS 
and urban population (% of total 
population). https://data.world-
bank.org/indicator/SP.URB.TOTL.

In most cases, precarious and 
informal settlements are found 

on the outskirts of planned cities. 
They lack public infrastructure 
and services such as water and 

sanitation. These aspects expose 
the population to high risks 
of infections, parasites, and 

respiratory diseases, accidental 
fires, natural dangers, and 

contamination… these risks 
are aggravated by the effects of 

climate change.

of high geographic risk of floods and landslides.62 Most of the 
time, these sites are found at the outskirts of planned cities 
and lack public infrastructure and services such as water and 
sanitation. These aspects expose the population to high risk 
levels of infections, parasites, and respiratory diseases, acci-
dental fires, natural dangers, and contamination.63 These living 
conditions increase the risk of the majority of the impacts of 
climate change, such as higher maximum temperatures (and in-
creasing) and heat waves; more intense precipitation and river 
floods; higher wind velocity and intensity in storms; and changes 
in the availability of drinkable water and food.64 

Climatic inequality, amongst other 
things, is a product of the accelerated growth of the region’s ur-
ban fabric. It also presents diverse degrees of resilience and ca-
pacities of effective response in the face of high climatic pressure.

Although in the last couple of years 
the percentage of growth of informal neighborhoods has been 
decreasing, the sum total of people residing in informal situa-
tions has risen.65 This is the result of a major effort by countries 
to foresee solutions for living situations and to remedy informal 
situations. Many programs of neighborhood improvement have 
created infrastructures, services, and property owners, which 
have generated great transformations in precarious neighbor-
hoods throughout the continent.66 This realized effort and the 
existence of multiple other ongoing programs have introduced 
a serious opportunity to better prepare the most vulnerable 
zones in cities for climate challenges. 

Although the percentage of popula-
tions living in informal settlements in Latin America and the Ca-
ribbean has decreased almost constantly since 1990, as seen in 
Graph 11, it continues to be very high in Central America, where 
74.4% of Haiti’s population live in informal settlements, and in 
Jamaica it is 60.5%. Countries that have considerably reduced 
their percentage have been highlighted, such as Bolivia (which 
continues with 43.5%), Brazil (22.3%), Paraguay (17.6%) and Ar-
gentina (16.5%).67 These figures are more worrying in light of the 
climate crisis, when we consider that the data corresponds to 
the definition of informal settlements by the United Nations. 
The UN privileges the settlements’ illegal or unplanned aspect, 
and it doesn’t necessarily take into account neighborhoods 
that have been legalized, without improving their precarious 
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68. According to the document 
on the subject of informal set-
tlements, published by Habitat 
III (2016), informal settlements 
are defined as: "residential areas 
in which: 1) the inhabitants do 
not hold the right of land tenure 
or dwellings in which they live, 
under modalities ranging from 
illegal occupation of a home to 
informal rental; 2) the neighbor-
hoods often lack basic urban 
infrastructure and services; and 
3) the dwellings do not comply 
with building and planning reg-
ulations and are usually located 
in areas that are geographically 
and environmentally dangerous." 
(Temas Hábitat III, 22 Asentamien-
tos Informales, Quito 2016, 1). 
The definition is based on the 
following sources: UN-Habitat. 
(2003). The Challenge of Slums; 
UN-Habitat. (2013). The State of 
World Cities Report 2012/13.

69. Rojas, E., Cuadrado-Roura, 
J., Fernández, J. M. (Eds). (2005). 
Gobernar las metrópolis. IDB.

70. ECLAC. (1998).  "Proyecto de 
gestión urbana en ciudades 
intermedias de América Latina 
y el Caribe". Santiago, Comisión 
Económica Para América Latina 
CEPAL, División de Medio Ambi-
ente y Asentamientos Humanos. 
42. http://www.eclac.cl/dmaah/
gucif/defcon.htm

71. Data source used to prepare 
this map: The World Bank. (n.d). 
The World Bank Data Catalog. 
https://datacatalog.worldbank.org/

Today, the level of climatic 
inequality mirrors the level 

of urban inequality, and 
therefore climate action 

presents a window of 
opportunity to close this gap 
in the most vulnerable cities.

and vulnerable conditions.68 The definition also does not in-
clude the most extensive effects of informality, for example, 
economic insecurity. In recent decades, the informal sector 
has generated six new jobs for every ten cases of unemploy-
ment in LAC, which reflects the difficulty that Latin American 
economies have in creating new jobs in the formal sector.69

The level of climatic inequality today mirrors the level of urban 
inequality and, therefore, climatic action could present a win-
dow of opportunity to close the gaps in the most vulnerable 
cities. In a global context, the region is noted for containing cit-
ies that are highly unequal, whose populations represent over 
a quarter of their respective national population. Buenos Aires, 
Lima, Managua, Montevideo, Panama City, San Jose de Costa 
Rica, Santiago de Chile, and Santo Domingo illustrate this situa-
tion.70 As we can see in Map 14, it is estimated that Latin America 
and the Caribbean will continue to grow and that the cities that 
will lead the region in population growth by 2035 will be Mexico 
City, São Paulo, Buenos Aires, Rio de Janeiro, Lima, and Bogotá. 
The first two cities will globally rank as one of the ten countries 
with the highest population.71 We can foresee that this growth 
will be accompanied by a rise in the number of people residing 
in precarious areas, which means a high amount of people in 
situations that are vulnerable to the climate crisis; for these, we 
need to think of new and improved strategies of mitigation and 
territorial adaptation. 

The book endeavors to create a 
sense of scale of the impacts of the climate crisis in the most 
vulnerable parts of our cities (the unplanned, spontaneous, 
and/or informal city), studying their characteristics and pro-
jections, but also exploring strategies and technologies that 
can help to create resilient surroundings out of the unplanned 
contexts that are resilient in the face of climatic pressures that 
will ensue in the coming decades. 
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Mexico City

MAP 14
GLOBAL URBAN GROWTH

Data source: 
Topography: ETOPOD
Demographic: UN Population Division and World Urbanization 
Prospects, 2018 Revision.

Mexico City, São Paulo, 
Buenos Aires, Rio de 

Janeiro, Lima, and Bogotá 
will lead in population 

growth in the region in the 
year 2035. It is estimated that 

this growth will be accompanied 
by a rise in people residing in 

precarious areas. This means that 
a large quantity of people will be in 

situations that are vulnerable to climate 
change. It is for these people that we 

need to think of new and better strategies of 
territorial mitigation and adaptation.

9796
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B
ID

B



FORMS OF 
VULNERABILITY 

IN THE FACE OF A 
TRANSFORMING 

CLIMATE

2



TODAY, THE WORLD IS FACING A MOMENT 
OF GROWING UNCERTAINTY. THE 
ACCELERATED INTENSITY OF NATURAL 
AND SANITARY DISASTERS, AS WELL AS 
THE INCREASE IN SOCIAL INEQUALITY AND 
VIOLENCE, GIVE RISE TO NEW AND MORE 
COMPLEX FORMS OF VULNERABILITY. 
IN RECENT YEARS, THE FREQUENCY 
OF NATURAL DISASTERS, THEIR TYPE, 
AND IMPACT HAVE BEEN DEVASTATING, 
BOTH FROM A HUMAN AND ECONOMIC 
POINT OF VIEW. THIS HAS BROUGHT 
AN UNPRECEDENTED NUMBER OF 
HUMAN DISPLACEMENTS AND CREATED 
DOUBT ABOUT THE TRUE CAPACITY OF 
SETTLEMENTS AND TERRITORIES TO 
ABSORB THE EFFECTS OF THE INCIPIENT 
CLIMATE CRISIS.

RISK AND 
INFORMALITY

Along with the vulnerability to the effects of climate change 
discussed above, public health risks, the appearance of dis-
eases linked to the degradation of ecosystems, and the trans-
mission of pathogens from wildlife to humans, are increasingly 
frequent.1 In the 20th century, we had three pandemics, and 
in the 21st century, we went through the SARS epidemics in 
2003, MERS in 2012, and now, COVID-19. The impacts of the 
latter have greatly affected our cities, exacerbated develop-
ment problems and inequality, and, it is estimated, increased 
the number of people living in poverty in Latin America from 
185 to 220 million.2 Dengue, which has supposedly been erad-
icated, reached more than 3 million cases in the Americas in 
2019, the highest number of cases in history.3 Health disasters 
(COVID-19 in particular) have forced us to think of a more sus-
tainable way of living in the city and highlighted the importance 
of including public space and landscape infrastructure as key 
elements for urban resilience.4 Environmental vulnerability is 
chronically growing, exponentially increasing the level of risk 
for the region’s informal settlements. The question of how to 
address risks in the region’s settlements is crucial. Ecological 
design and nature-based solutions can offer great opportuni-
ties to help reduce different types of vulnerability, increase the 
resilience of slums, and also minimize the carbon footprint of 
cities. In this chapter, we will address the main issues at stake 
and the conditions for their implementation.

1. Bárcena, A. (2018). CEPAL: Segun-
do informe anual sobre el progreso y 
los desafíos regionales de la Agenda 
2030 para el Desarrollo Sostenible en 
América Latina y el Caribe. Santiago 
CEPAL, p. 48.

2. Dimensionar los efectos del 
COVID-19 para pensar en la reacti-
vación. Informe Especial COVID-19, 
2. Santiago, CEPAL.

3. Pan American Health Orga-
nization. (2020). Actualización 
Epidemiológica: Dengue. 7 de 
febrero de 2020. https://www.
paho.org/es/documentos/actu-
alizacion-epide-miologica-den-
gue-7-febrero-2020

4. Inter-American Development 
Bank. (2020). 

?

Cómo se están 
preparando las ciudades de América 
Latina y el Caribe para una reapertura 
ante el Covid-19? Vera, F., Adler, V., 
Uribe, M. C., and Quintero, M. C. 
(Eds.). Inter-American Develop-
ment Bank.
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The dynamics of uncontrolled ur-
ban expansion affect and modify the trends of risk and com-
promise the capacity for response in the case of disasters. In 
terms of urban planning, there is a lack of codes for long-term 
zoning trends and construction, which could limit the possi-
bilities of infrastructure adaptation and put lives and goods at 
risk.5 Vulnerability to climate change does not only depend on 
adverse climate conditions, but also on the capacity for society 
to anticipate, confront, resist, and recuperate from its impacts.6 
This can be very complex in informal and precarious settle-
ments. Informal settlements are partly the result of an illegal 
occupation or subdivision of lands that is not permitted. They 
are also caused by practices of exclusion that have historically 
contributed to conditions of economic inequality and unequal 
wealth distribution.7 Informal settlements are typically estab-
lished by illegal entrepreneurs or new residents that occupy 
either public, communal, or private land, marking sites and 
constructing rudimentary housing. Generally, they do not have 
any public services such as street paving, lighting, water, and 
sewage systems. As time passes, constructions expand, pro-
visional materials are replaced with other more durable ones, 
and public services start to appear. In the settlements’ first 
phases, ownership tends to be insecure, particularly in those 
that are located on public, communal, or private land that was 
illegally occupied by new residents. This delays the occupa-
tion’s legal recognition and can then impede the provision of 
services, the development of more urban infrastructure, and 
the general legality of the residence.8 Even when legal recog-
nition is obtained, adequate services are not always provided, 
nor are environmental and hydroelectric conditions remedied 
in urban sites, which leaves the settlements in vulnerable and 
precarious conditions.    

5. UN-Habitat. (2011).

6. Quiroz Benítez, D. E. (2018). 
Infraestructura verde como estrategia 
para la mitigación y adaptación 
al cambio climático en ciudades 
mexicanas: Hoja de ruta. Mexico 
City, Secretary of Territorial and 
Agrarian Farming, 8.

7. Edésio Fernandes identifies 
seven main dimensions and 
variants of informal real estate 
development in Latin American 
cities: occupation of public, 
communal, and private land, 
followed by self-construction 
(favelas, neighborhoods, 
shantytowns, shacks, slums); the 
subdivision without a license of 
private, communal, and public 
lands to sell individual lots, 
followed by self-construction 
(neighborhoods, pirate lots, 
irregular lots, clandestine 
lots); irregular public housing 
projects (housing complexes), 
some of which have gradually 
become extralegal; urbanization 
and development of areas 
classified as rural; unauthorized 
subdivision of pre-existing 
legal lots for the construction of 
additional buildings (front and 
back houses); the widespread 
occupation of riverbanks, 
reservoirs, mountain slopes, and 
other ecologically protected areas; 
and occupation of public spaces, 
such as streets, pavements, 
and viaducts. See Fernandes, E. 
(2011), 11.

8. Fernandes, E. (2011), 4-5.

Vulnerability to climate change 
does not only depend on adverse 

climate conditions, but also on the 
capacity for society to anticipate, 
confront, resist, and recuperate 

from its impacts. This can be 
very complex in informal and 

precarious settlements.
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In an analysis on the vulnerabili-
ty of informal settlements to climate change, David Satter-
thwaite, Diane Arched, et al., highlight how in the majority of 
cities in low- and middle-income nations there is often only 
partial and fragmented investment in infrastructure. Much of 
the time, informal settlements are ignored.9 Most urban infra-
structure provisions (the water mains, sewage system, drainage 
systems, electricity grids, paved streets) would reduce risks, as 
would urban services such as hospitals, security, and mainte-
nance of urban infrastructure. However, a partial investment 
can increase, change, or concentrate risks instead of reducing 
risk: the development of highways can accelerate storm run-
off, while a larger, impermeable surface, if it is paved in re-
inforced concrete, can increase the air temperature. In the 
same way, the investments in river and superficial drainage in 
a city can increase the risks of downstream flooding. A focus 
on the reduction of risks, whether it is centered on immediate 
or root problems, challenges local governments, planners, and 
communities to work on a city scale.10 Integrated development 
of the infrastructure would also serve all urban inhabitants. 
Poor-quality infrastructure and lack of maintenance, which is 
characteristic of many low- and middle-income nations, are 
key determinants in the collapse of public hospitals, schools, 
bridges, and highways during extreme climate events. They also 
create difficulties in reactivating the infrastructure and services 
after disasters. There are complex problems of quality-control 
and responsibility for public works. An example is the lack of 
transparency in acquisitions, which is often conducive to cor-
ruption and low-quality work.11 Nations with low and middle in-
comes represent 85% of the global population that is exposed 
to earthquakes, tropical cyclones, floods, and droughts.12

9. Satterthwaite, D., Archer, D. et 
al. (March 2018). Responding to 
climate change in cities and in their 
informal settlements and economies. 
IIED and IIED-Latin America. 
Document prepared for the IPCC 
for the International Scientific 
Conference on Cities and Climate 
Change, Edmonton, Canada.

10. Satterthwaite, D. et al. (March 
2018).

11. Satterthwaite, D. et al. Adapting 
to climate change in urban areas. 
Human Settlements 58 (2007), 61. 
https://doi.org/10.1071/AR06192

12. Wamsler, C. (2014). Cities, 
Disaster Risk and Adaptation. Abing-
don, Routledge.

For the poorest groups, some 
impacts are direct; for example, 
floods can be more frequent and 

riskier. Others are less direct, such 
as the provision of local water or 
food reserves to a city, which can 
reduce availability for the most 

vulnerable communities, or cause 
a rise in prices and diminish supply 

access even further. 
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While cities grow, the demand and 
competition for limited clean-water resources will increase. 
Therefore, it is highly likely that climate impact will impact its 
availability and therefore increase pressure in urban areas 
across the world.13 Today, due to the growth in scarcity of lo-
cal resources, cities often extract water from sources further 
away than the local ones.14 Therefore, in great part, urban water 
supply depends on the surrounding territories and on the ex-
ploitation of groundwater reserves, which extend the area that 
is potentially vulnerable to water shortages. In urban centers, 
critical services such as medical attention, food supply, trans-
port, energy systems, schools, and retail business all depend on 
water supplies. Urban water supply deficits projected for the 
future will likely have a large impact on the availability as well as 
the price of water The availability of water is often the first vic-
tim of the impacts of climate change. The decisions taken now 
will have an important influence on future industrial, domestic, 
and agricultural water supplies.15

For the poorest groups, some im-
pacts are direct; for example, they risk having more frequent 
floods. Others are less direct, such as the provision of local 
water or food reserves to a city, which can reduce availability 
for the most vulnerable communities, or cause a rise in price 
and diminish supply access even further. When considering the 
vulnerability of sectors with few resources, we should also con-
sider how it will negatively affect their income (which can come 
from a variety of sources), as well as their base assets, the prices 
paid for their primary needs, their homes and infrastructure, 
and the services on which they depend.16 

For the inhabitants of informal set-
tlements and especially for those with homeowners who don’t 
live in the area, the risk is even greater. Absent owners eliminate 
the link between those responsible for the quality of their hous-
es and those at risk. Owners generally operate without regula-
tions to comply with health and security norms.17 The combina-

13. Vicuña, S., Redwood, M., 
Dettinger, M., and Noyola, A. 
(2018). Urban water systems. 
In Rosenzweig, C., W. Solecki, P. 
Romero-Lankao, S. Mehrotra, S. 
Dhakal, and S. Ali Ibrahim (Eds.), 
Climate Change and Cities: Second 
Assessment Report of the Urban 
Climate Change Research Network. 
Cambridge University Press, 
519-552.

14. McDonald et al. (2014) in C40 
Cities and UCCRN. (February 
2018), 24-26.

15. C40 Cities and UCCRN. (Febru-
ary 2018), 30.

16. Satterthwaite, D. et al. (2007), 43. 

17. Wamsler, C. (2014). 

tion of relatively high levels of risk exposure (threats, exposure, 
and vulnerability) together with a low institutional capacity to 
respond and recover, is reflected in the fact that over 95% of 
deaths caused by disasters in recent decades have occurred 
in the cities of low- and middle-income countries.18 
The Sixth Report of the International Panel on Climate Change 
(IPCC) defines risk as “the potential for adverse consequences 
for human or ecological systems, recognizing the diversity of 
values and objectives associated with such systems.”19 Risks 
of natural disasters and the consequences of climate change 
result in the interaction of three elements: climate-related 
hazards, exposure, and vulnerability. Hazards refer to facts or 
physical tendencies that can cause negative impacts on peo-
ple and their surroundings, such as rising sea levels, floods, 
droughts, or heat waves. Exposure refers to the presence of 
people and settlements in places that could be negatively 
affected. Vulnerability refers to the susceptibility of suffering 
injuries as a product of circumstantial dangers that are due 
to physical, social, economic, or environmental factors. If vul-
nerability decreases, it is also because the capacity to respond 
and adapt to pressure increases.20

Not only is exposure to dangerous 
events higher in informal neighborhoods, but the effect is also 
more intense or is reflected in more serious impacts in these 
zones.21 For example, changes in the increase in maximum tem-
perature for more days per year are more likely to happen in 
informal neighborhoods, due to the lack of vegetation. Also, 
the impacts are accentuated by the low quality of the housing, 
which has inferior isolation and ventilation systems. Floods and 
landslides, due to more intense precipitation, occur with great-
er frequency in unplanned neighborhoods situated near rivers, 
gorges, or slopes. The houses and other possessions in these 
neighborhoods are rarely insured, and the damage can com-
promise indispensable income for sustaining the affected fami-
lies. Some of the more complex effects of climate change, such 

18. IPCC, 2012 - Field, C.B., V. 
Barros, T.F. Stocker, D. Qin, D.J. 
Dokken, K.L. Ebi, M.D. Mastrandrea, 
K.J. Mach, G.-K. Plattner, S.K. 
Allen, M. Tignor y P.M. Midgley 
(Eds.). (2012) Managing the Risks 
of Extreme Events and Disasters to 
Advance Climate Change Adaptation. 
Cambridge, Cambridge University 
Press, 116.

19. IPCC. (2020). Sixth Assessment 
Report of the United Nations 
Intergovernmental Panel on 
Climate Change. IPCC, 4.

20. IPCC. (2020).

21. Mitlin, D. and Satterthwaite, D. 
(2013). Urban Poverty in the Global 
South: Scale and Nature. Routledge.
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Changes such as the increase 
in maximum temperature for 
more days per year are more 
likely to happen in informal 
neighborhoods, due to the 

lack of vegetation.

as droughts or the increased frequency of tropical cyclones, 
compromise access to food and water for the poorest groups in 
society, which in many cases coincide with the inhabitants of in-
formal neighborhoods. Many residents of informal settlements 
depend on services and informal employment, which would not 
be guaranteed if access to the workplace is interrupted by crit-
ical events.22 The rise in sea level can affect communities that 
are closest to the coast, or can reduce land availability in urban 
centers and diminish its perceived value. This could potentially 
create new displacements or social marginalization. 

The direct relation is that the higher 
vulnerability, exposure, and intensity of the event, the higher 
the risk. This analysis focuses on associated risks for vulnerable 
communities living in informal settlements. The impact of me-
teorological phenomena and their treatment as risks depend 
on the quality of housing, its location in the territory, ecosys-
tem services on which they depend, and other variables of the 
urbanization process and its economic development. This de-
termines the way that the city and its inhabitants are affected.

22. Satterthwaite, D. et al. 
(March 2018). 
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U nderstanding vulnerability and risk in informal set-
tlements implies a consideration of how the effects 
of climate change not only increase ecological pres-

sures, but also increase the obstacles for poverty traps and of 
breaking cycles of intergenerational precarity. In this way, it’s 
useful to consider stressful elements that link climate change 
to vulnerable neighborhoods, in particular its capacity to cre-
ate friction or scarcity. In order to define the risk of a territory 
from a physical and ecological standpoint, it is important to 
consider the risk of climate change impacting biological (sani-
tation, food security), economic (low income, unemployment, 
lack of service access), social (violence, gender, cohesion, 
community organization), and cultural dimensions (migration, 
ethnic exclusion), among others. Poverty multiplies exposure 
and increases diverse vulnerabilities. This, as well as geological 
and climatic risks, imply a great challenge when developing 
tools to reduce multidimensional vulnerability, attacking mul-
tiple aspects simultaneously. 

Territorial vulnerability is under-
stood as the convergence of interacting factors and charac-
teristics of risk. It is important to note that territorially, pre-
carious or informal settlements are not isolated systems that 
are separate from formal cities. We must not consider the 

Precarious or informal 
settlements are not isolated 
systems and can hardly be  
circumscribed by abstract 

limits or understood 
independently from the 

formal city.

FORMS OF TERRITORIAL 
VULNERABILITY: 
ECOLOGICAL, 
BIOLOGICAL, ECONOMIC, 
SOCIAL, AND CULTURAL.
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exposed risks of the inhabitants as a purely environmental is-
sue. The factors that increase risk are indeed environmental in 
nature, but they are also social, economic, and cultural; these 
dimensions are mutually connected and determinate. Informal 
settlements function as complex socioeconomic, interdepen-
dent, and integrated systems.23 An ecological focus can allow 
us to understand urban fragments as dynamic spaces, as it 
pre-establishes each system’s flexibility in the face of anthro-
pogenic or climate disruptions, adapting for the protection of 
life and goods, as well as maintaining functional continuity.

The principal and most studied as-
pect of territorial risk is ecological (or physical), territorial vul-
nerability, that is, the vulnerability of a territory in relation to its 
ecosystem location. This primordial dimension can be consid-
ered the first source of territorial stress that eventually triggers 
an increase in barriers to social and urban neighborhood inte-
gration. It is very sensitive to ecosystemic pressure produced 
by climate change. Due to the interdependence of the condi-
tions of vulnerability, it is difficult to achieve their conceptual 
separation. However, it is useful to do this in order to advance 
through levels of specificity toward more effective interven-
tions. The location of a neighborhood, as well as the distribution 
and quality of its buildings, can affect conditions of vulnerability, 
exacerbate risks, and increase the impact of disasters. For ex-
ample, land and building distribution can modify the local mi-
croclimate and intensify existing risks when there is an increase 
in temperature, wind circulation, turbulence, and limit of water 
permeability. The expansion of vulnerable building areas that 
are at risk of landslides, floods, and contamination puts a larger 
portion of the community at risk. Additionally, there are other 
factors that can multiply risks, such as the proximity of different 
land uses (for example, residential areas that are close to trans-
port routes, other infrastructures or industrial areas); the use 
of inadequate construction materials and techniques; the un-
favorable orientation of structures in space; and a lack of infra-
structure for waste, wastewater, and rainwater elimination. The 
informal settlements’ residents are not as capable of respond-
ing, replacing, and restoring occasional losses for themselves, 
which increases their degree of vulnerability.

23. UN-Habitat. (2017). Chapter 
1: Urban Resilience: Theoretical 
Debate. Chapter 3: UN-Habitat: 
Urban Resilience Program. 
Chapter 5: Case Studies in Trends 
in Urban Resilience 2017. https: // 
unhabitat.org/trends-in-urban- 
resilience-2017

Another important form of territori-
al vulnerability is biological territorial vulnerability. This has to 
do with fundamental food and health security, which mainly af-
fects the informal city. For example, it is estimated that climate 
change will provoke a decrease in crop yield in many parts of 
the world, and these decreases will affect the food security of 
many city-dwellers. The decrease in crop yield will decrease 
food availability in cities and its accessibility through a rise in 
prices.24 Poor urban consumers are extremely sensitive to vari-
ations in prices that are caused by the climate’s impact on food 
production and/or distribution, because they rarely produce 
their own food.25 Women are especially prone to reducing their 
food intake in comparison with other members of the family 
if food is scarce and/or expensive. In the last decade, 50% of 
women and children in developing countries were anemic.26 We 
will need new design concepts in order to develop the future 
of urban agriculture, and urban planning development will need 
to recognize this agriculture as a new form of land use that is 
accepted, permitted, and encouraged.27  

The effects of biological vulnerabil-
ity can increase poverty traps. Malnutrition and illnesses can 
impede people from improving their future living conditions, 
as they would need to designate a larger proportion of their 
income toward health and food. Healthy food in particular 
might be less available and accessible for the poorer groups. 
Another important source of illness is poor management of 
solid waste, caused by unequal management between types 
of territories. These negative impacts on people’s health and 
well-being can trigger other forms of territorial vulnerability 
and create stressful factors, such as urban violence and food 
insecurity, a decrease in social interactions, and an increase in 
dependence on others.28 

  

24. Porter, J. R., Xie, L., Challinor, 
A. J., Cochrane, K., Howden, S. 
M., Iqbal, M. M., Lobell, D. B., 
and Travasso, M. I. (2014). Food 
security and food production 
systems. In Field, C. B., Barros, 
V. R., Dokken, D. J., Mach, K. J., 
Mastrandrea, M. D., Bilir, T. E., 
Chatterjee, M., Ebi, K. L., Estrada, Y. 
O., Genova, R. C., Girma, B., Kissel, 
E. S., Levy, A. N., MacCracken, S., 
Mastrandrea, P. R., and White, 
L. L. (Eds.), Climate Change 
2014: Impacts, Adaptation, and 
Vulnerability. Part A: Global and 
Sectoral Aspects. Contribution 
of Working Group II to the 
Fifth Assessment Report of the 
Intergovernmental Panel of Climate 
Change. Cambridge University 
Press, 485–533.

25. Porter, J. R. et al. (2014).

26. GGCA. (2009). Training 
Manual on Gender and Climate 
Change. International Union for 
Conservation of Nature (IUCN), 
United Nations Development 
Program (UNDP), together with 
Gender and Water Alliance, 
ENERGIA, International Network 
on Gender and Sustainable 
Energy, United Nations 
Educational, Scientific and 
Cultural Organization (UNESCO), 
Food and Agriculture Organization 
(FAO), Women's Environment 
and Development Organization 
(WEDO) as part of the Global 
Gender and Climate Alliance 
(GGCA).

27. C40 Cities and UCCRN. (2018), 
32.

28. Wamsler, C. (2014)., 91, 98. 
Porter et al. (2014).
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In terms of economic territorial 
vulnerability, informal settlements are at equally high risk. Im-
poverished communities are particularly vulnerable to climate 
change, as they lack access to resources that could help them 
resist extreme events, such as insurance on goods, guaran-
teed jobs, savings, or access to loans. The events that occur 
regularly can gradually undermine the resource bases of less 
resilient groups, increasing the scale and depth of urban pov-
erty. This condition of vulnerability has a particular impact on 
gender issues, which are amplified in case of disaster.29 Under 
normal conditions, inhabitants of neighborhoods have the ca-
pacity to improve and invest in their communities.30 However, 
in stressful situations of friction, this capacity is diminished, 
and gaps of economic poverty increase. The climate events 
described above can generate new poverty traps based on the 
loss of material heritage and an incapacity of its restitution. As 
well as this, extreme climate events can severely impact the 
means of production, which has a direct impact on the possi-
bility for low-income communities to be able to increase their 
future incomes. Similarly, low-income communities have diffi-
culties in accessing credit, since traditional methods of formal 
financial institutions demand documentation and guarantee of 
loan coverage, which the poorest communities are not in a 
condition to provide.31

Throughout economic crisis or re-
cession, informal work expands, proving that this condition 
is driven by necessity.32 SAccording to the ILO (International 
Labour Organization), approximately 61% of workers across 
the world are informally employed (2 billion people, according 
to the ILO in 2018).33 In 2016, informal labor affected 53.8% of 
workers in Latin America and the Caribbean.34 There is evi-
dence that socioeconomic development relates positively to 
formal labor. Although the percentage of informality in Latin 
America has diminished in recent years, the rates are still high 

29. Gencer et al. (2018).

30. United Nations. (2014). Annual 
Report Momentum for Change 2014. 
https://unfccc.int/mfc2014/

31. Patiño, O. (2008). Microcrédito. 
Historia y experiencias exitosas 
de su implementación en 
América Latina. Revista Escuela De 
Administración De Negocios, (63), 
41-58, p. 43.

32. Chen, M. (2012). La economía 
informal: definiciones, teorías 
y políticas. WIEGO. https://
www.wiego.org/publications/
la-econom%C3%ADa-informal-
definitions-theory%C3%ADas-y-
pol%C3%ADticas

33. Bonnet, F., Leung, V., and 
Chacaltana, J. (2018). Mujeres y 
hombres en la economía informal: Un 
panorama estadístico. ILO. https://
www.ilo.org/wcmsp5/groups/
public/---dgreports /---dcomm/
documents/publication/
wcms_635149.pdf

34. Ludmer, G ¿Qué hay de 
nuevo en el viejo debate sobre 
las causas de la informalidad 
laboral? Cuadernos de Economía 
Crítica, 5 (10), (2019), 99-121. 
http://sociedadeconomiacritica.
org/ojs/index.php/cec/article/
view/150

In order to define the risk of a 
territory from a physical and 

ecological standpoint, it is 
important to consider the risk 

of climate change and its impact 
on biological, economic, social, 

and cultural dimensions. Poverty 
multiplies exposure and increases 

the diverse vulnerabilities.
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and particularly affect women, who are more exposed to infor-
mal labor (54.3% women – 52.3% men).35 At the same time, the 
youth population accounts for higher rates of informality than 
adults (46.2% and 40.4%, respectively). The relationship be-
tween education levels shows that informality decreases when 
education increases. There is also a clear relationship between 
informal labor and poverty.36 The potential for adverse conse-
quences for human or ecological systems, recognizing the di-
versity of values and objectives associated with such systems.

For decades, informal labor has 
constituted one of the most persistent and important chal-
lenges within Latin American economies, since it negatively 
affects people’s well-being and limits inclusive development. 
This is the case as long as informal work remains volatile, sub-
ject to exploitation, and without any guarantees or recognized 
rights.37 Economic informality is one of the characteristic fac-
tors in the region, which has a high heterogeneity of incidence 
between countries: less than 30% in Chile or Uruguay; and over 
70% in Bolivia, Honduras, Nicaragua, or Peru.38 Crises such as 
COVID-19 can increase pre-existing structural weaknesses. The 
University of Oxford estimates that, because of the pandemic, 
advancements in reducing levels of multidimensional poverty 
could regress by eight to ten years.39 98.2% of the 1.3 billion 
people who live in conditions of multidimensional poverty face 
risks of contaminated air, unhealthy water, and malnutrition.40 
It is estimated that throughout the pandemic, global malnu-
trition has regressed three to six years in its advancement.41 
Informal employment frequently continues to be the only form 
of subsistence for unqualified workers who are excluded from 
the formal sector. This exposes them to low social protection 
and higher income volatility, which altogether forms a highly 
vulnerable economic group.42 There is often a lot of rotation 
between different precarious jobs, which exposes people to 
greater vulnerability to effects of individual, domestic, or mac-
roeconomic crises, such as those generated by COVID-19. Ac-
cording to the Food and Agriculture Organization of the United 
Nations, 1.2 billion people who live in precarious settlements 
are considered high risk in the context of COVID-19.43 These 
form what is called “the social vulnerability trap”.44 

35. Bonnet, F. et al. (2018). 

36. Bonnet, F. et al. (2018), 68.

37. The organization Women 
in Informal Employment: 
Globalizing and Organizing 
(WIEGO), for example, is a global 
network whose work focuses 
on empowering the working 
poor in the informal sector. 
Recognizing the magnitude 
of the phenomenon and some 
advantages that continue to 
justify and encourage informal 
work, the organization focuses 
on building a network, offering 
legal support and knowledge, 
expanding opportunities, and 
guaranteeing basic rights for 
workers. Website: https://www.
wiego.org/about-us. 

38. OECD. (2020). Informality and 
employment protection during and 
beyond COVID-19: Good practices and 
the imperative of universal safety 
net. https://www.oecd.org/latin-
america/events/lac-ministerial-
on-social-inclusion/2020-OECD-
LAC-Ministerial-Informality-
and-employment-protection-
during-and-beyond-COVID-19-
background-note.pdf

39. OPHI and UNDP. (2020).

40. OPHI. (2020).

41. OPHI and UNDP. (2020).

42. OECD. (2020). 

43. FAO. (2020).

44. OECD. (2020). 

98.2% of the 1.3 billion people 
who live in conditions of 

multidimensional poverty 
face risks related to 

contaminated air, unhealthy 
water, and malnutrition.
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In order to explore the constraints 
of social territorial vulnerability, it is important to consider as-
pects such as gender inequality, the age of the community living 
in informal settlements, and the specific social characteristics 
of these groups.45 For example, climate pressures can have ef-
fects on gender gaps, by increasing the demands of citizens in 
the neighborhoods, due to a constant increase in illnesses or 
temporary interruption of access to services. The economy of 
precaution has a key role in enabling social and economic inte-
gration in low-income neighborhoods and cities in general. In 
order to sustain their daily lives, people with a certain level of 
dependence are in need of care by other providers. Given that 
this dependence is mainly managed in families, the presence 
of small children, disabled people, or elderly people with re-
strained autonomy increases the quality of resources that they 
need in order to survive. The spare time required by families 
for care puts pressure on their available time that is used for 
generating income. This situation particularly affects women, 
as they tend to assume primary responsibility of care for those 
who need it. A rise in events that increase the need for care can 
result in people’s incapacity to designate time to different eco-
nomic activities and, with this, an increase in the gap in social 
and economic inequality. 

The feminization of poverty has di-
verse edges; however, in informal settlements, it is principally 
based on three factors: informal employment, unpaid use of 
time, and precarity in paid domestic work. Firstly, in LAC, 54% 
of women are informally employed46 and these values have in-
creased for residents from informal settlements. In Argentina, 
for example, according to the latest data,47 the rate of women’s 
informal work (36%) is 2 percent higher than the rate for men, 
and women suffer the highest levels of unemployment and pre-
carious labor. On average, women make 29% less than their 
male partners. This gap is wider for informal employees, arriving 
at 35.6%. In relation to the second point, women in Argentina 
dedicate three times more time than men to domestic work 
and unpaid care, according to an investigation on Unpaid Work 
and Use of Time by the National Institute for Statistics and Cen-
sus (Instituto Nacional de Estadística y Censos, INDEC). In this 
way, according to the OIT, approximately 80% of single-parent 

45. Wamsler, C. (2014), 91, 98.

46. UN-Women. (2015). El Progreso 
de las Mujeres en el Mundo 2015-
2016: Transformar las economías para 
realizar los derechos. https: // www. 
unwomen.org/es/digital-library/ 
publications / 2015/4 / progress-
of- the-worlds-women-2015

47. Ministry of Economy, 
Argentina, Secretariat of 
Economic Policy and National 
Directorate of Economy, Equality 
and Gender. Las brechas de género 
en la Argentina. Estado de situación 
y desafíos. https: //www.argentina. 
gob.ar/sites/default/files/ 
las_brechas_de_genero_en_la_ 
argentina_0.pdf Climate pressures can have 

effects, for example, on gender 
gaps. The feminization of poverty 

has different aspects, but in 
informal settlements it is based 

mainly on three factors: informal 
employment, use of unpaid 

time, and precariousness in paid 
domestic work.

118
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B



homes are headed by a woman (taking into account financial as 
well as care responsibilities), which is 3.2 times more time than 
men dedicate to this work.48 Taking a look at the gender gap 
and its relation to people’s neighborhoods in Argentina, women 
in informal settlements earn 9% less per hour than their male 
partners, and 47% less than women who live in neighborhoods 
with adequate infrastructure. The gap between neighborhoods 
for men is 10% less.

One of the most vivid expressions of 
the current crisis of care, which has seen an increase because 
of climate change conditions, is the infantilization of poverty. 
Half the children up to five years old live in families that do not 
have the minimum income needed to provide good quality 
care, creating a vicious cycle of poverty. 

Precarious situations in informal set-
tlements tend to be associated with violent situations. For in-
formal workers, work-related violence can come from agents 
of the state: municipal police, transport agents, border po-
lice, etc., such as evicted people who suffer street peddlers in 
their places of work (on the street and market). In the case of 
home-workers (of which the majority are women), perpetra-
tors of violence include members of the family (and employers’ 
friends or family), land-owners, employment-agency workers, 
and intermediaries. In the case of gender violence, determi-
nant factors are lack of street-lighting and public-space lighting 
in places such as transport stations.49 Extreme climatic events 
can exacerbate precarious conditions for infrastructures and 
public services, compromising their functions and thus reduc-
ing even further the possibility of mitigating these risks. 

Another aspect of social territorial 
vulnerability is access to education and its potential for gen-
erating income. The opportunity of having uninterrupted ed-
ucation can be impaired by the rise in climate events and the 
infrastructure’s inability to provide necessary shelter and com-
fort for the proper development of educational activities This 

48. CIM. (2020). Coronavirus: 
Una pandemia mundial que afecta 
diferenciadamente a las mujeres. 
https://dialogocim.wordpress.
com/2020/03/18/coronavirus-
una-pandemia-mundial-que-
afecta-diferenciadamente-a-las-
mujeres/

49. Chen, M. (2018).

impacts the possibility of ensuring a better future. The volume 
of income accessed by families is conditioned by the educa-
tional capital they have accumulated. Effectively, a worker who 
has not completed secondary education receives 47.7% less in-
come per hour than a worker who has. In informal settlements, 
69% of working hours come from workers who did not com-
plete secondary education. In neighborhoods with inadequate 
infrastructure, this proportion is less than 35%.50 

Among the difficulties for residents 
of informal settlements is the lack of access to public services 
and transport systems. This amounts to an expenditure in 
necessary resources, for example, time to access better work 
opportunities, and a larger domestic burden (such as having 
to make a long journey to access drinkable water).51 Situations 
like these and others of a social nature increase the pover-
ty trap in neighborhoods and is also linked to the increase 
in the burdens of care, barriers in accessing the job market, 
and school desertion. Moreover, the lack of safe, high-quality 
public spaces, as well as overpopulation, makes it so that situ-
ations of confinement caused by climate or health crises can 
result in an increase in domestic violence. Investigations on 
the localization of work in cities in Brazil have proven that for 
the favela residents in Rio de Janeiro and São Paulo, there is 
a significant percentage who work in the favela itself, concen-
trating informal service and commercial activities.52 Notwith-
standing the advantages that a nearby job offers, such as the 
possibility of taking care of family and the reduction of com-
mute time and transport expenditures, the problem arises in 
cases of disaster, which not only affects their homes but also 
their places of work and therefore their sources of income. This 
is another example that when employment is informal, it is not 
guaranteed.

Lastly, there are cultural elements 
of territorial vulnerability, related to the gap in equality felt by 
social groups such as ethnic minority groups or migrants. Mi-
grant women are a community that is particularly exposed to 

50. ReNaBaP. (2018). Relevamiento 
Nacional de Barrios Populares 2018. 
http: // data. ceiling.org/dataset/
argentina- relevamiento-nacional 
-de-barrios-popular-2018.

51. Scuro, L., and Vaca Trigo, 
I. (2017). La distribución del 
tiempo en el análisis de las 
desigualdades en las ciudades 
de América Latina. ?Quién cuida 
en la ciudad?: Aportes para políticas 
urbanas de igualdad, Libros de la 
CEPAL, 150, Santiago, Economic 
Commission for Latin America 
and the Caribbean (ECLAC).

52. Abramo, P. (2001). La teoría 
económica de la favela: Cuatro 
notas sobre la localización 
residencial de los pobres y el 
mercado inmobiliario. Boletín 
CF+S 29/30. Notas para entender el 
Mercado Inmobiliario, 21.

121120
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B
ID

B



the deprivation of rights, especially concerning sexual exploita-
tion.53 In this way, the migrant community is more vulnerable 
in terms of health, as they have less access to prepaid medi-
cal service and social services.54 The migrant community often 
feeds informal settlements, presenting another challenge for 
cities. In 2010, for example, 49% of the registered population of 
originally informal, low-income urban areas in Argentinian cities 
was born abroad.55 Of these, 22.2% were born in Paraguay, and 
21.4% were born in Bolivia. Migrants in settlements have a lower 
population (37.2%), while the majority of the population have 
Peruvian origins (17.7%).56 

The increase in climatic refugees 
that form a considerable part of the increase in migratory flows 
brings a new dimension of cultural challenges to informal set-
tlements. The residents of informal settlements are often mar-
ginalized from processes of development in cities. They often 
have difficulties with access to all types of opportunities, in-
cluding those linked to reductions in disaster risks, which help 
perpetuate the cycle of poverty.57

 

53. Rosas, C. Género y 
migraciones en el concierto de 
las desigualdades. Voces en el 
Fénix, 21, 56 -61; Sen, A. (1976). 
Poverty: An ordinal approach to 
measurement. Econométrica 44(2) 
(1976), 219-231.

54. Lieutier, A. (2019). Condiciones 
de vida de los migrantes de la 
República Argentina. IOM working 
document.

55. Mármora, L., Pacecca, M. I., 
Pombo, G., and Vaccotti, L. (2017). 
0.4 Migración y derecho a la 
vivienda adecuada, Desafíos 
en la Ciudad Autónoma de 
Buenos Aires. Revista Migraciones 
Internacionales. Reflexiones desde 
Argentina, 0.1, Autonomous City 
of Buenos Aires, International 
Organization for Migration (IOM)..

56. Cosacov, Natalia & Di Virgilio, 
María & Najman, Mercedes. 
(2018). Movilidad residencial de 
sectores medios y populares: 
la ciudad de Buenos Aires 
como punto de llegada. /// 
Residential mobility of middle-
class and popular sectors: 
the city of Buenos Aires as an 
arrival destination. Cadernos 
Metrópole. 20. 99-121. 10.1590/2236-
9996.2018-4105. 

57. Sandoval, V., and Sarmiento, 
J. P. (2018). Una mirada sobre la 
gobernanza del riesgo y la resiliencia 
urbana en América Latina y el Caribe: 
los asentamientos informales en 
la nueva agenda urbana. Florida 
International University, 50.

Migrant women are 
particularly exposed to 

the deprivation of rights, 
especially concerning 

sexual exploitation.
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TOWARDS THE 
CONSTRUCTION 
OF A RISK 
ATLAS FOR THE 
INFORMAL CITY

 

S According to UN-Habitat, in Latin America, 1 in 4 people 
who live in urban areas today live in informal spaces, with 
all the inequalities this presents in access to basic homes, 

services, and opportunities. This situation shows that there is 
still a lot of space in situ to continue programs of neighborhood 
improvement and presents opportunities to improve mecha-
nisms of intervention and make them more effective.58 This is 
seen in the definition used by the Organization for Economic 
Cooperation and Development (OECD), describing areas where 
groups live together on land whose owners have no legal claim 
or “illegally occupy” it. Other examples are unplanned settle-
ments and areas where the home doesn’t comply with planning 
and construction regulations (unauthorized homes).59 These are 
mainly focused on the physical configuration and ownership of 
the land, without necessarily addressing the economic, social, 
and health dimensions of the informal city. Thinking of climate 
change and informal settlements necessarily implies a more 
complex understanding of the informal city and a more direct 
reconsideration of the different dimensions of vulnerability that 
ecological pressures generate for their inhabitants.

58. UN-Habitat. (2014).

59. OECD. Glosario de términos 
estadísticos de la Organisation 
for Economic Cooperation and 
Development. https://stats.oecd.
org/glossary/detail.asp?ID=1351.

Thinking about climate change 
and informal settlements 

necessarily implies a more 
complex understanding of the 

informal city and a more direct 
questioning of the various 

dimensions of vulnerability that 
ecological pressures generate on 

its inhabitants.
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Informality provokes very high costs 
for its residents (like in precarious tenancies) along with lacks in 
public services, while discriminating against parts of the com-
munity and provoking environmental, health, and civil dangers of 
inequality.60 The limited access to public services and transport 
infrastructures is seen in the reduction of work opportunities 
and social development. This situation exacerbates the cultural 
stigma associated with informal communities, which often ex-
cludes inhabitants from the formal job market and makes near-
by communities even more segregated (for example, through 
walls built along the perimeter). The general living conditions in 
these settlements do not comply with the minimum of urban 
norms: narrow roads, dense occupation, precarious construc-
tion, difficult access and circulation, lack of ventilation, lack of 
a sewage system and of public spaces. In many cities, informal 
occupation occurs in areas near water reservoirs susceptible to 
flooding, or protected forests.61

Informality also generates immedi-
ate high costs of remediation for local governments or nations, 
which need to adopt improvement programs. It also generates 
a substantial quantity of indirect costs, which arise from the im-
pact of informality in the field of public health, criminal violence, 
and other associated social problems that could be prevented 
by better access to opportunities.62 The supply of informal ser-
vices, such as water, for example, is much more expensive than 
the formal supply. In Bogotá, it was calculated that the cost of 
the regularization of informal settlements is 2.8 times greater 
than the cost of developing urban lands with public services 
for poor residents. In the case of Monte Olivos, Guatemala, the 
price of water provided through tank trucks is 7 times higher 
than that which arrives through pipelines.63 The actual situation 
reflects what has come to be named “structural incapacity of 
public administrations in Latin American countries, especially at 
a local level, to guarantee sufficient economic lands and public 
services and/or housing unities in urban areas”.64 The predom-
inant urban legal order in the majority of Latin American cities 

60. Fernandes, E. (2011), 2.

61. Fernandes, E. (2011), 7-8.

62. Fernandes, E. (2011), 2.

63. Both services are provided 
by the same private "utility" 
company, a perverse incentive 
against private investment 
to extend piped water service. 
Smolka, M., Biderman, C. 
(2011). Housing informality: An 
economist’s perspective on urban 
planning. In Brooks, N., Donaghy, 
K., Knaap, G. (Eds). Oxford Handbook 
of Urban Economics and Planning. 
Oxford University Press, 9.

64. Smolka et al. (2008), 9.

Limited access to public 
services and mobility 

infrastructures translates into 
reduced job opportunities and 

social development.
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has contributed to the establishment of some comparatively 
high land and property prices in both the formal and informal 
markets. This has propagated a pattern of socio-spatial segre-
gation. The usual urban planning in major Latin American cities 
has reinforced informal processes and an absence of systemic 
public investments and service provision in zones of poverty.65

The above costs are calculated 
presuming that environmental remediation is possible, and 
whether the conditions of informal settlements allow for in-
terventions that repair inadequate conditions and that miti-
gate existing risks in an acceptable way. When remediation is 
not possible, families living in vulnerable settlements may be 
relocated, with all the economic costs that this implies, not 
only for those who cover the value of the interventions, but 
also for families when they are separated from job opportuni-
ties and their support systems.

The effects of climate change in cit-
ies mean that the number of settlements that are not reme-
diable will progressively become higher or that risks increase, 
and therefore interventions will be more expensive and com-
plex. Informal settlements are often not included in territorial 
plans and risk analysis. However, building a risk atlas for informal 
settlements would allow their fundamental vulnerabilities to be 
defined and their progress to be monitored. This would make 
the prioritization and formalization of available resources more 
effective, and improve the outcome of territorial interventions.

As a pilot experience, we have devel-
oped a first draft of a risk atlas for informal settlements, which 
generates a method that can easily be realized and replicated 
in different contexts. In order to evaluate vulnerability, the risk 
atlas begins by analyzing the density of informal neighborhoods 
and families, overlapping it with other risks: flooding, drought, 
land erosion, landscape fragmentation (understood as defor-
estation and loss of bodies of water), and suburban uses. En-
vironmental and geological risks are two factors that increase 
vulnerability associated with poverty and the social exclusion 
of informal settlements. Moreover, risk levels have increased 
in recent decades, as territories with high levels of exposure 
have been increasingly occupied. These will continue to rise 

65. Fernandes, E. (2011). In Brazil, 
for example, even after the recent 
launch of a far-reaching national 
housing program, there is very 
little formal housing available 
for low-income families (those 
living on less than three Brazilian 
minimum wages). Chile is one of 
the few countries in the region 
that has implemented a large-
scale social interest housing 
policy, but it has not been 
exempt from criticism for having 
concentrated construction of 
low-income housing in remote 
peripheral areas, increasing 
socio-spatial segregation.

The effects of climate change 
are progressively increasing 

the number of precarious 
settlements that can no longer 

be remediated or, when 
interventions are still possible, 

they are more expensive and 
more complex.
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due to the impacts of climate change. A fundamental aspect 
of the methodology is the elaboration of a Multidimensional 
Atlas. The climate crisis is a systemic problem, and the inter-
connection of different scales should be considered: “from the 
home to the basin”.66 These dimensions are fundamental for 
making decisions to frame localized interventions and, at the 
same time, for understanding its consequences, connections, 
impacts, and the gradual transformation of the framework in 
which they are found. 

The objective of the atlas is also to 
understand the potential of green infrastructure to remedy con-
ditions of territorial vulnerability. Vulnerability can be evaluated 
cartographically, generating a map that makes it possible to vi-
sualize different risks and to individualize areas that can benefit 
from the implementation of green infrastructure.

The case of Argentina

T he first country for which we have developed the Risk 
Atlas of Informal Settlements is Argentina, where re-
cently there have been nationwide surveys on the con-

ditions of communities living in informal situations. In 2016, 
the government of Argentina promoted surveys of precarious 
housing and settlements, by establishing a National Register of 
Informal Settlements also known as ReNaBaP (Registro Nacional 
de Barrios Populares), the first official survey that mapped and 
characterized informal settlements in the country.67 This allows 
us to have a clear idea of the amount of people living in situa-
tions of extreme vulnerability. In accordance with the adopted 
definition, an informal settlement, barrio popular, is that which 
unites at least eight grouped or adjacent families, half of whom 
do not have legal land rights, nor do they have regular access 
to at least two basic services (running water networks, electric 
energy networks with a home measuring system, and a sewage 
system).68 As seen in Graph 10, Argentina is aligned with Latin 

66. Coleman, S. et al. (2018).

67. Decree 358/2017 constitutes 
the formal recognition of 
ReNaBaP in Argentina.

68. Source: ReNaBaP. (2018).

America in the percentage increase of urban population be-
tween 1990 and 2014. The residential community of informal 
settlements continued to increase in Argentina until around 
the year 2000, when it began to descend. However, over 1 in 
every 6 inhabitants in Argentina and 1 every 5 inhabitants in 
Latin America and the Caribbean still lives in informal settle-
ments.69 As seen in Graph 11 to the right, more than 100,000 
new families have been registered as residents of informal set-
tlements each decade (132,526 new families in 2000, 197,591 
in 2010, 104,589 in 2018). This proves how the phenomenon is 
constantly evolving.70 In 2018, the ReNaBaP identified that in 
4,416 settlements (where approximately 935,000 families live), 
around 4,000,000 inhabitants live in vulnerable conditions71. 
The majority of  informal settlements and families are found 
in Buenos Aires (Graph 14, left), with 484,045 families living in 
1,726 neighborhoods.72

In Argentina, 55% of informal neigh-
borhoods are registered and have been settled before the year 
2000, while 26% appeared throughout 2000-2010, and 19% 
between 2010 and 2016. Most often, these urbanizations have 
been developed in marginal areas, on residual contaminated 
lands that are exposed to flooding and heat waves, which have 
intensified in recent years as a consequence of climate change.73 
It is estimated that 93.81% of homes do not have access to for-
mal running-water systems, while 98.81% don’t have access to 
formal sewage systems, and 70.69% to formal electricity. At the 
same time, a lack of public spaces and recreational areas has 
been registered, which makes social cohesion more difficult and 
limits development. Approximately 45% of informal settlements 
are found in zones that are subject to some type of environmen-
tal risk.74 This trend of territorial occupation increases pressure 
on factors that worsen the effects of flooding and population 
vulnerability. Additionally, basic services in these neighborhoods 
have higher exposure, risk, and vulnerability to storm and heat 
waves, among other phenomena.75

69. Source: The World Bank Data. 
Population living in slums (% of 
urban population) - Latin America & 
Caribbean. (1990-2014).  

70. Source: ReNaBaP (2018). The 
data indicates the number of 
new families per decade, not the 
total to date. It should be noted 
that the surveys of low-income 
neighborhoods of ReNABAP are by 
family, and the data of UN-Habitat 
(2014), occupied in infographic 
13, are by residents. The defini-
tion of "informal neighborhood" 
(UN-Hábitat, 2014) and "low-in-
come neighborhood" (ReNa-Bap, 
2018) do not exactly coincide 
either. An informal neighborhood 
is defined as a residential area 
in which: 1) the inhabitants do 
not have tenure rights over the 
land or houses in which they live, 
under the modalities that go from 
the illegal occupation of a house, 
to the informal rent; 2) neighbor-
hoods often lack basic services 
and urban infrastructure; and 
3) homes may not comply with 
building and planning regula-
tions and are often geographically 
and environmentally located in 
hazardous areas (UN-Habitat, 
2014). A low-income neighborhood 
is one that brings together at 
least eight grouped or contiguous 
families, where more than half of 
the population is not entitled to 
the land, nor regular access to, at 
least two out of three of the basic 
services (running water network, 
electricity network with home 
meter and/or sewage network) 
(ReNaBap, 2018).

71. Source: ReNaBaP. (2018). 

72. Source: ReNaBaP. (2018).

73. Urban expansion has been 
characterized by informal 
settlements in low-lying and 
flood-prone areas, data collected 
in the National Survey on Social 
Structure (ENES), 2015. http://
pisac.mincyt.gob.ar/datos. php. 
The information was estimated 
based on data from the SUMAR 
plan – Argentine public policy 
that promotes equitable access 
and quality health services for 
the entire population that does 
not have formal health coverage 
– for the population of the areas 
included in the representative 
sample of projects. https://www.
argentina.gob.ar/health/sumar

74. ENES data, 2015. 

75. From 1960 to 2010, an increase 
in the average temperature was 
observed in most of the country. 
ENES data, 2015.
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Data source: 
World Bank (1990-2014), Population living in slums (% of 
urban population) - Latin America & Caribbean. Habitat. 

Ministry of Health and Social Development of Argentina 
(2019), Final Report: INTEGRACIÓN SOCIOURBANA DE BARRIOS 
POPULARES, Renabap data as of December 31, 2016: 935,000 

World Bank (2019) Urban Population Data - Latin America & 
Caribbean, Argentina. https: //datos.banco- Mundial.org/
indicador/SP.URB.TOTL?locations=ZJ

families, around 4 million people – out of a total of 44 million 
inhabitants in Argentina, or 11%.

GRAPH 10
URBAN COMMUNITY AND INFORMAL SETTLEMENTS
Urban communities in Latin America and the Caribbean (LAC) and Argentina 
(in millions of inhabitants).
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Percentage of population in informal settlements 
in LAC and Argentina
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1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2018

  3,225 Families (32 Settlements)

  484,045 familias (1,726 settlements)

  32,570 Families (263 Settlements)

  5,977 Families (56 Settlements)

  73,673 Families (57 Settlements)

  17,956 Families (120 Settlements)

  23,030 Families (194 Settlements)

  18,010 Families (169 Settlements)

  18,594 Families (86 Settlements)

  10,577 Families (92 Settlements)

  234 Families (4 Settlements)
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  16,585 Families (247 Settlements)
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  18,779 Families (152 Settlements)

  20,195 Families (154 Settlements)

  2,858 Families (36 Settlements)

  3,027 Families (23 Settlements)

  1,068 Families (6 Settlements)

  72,552 Families (341 Settlements)

  11,295 Families (52 Settlements)

  4,364 Families (36 Settlements)

  34,847 Families (203 Settlements)
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GRAPH 11
HISTORIC INFORMALITY IN ARGENTINA
Quantity of families in informal settlements 

Data source: 
ReNaBaP (2018), 2018 National Survey of Popular Neighborhoods. 
Clarification: the year 2018, when the data was taken, is used. 
Neighborhoods whose information is missing are not included. 
The measurement methods in this graph are different from the 
previous one. Therefore, the results show different trajectories.
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Graph 12 shows the results of the 
2016 ReNaBaP survey on the provision and quality of infrastuc-
ture in informal settlements. This affects resilience in the face 
of climate change. The data that is developed from a sample of 
studied territories, which includes Alto Valle de Rio Negro, AMR, 
Buenos Aires, CABA, Córdoba, Gran Corrientes, Gran Resisten-
cia, San Miguel de Tucuman, Misiones, Neuquén, and Salta. A 
high percentage of the settlements, around 70%, have no sew-
age systems, sidewalks, or paved roads. This influences risks of 
flooding (almost 65%) and sustainable mobility. There is a lack 
of waste collection by municipalities and waste elimination by 
burning, almost 40%, which impacts environmental contami-
nation, especially in the case of flooding. Other methods of re-
ported waste collection include throwing garbage outside the 
neighborhood, into open-air bins and riverbanks or streams, 
which is damaging for health and the environment. Almost 84% 
of informal settlements in Argentina lack public sewage sys-
tems. All these factors influence the health and well-being of 
communities, which is key for their socioeconomic resilience in 
the case of extreme climate events.76 

76. Data source: TECHO Argentina. 
(2016). Informe Relevamiento 
Asentamientos Informales 
2016. https: // www. ceiling.org/
argentina/wp-content/ uploads 
/ sites / 3/2019/04 / Informe-
Relevamiento-de Asentamientos-
Informales-2016- TECHO-
Argentina.pdf

Only 24% of informal 
settlements in Argentina 

have squares or parks. 
Approximately 45% of these 

settlements are located in 
areas with some type of 

environmental risk.
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4%17.7%16.6%64.7%

6.6% 5%18.8%20.5%49%

4.4%7.8%12.9%35.5%39.4%

FREQUENCY OF FLOODS

Other
Occasionally

1 or 2 times a year (floods)
Many times a year (strong rain)

DISTANCE TO THE PUBLIC 
SQUARE OR PARK

3km to 5km
Over 5km 

Inside the neighborhood
1km to 3km

Less than 1km

WASTE DISPOSAL

Riverbank or stream
Other

Open-air garbage dump
Neighbors collect and throw away

Garbage burned

5.2%27.4%29.2%38.2%

11.7%18.4%39.9%

7.5%10.8%12.2%69.5%

11.1%15.2%73.7%

WASTE COLLECTION

Once a week or less
At least 5 time per week

Between 2 and 4 times per week
Does not have

SIDEWALK

Does have, provided by the State
Does have, made by neighbors

Does not have

ASPHALT

In some of the neighborhood streets
In all, or almost all the streets

Only present in the main street
Does not have

SEWAGE

Does have, made by neighbors
Does have, provided by the State

Does not have

Data source: 
TECHO (2016), Informal Settlements Survey Report 2016.

GRAPH 12
INFRASTRUCTURE IN INFORMAL SETTLEMENTS IN ARGENTINA

Map 15 shows the number of fam-
ilies from informal settlements that are exposed to the main 
elements of vulnerability, analyzed in the Risk Atlas. These in-
clude families that live in suburban areas; families in fragmented 
landscapes, affected by deforestation and lost bodies of water; 
families in protected areas; families who live in high-risk areas 
for flooding or drought. The vulnerabilities of each province on 
a national scale are shown, in order to define priorities and ac-
tion strategies for green infrastructure, and to evaluate which 
are the highest risks. Vulnerability to droughts is an important 
priority for the families located in the province of Buenos Aires 
(also known as Autonomous City of Buenos Aires, or CABA), and 
Santa Fe. Landscape fragmentation, evaluated in terms of per-
centage of land that is subject to deforestation and water loss, 
also affects a significant number of families in several regions, 
being the priority risk in Tucuman, Misiones, Salta, Formosa, En-
tre Rios, or Corrientes. Settlements in protected areas are an 
important condition in Chaco, as is flooding.77 Map 16 shows the 
percentage of low-income neighborhoods according to risk in 
each province. This is useful for understanding which risks are 
most prevalent in each province, so that strategies of action 
in green infrastructure can be focused. For example, in CABA, 
Buenos Aires, Cordoba, and Santa De, 100% of families are ex-
posed to a high risk of drought. In Chaco, CABA, Corrientes, 
Formosa, La Pampa, La Rioja, Salta, San Juan, San Luis, San-
ta Cruz, Santiago del Estero, Tierra del Fuego, and Tucuman, 
100% are in fragmented landscapes for deforestation and/or 
loss of water. In La Pampa and Tierra del Fuego, almost 100% 
of families are at high risk of flooding. In Chaco and Tierra del 
Fuego, around 55% of families are found in protected areas. In 
La Rioja and San Luis, 100% of families are in suburban areas.78 

77. Data source: ReNaBaP. 
(2018) Relevamiento Nacional de 
Barrios Populares 2018; IDESA. 
(2007). Cobertura del suelo de la 
República Argentina 2006-2007; 
World Resources Institute. 
(2019). Aqueduct 3.0: Relevant 
Global Water Risk Indicators; APN. 
(2017). Ecorregiones de Argentina; 
IGN. (2019). Áreas protegidas de la 
República Argentina; MA and DS. 
(2016). Monitoreo de la Superficie de 
Bosque Nativo 2006- 2016; Global 
Surface Water. (2018). Water 
Transitions.

78. ReNaBaP (2018). 
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MAP 15
SUMMARY OF RISKS OF INFORMAL 
SETTLEMENTS IN ARGENTINA BY PROVINCE
Number of families at risk by province

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios Populares 
2018; IDESA (2007), Land cover of the Argentine Republic 
(2006-2007); World Resources Institute (2019), Aqueduct 3.0: 

Relevant Global Water Risk Indicators; APN (2017), Ecoregiones de 
Argentina; IGN (2019), Protected Areas of the Argentine Republic; 
MAyDS (2016), Monitoring the Surface of Native Forest 2006-2016; 
Global Surface Water (2018), Water Transitions.

Family’s Location
Families in suburban areas
Families in fragmented landscapes (deforestation and reduction of bodies of water)
Families in protected areas
Families at high risk of flooding
Families at high risk of drought
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MAP 16
SUMMARY OF INFORMAL SETTLEMENT 
RISKS IN ARGENTINA BY PROVINCE
Percentage of families at risk by province

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios Populares 
2018; IDESA (2007), Land cover of the Argentine Republic (2006-
2007); World Resources Institute (2019), Aqueduct 3.0: Relevant 

Global Water Risk Indicators; APN (2017), Ecoregiones de 
Argentina; IGN (2019), Protected Areas of the Argentine Republic; 
MAyDS (2016), Monitoring the Surface of Native Forest 2006-2016; 
Global Surface Water (2018), Water Transitions.

Family’s Location
Families in suburban areas
Families in fragmented landscapes (deforestation and reduction of bodies of water
Families in protected areas
Families at high risk of flooding
Families at high risk of drought
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In the first instance, the Risk Atlas 
for Argentina is focused on exploring ecological territorial vul-
nerability and will later be expanded to the other dimensions 
of vulnerability. The Atlas works in a multidimensional man-
ner, in order to arrive at a neighborhood scale in the city of 
Corrientes. To construct the Atlas, climate-change data from 
different sources is matched with information on informal set-
tlements gathered by the National Register of Informal Settle-
ments. The ReNaBaP collects and details information on slums 
and precarious settlements in Argentina and is published on 
the TECHO Argentina web page.79 Information from the Aq-
ueduct page is also used in the hydrologic Risk Atlas from the 
World Resources Institute, with respect to climate change and 
the effects it produces, including flooding and droughts.80 For 
the maps related to types of land use, available information 
from the IDESA web page is used (Land Coverage of the Re-
public of Argentina), IGNA (Protected Areas), APN (Argentinian 
Ecoregions), SAYDS (Monitoring the Surface of Native Forest) 
and Global Surface Water (Lost permanent water transition).81 

This combined information recogniz-
es previously realized efforts, such as the case of the System of 
Climate Change Risk Maps of the Environment and Sustainable 
Development Secretary, from the government of Argentina.82 
Starting from this, the Atlas intends to explore the effects and 
impacts of climate change in informal settlements in particular. 

79. The information is download-
ed from the datasets available 
on the TECHO Argentina website: 
http://datos.techo.org/fa_IR/
dataset/argentina-relevamien-
to-nacional-de-barrios-pop-
ular-2018. ReNaBaP website: 
https://www.argentina.gob.ar/
habitat/renabap

80. World Resources Institute. 
(n.d.) Aqueduct Water Risk Atlas. 
https://wri.org/applications/aq-
ueduct/water-risk-atlas

81. The pages of the aforemen-
tioned institutions can be 
found at the following links: 
IDESA:http://geoportal.idesa.
gob.ar/layers/geonode%3Al-
ccs_n3_2007; IGN: https://
www.ign.gob.ar/OurActivities/
Geo-spatialInformation/Capas-
SIG; APN: https://www.idera.gob.
ar/index.php?option=com_con-
tent&view=article&id=335:-
geoservices&catid=33:ser-
vices&Itemid=302; SAyDS: http://
mapas.parquesnacionales.gob.ar/
layers/geonode%3Aarg_ecorre-
giones_01_simpli; Global Surface 
Water: http://global-surface-wa-
ter.appspot.com/map

82. Secretariat of Environment 
and Sustainable Development. 
Sistema de mapas de riesgo del 
cambio climático. https://simarcc.
environment.gob.ar/

The preliminary results of the At-
las, organized by type of risk, are summarized here. As Map 17 
shows, a high density of the population is exposed to climate 
risks that are accentuated by the precarious and vulnerable 
conditions of informal settlements. The map shows neighbor-
hood density by department. Departments with the highest 
number of informal settlements are highlighted in dark grey, 
and the number of corresponding families are shown in red 
bars, from smallest to largest height and width, according to 
the quantity. The highest number is found in the CABA and the 
departments of Rosario (region of Santa Fe) and Tucuman. The 
map is accompanied by a summarized list of data for every 
province. In Map 18, the density of informal settlements in the 
geographic region of Mesopotamia is presented per depart-
ment. The departments with the highest number of neigh-
borhoods are marked in vertical bars, highlighting Misiones 
and Corrientes. Additionally, urban areas and the localization 
of low-income neighborhoods that tend to be concentrated 
in their vicinity are shown. This localization is important for 
understanding and reflecting on the genesis and dynamics of 
these settlements, with respect to the development of cities. 
Map 19 zooms in at the scale of the province of Corrientes, 
showing the relationship between urban areas and mobility 
infrastructure. The informal settlements are concentrated in 
the capital, with 14,073 families, greatly differing from the cities 
Goya (604 families) or Paso de los Libres (451 families) on the 
border with Brazil.

Map 20 shows the localization and 
density of families living in informal settlements at the scale 
of the city in Corrientes. Corrientes and its neighboring city, 
Resistencia, both have a high density of informal settlements. 
The majority are found in peri-urban zones on the edges of 
the Parana River of the Arroyo Pirayui (some are also in urban 
agricultural zones), with the exception of the neighborhoods 
of Paloma de la Pax or la Olla, which are found next to the Bo-
tanical Garden and are more central. 
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Number of informal 
settlements by department

Number of families in informal settlements

MAP 17
INFORMAL SETTLEMENTS IN ARGENTINA
Argentina Scale

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios Populares 
2018- IGN (2019), Boundary lines.

BUENOS AIRES | N. of families 484,045 | N. of settlements: 1,726
CABA | N. of families: 73,673 | N. of settlements: 57
SANTA FE | N. of families: 72,552 | N. of settlements: 341
MISIONES | N. of families: 41,181 | N. of settlements: 268
TUCUMÁN | N. of families: 34,847 | N. of settlements: 203
CHACO | N. of families: 32,570 | N. of settlements: 263
CÓRDOBA | N. of families: 23,030 | N. of settlements: 194
SALTA | N. of families: 20,195 | N. of settlements: 154
RÍO NEGRO | N. of families: 18,779 | N. of settlements: 152
FORMOSA | N. of families: 18,594 | N. of settlements: 86
ENTRE RÍOS | N. of families: 18,010 | N. of settlements: 169
CORRIENTES | N. of families: 17,956 | N. of settlements: 120

MENDOZA | N. of families: 16,585 | N. of settlements: 247
SANTIAGO DEL ESTERO | N. of families: 11,295 | N. of settlements: 52
JUJUY | N. of families: 10,577 | N. of settlements: 92
NEUQUÉN | N. of families: 10,546 | N. of settlements: 85
CHUBUT | N. of families: 5,977 | N. of settlements: 56
TIERRA DEL FUEGO | N. of families: 4,364 | N. of settlements: 36
CATAMARCA | N. of families: 3,225 | N. of settlements: 32
SAN LUIS | N. of families: 3,027 | N. of settlements: 23
SAN JUAN | N. of families: 2,858 | N. of settlements: 36
SANTA CRUZ | N. of families: 1,068 | N. of settlements: 6
LA RIOJA | N. of families: 421 | N. of settlements: 14
LA PAMPA | N. of families: 234 | N. of settlements: 4

73,574 0
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PARANÁ, ENTRE RÍOS  
Settlements: 56  Families: 8,645

CAPITAL, CORRIENTES  
Settlements: 62  Families: 14,073 

POSADAS, MISIONES  
Settlements: 94  Families: 18,433

OBERÁ, MISIONES  
Settlements: 29  Families: 2,350

EL DORADO, MISIONES  
Settlements: 17  Families: 2,688 

GUARANÍ, MISIONES 
Settlements: 26  Families: 2,303

IGUAZÚ, MISIONES 
Settlements: 33  Families: 5,182  

GENERAL MANUEL BELGRANO, MISIONES 
Settlements: 19  Families: 4,820

CONCORDIA, ENTRE RÍOS  
Settlements: 50  Families: 4,629 

Urban areas

Informal settlements 
density by department

Number of Families in informal settlements

+ -

MAP 18
INFORMAL SETTLEMENTS IN ARGENTINA
Mesopotamia bioregional scale

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios Populares 
2018 - IGN (2019), Boundary lines.
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ESQUINA
Settlements: 3  Families: 155

GOYA
Settlements: 8  Families: 604

LAVALLE  
Settlements: 2  Families: 190 

MONTE CASEROS 
Settlements: 3  Families: 118

CURUZÚ CUATIÁ  
Settlements: 1  Families: 60

BELLA VISTA 
Settlements: 6  Families: 324

MERMERCEDECEDESS    
Settlements: 4 Families: 182  

SALADAS
Settlements: 4  

Families: 224

PASO DE LOS LIBRES 
Settlements: 10  Families: 451 

SANTO TOMÉ  
Settlements: 4  Families: 230 

CONCEPCIÓN Settlements: 
8  Families: 1,170

CORRIENTES  
Settlements: 62  Families: 14,073 

SAN COSME  SAN COSME  
Settlements: Families: 440 0 

SAN LUIS DEL PALMAR  
Settlements: 4  Families: 135 

MAP 19
ATLAS OF INFORMAL SETTLEMENTS IN ARGENTINA
Scale of Corrientes Province

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios Populares 
2018 - IGN (2019), Boundary lines.

Urban areas

Density of informal 
settlements by department

Number of families in informal settlements

+ -
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DETRAS DEL INTA
Families: 100

PUNTA TAITALO
Families: 400

BARRIO PUNTA MOLINA
Families: 460

LOMAS DEL MIRADOR
Families: 900

LA OLLA
Families: 800

PALOMA DE LA PAZ
Families: 700

RÍO PARANÁ
Families: 500

BARRIO QUILMES
Families: 550

MENDOZA AL SUR
Families: 610

BARRIO SANTA MARGARITA
Families: 150

DOCTOR MONTAÑA 
Families: 220

PIRAYUI I 
Families: 890

Quantity of families in 
informal settlements 

+800

MAP 20
ATLAS OF INFORMAL 
SETTLEMENTS IN ARGENTINA
Scale of Gran Corrientes

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios Populares 
2018 - IGN (2019), Boundary lines.

0-200
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In relation to land use, Map 21 an-
alyzes important environmental risks. For example, intense 
cultivation can provoke land erosion and increase the risk of 
floods. Its transformation over time impacts the exposure of  
informal settlements to climatic, temporary, and permanent 
crises.83 The highest percentages of informal settlements in 
suburban areas are in the regions of Cuyo, Sierras Pampeana, 
and Noroeste, and also in the south of Patagonia. In these re-
gions, there is a prevalence of forest and bush land use. How-
ever, at the national scale, the majority of informal settlements 
are situated on cultivated land. Graph 13 highlights the num-
ber of families living in suburban areas (left) and details the land 
uses (right). In Buenos Aires, for example, 138,243 families live in 
suburban areas, 63% of which are cultivated land. In San Juan, 
100% of families in suburban zones are found on cultivated 
land. In Santa Cruz, 100% are found in pastures. In Chubut, the 
Pampa, La Rioja, and Neuquen, a high percentage are found in 
bush zones; in Salta and Corrientes, in forest zones; in Formosa 
and Catamarca, in wetlands. A small percentage of families in 
Buenos Aires are situated in dunes, affecting the areas’ resil-
ience to coastal floods. 

As shown in Map 22, in the provinc-
es of Misiones and Entre Rios, which are part of the region of 
Mesopotamia, cultivated land use prevails. In the Province of 
Corrientes, there are more pastures, together with wetlands 
and aquatic vegetation. In all three, the forest areas are mixed 
with the previous ones. These maps show the distribution of 
informal settlments in relation to the predominant uses of the 
region. Those that are found in or near bodies of water can be 
exposed to floods, due to seasonal variations. Those in forest 
zones can suffer the consequences of deforestation (loss of 
habitats and land erosion). Those in cultivated zones can suffer 
land erosion and contamination by pesticides and fertilizers. 
 

83. Banzhaf, E., De la Barrera, 
F., Reyes Paeke, S. (2019). Urban 
Green Infrastructure in Support 
of Ecosystem Services in a 
Highly Dynamic South American 
City: A Multi-Scale Assessment 
of Santiago de Chile: Drivers, 
Risks, and Societal Responses. 
In Schröter M., Bonn A., Klotz S., 
Seppelt R., Baessler C. (Eds). Atlas 
of Ecosystem Services. Springer, 
Cham, 157-165.

In Argentina, the highest density of 
informal settlements can be found 

in rural areas.  Settlements that 
are located near bodies of water 

may be exposed to flooding, due to 
seasonal variations. Those located 
in zones of forests are impacted by 
the consequences of deforestation, 

such as loss of habitats and soil 
erosion. Those in cultivated areas 

can suffer soil erosion and pesticide 
contamination from fertilizers.
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NEUQUÉN
Families: 7,260

RÍO NEGRO
Families: 13,908

MENDOZA
Families: 13,532

BUENOS AIRES 
Families: 138,243

CÓRDOBA 
Families: 8,057

SANTA FE
Families: 16,680

JUJUY
Families: 8,991

ENTRE RÍOS
Families: 6,754

SALTA
Families: 15,594

CHACO
Families: 11,974

CORRIENTES
Families: 5,925

FORMOSA
Families: 6,062 MISIONES

Families: 16,408

TUCUMÁN 
Families: 11,469

Percentage of informal settlements 
in suburban areas by province

Land use

100 0

Bodies of water

Forests
Bush
Pastures

Flooded vegetation
Dunes

Crops

MAP 21
ATLAS OF INFORMAL SETTLEMENTS 
ACCORDING TO LAND USE
Scale of Argentina

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018 - IGN (2019), IDESA (2007), Land cover 
of the Argentine Republic (2006-2007).

Total amount of families 
in suburban informal 
settlements by department

*For this scale, segregation 
was done only for the ten 
departments with highest 
amount of suburban informal 
settlements.
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BUENOS AIRES CATAMARCA CHACO CHUBUT

GREATER BUENOS AIRES CORRIENTES CÓRDOBA ENTRE RÍOS

FORMOSA JUJUY LA PAMPA LA RIOJA

MENDOZA MISIONES NEUQUÉN RÍO NEGRO

SALTA SAN JUAN SAN LUIS SANTA CRUZ

SANTA FE SANTIAGO 
DEL ESTERO

TIERRA 
DEL FUEGO

TUCUMÁN

BUENOS AIRES 

CATAMARCA 1,914 Families | 23 Settlements 

CHACO 11,974 Families | 101 Settlements 

CHUBUT 1,662 Families | 18 Settlements 

GREATER BUENOS AIRES 0 Families | 0 Settlements 

CORRIENTES 5,925 Families | 53 Settlements 

CÓRDOBA 8,057 Families | 69 Settlements 

ENTRE RÍOS 6,754 Families | 61 Settlements 

FORMOSA 6,062 Families | 38 Settlements 

JUJUY 8,991 Families | 76 Settlements 

LA PAMPA 223 Families | 3 Settlements 

LA RIOJA 421 Families | 14 Settlements 

MENDOZA 13,532 Families | 201 Settlements 

MISIONES 16,408 Families | 113 Settlements 

NEUQUÉN 7,260 Families | 39 Settlements 

RÍO NEGRO 13,908 Families | 93 Settlements 

SALTA 15,594 Families | 115 Settlements 

SAN JUAN 2,398 Families | 25 Settlements 

SAN LUIS 3,027 Families | 23 Settlements 

SANTA CRUZ 308 Families | 3 Settlements 

SANTA FE 16,680 Families | 126 Settlements 

SANTIAGO DEL ESTERO 3,647 Families | 29 Settlements 

TIERRA DEL FUEGO 3,320 Families | 24 Settlements 

TUCUMÁN 11,469 Families | 97 Settlements 

138,243 families | 579 settlements

27.4%

63.3% 76.2%

13.6%

61.3%

98.2%

64.6%

84.1%

9.7%

53.2% 29.2% 76.2% 90.5%

9.5%

80.2%

19.8%

65.0%
85.6%

12.7% 56.3%

31.1% 100% 100%

85.2%

11.6%

66.3%

72.3%

38.4%

36.2%

19.3%

80.3% 97.7%

25.8%

33.5%27.0%

23.8%

35.0%

86.8%

13.1%22.5%

57.8%

16.5%

23.5%

BUENOS AIRES CATAMARCA CHACO CHUBUT

GREATER BUENOS AIRES CORRIENTES CÓRDOBA ENTRE RÍOS

FORMOSA JUJUY LA PAMPA LA RIOJA

MENDOZA MISIONES NEUQUÉN RÍO NEGRO

SALTA SAN JUAN SAN LUIS SANTA CRUZ

SANTA FE SANTIAGO 
DEL ESTERO

TIERRA 
DEL FUEGO

TUCUMÁN

BUENOS AIRES 

CATAMARCA 1,914 Families | 23 Settlements 

CHACO 11,974 Families | 101 Settlements 

CHUBUT 1,662 Families | 18 Settlements 

GREATER BUENOS AIRES 0 Families | 0 Settlements 

CORRIENTES 5,925 Families | 53 Settlements 

CÓRDOBA 8,057 Families | 69 Settlements 

ENTRE RÍOS 6,754 Families | 61 Settlements 

FORMOSA 6,062 Families | 38 Settlements 

JUJUY 8,991 Families | 76 Settlements 

LA PAMPA 223 Families | 3 Settlements 

LA RIOJA 421 Families | 14 Settlements 

MENDOZA 13,532 Families | 201 Settlements 

MISIONES 16,408 Families | 113 Settlements 

NEUQUÉN 7,260 Families | 39 Settlements 

RÍO NEGRO 13,908 Families | 93 Settlements 

SALTA 15,594 Families | 115 Settlements 

SAN JUAN 2,398 Families | 25 Settlements 

SAN LUIS 3,027 Families | 23 Settlements 

SANTA CRUZ 308 Families | 3 Settlements 

SANTA FE 16,680 Families | 126 Settlements 

SANTIAGO DEL ESTERO 3,647 Families | 29 Settlements 

TIERRA DEL FUEGO 3,320 Families | 24 Settlements 

TUCUMÁN 11,469 Families | 97 Settlements 

138,243 families | 579 settlements

27.4%

63.3% 76.2%

13.6%

61.3%

98.2%

64.6%

84.1%

9.7%

53.2% 29.2% 76.2% 90.5%

9.5%

80.2%

19.8%

65.0%
85.6%

12.7% 56.3%

31.1% 100% 100%

85.2%

11.6%

66.3%

72.3%

38.4%

36.2%

19.3%

80.3% 97.7%

25.8%

33.5%27.0%

23.8%

35.0%

86.8%

13.1%22.5%

57.8%

16.5%

23.5%

GRAPH 13
SUMMARY OF RISKS BY LAND USE
FOR THE PROVINCE

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018. IDESA (2007), Land cover of the Argen-
tine Republic (2006-2007).

Land use

Bodies of waterForests Bush Pastures Flooded vegetation DunesCrops

These graphs show the number of families in 
suburban areas (left) and show percentages of land 
uses in suburban areas. It highlights the number 
of families in suburban areas in Buenos Aires, 
where 63% are found in cultivation soil. In Santa 
Cruz, 100% is used for pastures. A small percentage 
of families in Buenos Aires are situated in dunes, 
whose resilience depends on the protection from 
coastal floods. 
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PARANÁ
Families: 3.118
37% 63%

CONCORDIA
Families: 1,588
81% 19% 

CONCEPCIÓN
Families: 1,170

97% 3%

CORRIENTES
Families: 3,223
94% 6%

MISIONES, POSADAS
Families: 2,092
51% 46% 3%

LEANDRO N. ALEM
Families: 1,379
54% 46% 

IGUAZÚ
Families: 3,119

2% 98%

GRAL. M. BELGRANO
Families: 4,820

90% 10%

GUARANÍ
Families: 1,011

100%

EL DORADO
Families: 2,045

100%

MAP 22
ATLAS OF INFORMAL SETTLEMENTS ACCORDING TO LAND USE
Scale of Bioregional Mesopotamia

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018. IDESA (2007), Land cover of the Argen-
tine Republic (2006-2007).

Percentage of informal settlements 
in suburban areas by province

Total amount of 
families in suburban 
informal settlements 
by department

*For this scale, the segregation 
was done for the ten 
departments with highest 
number of suburban informal 
settlements.
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The localization of informal settle-
ments in Corrientes is mainly perimetral and suburban. As Map 
23 shows, suburban informal settlements are found in land 
used for forestry. The vertical bars in the graph are proportion-
al to the number of families. In In the province of Corrientes, 
the Iberá Wetlands (Esteros del Iberá), which is the second larg-
est wetland in the world, and the Humid Chaco (Chaco Húme-
do) represent two ecosystems of great importance. Thanks to 
these, vegetation land and bodies of water flourish. There are 
forests in the capital zone, and crops and pastures have been 
developed. It is important to consider the families of suburban 
BPs that are situated in bodies of water (100% in San Cosmé; 
53% in Saladas; and 36% in Goya) and their consequential risk 
of flooding. Informal settlements are also situated in forestal 
zones. In Map 24, we see the city of Corrientes. The neighbor-
hoods of Pirayui and Punta Taitalo are highlighted, with 890 and 
400 families, respectively.

In the city of Corrientes, informal 
settlements are, for the most part, 
located at the urban perimeter or 
in the suburbs. It is important to 

consider the families of the suburban 
informal neighborhoods, located near 

bodies of water, and the consequent 
risk of flooding, as well as the families 
of the informal neighborhoods located 

in forest areas.
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ESQUINA
Families: 155

100%

GOYA
Families: 139

64% 36%

LAVALLE
Families: 190
37% 63%

BELLA VISTA
Families: 160

75% 25%

CONCEPCIÓN
Families: 1,170

97% 3%

CORRIENTES
Families: 3,223
94% 6%

SANTO TOMÉ
Families: 230
100%

PASO DE LOS LIBRES
Families: 266
100%

MONTE CASEROS
Families: 25
100%

SAN LUIS DEL PALMAR
Families: 135
100%SALDAS

Families: 90
47% 53%

SAN COSME
Families: 40
100%

MAP 23
ATLAS OF INFORMAL SETTLEMENTS ACCORDING TO LAND USE
Scale of Corrientes province

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018. IDESA (2007), Land cover of the Argen-
tine Republic (2006-2007).

Percentage of informal settlements 
in suburban areas by province

100 0
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LA TOSQUERA
Families: 270

PUNTA TAITALO
Families: 400

CREMONTE
Families: 100

BARRIO SANTA MARGARITA
Families: 150

PIRAYUI I
Families: 890

DR. MONTAÑA
Families: 220

MAP 24
ATLAS OF INFORMAL SETTLEMENTS ACCORDING TO LAND USE
Scale of Corrientes province

Types of informal settlements

Perimetral settlements 
Urban settlements

Suburban settlements

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018.
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With respect to hydrological risks, 
the Atlas evaluated risks of floods and droughts. To the right of 
Map 25, we can see 483,000 families, and in CABA, Cordoba, 
and Santa Fe, almost 100% of informal settlements have been 
identified as vulnerable to risk of droughts. In Tierra del Fuego 
and La Pampa, essentially 100% are at risk of high floods. The 
plains in the east of Santa Fe are almost exclusively occupied 
by informal neighborhoods, precarious housing, and other mo-
dalities of vulnerable settlements.84 In this zone, the high risk 
of floods has reduced their market value, and only those who 
cannot afford a formal settlement settle there. Surveys also 
highlighted the presence of settlements inhabited by immi-
grants from Bolivia and Paraguay at the edges of the contam-
inated Reconquista River and Matanza River in Buenos Aires. 
They suffer the stench of still water and untreated residual 
waters, rat invasions, mosquitoes, flies, and other insects, in 
wastelands that are difficult to develop.85 These are not iso-
lated risks. There are cases of informal settlements in Buenos 
Aires built on an old lakebed, a toxic wasteland, a cemetery, 
and a flood plain.

Flood risks are represented on the 
left in Map 25 and Graph 14. The map shows flood risks of 
basins in blue tones, according to the area density of infor-
mal settlements, in order to establish priorities of action. The 
dotted shade shows the risk of high floods. Almost 50% of 
informal settlements (graph below, right) is found in category 2 
(mid-to-high risk) and almost 20% in 304 (high-very high), ac-
cording to the data from Aqueduct. This increases floods, due 
to a lack in drainage infrastructure. Cities with higher risk are 
highlighted, according to their area of informal settlements 
and flood risk. The highest average of flood risk is found in 
Tierra del Fuego, with 100% of families at very high risk. In sec-
ond place, La Pampa has a high average risk of 3.54, and 95% 
of families at very high risk. In third place, Chaco and Chubut 
have a high average risk of over 3, and almost 54% and 79% of 
families at very high risk. 

84. Cardoso, M. M. (2017).

85. Keeling in Davis, M. (2006), 761.

Map 26 shows the density of infor-
mal settlements and the risk of floods per department, to-
gether with the main rivers and streams. The dotted shade 
shows the risk of general flooding per basin, according to data 
from Aqueduct. The informal neighborhoods are shown with 
vertical bars per city. The height represents the number of 
families, and the color represents the risk of flooding in each 
city (from grey to red, increasing in risk). 

With regard to the relation between 
risk and flooding in the informal settlements of the province of 
Corrientes, Map 27 shows that the highest risk, as well as the 
area and number of families, will be concentrated in the cap-
ital. In the base of the map, we can see the main runoffs and 
bodies of water. In this case, the Ibera Wetlands are highlight-
ed. The dotted shading shows the risk of general flooding in 
the basin, according to Aqueduct. The highest risk of flooding 
is found in the northeastern limits of the province, around the 
capital. Vertical bars represent the number of families, and 
the color gradients and patterns on the map represent the 
risk of flooding. 

Map 28 shows the low-income 
neighborhoods of the city of Corrientes. At this scale, risk has 
been calculated from the distance from the river bank, taking 
into account the conditions that affect runoff velocity (slopes, 
topography, and land use). In the map on the left, floods from 
2014 are also represented. It is important to note that this in-
formation does not include floods caused by drainage prob-
lems or lack of infrastructure, nor events in illegal settlements 
in bodies of water or zones of accumulation. This information 
is reflected in the prototype plans.

Map 29 shows the risk of drought (a 
significant condition with respect to climate change) and wa-
ter supply infrastructure in informal settlements. In urban sur-
roundings, it can increase greenhouse and albedo effects. The 
base of the map shows the risk of drought per basin and per 
area. In Buenos Aires, 483,000 families in CABA, Córdoba, and 
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RÍO GRANDE
Families: 2,667
1655 | 2.6 km2

BAHÍA BLANCA
Families: 4,740
BP: 23 | 3.4 km2

NEUQUÉN
Families: 6,028
BP: 42 | 2.8 km2

SANTIAGO DEL ESTERO 
Families: 9,365
BP: 28 | 6.1 km2

BUENOS AIRES
Families: 473,021
BP: 1.213 | 147.2 km2

LA PLATA
Families: 39,779
BP: 187 | 19.9 km2

GRAN RESISTENCIA
Families: 19,191
BP: 148 | 11 km2

GRAN CORRIENTES
Families: 12,315
BP: 47 | 6.1 km2

MAP 25
RISK ATLAS OF INFORMAL SETTLEMENTS: FLOODING
Scale of Argentina

Data source: 
ReNaBaP (2018), Relevamiento Nacional de 
Barrios Populares 2018, World Resources 
Institute (2019), Aqueduct 3.0: Relevant Global 
Water Risk Indicators.

Risk of flooding by basins: area density of 
informal settlements by risk

+ -

RISK OF FLOODING

RISK OF FLOODING

RISK OF HIGH FLOODING

The map represents the quantity of informal settlements 
multiplied by flood risk. The darker blues imply higher quantities 
of families at highest risk. The grey shows the individual values of 
families in informal settlements of the other departments.
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95.6%

27.4%

54.4%

78.9%

20.6%93.7%

24.4%

73.3%

99.8%

48.3%

25.4% 26.0%100%

93.2% 95.3% 100%

72.0%

19.8%

96.8% 70.9%

26.0%
14.3% 14.2%

63.3%84.4%

13.5%

100%

64.0%

36.0% 100%36.0%

47.0%

93.3% 100%

98.7%

96.0%

BUENOS AIRES 2.08

CATAMARCA 1.60

CHACO 3.22

CHUBUT 3.15

GREATER BUENOS AIRES 2.18

CORRIENTES 1.45

CÓRDOBA 0.50

ENTRE RÍOS 1.66

FORMOSA 2.92

JUJUY 3.25

LA PAMPA 3.54

LA RIOJA 1.87

MENDOZA 0.68

MISIONES 0.39

NEUQUÉN 3.18

RÍO NEGRO 3.01

SALTA 2.35

SAN JUAN 0.12

SAN LUIS 0.82

SANTA CRUZ 0.00

SANTA FE 1.38

TIERRA DEL FUEGO 4.02

SANTIAGO DEL ESTERO 2.83

TUCUMÁN 1.34

BUENOS AIRES CATAMARCA CHACO CHUBUT

GREATER BUENOS AIRES CORRIENTES CÓRDOBA ENTRE RÍOS

FORMOSA JUJUY LA PAMPA LA RIOJA

MENDOZA MISIONES NEUQUÉN RÍO NEGRO

SALTA SAN JUAN SAN LUIS SANTA CRUZ

SANTA FE SANTIAGO 
DEL ESTERO

TIERRA 
DEL FUEGO

TUCUMÁN
Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators.
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Risk of flooding

High risk (3 - 4) Low risk (1 - 2)Medium risk (2 - 3) Very low risk (0 - 1)Very high risk (4)

GRAPH 14
RISK SUMMARY OF FLOODING FOR FAMILIES AND PROVINCES
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GRAN PARANÁ
Families: 8,420
BP: 53 | 3.9 km2 

CONCORDIA
Families: 4,447
BP: 46 | 2.1 km2 

SAN PEDRO
Families: 2,549
BP: 20 | 1.7 km2 

GRAN CORRIENTES
Families: 12,315
BP: 47 | 6.1 km2 

GRAN POSADAS
Families: 17,230
BP: 86 | 6.9 km2 

ELDORADO
Families: 2,238
BP: 11 | 2.8 km2

PUERTO IGUAZÚ
Families: 3,662
BP: 11 | 2.5 km2

MAP 26
RISK ATLAS OF INFORMAL SETTLEMENTS: FLOODING
Scale of Bioregional Mesopotamia

Risk of flooding by basins: area density of 
informal settlements by risk

RISK OF HIGH FLOODING

100 0

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators

The map represents the amount of informal settlements 
multiplied by the risk of flooding. The darkest grey implies a 
higher quantity of families at the highest risks. 

RISK OF FLOODING

DENSITY OF WORKING-CLASS NEIGHBORHOODS
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ESQUINA
Families: 155
BP: 3 | 0.1 km2 

SANTA LUCÍA
Families: 190
BP: 2 | 0.2 km2 

SANTA ROSA
Families: 570
BP: 2 | 0,5 km2 

GRAN CORRIENTES
Families: 12,3150
BP: 47 | 6.1 km2 

SANTA ANA
Families: 40
BP: 1 | 0.1 km2 

SAN LUIS DEL 
PALMAR
Families: 40
BP: 1 | 0.1 km2 

GOYA
Families: 554
BP: 7 | 0.3 km2

SANTO TOMÉ
Families: 10
BP: 1 | 0.1 km2

BELLA VISTA
Families: 262
BP: 4 | 0.1 km2

MERCEDES
Families: 170
BP: 3 | 0.1 km2

MONTE CASEROS
Families: 93
BP: 2 | 0.1 km2

PASO DE LOS LIBRES
Families: 391
BP: 9 | 0,3 km2

RISK OF HIGH FLOODING

MAP 27
RISK ATLAS OF INFORMAL SETTLEMENTS: FLOODING
Scale of Corrientes province

Risk of flooding by basins: area density of 
informal settlements by risk

100 0

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators

The map represents the amount of informal settlements 
multiplied by the risk of flooding. The darkest grey implies a 
higher quantity of families at the highest risks. 
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VIREN DE LOS DOLORES 
Families: 150

PATONO 2
Families: 50

RÍO PARANÁ
Families: 500

BANADO NORTE
Families: 100

QUINTA FERR
Families: 440

SOL DE MAYO
Families: 460

LOMAS DEL MIRADOR 
Families: 900

MOLINA PUNTA
Families: 460

PUNTA TAITALO
Families: 400

LA TOSQUERA
Families: 270

PATONO 1
Families: 400

MENDOZA AL SUR
Families: 610

QUILMES
Families: 550

LOS ASTILLEROS
Families: 40

MAP 28
RISK ATLAS IN INFORMAL SETTLEMENTS: FLOODING
Scale of Gran Corrientes

Risk of flooding in 
informal settlements

Risk of flooding

Flooding in 2014

+ -

+ -

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators.

Risk map of flooding in Corrientes, evaluated 
considering the distance to the river bank and the 
conditions that affect the velocity of runoff (slopes, 
topography, and land use). The map on the left 
represents the floods of 2014. 

It is important to note that this information does 
not include the flooding due to drainage problems 
because of lack of infrastructure, nor events of 
illegal settlements in bodies of water or zones of 
accumulation of bodies of water. 
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Santa Fe, corresponding to almost 100% of informal settle-
ments, are identified as vulnerable to risk of drought. In Tierra 
del Fuego and La Pampa, virtually 100% are at high risk of flood-
ing. In the summary of data found in the introduction to the 
Atlas, Graph 15 shows the elevated number of families in high 
risk of drought. Here, the average risk per family and province is 
seen (left), where Buenos Aires and CABA have higher averages. 
In Buenos Aires, CABA, Córdoba, and Santa Fe, 99 to 100% of 
families are in high risk of drought. 

In Map 30, the base of the map 
shows the density of informal settlements and the risk of 
drought per department. The dotted shade shows the risk 
of general drought per basin, according to Aqueduct. Infor-
mal settlements are represented by vertical bars for cities. 
The height represents the number of families, and the color 
(showing higher risk from grey to red) represents the risk of 
drought in each city. The southern part of the region has a 
higher risk of drought. 

In relation to the risk of drought in 
the province of Corrientes, Map 31 shows the risk in drought 
per basin, according to Aqueduct. The vertical bars represent 
the families living in informal settlements, and the  color gradi-
ents and patterns on the map show the risk of flooding. 

Map 32 shows the risk of drought in 
Corrientes. The northern center of the city is at medium risk, 
however the surroundings are at low risk. Informal settlements 
are shown according to water supply, as identified by ReNaBaP. 
The majority have an irregular connection to the public sys-
tem of running water. Those at the periphery, such as the Santa 
Margarita neighborhood, rely on the communal well pump. 

 483,000 families in Buenos 
Aires and close to 100% of 

informal settlements in CABA, 
Córdoba, and Santa Fe have 

been identified as vulnerable 
to the risk of drought.
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BAHÍA BLANCA
Families: 4,740
BP: 23 | 3.4 km2

GRAN CÓRDOBA
Families: 18,159
BP: 125 | 6.9 km2

GRAN SAN MIGUEL DE TUCUMÁN
Families: 25,862
BP: 108 | 9 km2

SANTIAGO DEL ESTERO 
Families: 9,365
BP: 28 | 6.1 km2

BUENOS AIRES
Families: 473,021
BP: 1.213 | 147.2 km2

LA PLATA
Families: 39,779
BP: 187 | 19.9 km2

GRAN RESISTENCIA
Families: 19,191
BP: 148 | 11 km2

GRAN CORRIENTES
Families: 12,315
BP: 47 | 6.1 km2

FORMOSA
Families: 10,239
BP: 34 | 5.8 km2

GRAN POSADAS
Families: 17,230
BP: 86 | 6.9 km2

Risk of high droughts

MAP 29
RISK ATLAS IN INFORMAL SETTLEMENTS: DROUGHTS
Scale of Argentina

Risk of droughts by basins: area density of 
informal settlements by risk

+ -

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators.

The map represents the number of informal settlements 
multiplied by risk of drought. The darkest grey implies a 
greater quantity of families at highest risk. 
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GRAPH 15
SUMMARY OF DROUGHT RISK FOR FAMILIES AND PROVINCES

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators.

Risk of drought

Low risk (0-2)Medium risk (2-3)Very high risk (3-4)
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GRAN PARANÁ | Risk: 2.81
Families: 8,420
BP: 53 | 3.9 km2 

CONCORDIA | Risk: 3.03
Families: 4,447
BP: 46 | 2.1 km2 

SAN PEDRO | Risk: 3.03
Families: 2,549
BP: 20 | 1.7 km2 

GOYA | Risk: 3.20
Families: 554
BP: 7 | 0.3 km2 

GRAN CORRIENTES | Risk: 2.26
Families: 12,315
BP: 47 | 6.1 km2 

GRAN POSADAS | Risk: 3.00
Families: 17,230 
BP: 86 | 6.9 km2 

ELDORADO | Risk: 3.00
Families: 2,238
BP: 11 | 2.8 km2

PUERTO IGUAZÚ | Risk: 3.16
Families: 3,662
BP: 11 | 2.5 km2

MAP 30
RISK ATLAS IN INFORMAL SETTLEMENTS: DROUGHT
Scale of Biogregional Mesopotamia

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators.

Risk of droughts by basins: area density  
of informal settlements by risk

+ -

The map represents the amount of informal settlements 
multiplied by risk of drought. The darkest grey implies a 
greater quantity of families at highest risk. 

Density of informal settlements 

Risk of drought
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ESQUINA | Risk: 2.18
Families: 155
BP: 3 | 0.1 km2 

SANTA LUCÍA | Risk: 2.19 

Families: 190
BP: 2 | 0.2 km2 

SANTA ROSA | Risk: 2.18
Families: 570
BP: 2 | 0.5 km2 

GRAN CORRIENTES | Risk: 2.26
Families: 12,3150
BP: 47 | 6.1 km2 

SANTA ANA | Risk: 2.22

Families: 40
BP: 1 | 0.1 km2 

SAN LUIS DEL PALMAR | Risk: 2.17
Families: 40
BP: 1 | 0.1 km2 

GOYA | Risk: 3.18
Families: 554
BP: 7 | 0.3 km2

SANTO TOMÉ | Risk: 2.85
Families: 10
BP: 1 | 0.1 km2

BELLA VISTA | Risk: 2.71
Families: 262
BP: 4 | 0.1 km2

MONTE CASEROS | Riesgo: 2.58
Families: 93
BP: 2 | 0,1 km2

PASO DE LOS LIBRES | Riesgo: 2.66
Families: 391
BP: 9 | 0,3 km2

MAP 31
ATLAS OF RISKS IN INFORMAL SETTLEMENTS: DROUGHT
Scale of Corrientes province

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators

Risk of droughts by basins: area density of 
informal settlements by risk

+ -
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VIRGEN DE LOS DOLORES 
Families: 150

PATONO 2
Families: 50

RÍO PARANÁ
Families: 500

BANADO NORTE
Families: 100

Families: 440

SOL DE MAYO
Families: 460 

QUINTA FERRE

LOMAS DEL MIRADOR 
Families: 900

MOLINA PUNTA
Families: 460

PUNTA TAITALO
Families: 400

LA TOSQUERA
Families: 270 DR MONTANA

Families: 220

BARRIO SANTA MARGARITA 
Families: 150

PATONO 1
Families: 400

MENDOZA AL SUR 
Families: 610

QUILMES
Families: 550

MAP 32
ATLAS OF RISK IN INFORMAL SETTLEMENTS: DROUGHT
Scale of Gran Corrientes

Types of Water supply

formal connection to public running water main

community tap within the neighborhood
irregular connection to the public water system
regular connection to running water from the public system but without bottle/bill

community well water pump

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018, World Resources Institute (2019), 
Aqueduct 3.0: Relevant Global Water Risk Indicators

Risk of droughts by basins: area density  
of informal settlements by risk

+ -
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Hydrous erosion is analyzed in Map 
33 and Graph 16. To evaluate the risk of hydrous erosion of 
the land, the Revised Universal Soil Loss Equation (RUSLE) was 
used, which predicts the annual loss of land from rain and wa-
ter runoff. This is the most common model, used by large-
scale spaces due to its relatively simple structure and empir-
ical basis. The model takes into account: (1) rain erosion, (2) 
climate classification, (3) soil data, (4) elevation data, and (5) 
soil cover data. It is important to highlight, with respect to land 
in the informal settlements, that land contamination has not 
been evaluated, due to lack of data availability. Many informal 
settlements are situated in areas  that are contaminated by 
garbage dumps or industrial waste with no treatment. Risk of 
illness is high and is multiplied by conditions of climate change 
such as flooding, drought, or land erosion. These maps show 
erosion according to the RUSLE average per province (above) 
and the territory in their different degrees (below). The most 
affected provinces are Buenos Aires (over 31,000 families), 
Córdoba, Santa Fe (almost 27,000 families), and Tucuman. 
The black bars show the total number of families, and the red 
shows the total number of families affected by the highest lev-
els of erosion. 

Map 34 shows hydrous erosion of 
the land in Mesopotamia. This gradient is assigned to informal 
settlements according to their situation. The height indicates 
the number of families affected in each neighborhood. The 
thick bars with labels show the number of families affected in 
cities, and the color represents the average erosion in all the 
informal settlements. The city of Gran Parana is highlighted for 
its level of risk. The province of Corrientes has less risk of land 
loss than Entre Rios and Misiones, where there is higher forest 
loss and higher use of cultivated soil.

Many informal neighborhoods 
are located in areas with 

soil that is contaminated by 
garbage dumps or untreated 
industrial waste. The risk of 

diseases is high and multiplies 
with the effects of climate 

change, such as floods, 
drought, or soil erosion.
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GRAPH 16
RISK ATLAS OF HYDROUS SOIL EROSION

Land cover

Land cover

Soil quality

E: 5.1%

C: 54.2%

B: 40.6%

1. RAIN DATA  (Worldclim)
The emissivity of rain is the kinetic energy of the 
impact of the raindrop and the rate of runo� associat-
ed with it. 

The Revised Universal Soil Loss Equation (RUSLE), which predicts annual loss of 
soil by rain and runo�, is the most common model used in special large scales due to 
its relatively simple structure and its empirical base. The model takes into account: 
(1) rain erosion, (2) climate classification, (3) soil data, (4) elevation data, and (5) 
soil cover data.

The climates are divided into five principal climate groups, and each group is 
subdivided according to the seasonal patterns of precipitation and tempera-
ture. The five principal groups are A (tropical), B (dry), C (temperate), D 
(continental), and E (polar). 

Climate classification in Argentina

3. SOIL DATA
Harmonized World Soil Database v1.2 (HWSD) is a database of 
30 seconds of arc with over 15,000 mapping units of di�erent 
types of soil that combine the regional and national information 
updates in soil across the world.

5. LAND COVER DATA
(GlobCover 2009)

4. ELEVATION DATA
(USGS, TopoTools, NGDC NOAA)

Misiones
Corrientes
Chaco
Formosa
Santa Fe
Entre Ríos
Córdoba
Santiago del Estero
Tucumán
Salta
San Luis
Buenos Aires
Jujuy
La Pampa
La Rioja
Catamarca
Mendoza
San Juan
Neuquén
Río Negro
Santa Cruz
Chubut

Rain emissivity in Argentina
(Mj.ha-1mm-1)

2. CLIMATE CLASSIFICATION OF KÖPPEN-GEIGER

7831.3
5681.9
4617.4
4375.3
4373.1
4078.5
3871.9
3715.7
3461.8
3116.4
2853
3570
2133.3
2053.6
1733.4
1565.4
1130.9
1118.3
615.4
479.9
466.6
375.9

THE LOSS OF SOIL BY HYDROUS EROSION IN ARGENTINA

Data source: 
World Resources Institute; Rain data: WorldClim.org; 
Soil data: (HWSD) FAO; Elevation data: USGS, TopoTools, 
NGDC NOAA; Coverage data of soil: GlobalCover 2009. 
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THE LOSS OF SOIL BY HYDROUS EROSION IN ARGENTINA
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SANTA CRUZ | 1 km2 
Families: 1,068

CHUBUT | 4.6 km2 
Families: 5,977

NEQUÉN | 10.9 km2 
Families: 10,546 | 92

RÍO NEGRO | 16.2 km2 
Families: 18,779 | 238

LA PAMPA | 0.5 km2 
Families: 234

SAN JUAN | 1.6 km2 
Families: 2,858 | 187

SAN LUIS | 2.5 km2 
Families: 3,027 | 362

LA RIOJA | 0.5 km2 
Families: 421 | 127

CÓRDOBA | 13.8 km2 
Families: 23,030 | 10,512

 km2  BUENOS AIRES | 200.1 
Families: 483,927 | 31,322

TUCUMÁN | 13.6 km2 
Families: 34,822 | 14,492

SANTA FE | 27.3 km2 
Families: 72,552 | 26,744

ENTRE RÍOS | 9 km2 
Families: 18,010 | 11,484

CHACO | 25.4 km2 
Families: 32,570 | 8,026

CORRIENTES | 13.2 
km2 Families: 17,956 | 3.740 

MISIONES | 39.7 km2 
Families: 41,019 | 6,787

MAP 33
RISK ATLAS OF HYDROUS 
SOIL EROSION 
Scale of Argentina

Loss of soil by hydrous 
 erosion (RUSLE)

5 0

Data source: 
World Resources Institute; Rain data: WorldClim.org; 
Soil data: (HWSD) FAO; Elevation data: USGS, TopoTools, 
NGDC NOAA; Land Cover Data: GlobalCover 2009.

Risk of erosion added  
by province

100 0

Urban area and informal 
settlements by province

Percentage covered by informal 
settlement areas

Total urban area

197196
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B
ID

B



GRAN PARANÁ | 3.9 
km2 Families: 8,420 
Barrios populares: 53

CONCORDIA | 2.1 
km2 Families: 4,447 
Barrios populares: 46

SAN PEDRO | 2.1 km2 
Families: 2,549
Barrios populares: 20

GRAN CORRIENTES | 6.1 
km2 Families: 12,315
Barrios populares: 47

GRAN POSADAS | 6.9 
km2 Families: 17,230
Barrios populares: 86

ELDORADO | 2,8 km2 
Families: 2.238
Barrios populares: 11

PUERTO IGUAZÚ | 2,5 km2 
Families: 3.662
Barrios populares: 11

MAP 34
RISK ATLAS OF HYDROUS SOIL EROSION 
Scale of Bioregional Mesopotamia

Soil loss by hydrous erosion (RUSLE)

+ -

Data source: 
World Resources Institute; Rain data: WorldClim.org; 
Soil data: (HWSD) FAO; Elevation data: USGS, TopoTools, 
NGDC NOAA; Land Cover Data: GlobalCover 2009.
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Visualizing the dynamics 
of ecosystems in which 

the settlements of popular 
neighborhoods occur is 

vital for the design of green 
infrastructure strategies.

Thinking of possible strategies of 
mitigation based on nature, the Atlas also incorporates the 
analysis of ecoregions, which can be seen in Map 35. Visualiz-
ing the dynamics of ecosystems in which informal settlements 
are located is very useful for designing strategies of green in-
frastructure. It is also useful for understanding the risks and 
the functionality of each landscape (water retention and run-
off, types of soil, vegetation, etc.) and forms of landscape pro-
tection and conservation. This map shows a classification of 
countries by ecoregions (above) and protected zones (below). 
In the upper layer of the graph, the number and percentage 
of families settled in protected zones is shown in red. The map 
below represents, with vertical bars, the position of the set-
tlements in protected zones, whose height is proportional to 
the number of families. The highest number of families with 
risks posed by the informal settlements locations in protect-
ed areas, can be found in Chaco. Almost 18,000, over 50% of 
the families in this province, can be found in protected areas. 
Tierra del Fuego (almost 60%, 2,592 families), Chubut (almost 
30%), and Rio Negro (24%, 4,514 families) are the provinces 
with highest percentages. 
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MONTE DE LLANURAS Y MESETAS 
Families: 45,370

ESPINAL
Families: 48,070

PAMPA
Families: 587,026 | 3,625 (0.6%)

SELVA YUNGAS
Families: 53,079 | 2,150 (2.0%)

DELTA E ISLAS DEL PARANÁ 
Families: 62,417 | 13,619 (21.0%)

CHACO HÚMEDO
Families: 28,380 | 23,324 (83.0%)

CHACO SECO
Families: 41,905

MAP 35
ATLAS OF INFORMAL SETTLEMENTS BY 
ECOREGIONS AND PROTECTED AREAS
Scale of Argentina

Ecoregions and protected areas

Dry Chaco 

Patagonian steppe

Yunga forests

Humid Chaco

Alto Paraná Atlantic forests

Delta and islands of Parana 

Mountain ranges and bolsons

Ibera marshes

Argentine Espinal

Mountain of plains and plateau

Malezal rangelands

Puna
Protected areas

Patagonian forests

Pampa

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; APN (2017), Ecoregiones de Argentina; 
IGN (2019), Protected Areas of the Argentine Republic.
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0.5% 0.0% 53.6% 28.5%

0.5% 0.0% 0.0% 0.0%

4.4% 8.1% 4.7% 0,0%

0.4% 2.2% 0.0% 24,0%

6.5% 2.8% 0.0% 0,0%

0.6% 4.8% 59.4% 0,0%

CHACO

CATAMARCA 0 Families

17,455 Families

CHUBUT 1,706 Families

GREATER BUENOS AIRES 20 Families

CORRIENTES 0 Families

CÓRDOBA 0 Families

ENTRE RÍOS 0 Families

FORMOSA 813 Families

JUJUY 859 Families

LA PAMPA 11 Families

LA RIOJA 0 Families

MENDOZA 60 Families

MISIONES 900 Families

NEUQUÉN 0 Families

RÍO NEGRO 4,514 Families

SALTA 1,310 Families

SAN JUAN 80 Families

SAN LUIS 0 Families

SANTA CRUZ 0 Families

SANTA FE 417 Families

SANTIAGO DEL ESTERO 540 Families

TIERRA DEL FUEGO 2,592 Families

TUCUMÁN 0 Families

BUENOS AIRES 2,425 Families

BUENOS AIRES CATAMARCA CHACO CHUBUT

GREATER BUENOS AIRES CORRIENTES CÓRDOBA ENTRE RÍOS

FORMOSA JUJUY LA PAMPA LA RIOJA

MENDOZA MISIONES NEUQUÉN RÍO NEGRO

SALTA SAN JUAN SAN LUIS SANTA CRUZ

SANTA FE SANTIAGO 
DEL ESTERO

TIERRA 
DEL FUEGO

TUCUMÁN

0.5% 0.0% 53.6% 28.5%

0.5% 0.0% 0.0% 0.0%

4.4% 8.1% 4.7% 0,0%

0.4% 2.2% 0.0% 24,0%

6.5% 2.8% 0.0% 0,0%

0.6% 4.8% 59.4% 0,0%

CHACO

CATAMARCA 0 Families

17,455 Families

CHUBUT 1,706 Families

GREATER BUENOS AIRES 20 Families

CORRIENTES 0 Families

CÓRDOBA 0 Families

ENTRE RÍOS 0 Families

FORMOSA 813 Families

JUJUY 859 Families

LA PAMPA 11 Families

LA RIOJA 0 Families

MENDOZA 60 Families

MISIONES 900 Families

NEUQUÉN 0 Families

RÍO NEGRO 4,514 Families

SALTA 1,310 Families

SAN JUAN 80 Families

SAN LUIS 0 Families

SANTA CRUZ 0 Families

SANTA FE 417 Families

SANTIAGO DEL ESTERO 540 Families

TIERRA DEL FUEGO 2,592 Families

TUCUMÁN 0 Families

BUENOS AIRES 2,425 Families

BUENOS AIRES CATAMARCA CHACO CHUBUT

GREATER BUENOS AIRES CORRIENTES CÓRDOBA ENTRE RÍOS

FORMOSA JUJUY LA PAMPA LA RIOJA

MENDOZA MISIONES NEUQUÉN RÍO NEGRO

SALTA SAN JUAN SAN LUIS SANTA CRUZ

SANTA FE SANTIAGO 
DEL ESTERO

TIERRA 
DEL FUEGO

TUCUMÁN

GRAPH 17
RISK SUMMARY OF FAMILIES IN PROTECTED AREAS

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; APN (2017), Ecoregiones de Argentina; 
IGN (2019), Protected Areas of the Argentine Republic.
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Lastly, the Atlas explores the level of 
fragmentation in landscapes where informal settlements are 
settled. This is seen in Map 36. The protection of natural land-
scapes increases the resilience of urban surroundings. Defor-
estation and loss of bodies of water carries with it fragmenta-
tion of landscapes, loss of biodiversity, reduction of ecosystem 
services like carbon absorption, and increases in hydrous fra-
gility. The lower map represents informal settlements that are 
found in a radius of 25km of deforested areas (in green), water 
loss (blue), or both (purple). In the map above, metric calcula-
tions are shown in percentages of neighborhoods affected in 
the most affected province. Buenos Aires is highlighted for its 
number of families and, in second place, Santa Fe and CABA. 
In the cases of Buenos Aires, Chubut, CABA, La Pampa, Men-
doza, Neuquén, Rio Negro, San Juan, Santa Cruz, Santa Fe, and 
Tierra del Fiego, 100% of the surveyed families reside in areas 
of water loss, and many of them coincide with risk of drought. 
In Catamarca and La Rioja, 100% of fragmented landscape 
zones, where families of informal settlements live, are in zones 
of deforestation, which increases the vulnerability of territo-
ries to droughts and extreme climate events. In Santiago del 
Estero, Formosa, and Corrientes, there is a high percentage of 
mutual overlapping. The risks of landscape fragmentation are 
associated with the loss of resilience to drought and extreme 
climate events, caused either by deforestation or a decrease 
in bodies of water, or the invasion of unsinkable basins. Defor-
estation is an unnatural risk that contributes to land erosion 
and to vulnerability to floods, as the vegetation slows down 
erosion and increases soil filtration, preventing its erosion. 
Additionally, there is a loss of carbon sinks, causing the disap-
pearance of entire ecosystems that contribute to biodiversity. 
The loss of bodies of water can also increase these phenome-
na, as can droughts, with risks to health and social well-being. 
The Atlas shows informal settlements in these zones or their 
surroundings. This is one of the larger risks that affect infor-
mal settlements, as in the majority of the provinces, almost 
100% of informal settlements are found in fragmented land-

scapes. In the case of Catamarca and La Rioja, 100% are close 
to zones of deforestation. In Buenos Aires, CABA, Mendoza, 
Chubut, Neuquén, Rio Negro, and other provinces, 100% are 
located near zones where bodies of water are disappearing. 
Santiago del Estero and Corrientes are highlighted for their 
proximity to both types of zones. 

The invasion of natural reserves, 
protected basins, and green belts is another of the risks asso-
ciated with fragmentation. The invasion of these zones causes 
a loss of continuity and therefore a loss of ecosystem services 
or benefits and the functions they provide: greenhouse gas 
absorption, protection from floods, air quality, soil protection, 
etc. Although this persists while urban plans and building are 
being developed, the risks for the inhabitants of informal set-
tlements that are already in vulnerable situations are wors-
ened. In the province of Chaco, over 17,000 families are found 
in protected landscapes, and over 5,000 in Buenos Aires. In 
Tierra del Fuego, over 60% of informal settlements are settled 
in natural reserves. In order to design a resilient infrastructure 
from natural principles, it is important to know the landscapes 
and natural dynamics of what is inserted (vegetation, types of 
soil, hydraulic systems, etc.) The Atlas includes a map of the 
natural landscapes in Argentina in order to situate informal 
settlements in their natural context, restore a connection with 
the territory, and generate landscape resilience. 

In the central map in Map 37, there 
is a 25 km radius of influence for the loss of bodies of water 
(the southern and central limits of the region of Mesopotamia 
are predominant), the loss of forests (mainly in Entre Ríos y 
Misiones), and both water and forest loss (which can be seen in 
the eastern edge along the Parana River). In the region, there 
is a great variety of landscapes and biodiversity (below), where 
wetlands in the Ibera Wetlands are highlighted (light blue), the 
delta and islands of Parana (middle blue), and the Humid Cha-
co (dark blue). At the bottom of the upper map, there is the 
base percentage of informal settlements in zones of total loss, 
by department, and in the bars, the number of families and 
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the percentage of them located in areas of forest loss, water 
loss, or both. In Map 38, similar information can be seen above 
the model of the province of Corrientes. In these marshes, 
there is predominantly loss of water and on the edge of the 
Parana River, there is loss of both. In this zone, it is important 
to take into account the natural landscape of the marshes, in 
the Ibera Wetlands (light blue), the delta and islands of Parana 
(medium blue), and the Humid Chaco (dark blue). 

Green infrastructures and na-
ture-based solutions using native species could help restore 
these fragmented landscapes and improve their resilience to 
climatic perturbations.86

The risks that informal settlements 
face (low quality of space and public services) can be reduced 
by planning exercises and developing holistic public policies, 
and also by local action through the implementation of na-
ture-based solutions, such as the recuperation of local land-
scapes (forests, wetlands, pastures, etc.). This series of maps, 
compiled in Map 39, shows the potential sequence of land-
scape recuperation in Argentina, starting on a national scale. 
The fragmentation of existing landscapes (image 1) can dimin-
ish if it interconnects through the national network of rivers 
and bodies of water (image 2), so that it can foster ecological 
corridors that permit Argentinian landscapes to expand and 
recuperate (image 3).

86. Banzhaf, E. et al. (2019).

The risks that popular 
neighborhoods face – low quality of 
public space and services – can be 

reduced through the implementation 
of nature-based solutions, much 

like the recovery of local landscapes 
(forests, wetlands, grasslands).
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BUENOS AIRES
Families: 393,711
100%

CABA
Families: 73,673
100%

SANTA FE
Families: 71,170
96% 4%

CHACO
Families: 32,570
1% 31% 68% MISIONES

Families: 25,839
4% 88% 8% 

TUCUMÁN
Families: 34,847
91% 9%

MAP 36
ATLAS OF INFORMAL SETTLEMENTS IN FRAGMENTED LANDSCAPES
Scale of Argentina

Quantity of informal settlements that are near 
deforestation and permanent water loss by province 

+ -

Percentage of informal 
settlements by zones of loss

Deforested areas and water loss

Zone of intersection between deforested areas and water loss

Zone close to deforestation (25km radius)
Areas with water loss
Zone close to water loss (25km radius)

Deforested areas

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; APN (2017), Ecoregiones de Argentina; 
IGN (2019), Protected Areas of the Argentine Republic.

211210
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B
ID

B



BUENOS AIRES CATAMARCA CHACO CHUBUT

GREATER BUENOS AIRES CORRIENTES CÓRDOBA ENTRE RÍOS

FORMOSA JUJUY LA PAMPA LA RIOJA

MENDOZA MISIONES NEUQUÉN RÍO NEGRO

SALTA SAN JUAN SAN LUIS SANTA CRUZ

SANTA FE SANTIAGO 
DEL ESTERO

TIERRA 
DEL FUEGO

TUCUMÁN

 BUENOS AIRES

CATAMARCA 2,790 Families

CHACO 32,570 Families

CHUBUT 4,746 Families

GREATER BUENOS AIRES 73,673 Families

CORRIENTES 17,956 Families

CÓRDOBA 22,541 Families

ENTRE RÍOS 17,836 Families

FORMOSA 18,594 Families

JUJUY 10,138 Families

LA PAMPA 234 Families

LA RIOJA 421 Families

MENDOZA 10,360 Families

MISIONES 25,839 Families

NEUQUÉN 10,246 Families

RÍO NEGRO 16,379 Families

SALTA 20,195 Families

SAN JUAN 2,858 Families

SAN LUIS 3,027 Families

SANTA CRUZ 1,068 Families

SANTA FE 71,170 Families

SANTIAGO DEL ESTERO 11,295 Families

TIERRA DEL FUEGO 4,364 Families

TUCUMÁN 34,847 Families

393,711 Families

100%100% 31.0%

67.8%

100%

28.0%
12.0%12.1%

86.9% 87.8% 58.2%

100%

8.7%8.4%
100%95.7%

100%100% 36.0%
48.2%

100%
7,7%

100%100%

100%
12.1%

95.3%
14.4%

91.3%91.6%

64.0%51.8%

87.9%

88.3%

85.6%

BUENOS AIRES CATAMARCA CHACO CHUBUT

GREATER BUENOS AIRES CORRIENTES CÓRDOBA ENTRE RÍOS

FORMOSA JUJUY LA PAMPA LA RIOJA

MENDOZA MISIONES NEUQUÉN RÍO NEGRO

SALTA SAN JUAN SAN LUIS SANTA CRUZ

SANTA FE SANTIAGO 
DEL ESTERO

TIERRA 
DEL FUEGO

TUCUMÁN

 BUENOS AIRES

CATAMARCA 2,790 Families

CHACO 32,570 Families

CHUBUT 4,746 Families

GREATER BUENOS AIRES 73,673 Families

CORRIENTES 17,956 Families

CÓRDOBA 22,541 Families

ENTRE RÍOS 17,836 Families

FORMOSA 18,594 Families

JUJUY 10,138 Families

LA PAMPA 234 Families

LA RIOJA 421 Families

MENDOZA 10,360 Families

MISIONES 25,839 Families

NEUQUÉN 10,246 Families

RÍO NEGRO 16,379 Families

SALTA 20,195 Families

SAN JUAN 2,858 Families

SAN LUIS 3,027 Families

SANTA CRUZ 1,068 Families

SANTA FE 71,170 Families

SANTIAGO DEL ESTERO 11,295 Families

TIERRA DEL FUEGO 4,364 Families

TUCUMÁN 34,847 Families

393,711 Families

100%100% 31.0%

67.8%

100%

28.0%
12.0%12.1%

86.9% 87.8% 58.2%

100%

8.7%8.4%
100%95.7%

100%100% 36.0%
48.2%

100%
7,7%

100%100%

100%
12.1%

95.3%
14.4%

91.3%91.6%

64.0%51.8%

87.9%

88.3%

85.6%

GRAPH 18
RISK SUMMARY OF FAMILIES IN FRAGMENTED LANDSCAPES

Data Source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; APN (2017), Ecoregiones de Argentina; 
IGN (2019), Protected Areas of the Argentine Republic.
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URUGUAY
Families: 1,621
2% 98%

CONCORDIA
Families: 4,629
100%

PARANÁ
Families: 7,245
100%

CORRIENTES
Familias: 14,073
100% 

MISIONES CAPITAL
Families: 7,245
10% 90% 

IGUAZÚ
Families: 1,800
21% 6% 73% 

IGENERAL MANUEL BELGRANO 
Families: 4,820
100%

OBERÁ
Families: 2,350
97%  3%

GUARANÍ
Families: 2,303
100%

MISIONES
Families: 2,688
100%

MAP 37
ATLAS OF INFORMAL SETTLEMENTS IN FRAGMENTED LANDSCAPES
Scale of Biorregional Mosopotamia

Protected zones

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; APN (2017), Ecoregiones de Argentina; 
IGN (2019), Protected Areas of the Argentine Republic.
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(25km radius)
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Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; APN (2017), Ecoregiones de Argentina; 
IGN (2019), Protected Areas of the Argentine Republic.

SANTO TOMÉ
Families: 230
100% 

CORRIENTES
Families: 14,073
100% 

CONCEPCIÓN
Familias: 1,170
100%

PASO DE LOS LIBRES
Families: 451
100% 

MERCEDES
Families: 182
100% 

SALADAS
Families: 224
100% 

LAVALLE
Families: 190
100% 

BELLA VISTA
Families: 324
100% 

GOYA
Families: 604
100% 

MAP 38
ATLAS OF INFORMAL SETTLEMENTS 
IN FRAGMENTED LANDSCAPES
Scale of Gran Corrientes

Protected zones

Quantity of informal settlements in areas 
close to deforestation and permanent water 
loss by province
+ -

Percentage of 
Informal Settlements 
by zones of loss

Deforested and water loss areas

Zones of intersection 
between deforested areas 
and water loss

Zones close to deforestation  
(25km radius)
Water loss areas
Zones close to water loss  
(25km radius)

Deforested areas
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Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; IDESA (2007), Land cover of the Argen-
tine Republic (2006 - 2007).

MAP 39
ATLAS OF POTENTIAL RESILIENT LANDSCAPES
Scale of Argentina

Types of landscapes

Bodies of water

Crops
Forests
Pastures

Informal settlements 

219218
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B
ID

B



Local landscapes such as forests, 
marshes, pastures, etc., generate benefits, such as an increase 
in storage capacity, filtration, and water recycling; an increase 
in biodiversity and ecological wealth; soil recovery and car-
bon storage in soil and vegetal species, among others. On the 
Mesopotamian scale, the sequence of maps in Map 40 show 
how the existing reserves of forests and marshes can serve as 
anchors and, potentially, connect green infrastructure inter-
ventions in urban areas. 

The strategy can be replicated on 
the scale of the province of Corrientes, which is seen in Map 
41. The existing local reserves can work as anchors to expand 
landscapes along the provincial hydrological network. The 
expansion of resilient local landscapes benefits low-income 
neighborhoods, if green infrastructure that is implemented 
in them is connected or is directly linked to these ecologi-
cal corridors. The interconnection between the low-income 
neighborhoods and resilient landscapes assures that the 
neighborhoods can get access to ecological benefits that in-
volve the landscapes. They can also guarantee the mitigation 
of extreme events such as floods or heat-island effects in the 
short, medium, and long term. 

The interconnection of popular 
neighborhoods and resilient 
landscapes ensures that the 

former can access the ecological 
benefits that the latter bring, in 
addition to mitigating extreme 

events such as floods or the 
heat island effect in the short, 

medium, and long term.
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MAP 40
ATLAS OF POTENTIAL RESILIENT LANDSCAPES
Scale of Bioregional Mesopotamia

Data source:
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; IDESA (2007), Land cover of the 
Argentine Republic (2006 - 2007).
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MAP 41
ATLAS OF POTENTIAL 
RESILIENT LANDSCAPES
Scale of Gran Corrientes 

Data source: 
ReNaBaP (2018), Relevamiento Nacional de Barrios 
Populares 2018; IDESA (2007), Land cover of the 
Argentine Republic (2006 - 2007).
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In the next chapter, we will focus on 
case studies in LAC. Possible responses to the thematic evi-
dence of the Atlas are proposed, imagining different models 
of development that can integrate existing informal infrastruc-
tures.87 Es importante considerar la ciudad espontánea y los 
barrios populares, no como componentes marginales de las ci-
udades, sino más bien como áreas en continua transformación, 
que contribuyen a la economía de las ciudades y países y que, 
como tales, deberían ser parte de las políticas de mejoramiento 
de calidad urbana y adaptación al cambio climático; ser parte 
de planes futuros.88 It is important to consider the spontaneous 
city and informal settlements not as marginal components of 
cities, but instead as areas in constant transformation. They 
contribute to the economy of cities and countries and should 
therefore be part of the politics of improvement of urban qual-
ity and adaptation to climate change, becoming part of their 
future plans.(88) The strategies presented in the coming pag-
es offer alternatives in order to improve resilience in the most 
vulnerable neighborhoods, through multiscale and multifunc-
tional landscape projects and nature-based solutions. These 
same strategies, implemented by many actors and with multiple 
scopes, can be used to imagine scenarios of urban develop-
ment that benefit different urban realities in the region. 

87. Satthertwaite, D. et al. (2018).

88. See in the following 
paragraphs the concept of 
"informal armor" by David 
Gouverneur and the following 
texts: Robleto, L. (2013, July 1). 
David Gouverneur, interviewed 
by Leo Robleto Constante. 
Landscape strategies for informal 
settlements: Creating armatures 
to shape urban form. Metropolis 
Mag; Gouverneur, D. (2016). Diseño 
de nuevos asentamientos informales. 
Eafit University Editorial Fund, 
Unisalle Editions.

It is important to consider 
informal neighborhoods 

not as marginal 
components of cities, but 

as areas in continuous 
transformation that 

contribute to the economy 
of cities and countries.
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PUBLIC SPACE: 
DEVICES TO REMEDIATE 
THE VULNERABLE CITY 

WITH NATURE 

3



THE AWARENESS OF THE PLANET’S 
VULNERABILITY HAS OFFERED NEW 
LAYERS AND INPUTS TO URBAN 
DESIGN. AMONG THESE, THE NEED 
TO INCREASE THE RESILIENCE OF 
URBAN AND COASTAL ZONES TO 
CLIMATE CHANGE, REDUCE AND 
ABSORB CO2 EMISSIONS, AND 
PROTECT BIODIVERSITY. THERE IS 
AN INCREASED EMPHASIS ON THE 
IMPORTANCE OF INTEGRAL AND 
INTERSECTORAL PROJECTS, SUCH AS 
LANDSCAPE URBANISM PROJECTS, 
GREEN AND BLUE INFRASTRUCTURE, 
AND NATURE-BASED SOLUTIONS.

Latin America represents over 50% of global biodiversity, in-
cluding 178 ecological regions.1 Some of the world most bio-
diverse countries – Brazil, Colombia and Peru – are found 
in this region.2 However, changes in land use have increased 
the loss of habitats in six critical points in the biodiversity of 
the region: Mesoamerica, Chocó-Darien-Western Ecuador, 
the Tropical Andes, Central Chile, the Brazilian Atlantic For-
est and the Brazilian Cerrado.3 The climate crisis is modifying 
temperatures, changing precipitation patterns, and modifying 
seasons4. Green infrastructures can play a fundamental role 
in improving the resilience of Latin American cities facing cli-
mate change, while providing benefits on multiple scales and 
functions: improving the quality of public spaces, reducing the 
effects of heat islands, improving the efficiency of water use 
and maintenance costs, protecting and increasing biodiversity, 
and above all improving quality of life. In this section, we will 
focus on nature-based solutions and green infrastructure as a 
means through which to improve resilience to climate change 
in the informal city, through low-cost and easily implemented 
solutions and large-scale, long-term plans.

1. United Nations. (2014).

2. Székely. (2009), quoted in 
Vásquez, A. et al. (2019).

3. Vásquez, A. et al. (2019), 334.

4. Among the main effects of 
climate change in Latin America 
and the Caribbean, are a 0.5°C to 
3°C rise in average temperature 
between 1901 and 2012, when the 
tropical areas of South America 
registered the main increase in 
temperatures; a gradual increase 
in precipitation in the southeast-
ern and northern areas of South 
America and in the coastal areas 
of Peru and Ecuador; a decrease 
in precipitation in the majority of 
the Chilean territory, in the North 
of Argentina, the South of Mexico 
and part of Central America; a 
progressively later start to the 
rainy seasons in Central America, 
a rise in the space and time vari-
ability of the rain, and a rise in 
events of intense precipitation at 
the start of the season. Vásquez, 
A. et al. (2019), p. 334.
.

GREEN 
INFRASTRUCTURE 
AS URBAN 
REGENERATOR IN 
RESPONSE TO THE 
CLIMATE CRISIS
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The term green infrastructure is 
defined as a system of urban support focused on nature that 
can help respond to urban and climate challenges. Green in-
frastructure can manage rainwater, reduce heat wave effects, 
increase biodiversity, and improve the quality of air, water, and 
soil.5 Some ways in which green infrastructure can help include: 
more efficient uses of scarce hydric resources; restoration of 
natural flood defenses; using tree species and forestry prac-
tices that are less vulnerable to storms and fires; implementing 
natural means of water retention; reducing heat islands in urban 
areas; and reserving land corridors to help species migrate.6 

Some of the elements that define 
green infrastructure and improve their functioning are the cre-
ation of networks or systems, such as spatial connections that 
allow for the movement of people, fauna, wind, and water – for 
example, through the creation of corridors for pedestrians or 
cyclists (such as entire streets) that include green areas. Not 
only as a landscape factor, but as a provision of ecosystem ser-
vices.7 Because they have an ecosystem function, green infra-
structures are considered to be nature-based solutions (NBS).8 
through the provision of ecosystem services that can contrib-
ute to the mitigation of and/or adaptation to climate change, 
while also providing various environmental, social, and eco-
nomic benefits.9 Green infrastructures work, and should work, 
at multiple scales, connecting the regional dimension and dy-
namics to the local scale of the neighborhood or city. Due to 
their multifunctionality and the multiple scales on which they 
work, green infrastructures also include a plurality of actors in 
their planning, implementation, and maintenance.10 

Mapocho 42K, Santiago de Chile.

5. See for examples Pötz, H., and 
Bleuze, P. (2011). Urban green-
blue grids for sustainable and 
dynamic cities. Delft, Coop for life.

6. European Commission 
Directorate General for the 
Environment. (2016). Green 
Infrastructure and Climate 
Adaptation. p. 2. https://ec.europa.
eu/environment/nature/
ecosystems/pdf/Green%20
Infrastructure/Gi_climate_
adaptation.pdf

7. Quiroz Benítez, D. E. (2018). 
Infraestructura verde como 
estrategia para la mitigación y 
adaptación al cambio climático en 
ciudades mexicanas: Hoja de ruta. 
Secretary of Mexico City.

8. See Watkins, G., Silva Zuniga, 
M., Rycerz, A., Dawkins, K., Firth, 
J., Kapos, V., Canevari, L., Dickson, 
B., Amin, A. (2019). Nature-based 
Solutions: Scaling Private Sector 
Uptake for Climate Resilient 
Infrastructure in Latin America and 
the Caribbean. Inter-American 
Development Bank. https:// 
publications.iadb.org/en/nature- 
based-solutions-scaling-private- 
sector-uptake-climate-resilient- 
infrastructure-latin-america

9. Ibid.

10. See also: Mazza et al., 2011: 
Hansen and Pauleir, 2014; Mell, 
2014; Vásquez, A, et al., 2019.

The term green infrastructure 
is defined as a system of urban 
support focused on nature that 
can help respond to urban and 

climate challenges, as they ensure, 
for example, the management of 
rainwater, the reduction of heat 
wave effects, the increasing of 

biodiversity, improvements in air 
quality, cleanliness of water, and 

healthy soil.
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Graph 19 shows the main types of 
spaces in which green infrastructure can be implemented, such 
as rooftops, squares, patios, suburban areas, or infrastructure 
areas. Also shown are the techniques used and the benefits of 
each, for example: green roofs and facades, potted plants with 
infiltrations, permeable pavements, rain gardens, permaculture, 
wetlands, and linear tree ditches.11 Graph 20 highlights the 
main benefits of green infrastructure and the risks they face in 
relation to five key aspects – society and health, ecosystems, 
air and temperature, water quality, and economic impacts – 
and their impact on a global, regional, neighborhood, and do-
mestic scale. For example, urban productive gardens that can 
be implemented at all scales can provide sustainable food, 
improve the fertility of the soil and the air quality, and can 
benefit social and educational activities. In this way, they help 
mitigate social and biological vulnerability, reducing the risk of 
food shortages and chronic diseases. They can even prevent 
epidemics and massive migrations. On the other hand, the 
generation of permeable surfaces in places like parks or the 
rooftops of buildings can contribute to the increasing of infil-
tration, decreasing the impacts of floods, reducing landslides, 
managing and cleaning water, and increasing availability of wa-
ter for domestic use, in this way reducing the risk of flooding 
as well as shortages and poor quality of water.12

11. Source of the data: European 
Environment Agency (2011). EEEA 
Technical report No. 18. Green 
infrastructure and territorial 
cohesion. https://www. eea.
europa.eu/publications/ green-
infrastructure-and- territorial-
cohesion; Izquierda, ARUP. (2014). 
Cities alive: Rethinking green 
infrastructure. https:// www.arup.
com/perspectives/ publications/
research/section/ cities-alive-
rethinking-green- infrastructure.

12. Source of data: (Quiroz 
Benítez, D. E., 2018); Demuzere, M., 
Orru, K., Heidrich, O., Olazabal, E., 
Geneletti, D., Orru, H., Bhave, A. G., 
Mittal, N., Feliu, E., and Faehnle, 
M. Mitigating and adapting to 
climate change: Multi-functional 
and multiscale assessment 
of green urban infrastructure. 
Journal of Environmental 
Management 146 (2014), 107-
15. https:// doi.org/10.1016/j. 
jenvman.2014.07.025; Institute for 
European Environmental Policy 
(IEEP). (2011). Green infrastructure 
implementation and efficiency. 
https://ieep.eu/publications/ 
green-infrastructure- 
implementation-and-efficiency

13. Source of data: Currie, B.A., 
Bass, B. (2008). Estimates of 
air pollution mitigation with 
green plans and green roofs 
using the UFORE model. Urban 
Ecosystems 11, 409-422. https://
doi.org/10.1007/s11252-008-
0054-y: Yang. J., Quian, Y., and 
Gong, P. (2008). Quantifying 
air pollution removal by green 
roofs in Chicago. Atmospheric 
Environment 42, 7266-7273; Getter, 
K. L., Rowe, D. B., Robertson, G. 
P., Cregg, B. M., Andresen, J. A. 
(2009). Carbon sequestration 
potential of extensive green 
roofs. Environmental Science & 
Technology 43(19), 7564-70. doi: 
10.1021/es901539x; CNT. (2009). 
Green Values Stormwater Toolbox. 
http://greenvalues.cnt.org/
national/cost_detail/php; IPCC. 
(2007). Contribution of Working 
Group I to the Fourth Assessment 
Report of the Intergovernmental 
Panel on Climate Change. 
Solomon, S., D. Qin, M. Manning, 
Z. Chen, M. Marquis, K.B. 
Averyt, M. Tignor and H.L. Miller 
(Eds.). Cambridge, Cambridge 
University Press; Databank 
World Bank. (n.d,) Banco de 
datos. Indicadores del desarrollo 
mundial. https://databank.
bancomundial.org/reports/
aspx?source=2&series=AG.
LND.PRCP.MM&country=#; 
Sustainable Technologies 
Evaluation Program. 
(2020). Bioretention: Sizing: 
LID SWM Planning and 
Design Guide. https;//wiki.
sustainabletechnologies.ca/
wiki/Bioretention:Sizing; for 
precipitation, the average 
for Latin America was used 
according to the World 
Bank: https://databank.
bancomundial.org/reports/
aspx?source=2&seeries=AG.LND.
PRCP.MM&country=#

14. Fuente de los datos de 
infografía: Currie y Bass, 2008; 
Yang, Qian y Gong, 2008; Getter 
et al., 2009; CNT, 2009; IPCC, 
2007; Databank Banco Mundial, 
s.n.; Sustainable Technologies 
Evaluation Program, 2020.

 

The multifunctionality of green in-
frastructure also translates into economic benefits, as shown 
in Graph 21. To the left, we can see a selection of the main 
techniques of green infrastructure and the indices quantify-
ing the benefits. For example, it is estimated that every m2 
of green roofing allows for an average of 10.9 l of water to be 
saved a year; and absorbs 0.6 g of CO2, 1.8 g of NO2 and 3.68 
g of O3. Each tree absorbs 5.035 g of CO2 a year, and allows 
for the generation of 52.4 Kwh of energy by natural gas per 
year.13 To the right, the additional benefits are represented by 
qualitative variables according to direct, indirect, optional, fu-
ture, and existential values. For example, as well as ensuring 
an increased availability and quality of water, green roofs can 
generate an indirect value in the reduction of flooding and 
necessity to build grey infrastructure; preserving resources 
for future generations; improving insulation of buildings and 
interior comfort; reducing the effects of heat islands due to 
increased albedo; and generating new cultural, aesthetic, and 
community values due to the activities that can be undertak-
en on green roofs, such as urban agriculture (that can also 
generate additional economic benefits).14 
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GRAPH 19
TYPES OF SPACE, 
TECHNIQUES AND 
BENEFITS

Data Source:
European Environment Agency [EEA] Technical report No. 18 (2011); Cities Alive: Rethinking Green Infrastructure, ARUP, 2014.

The generation of permeable 
surfaces in places like parks or 

the rooftops of buildings can 
contribute to the increasing 

of infiltration, decreasing the 
impacts of floods, reducing 

landslides, managing and cleaning 
water, and increasing availability 
of water for domestic use, in this 
way reducing the risk of flooding 

as well as shortages and poor 
quality of water.
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GRAPH 20
MULTI-SCALE BENEFITS OF GREEN INFRASTRUCTURES 
AND RISK FACTORS

Data source: 
Quiroz Benítez, Diana Esmeralda. 2018. 
“Infraestructura Verde Como Estrategia 
Para La Mitigación y Adaptación Al Cambio 
Climático En Ciudades Mexicanas: Hoja de 
Ruta.” Mexico City. Demuzere, M., K. Orru, 
O. Heidrich, E. Olazabal, D. Geneletti, H. 
Orru, A. G. Bhave, N. Mittal, E. Feliu, and M. 
Faehnle. 2014. “Mitigating and Adapting 
to Climate Change: Multi-Functional and 
Multi-Scale Assessment of Green Urban 
Infrastructure.” Journal of Environmental 
Management 146: 107–15. https:// doi. 
org/10.1016/j.jenvman.2014.07.025. 
Institute for European Environmental 
Policy (IEEP). 2011. “Green Infrastructure 
Implementation and Efficiency”.
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ECONOMIC ADVANTAGES OF GREEN INFRASTRUCTURE
Quantitative variables Qualitative variables

Data source: 
Currie and Bass (2008) and Yang, Qian and Gong (2008), Getter 
et al. (2009), CNT (2009), IPCC (2007) https://databank.banco-
mundial.org/reports.aspx?source=2&se - ries=AG.LND.PRCP.
MM&country=
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Across the world, open spaces are 
being transformed into a testing ground for implementing na-
ture-based solutions and green infrastructure. In New York, 
for example, the main transformations of public spaces that 
are being developed use elements of green infrastructure to 
increase the resilience of the city. As a result of the Obama ini-
tiative, the Hurricane Sandy Rebuilding Task Force launched an 
innovative design competition, Rebuild by Design, that foment-
ed different visions to make cities and coastal areas more resil-
ient.15 These transformations include large projects in the most 
important parts of the city, such as BIG U, in Lower Manhattan,16 
but also extensive ecological projects for the most peripheral 
and low-income areas. Living Breakwater, Scape’s project for 
the southern coast of Staten Island, proposes interventions that 
improve the resilience of the coast, and considers the involve-
ment of the local community.17 From this projects, an institution 
was formed, providing funds to build resilient infrastructure for 
the entire state of New York. According to data contributed by 
Rebuild by Design, for each dollar invested in green infrastruc-
ture, six dollars are saved in the expenses of future events of 
natural disasters.18 Other studies developed in the United States 
show how, in the absence of natural disasters, green infrastruc-
ture and in particular trees, present great economic benefits 
valued at around $1.37 to $3.09 for every dollar invested.19  

In China, the Turenscape firm has 
developed over 300 ecological cities and 1,000 landscape 
projects such as wetlands, parks, and ecological corridors, in 
order to mitigate the impacts of massive urbanization and in-
dustrialization.)20 In Europe, the European Commission is pro-
moting the initiative Green Infrastructure Strategy in order to 
integrate adaptation of ecosystem-based solutions into public 
policies for climate change. These include the incorporation 
of nature-based solutions into research and innovation pol-
icies; natural measures for water retention in water policies; 
and solutions that can provide multiple ecosystem services 
and rich biodiversity in nature policies.21

Parque Fluvial de las Familias, 
Santiago de Chile

15. Bisker J., Chester, A., and 
Eisenberg, T (Eds). (2015). Rebuild 
by Design. www.rebuildbydesign.
org: Ovink, H., & Boeikenga, J. 
(2018). Too Big: Rebuild By Design. A 
Transformative Approach to Climate 
Change. Rotterdam, Nai010.

16. See project THE BIG U, in 
Rebuild by Design, https://www.
rebuildbydesign.org/our-work/
all-proposals/winning-projects/
big-u

17. Starting from a previous 
project called Oyster-tecture 
that Scape proposed for the 
exhibition, Rising Currents at the 
MoMA (Berrgdoll, 2010), Living 
Breakwaters uses a ring of 
breakwaters to protect the local 
inhabitants from the damage 
and erosion caused by waves. 
Meanwhile, it provides a more 
diverse habitat for young fish, 
oysters, and other organisms. The 
living infrastructure is coupled 
with infrastructure for local 
resilience of the neighborhoods 
adjacent to the coast, to help 
increase awareness of risks, 
empowering the citizens and 
stimulating local schools to teach 
about the coastal fronts.

18. Data elaborated for Rebuild 
by Design by the National 
Institute of Building Sciences 
and published in Resilient 
Infrastructure for New York 
State. Rebuild by Design. https://
www.rebuildbydesign.org/data/
files/1329.pdf

19. McPherson, G., Simpson, G. 
R., Peper, P. J., Maco, S. E., and 
Xiao, Q. (2005). Municipal forest 
benefits and costs in five U.S. 
cities. Journal of Forestry 103(8), 
411-416. https://www.fs.us/
psw/publications/mcpherson/
psw_2005_mcpherson003.pdf

20. For the environmental ben-
efits of projects by Turenscape 
in China, see the document 
published by the Inter-American 
Development Bank: Paquete de 
soluciones de infraestructura verde 
urbana retos, oportunidades y man-
ual de buenas prácticas (2019). See 
also: www.turnscape.com.

21. European Commission Direc-
torate General for the Environ-
ment. (2016). Green Infrastructure 
and climate adaptation. https://
ec.europa.eu/environment/na-
ture/ecosystems/pdf/Green%20
infrastructure/Gl_climate_ad-
aptatioon.pdf. According to the 
European Commission for the 
Environment: "Green infrastruc-
ture is one of the most applicable, 
economically viable and effective 
tools to combat climate change 
and help people adapt or mitigate 
the adverse effects of climate 
change."

Across the world, 
open spaces are being 

transformed into a testing 
ground for implementing 

nature-based solutions and 
green infrastructure.
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Latin American cities are also in-
vesting in large-scale urban landscape projects that are able 
to integrate ecological infrastructure, various networks, and 
high-quality public spaces, such as the regeneration of Río 
Medellín in Colombia, the Parque Dom Pedro II in São Pau-
lo, or the Paseo Cívico Metropolitano in Santiago, Chile. The 
three projects are located within metropolitan areas, combin-
ing the possibility of integrating different types of urban mo-
bility (public transport, bicycle routes, and pedestrian areas) 
with a regeneration of the riverbanks adjacent to urban areas. 
They offer environmental benefits and recreation areas at a 
local, neighborhood level, as well as at a city level, reducing 
and absorbing emissions and improving accessibility to ser-
vices.22 Various authors highlight how Latin American cities 
have traditionally supported urban projects that generate so-
cial segregation by creating the conditions for the real estate 
industry to take over central and pericentral areas, pushing 
the original residents to more marginal areas. This causes a 
territorial reconfiguration and change in the city in terms of 
its uses, accessibility, and identity. It also reflects the spatial 
injustice that questions the right to the city, while confronting 
two types of cities: the elitist city and the informal city.23 The 
projects mentioned before are examples of urban infrastruc-
ture that acknowledge this condition and try to reverse it by 
extending services and accessibilities to the whole metropol-
itan area. In this document, we are particularly interested in 
exploring how green infrastructure can improve the informal 
city through tactical interventions, to be applied in the short-
term and with relatively limited resources, as well as through 
large-scale and long-term planning.

22. For information about Parque 
Río Medellín, see: Empresa de 
Desarrollo Urbano EDU. 950 
Latitud Taller de Arquitectura y 
Ciudad fue el ganador del concurso 
Parque del Río Medellín. http://
www.edu.gov.co/index.php/
inicio/118-lo-ultimo/950-latitud-
taller-de-arquitectura-y-ciudad-
fue-el-ganador-del-concurso-
parrque-del-rio-medellin.
html; for information about 
Parque Dom Pedro II, see: 
Plataforma Arquitectura (2011). 
Plan Urbanístico Parque Dom 
Pedro II / Una Arquitetos, 
H+F arquitetos, Metrópole 
Arquitetos y Lume. https://www.
plataformaarquitectura.cl/
cl/02-120965/plan-urbanistico-
parque-dom-pedro-ii-una-
arquitetos-hf-arquitetos-y-
metropole-arquitetos; for 
information about Paseo Cívico 
Metropolitano, see: Bosch, A., 
Lyon, A., Martic, D., Oloriz, C. and 
Ramírez, A. (2016) Paseo Cívico 
Metropolitano: Rediseño del eje 
Alameda-Providencia Santiago, 
Chile, 2015 – 2018. ARQ 92, 38-49. 
http://dx.doi.org/10.4067/S0717-
69962016000100006

23. See: Janoschka, M. (2016). 
Gentrificación, desplazamiento, 
desposesión: procesos urbanos 
claves en América Latina. Revista 
INVI 31(88) (2016), 27-71; Vega 
Martínez, A., Hernández Buelvas, 
E., and Barbera Alvarado, N. 
Configuración territorial del 
habitat en el asentamiento 
informal Alfonso López de la 
ciudad de Montería- Colombia. 
Revista INVI 34 (97) (2019), 81-
103, 86.

Paseo Urbano de la Calle 107, Medellín

Latin American cities are 
investing in large-scale urban 

landscape projects that are 
able to integrate ecological 

infrastructure, various 
networks, and high-quality 

public spaces.
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As mentioned in the previous chap-
ters, climate change presents an increasing risk factor for pre-
carious settlements with high levels of informality, as its effects 
are added to conditions of congenial vulnerability and limited 
access to resources. In this chapter, we focus on the relevance 
of adopting nature-based solutions in public spaces within 
the most vulnerable settlements. The relevance of green in-
frastructure depends on the elements that shape its reason 
for being, the ability of natural and semi-natural areas to offer 
ecosystem services in the city, to offer connections between 
the city and recreational spaces, all of which also provide en-
vironmental, social, and economic benefits. 24

24. Quiros Benítez, D. E. (2018), 42.

25. Graph 13. Green areas and 
socioeconomic levels: Buenos 
Aires. The m2 of green areas 
per inhabitant are elaborated 
from the layer, "green areas", 
available on the page Buenos 
Aires Data, matched up with 
the projection of the population 
for 2019 by the DGEEC. On the 
page, it is indicated that the 
layer of green spaces in the 
city includes "garden, park, 
recreational patio, square, small 
square, and multiple sports 
clubs". The socioeconomic 
level per neighborhood is 
elaborated from the percentages 
of socioeconomic levels per 
neighborhood, from the social 
dimension in the Modelo 
Territorial de Buenos Aires. 
Here, the population is divided 
into six levels that synthesize 
the incomes with data related 
to education, occupation, 
qualification and work category, 
and characteristic of the home.

26. Graph 13. Green areas 
and socioeconomic levels: 
Medellín. The m2 of green areas 
per inhabitant are elaborated 
from the layer, "existing public 
areas", available on the page 
Open Data from the Medellín 
Council, matched up with the 
projection of the population for 
2018 from the same source. The 
page indicates that the layer 
of existing public space is the 
existing space for entertainment 
and gatherings from the active 
Plan de Ordenamiento territorial 
(Regulation Plan) and that 
corresponds to effective public 
space of a permanent nature, 
destined for recreation, leisure, 
and gatherings, for collective 
use. The average socioeconomic 
level per municipality is 
elaborated from a publication 
by the Municipality of Medellín 
that distributes housing into 
six socioeconomic levels. There 
is a clear relationship between 
the density of public space 
and socioeconomic levels, with 
the exception of Robledo, a 
municipality of lower income and 
higher density of green areas, 
in the periphery, and El Poblado, 
with the highest income and 
fewest green areas located 
in the center.

27. Graph 13. Green areas and 
socioeconomic levels: Santiago, 
Chile. The m2 of green areas per 
inhabitant are elaborated from 
the graph "Superficie de áreas 
verdes públicas por habitante" 
published on the page, Systema 
de Indicadores y Estándares 
del Desarrollo Urbano (SIEDU), 
showing "the relationship 
between the total surface of 
communal green areas (public 
parks and squares) and the urban 
population by municipality". 
The average percentage is 
elaborated from the percentages 
of socioeconomic levels of the 
Indicador de Bienestar Territorial, 
distributing the population 
of each municipality into 10 
socioeconomic centiles. The 
density of public green areas is 
directly related to social levels, 
diffused in some municipalities 
at the center (Santiago, Ñuñoa, 
Independencia, and San Miguel), 
as well as San Ramón, Lo Espejo, 
and La Pintana in the extreme 
opposite, at the southern limit 
of the city.

28. Graph 13. Green areas and 
socioeconomic levels: São 
Paulo. The m2 of green areas 
per inhabitant are elaborated 
from the graph "Área verde por 
habitante 2017", published on the 
page of the Rede Social Brasileira 
by Cidades Justas e Sustentáveis. 
The indicator of m2/hab of 
green areas is obtained from the 
green areas of public property, 
created and administered by the 
municipal government and the 
state government, including all 
municipal public parks, state 
public parks, squares, and all 
the Unidades de Conservación 
de Protección Integral (protected 
areas) defined by the Sistema 
Nacional de Unidades de 
Conservación. The average 
percentage of socioeconomic 
levels is elaborated from the 
Índice Paulista de Vulnerabilidad 
Social (IPVS), that divides 
the population into seven 
socioeconomic levels. We 
can see São Paulo has a high 
density of green areas in some 
of its municipalities. We can 
also see a direct relationship 
in the diagonal between Vila 
Mariana and Capela do Socorro, 
with certain exceptions of high 
income and low density of 
green areas below this line. The 
pattern observed in the other 
cities, with the exception of the 
municipalities of lower income 
and higher density of green areas 
in the periphery, and higher 
socioeconomic levels with fewer 
green areas in the center, cannot 
be seen in São Paulo, as the lower 
socioeconomic levels are located 
in the center. 

The distribution of nature and 
high-quality public spaces is extremely unequal between the 
formal and the informal city. This has historic references: when 
a large part of the population moved to metropolis such as 
Medellín, Bogotá, Santiago de Chile, and São Paulo, during 
the 20th century, the antagonism between the urban and the 
rural, the formal and the informal was replicated within the 
area of the city, as were economic inequalities. The maps on 
Graphs 22 to 25 show the relationship between green areas 
and socioeconomic levels in Buenos Aires, Medellín, Santiago, 
and São Paulo. In Bueno Aires, for example, with the excep-
tion of a few neighborhoods, the relationship between m2/in-
habitant of green spaces and the average socioeconomic level 
seems to be organized in two parallel curves. There is a tenden-
cy toward more m2/inhabitant in relation to a higher average 
socioeconomic level. The low-income neighborhoods with a 
higher density of green areas are located in the periphery while 
the neighborhoods characterized by a higher socioeconomic 
level with lower density of green areas are located in the most 
central areas.25 Also in Medellín, there is a clear relationship be-
tween green areas and income,26 as there is in Santiago27 and 
São Paulo,28 except for central neighborhoods that are charac-
terized by high income and a lack of green areas. 
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GRAPH 22
GREEN AREAS AND SOCIOECONOMIC LEVEL
Medellín

GRAPH 23
GREEN AREAS AND SOCIOECONOMIC LEVEL
Buenos Aires

Data source: 
Mayor of Medellín (2012), Stratification 
socioeconomic housing; Mayor of Medellín 
opendata (2018), Public space existing; 
Mayor of Medellín (2016), Population 
Projections 2016 to 2020 from Medellín 
(2018 used)

Data source: 
GCBA (2013), The social dimension in the Territorial Model Buenos 
Aires (2010/2060); Buenos Aires dates (2019), Green spaces. DGEEC 
(2010), Total population by sex, area and density of population 
according to commune and neighborhood. City of Buenos Aires.
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Data source: 
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Data source: 
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Public space plays a fundamental 
role as a platform for civic action, exchange, and empower-
ment. Combined with green infrastructure, it can become a 
medium through which to improve social and environmental 
resilience in neighborhoods. The inhabitants of spontaneous 
or informal settlements in many cases build their houses and 
maintain them, but there is no one to build public space or to 
ensure its maintenance, due to its communal character. There 
is an opportunity to change this through interventions based 
on green infrastructure that, along with consolidating these 
common areas and improving their usability, can also improve 
their resilience. For example, providing a solution to the lack 
of pavements, not with concrete, but with permeable, porous 
pavements. Or including trees and productive green areas in 
public space.

We are proposing to look at green 
infrastructure and public space as media to improve the qual-
ity of life and resilience of the most vulnerable settlements 
with a multiscalar approach that combines strategies of urban 
design – such as upgrading, combining, and anticipating – with 
the main objectives and actions that the international com-
munity has defined in order to face climate change: restoring, 
adapting, and mitigating. Restoring the vulnerable city after ex-
treme climate events brings about the opportunity to upgrade 
and improve local conditions. These precise interventions for 
the improvement of public space can be thought of in terms 
of green infrastructure. Adapting means developing interven-
tions that can respond to the effects of climate change. In this 
case, it deals with actions beyond the neighborhood scale that 
provide extensive ecosystem services across the metropolitan 
area and meanwhile contribute to the connection of precari-
ous settlements to urban services. Mitigating means reducing 
GHG emissions through interventions that promote a paradig-
matic change in production systems and in the use of resourc-
es (energy, transport, agriculture, etc.); in the case of precari-
ous settlements, this means reducing the current vulnerability 
of informal populations and their environments but also being 
able to anticipate the transformation and future expansion of 
the settlements, based on models of climatic projections.

Public space plays a fundamental 
role as a platform for civic action, 

exchange, and empowerment. 
And, combined with green 

infrastructure, it can become a 
medium through which to improve 
social and environmental resilience 

in neighborhoods.

Parque Cultural Tiuna el Fuerte, Caracas
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GREEN 
INFRASTRUCTURE IN 
THE VULNERABLE CITY: 
THREE TRANSVERSAL 
STRATEGIES

Restore and Upgrade

A first scale of approach is the neighborhoods themselves. 
In other words, how can we intervene in situations of en-
vironmental risk while also improving the quality of space 

and life in vulnerable neighborhoods? Since 1970, many govern-
ments have started to look beyond displacement operations 
and have begun to focus on the improvement of neighborhoods 
in situ. Although in some cases, displacement is inevitable and 
can even have advantages for mitigating and adapting to the 
effects of climate change, the process can be equally disruptive 
for the communities. This has been the preferred strategy for 
the Inter-American Development Bank, which started multiple 
projects for the improvement of neighborhoods throughout 
the continent. Programs such as PROMEBA in Argentina, Favela 
Bairro in Brazil, and PMB in Uruguay29 allowed the inhabitants 
to conserve the buildings constructed through their personal 
efforts and preserve the social capital and the access to so-
cial and economic networks they had acquired over time. Their 
evaluations and positive results outlined new challenges and 
protocols and encouraged the development of more integral 
mechanisms that go beyond housing, to ensure the consolida-
tion of neighborhoods and improved accessibility to the ser-
vices of the city.30

29. Fretes Cibils, V. (2009). 
Construir Ciudadanía para 
una major calidad de vida. In 
Rojas, E. (Ed), Construir ciudades. 
Mejoramiento de barrios y calidad 
de vida urbana. IDB and Fondo de 
Cultura Económica. For more 
information about the programs, 
see: Programa de Meejoramiento 
de Barrios (PROMEBA) https://
www.promeba.gob.ar/proyectos; 
Libertun de Duren, N., Osorio R. 
(2020). Baisso: 10 años después. 
Inter-American Development 
Bank. https://publications.
iadb.org/publications/spanish/
document/Bairro-Diez-anos-
despuees.pdf; Programa de 
Mejoramiento de Barrios (PMB): 
http://pmb.mvotma.gub.uy/.

30. Fretes Ciblis, V. (2009), 16.

Informal neighborhoods are in a 
state of higher risk than the formal 

city. Improvement interventions 
undertaken with communities 

can lead to conditions of greater 
future resilience, thanks to better 

functionality in infrastructures and 
the training of local inhabitants.
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Repairing and building, preventing 
the damage caused by climate events such as storms or land-
slides, or responding to conditions of extreme risk can offer the 
opportunity for a permanent improvement of the urban quality 
of neighborhoods. In the same way, every intervention for the 
improvements of neighborhoods should include an estimate of 
the climate risks in the present and future, and increase their 
resilience. The Intergovernmental Panel on Climate Change 
(IPCC) is the main international body for the evaluation of cli-
mate change. Created in 1988, it provides a scientific perspective 
toward the current state of knowledge on climate change and 
its environmental and socioeconomic consequences. The IPCC 
recognizes the importance of improving informal settlements as 
a key measure for adaptation to climate change.31 In 2014, the 
fifth report highlighted that rapid urbanization and the growth of 
cities in developing countries had increased the quantity of very 
vulnerable urban communities living in informal settlements, 
many of which are found in areas that are exposed to extreme 
meteorological phenomena. Therefore, there is a need to face 
problems such as: i) low quality and inadequately located hous-
ing that is generally more vulnerable to extreme episodes; ii) the 
management of water resources; iii) the particular susceptibility 
of the inhabitants of informal settlements with low-income and 
deficient infrastructure, often located in alluvial plains or on riv-
erbanks. The limitations of infrastructure and of the ability to 
plan can exacerbate the inability to resist and adapt to rapid, 
foreseeable changes, particularly in large cities.32

In this way, we can see the impor-
tance of intervening within neighborhoods, transforming pub-
lic spaces such as streets, squares, and buildings into green 
infrastructure that can consolidate its surroundings, offering 
multiple functions for the community. There are emblemat-
ic cases in the region such as the Proyecto Urbano Integral in 
Medellín,33 which has complemented the transport infrastruc-
ture network, MetroCable, with a network of public spaces 
for the community. The project, developed in a participa-
tory process with the community, includes 30 infrastructure 
projects that improve the transit route and public equipment 
(education, culture, security, and employment) while also re-
storing the physical conditions of health in the cliff surround-
ings through the implementation of linear parks. Among these 
projects, Paseo Urbano de la Calle 107 is an intervention whose 

design includes a pedestrian route through a new landscape and 
urban corridor. The project proposes a redefinition of the pub-
lic section of the street, including the improvement of existing 
public spaces and the construction of a park, located close to 
the access of the street. The objective is to strengthen the func-
tion of the neighborhood corridor, recognizing its character as 
a pedestrian axis, indirectly boosting business activities, for the 
socioeconomic development of the communities in the area. 
The project Plaza Estacional, developed by AGA estudio, PICO, 
and the Comunidad del Barrio Canaima in the Barrio Frailes and 
Barrio Canaima in Caracas, Venezuela (2010), makes the most of 
the need to improve the condition of hydrogeological risks in in-
formal neighborhoods, to improve their equipment and urban 
quality. The project develops an operation of ground stabiliza-
tion and a common patio outside the renovated housing units, 
in the most remote part of the neighborhood. The patio has a 
vegetable patch of deep-rooted plants and permaculture that 
transforms the square into a common patio for the development 
of formative and productive practices. The project is located 
within a site with a slope, which is vulnerable to erosion, where 
vegetation is used in different ways to stabilize the soil. The veg-
etable garden is installed within a wall that stabilizes the slope, 
built through the technique of permaculture, while the square is 
made up of porous pavement to foster the absorption of rainwa-
ter. Permaculture is a system of landscape design that simulates 
or imitates the patterns and relationships of natural ecosystems, 
as a means of generating agricultural systems or stable and sus-
tainable landscapes. The permaculture vegetable gardens look to 
emulate nature, optimizing natural resources without the use of 
chemical products, generating microclimates of vegetable spe-
cies and permitting various beneficial effects such as reducing 

31. Statterthwaite, D. et al. (2018), 
in the essay "Responding to 
climate change in cities and 
their informal settlements 
and economies" mentioned 
previously, signal how the 
Workgroup II of the IPCC, in the 
Third Evaluation, declared the 
need to "regularize the rights 
of properties for informal 
settlements and other measures 
to allow low-income groups to 
buy, rent, or build good-quality 
housing in secure areas" (Scott, 
M., Gupta, S. Jáuregui, E., Nwafor, 
J., Satterthwaite, D., Wanasinghe, 
Y.A.D.S.,Wilbanks, T. and Yoshino, 
M. (2001), "Human settlements, 
energy and industry", in J. J. 
McCarthy, O. F. Canziani, N.A. 
Leary, D.J. Dokken and K. S. 
White (editors), Climate Change 
2001; Impacts, Adaptation, and 
Vulnerability, Contribution of Working 
Group II to the Third Assessment 
Report of the Intergovernmental Panel 
on Climate Change, Cambridge 
University Press, Cambridge, 406). 
The Forth Evaluation signaled 
how "informal settlements 
within urban areas of the city 
in developing countries are 
particularly vulnerable, as they 
tend to be built on dangerous 
sites and are susceptible to 
flooding, landslides and other 
disasters related to the climate" 
(Wilbanks, T.J., Romero Lankao, P., 
Bao, M., Berkhout, F., Cairncross, 
S., Ceron, J-P., Kapshe, M., 
MuirWood, R. and Zapata-Marti, R. 
(2007). Industry, settlement and 
society. In Parry, M.L., Canziani, 
O.F., Palutikof, P.J., van der 
Linden P.J. and Hanson, C.E. Eds. 
Climate Change 2007: Impacts, 
Adaptation and Vulnerability. 
Contribution of Working Group II to 
the Fourth Assessment Report of the 
Intergovernmental Panel on Climate 
Change, Cambridge University 
Press, Cambridge, UK, 372).

32. Satterthwaite, D. et al. (2018).

33. Developed by the Mayor 
of Medellín, the Empresa de 
Desarrollo Urbano (EDU), and the 
architects Alejandro Echeverri 
Restrepo, Carlos Rodríguez 
Osario, and Carlos Alberto 
Monotoya Correa, in Medellín 
(2004-2007).

Paseo Urbano  
de la Calle 107, 
Medellín
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the ecological footprint, restoring soil and biodiversity, creating 
community around working with nature, and generating organic 
and fresh food. These techniques work as green infrastructure 
and allow for public space to become a learning workshop, mak-
ing the most of the local agriculture tradition.

The Tiuna el Fuerte y Lab Pro Fab 
Foundation takes on an unused asphalt site to create an ur-
ban park and a self-sufficient community space in the Valle de 
Caracas; a meeting place of culture, professional training, and 
sports that is rich in vegetation. The infrastructure of the park 
was built using low-cost and low-energy consumption technol-
ogies based on the premise of recycling, followed by an exten-
sive research process into the neighborhood and the available 
materials, working closely with the local builders and artisans. 
For this project, recycling techniques were applied, as well as 
reconditioning and reprogramming of unused containers, which 
were grouped in modules to create the different areas of the 
park. Another priority was increasing the vegetal covering of the 
unused parking site through the incorporation of vegetal spe-
cies. The Rocinha Mais Verde project in Rio de Janeiro gener-
ated a community garden for children with recycling materials 
and local vegetables. The project was created on an empty, 
unused site that had been contaminated with trash, which was 
cleaned and transformed into a vegetable garden. The garden 

Plaza Estacional,
Caracas

was implemented in collaboration with the local community and 
children, where the strategy was to make the most of the slope 
of the site to generate terraces that allowed for the produc-
ing and harvesting of organic food. With a similar program, the 
Huerta en Manguinhos constitutes a vast garden of urban or-
ganic produce, one of the largest in South America. The space 
is open 24 hours a day to the community in over 300 cultivable 
gardens. The project started with the clearing of tons of trash 
from the site, the elimination of the first layer of contaminated 
soil, and the positioning of gravel to increase drainage, followed 
by the construction of the walls built by bricks filled with vege-
tal soil. A watering system connected to the city’s water system 
was put in place. The garden provides fresh food for the local 
community all year round, alleviating the economic stress of the 
families and improving their nutrition. Meanwhile, it provides an 
improved drainage system, an environment free of trash, a social 
and recreative space in which to spend time, and a safe space 
for children. The Parque Fazendinha in São Paulo converts an 
area contaminated with trash into an open park for the commu-
nity, a collective space for neighborhood participation. In this 
case, following the clearing of trash and cleaning of the site along 
with the local community, one of the techniques used to contain 
the site on a slope was unused tires that were collected from 
around the neighborhood, joined with rubble and cement. The 
Parque Trazando Sonrisas from the NGO Trazando Espacios, in 

Rocinha mais Verde, 
Rio de Janeiro
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the Escuela Agustín García Padilla (in the state of Sucre, Venezuela), is an 
example of a playground made through participatory design tools, recy-
cling unused materials. Using the children’s ideas, technical plans and a 
building manual were produced. The manual included tools and tech-
niques to build wooden benches and swings, tin roofs and pergolas and 
green roofs, games made with hoses, a mosaic mural, climbing routes, a 
bridge made of unused tires, and a trampoline made with rope. All of this 
was built with the community using recycled materials.

Huerta en 
Manguinhos, 
Rio de Janeiro

Parque Fazendinha, São Paulo

Parque Trazando 
Sonrisas, Sucre
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Adapt and Connect

A ll these projects are specific, in situ interventions that, 
in the most successful cases, are developed with and 
for the local communities. These transformations that 

react to a problem can have a long-term effect and contribute 
to the adapting of neighborhoods to climate change: increas-
ing permeable surfaces, redirecting water flows, improving the 
physical and mental well-being of the inhabitants, and creat-
ing a feeling of belonging. The strategies of adaptation to cli-
mate change include actions that are focused on decreasing 
the vulnerability of people facing current climate variabilities 
and future changes in the climate.34 Adapting to climate change 
means altering our behavior, practices, systems and in some 
cases ways of life in order to protect our families, our economy, 
and our surroundings.35

If we think of how to adapt cities to 
climate change (for example, increasing permeable surfaces, 
improving drainage systems, ensuring access to water, protect-
ing biodiversity, and promoting different lifestyles), it is neces-
sary to establish a structural change and more ambitious proj-
ects that go beyond specific neighborhoods, looking for inte-
gration. Improving the quality of life in informal neighborhoods 
in the long-term implies including them in the visions and pro-
grams for the city, improving accessibility to urban services, but 
also generating activities and functions in the neighborhoods 
themselves that can attract inhabitants from the formal city.

David Gouverneur and Oscar Grau-
er define these spaces as “urban connectors,” quality public 
spaces built in the informal city and in the formal city that can 
be enjoyed by inhabitants of both.36 This has been successfully 
implemented in many Latin American cities, among them, Rio 
de Janeiro, Bogotá, and Medellín, and it is being promoted in 
many other cities such as Buenos Aires, Santiago, Lima, and 
Mexico City. In the ‘90s, the project Favela Bairro in Rio de 
Janeiro became an important antecedent that included 200 
communities and 2 million people, introducing great improve-
ments to infrastructure, public spaces, housing, and local and 

34. UN Environment. Climate 
Change Adaptation. https://
wedocs.unep.org/bitstream/
handle/20.500.11822/22303/
Climate_Adaption_factsheet.
pdf?sequence=1&isAllowed=y

35. World Wildlife Foundation. 
Adaptación al cambio climático. 
July 11, 2019. https://www.
worldwildlife.org/descubre-wwf/
historias/cual-es-la-diferrencia-
entre-mitigar-y-adaptarsee-al-
cambio-climatico

36. Gouverneur, D. and Grauer, 
O. (2008). Urban Connectors. 
Fostering a non-hierarchical 
integration of formal and 
informal settlements. Harvard 
Design Magazine 28, 24-30.

If we think of how to adapt cities 
to climate change (for example, 
increasing permeable surfaces, 

improving drainage systems, 
ensuring access to water, protecting 

biodiversity, and promoting different 
lifestyles), it is necessary to establish 

a structural change and more 
ambitious projects that go beyond 

specific neighborhoods, looking 
toward integration.

262
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B



In Santiago, Chile, the Parque de la 
Familia [Family Park] has the primary objective of restoring the 
Mapocho riverbank in the western sector of the city, generat-
ing a calm body of water through implanting collapsible locks. 
The technology adopted allows for nautical activities with small-
er, non-motorized boats such as kayaks, row boats, and small 
yachts. The project is located in a particularly vulnerable area in 
the periphery of the metropolitan area that lacks green spac-
es. The park and bike lanes included in the project play a crucial 
role in the development potential of the communities involved 
and the connection with central areas.41 The main operation of 
the project consisted in creating a new branch of the river, for 
which a great deal of earth had to be excavated and removed. 
The strategy was to use this excess earth to generate an artifi-
cial topography in the park and guide the river through a series 
of hills. The slopes of this topography and the manipulated sur-
face were planted with native species with low-water consump-
tion, to hold the earth together. Different tree species were also 
planted. Another example in which the management of water 
has provided an opportunity for a metropolitan public space is 
the Arroyo Xicoténcatl, designed by Taller Capital in a peripheral 
area of Tijuana. Here, the water route is requalified through the 
reduction of water and the creation of public and sports areas. 
The operation involves generating nine terraces or platforms for 
the development of recreative and sport activities, built with the 
existing backfill in the waterway. Slopes were built to contain the 
terraces with walls made from discarded tires, which were plant-
ed with endemic species in order to contain the earth. Two ca-

41. Sordi, J. (2017). Más allá del 
urbanismo. Trento-Santiago de 
Chile, Listlab-SaCabana.

Parque de la Familia,
Santiago de Chile

metropolitan services.37 This project served as a catalyst for 
many others in Rio de Janeiro38 and other cities in the region. 
The projects implemented in Medellín, around Metrocable, 
have learned from the experience in Rio and implemented 
a series of projects in a network and great catalysis of met-
ropolitan flows. For example, the Parque Biblioteca España 
transformed an urban border with a complex topography into 
an operative geography, one that includes a park, urban spac-
es, pedestrian mobility, and lookout points with views toward 
the city. The Parque Biblioteca España configures a system of 
open public spaces embedded in the urban void of a compact 
settlement that are adapted to very specific local conditions. 
The success of these interventions lies in the drastic reduction 
of crime in the area and the intensive use of the public space 
by the general public.39 This is combined with better infra-
structure, early, primary, and secondary education programs, 
and investments to strengthen small enterprises and formalize 
informal businesses.40

37. Gouverneur, D. and Grauer, 
O. (2008).

38. Between these are Favela 
Bairro II (2000-2004) and Morar 
Carioca (2010).

39. Gouverneur, D. and Grauer, 
O. (2008).  

40. Silva, E. (2020). Pure Space. 
Expanding the Public Sphere through 
Public Space Transformations 
in Latin American Spontaneous 
Settlements. Barcelona, Actar, 
2020.

Parque Biblioteca 
España, Medellín
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Other projects focus on the con-
struction of network and work systems, with or for institutions 
to improve the integration of neighborhoods into the formal city. 
Specialized in the design of open spaces in informal neighbor-
hoods, Enlace Arquitectura, a firm from Caracas, has created a 
parallel agency, the Fundación Enlace Arquitectura, to promote 
the investment of local and metropolitan governments in public 
space. The project Sembrando Ciudad – La Palomera proposes 
a series of interventions of recycling public space in interstitial 
and contaminated public spaces in order to improve the quality 
of life in neighborhoods, but also connecting them to the formal 
city.42 In the Plaza de la Cruz project, the community selected 
a clandestine garbage dump and transformed it into a new and 
dynamic public space that is also a lookout point onto the city. 
The project motivated the creation of a new system of waste 
management that was organized along with the council and the 
community in order to guarantee that the space would not be 
used to dump waste. The new waste collection system allows 
for the elimination of waste containers in the entrances of the 

Represo Colosio, 
Nogales

42. Enlace Arquitectura. (2017). 
Sembrando Ciudad. In Larach, 
C. and Vera, F. (Eds.), Dialogos 
Impostergables. Catalogo de la XX 
Bienal de Arquitectura y Urbanismo 
de Chile. Santiago, Metales 
Pesados; Enlace Arquitectura. 
(2017). Ficha 2.1 Sembrando 
Ciudad. La Palomera. http://
www.enlacearquitectura.net/
obra/2017/08/sembrando-
ciudad-la-palomera/ 

nals were also built to guide rainwater, in concrete and stone, to 
reduce the speed of water flow. Areas for sports, playgrounds, 
and meeting spaces were incorporated. In the Represo Colosio 
in Nogales, Mexico, a body of water was redesigned with a public 
space next to it, to avoid the risk of flooding in an area of infor-
mal settlements. The ecological design strategies adopted were 
based on the containment of the borders of the water bodies 
and the consolidation of the dam curtain; the definition of the 
space for water flow; and floodable areas that can receive rain-
water in rainy periods, to be used for sports and leisure during 
dry periods. A perimeter circuit and a bridge were also created 
to facilitate mobility and evacuation of the inhabitants in case of 
emergencies. In order to materialize these strategies, local con-
struction systems and materials were used: containment walls 
with local stone, pavement made from compacted earth and 
polished concrete, squares with local stone, and gardens with 
cactus plants from the area.

Parque en 
el Arroyo 
Xicoténcatl,
Tijuana 
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An emblematic case is the ecological 
park in the Moravia neighborhood that transformed one of the 
main dumping grounds in Medellín into an urban park that is 
rich in vegetation, walking paths, community gardens, and cul-
tural activities for the local community. This case is an exam-
ple of the reconstruction and restoration of a highly degraded 
territory through the participation and concertation of the 
inhabitants, the study and design of technologies for environ-
mental recovery, as well as urban and landscape studies. From 
the techno-environmental element, an artificial hill that had 
been created by the accumulation of waste over the course 
of several decades was consolidated and decontaminated, and 
a system of water management was proposed through natu-
ral systems of purification,43 materialized in the community 
gardens and the built wetlands. The former consist of plant-
ed or buffer strips that generate an environmental solution but 
also have a social and educative function for the residents who 
previously lived in the dumping ground.44 The wetlands purify 
through underground perforated tubes.

Morro de Moravia 
ecological park, 
Medellín 

43. García, J., Rousseau, D., 
Morató, J., Usage, E., Matamoros, 
V., and Bayona, J.M. Contaminant 
removal processes in subsurface 
wetlands: A review. Critical 
Reviews in Environmental 
Science and Technology, 40(7) 
(2010), 561. https://doi.
org/10.1080/10643380802471076

44. Silvia, E. (2020). Pure space: 
Public space transformations in 
Latin American informal settlements. 
Actar.

neighborhood, which constitutes an important improvement in 
the public health of the community. Today there are seven new 
routes of door-to-door waste collection in La Palomera. The 
Caminos de la Villa project in Buenos Aires promoted the rec-
ognition and integration of informal settlements [villas] through 
the participative construction of detailed online maps of the 
villas, which do not appear in the official maps of Buenos Ai-
res. The design and implementation process consisted of the 
following stages: neighborhood coordination; mapping all of 
the internal passages through GPS coordinates along with the 
inhabitants of the neighborhood and validation of the carto-
graphic data with the neighbors; publication of the maps; the 
design of an interactive web platform for the use of the maps; 
a presentation of the platform in the neighborhoods; and the 
constant updating of the information. This mapping process 
and continuous updating of the information is fundamental 
for the integration of the neighborhoods and the projection of 
green infrastructure.

La Palomera, 
Caracas
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Mitigate and Anticipate

F inally, both to address climate change and to develop 
more sustainable cities, it’s necessary to intervene in 
the causes. Climate change mitigation strategies include 

actions focused on reducing the sources of greenhouse gases 
and increasing carbon sinks, to avoid extreme warming of the 
planet.45 This means imagining new ecologies, economies, and 
societies to anticipate future conditions. In this way, it is im-
portant to think of informal settlements as a developing reality, 
anticipating transformations and mitigating eventual risks.

In recent decades, many cities in Latin 
America and their informal neighborhoods have been in the pro-
cess of consolidation. However, as we saw in the previous pages, 
new mitigation routes at a national and international level, along 
with demographic growth, keep driving the expansion of informal 
neighborhoods. Different organizations and authors from around 
the world have written extensively about the consequences of 
this demographic explosion and the nature of informal occupa-
tion. However, little has been done in terms of imagining how to 
effectively deal with the consequences of these demographic 
pressures and how to face the increasing population in cities, 
predominantly the informal one.46 According to data from the 
United Nations (2018), the proportion of the urban population 
living in marginal neighborhoods around the world decreased 
by 20% between 2000 and 2014 (28% to 23% of the total). This 
positive tendency has recently reversed, and the proportion 
increased to 23.5% in 2018. The absolute number of people 
living in marginal neighborhoods or informal settlements in-
creased to more than 1 billion, with 80% attributed to three re-
gions: East and Southeast Asia (370 million), Sub-Saharan Africa 
(238 million) and Central and South Asia (277 million). The other 
regions have 199 million people. In 2018, 23% of the population 
of Latin America and the Caribbean did not have access to 
waste collection (increasing from 20% in 2001-2010).47 

45. UN Environment Program. 
Mitigation. https://www.unep.org/
explore-topics/climate- change/
what-we-do/mitigation. World 
Wildlife Foundation. (July 11, 2019). 
Cuál es la diferencia entre mitigar 
y adaptarse al cambio climático. 
https://www. worldwildlife.org/
descubre-wwf/ historias/cual-
es-la-diferencia- entre-mitigar-y-
adaptarse-al- cambio-climatico

46. David Gouverneur, interviewed 
by Leo Robleto Constante. (2013). 
Landscape strategies for informal 
settlements: Creating armatures to 
shape urban form. USA, Scenario 
Hournall. Gouverneur, D. (2016).

47. Source: UNSD and DESA. 
(2018). Goal 11: Sustainable cities 
and communities. Make cities and 
human settlements inclusive, safe, 
resilient and sustainable. https:// 
unstats.un.org/sdgs/report/2019/ 
goal-11/

Various authors, such as Elisa Silva and 
David Gouverneur,48 state that housing is not the main problem. 
Although the resources of self-built housing can vary greatly be-
tween countries and within the same contexts, people have the 
ability to gradually build their own housing. The central problem 
is rather the lack of appropriate habitats, ones in which these 
refuges would have a greater opportunity of evolving as part of 
a healthy and robust system. The informal settlements that are 
configuring the urban landscape of cities in many developing 
countries are far from being successful forms of land occupa-
tion. This can be seen through a range of indicators: quality of 
life, autonomy from global markets, dependence on the formal 
city, environmental impact, resources, consumption, social mo-
bility, governance, and happiness, just to mention a few. In these 
settlements, basic services such as water, treatment of residual 
water, and the elimination of waste are inexistent or very poor. 
Here, we rarely find public spaces and services, and economically 
these areas are highly dependent on the formal city. In addition, 
the residents do not have access to education or health services 
(basic human rights), economic opportunities are scarce, and the 
rate of violence and delinquency can be surprisingly high.

According to Gouverneur, the chal-
lenge of design in marginal communities is guiding the growth of 
settlements before and while new territories are being occupied, 
in a preventive way, introducing creative, strategic, and design 
movements during the first phases of occupation, while the evo-
lution in time is visualized.49 Directed interventions can become 
components that are as successful as complex and wider systems, 
and can improve the living conditions for hundreds of millions 
of people in these newly developing cities. Informal settlements 
cannot be considered a marginal urban condition, but rather the 
main current in dynamic forms of complex urban ecologies that 
are shaping highly populated cities in the developing world. It is 
possible to make the most of this logic and its internal forces and 
foster a better performance of the system through frameworks 
that can help informal settlements manage systems of society, wa-
ter, food production, mobility, etc. Gouverneur calls these “infor-
mal armatures”.50

48. Silvia, E. (2020); Gouverneur, 
D. and Grauer, O. Urban 
Connectors. Fostering a non-
hierarchical integration of formal 
and informal settlements. Harvard 
Design Magazine 28 (2009), 24-30.

49. Gouverneur, D., Robleto 
Constante, L. (2013); Gouverneur, 
D. (2016).

50. Gouverneur, D., Robleto 
Constante, L. (2013); Gouverneur, 
D. (2016).
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51. Gouverneur, D. (2016).

52. Gouverneur, D., Robleto 
Constante, L. (2013).

The improvement of informal settle-
ments is an important task, but it is also complicated, slow, and 
expensive. It can provoke substantial changes in the function-
ing of informal neighborhoods, although it has less impact on 
regional scales. One reason for the difficulty of this focus is the 
level of consolidation and rigidity of the urban fabric in most 
of these settlements. To improve connectivity, provide infra-
structure and community services, or relocate residents from 
inappropriate locations (due to geological instability, risk of 
flooding, locations under electrical lines or over gas networks, 
etc.), it is necessary to have space. Space that is generally un-
available in the proximity of very dense urban conglomerates. 
To face these challenges and anticipate future transformations, 
defense strategies can be defined that, in terms of a metropol-
itan and regional scale, can guide the location and the trans-
formation of the predominantly informal city that operates 
on different scales.51 These strategies consist mainly of green 
infrastructure that incorporates different services and pro-
tects land from future building, connecting developing areas 
to services and between them. These can be very malleable 
and work with very different spatial restrictions. The main task 
is to provide the conditions that will transform these areas into 
new developing cities, instead of submissive, marginal compo-
nents of the formal city and the globalized market. These can 
be understood as “hybrid, dynamic urban ecologies that can 
become the dominant form and best occupation of land in the 
developing world”.52

Climate change mitigation 
strategies imply imagining 
new ecologies, economies, 
and societies to anticipate 
future conditions. In this 

way, it is important to think 
of informal settlements as a 

developing reality, anticipating 
transformations and mitigating 

eventual risks.
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and achieve the specific forestation of the area, as well as im-
proving dirt roads.)54 In Bogotá, the Corredor Ecológico de los 
Cerros Orientales, designed by Diana Wiesner, transforms the 
borders of the city into an ecological corridor and a productive 
urban park, benefitting the adjacent informal communities and 
the entire metropolitan city. The project and territorial ordi-
nance model, created in 2006, looks to restore biodiversity as 
a social development strategy and for the territorial appropri-
ation by the communities. This implicates the creation of the 
largest ecological and recreational corridor for public use in 
the city. The model is composed of an environmental and bio-
sphere strategy that looks to increase ecological connectivity; 
a sociocultural strategy that looks toward social development 
and participatory planning; and a spatial strategy that looks to 
physically demarcate the city limits with the reserve. In 2015, 
three hectares of Natural Reserves were made into a pilot proj-
ect for the management of the Cerros Orientales.

53. Robleto Constante, L. (2012). 
Pre-Emptive versus retroactive: 
The beginnings of a post-informal 
landscape urbanism. Scenario 
Journal.

54. The project has received 
criticism for being a large-scale 
design that was proposed 
without consulting the 
affected communities. The 
implementation process was 
delayed for a number of years 
and resumed at the start of 
2020 with the construction of 
the first section.

Parque Ecológico 
Lago de Texcoco, 
Mexico City

Most investigations about infor-
mal (or postformal) settlements are centered on retroactive 
strategies that improve the existing conditions, similar to a 
“small-scale urban acupuncture.” However, there has been 
little emphasis on preventive strategies that approach future 
growth. Landscape interventions on public space and green 
infrastructure, as well as multiple environmental, econom-
ic, and social advantages, allow for flexibility and continuous 
reorganization.53 Projects like the Parque Ecológico del Lago 
Texcoco de Iñaki Echeverría preserve a great lacustrine re-
serve in the periphery of the city. The Parque Ecológico re-
activates the hydrological processes affected by peripherical 
urbanism through the introduction of some areas of regula-
tion and reforestation, reintroducing species of the ecosystem 
that have almost disappeared. Along with the remedy process, 
there are new areas for recreational activities with areas for 
sports, structures for ecotourism, museums, and research 
centers, making the most of a new renewable energy network 
that feeds the whole system. The project also includes a series 
of productive landscapes for local agriculture. In its first im-
plementation phase, there is the recovery of bodies of water, 
the construction of nursery gardens to cultivate local species 

Corredor Socioecológico 
de los Cerros Orientales , 
Bogotá
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The Rutas Naturbanas project looks 
to connect five areas in San José, Costa Rica, through nature. 
The 25 km route is designed as a green infrastructure that con-
tributes to the conservation of ecosystems and the creation of 
interurban biological corridors, cleanliness and protection from 
rivers, as well as new areas for recreation and natural spaces for 
slow mobility, the reduction of the carbon footprint, connec-
tion between neighborhoods and urban centers, and increased 
safety for pedestrians or cyclists in marginal areas, including in-
formal settlements and the urban center. The first 600 m have 
been built and the first kilometer is due to start construction 
in 2021. The project aims to regenerate the vegetal and forest 
layer in the banks of the rivers through a categorization and 
selection of vegetation, defining areas for regeneration, refor-
estation, and forest stabilization with native and pioneer spe-
cies that restore the environment. An exhaustive study of the 

river sections and their differential qualities was also under-
taken for the construction of the route, guaranteeing points of 
access and connection with surrounding areas. Mapocho 42K 
in Santiago de Chile also looks to build a green network, in this 
case a cycle route, at a metropolitan scale. The main objec-
tive is to achieve social and territorial connectivity, reducing the 
breadth of urban inequality through a metropolitan-scale route 
that includes landscape and geographical attributes in Santia-
go. Following the course of the river, this public route follows a 
vertebral spine in the East-West direction, defining a green and 
continuous corridor that connects existing and potential green 
spaces that are located along the river; in this way, it manages 
to connect these areas that were previously fragmented or in-
accessible to other nearby parks. The strategy of the project is 
to consolidate this geographic and ecological network, creating 
a system of parks and integrated public spaces through water.

Mapocho 42K,
Santiago de Chile

Rutas Naturbanas, 
San José
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Anticipating the transformation of 
the metropolitan city and mitigating future impacts are the ob-
jectives of the BIO 2030 plan for Medellín.55 The principal aim 
of BIO 2030 is to establish occupation criteria for the Valley 
of Aburrá that can influence the current growth tendency to-
ward a more sustainable model of occupation. These criteria 
are articulated following two thematic macro areas: environ-
ment, landscape, and public space; and mobility and trans-
port. Following these categories, strategic projects are being 
undertaken in different parts of the river and its surroundings 
to prioritize and direct territorial actions as pioneers of a new 
model of occupation that is more sustainable and socially eq-
uitable. The strategies to control urban growth along the riv-
erbanks are particularly relevant, as they include measures to 
contain expansion, reduce risk, restore ecological integrity, and 
consolidate viable settlements. This includes a series of pro-
posals to work in large areas occupied by informal settlements 
with adverse geographic conditions. The Sistema de Refun-
cionalización y Recuperación del Arbolado Urbano (System of 
refunctionalization and recovering of the urban tree canopy), 
formulated by the Consejo de Coordinación de Polítical Públi-
cas for the metropolitan area of Mendoza, is implementing a 
metropolitan, integrated system of institutional strengthening 
and improvement of infrastructure, for forestation and existing 

55. BIO 2030 is a plan led and 
sponsored by the Mayor of 
Medellín and the metropolitan 
area of Valle de Aburrá, under 
the technical coordination of 
the Centro de Estudios Urbano 
Ambientales, Cebam, at the 
Universidad Eafit. Through new 
management tools, BIO 2030 
proposes a more dynamic 
process of planning, identifying 
common tendencies, and 
operating through strategies at a 
metropolitan scale with the aim 
of promoting urban projects that 
deal with the river and its valley 
as the central element of future 
development in the city.

Bio Medellín 
2030

irrigation. This is oriented toward the restoring of public urban 
trees, under sustainable development guides and according to 
models of modern arboriculture and silviculture. The project is 
structured into five components that deal with the problem of 
urban forests in an integral way: a Mesa de Gestión de Arbolea-
do Público (management meetings for public trees); a system 
for mapping, information and management of urban trees; the 
refunctioning of nursery gardens to guarantee the provision of 
trees; the provision of equipment and machinery for councils 
for the forestation process; and the permeabilization of ditch-
es and improvement of irrigation infrastructure to achieve an 
improved management of water.

Sistema Integrado de Información y 
Gestión para la Refuncionalización 

y Recuperación del Arbolado 
Urbano, Mendoza
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G reen infrastructures and nature-based solutions have 
the ability to restore part of the benefits that natural 
environment provides, in the form of ecosystem ser-

vices. There are a multitude of benefits that nature can pro-
vide to society; benefits that have been reduced by the effects 
of climate change but that are crucial for the quality of public 
spaces in vulnerable neighborhoods and for generating greater 
resilience in the face of new changes. In this way, green infra-
structure provides on the one hand an opportunity to rees-
tablish these services and, on the other hand, provides quality 
infrastructure that can be implemented by local entities at a 
reduced cost. 

In the previous pages, we focused 
on three conceptual frameworks, or transversal objectives, in 
order to read interventions in informal settlements in relation 
to the city and the territory, in the present and toward the fu-
ture. With the binomial restore and upgrade, interventions are 
highlighted that were thought of to restore the intrinsic fragile 
conditions of the neighborhoods and urgent risks such as hy-
drological risks or the presence of contaminates in the air and 
ground – interventions that simultaneously improve the quality 
of urban space and the quality of life in the neighborhoods. 
With adapt and connect, we indicated a series of large-scale, 
metropolitan green infrastructure projects that served both the 
formal and the informal city, and that more importantly, tried 
to break down spatial segregation through common functions 
and objectives: large parks located at the margins of informal 
settlements; small, neighborhood interventions connected to 
each other and to the city, etc. The cases included in mitigate 
and anticipate show us examples of projects that can accom-
pany the future transformations of neighborhoods and in the 
city, with a change of paradigm that is also necessary to reduce 
the carbon footprint, protect ecosystems, and increase biodi-
versity. Territorial systems of cycle routes and linear parks, great 
ecological reserves and wetland, etc., have been included in 
this category. It must be highlighted that due to their character, 
green infrastructures perform multiple functions and deal with 
multiple objectives; this is particularly important in the case of 
informal settlements in which resources are limited.

TOOLS AND 
TECHNIQUES 
TO IMPLEMENT 
GREEN 
INFRASTRUCTURE 
IN THE 
VULNERABLE CITY
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Green infrastructure offers 
quality infrastructure for 
vulnerable populations at 
a reduced cost and with a 

feasible implementation using 
local means.

The interventions of the consolida-
tion of lands, as undertaken by AGA studio or ETSAM in Caracas 
and Medellín, provide neighborhoods with better adaptation 
strategies to extreme climate events and also work to absorb 
carbon. Using local techniques and existing materials in the 
neighborhood for the construction of Parque Tiuna el Fuerte 
contributed to the recycling of waste and limited the usage of 
energy and economic resources. The reconversion of dumping 
grounds in the Parque Fazendinha and the Barrio Moravia oc-
cupy techniques of environmental requalification, such as strips 
of vegetation and wetlands to clean the ground and water. They 
also have a social and educational function and contribute to 
the improvement of the future use of natural resources. The 
Palomera project was conceived with the intention of creating a 
new public space with functions for the community and vegeta-
tion to improve the micro-climate. The opportunity to do this is 
presented in the recycling of a dumping ground, reimagining the 
waste collection system in a more efficient and sustainable way, 
mitigating future impacts. The Arroyo Xicoténcatl and Represo 
Colosio parks, respectively, requalify the river and a body of wa-
ter and redesign a public space with techniques based on na-
ture in order to function at a time of drought as well as rainfall. 
With this, the neighborhoods are adapted to the most extreme 
climatic seasons, and there are resilient parks for the short and 
long term. Analogously, urban parks conceived to generate new 
spaces for recreation in low-income areas, such as the Parque 
de la Familia and the Parque Biblioteca España, can play a fun-
damental role in the protection of an inhabited area, in the case 
of landslides, tsunamis, or hurricanes, as well as reducing the 
contamination of air and lowering temperatures. New metro-
politan routes such as the Mapocho 42K or Rutas Naturbanas 
have been conceived to offer alternative systems of mobility 
and offer incredible socioenvironmental benefits for the neigh-
borhoods they traverse. They can also contribute to the filtering 
of water, working as a buffer along with the rivers they accom-
pany, adapting them to extreme climate events such as land-
slides and frequent rainfall.

Morro de Moravia, Medellín 
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These technical and design solutions 
show how green infrastructure is part of the alternatives need-
ed to combat climate change and the inequality of opportuni-
ties. They also make up a series of established and successfully 
proven techniques in different parts of Latin America and the 
world. Nowadays, the techniques and methodologies available 
for the design and implementation of green infrastructure are 
extensive, diverse, widely accessible, and gathered in manuals. 
The examples and case studies are numerous. However, in spite 
of their abundance, the manuals of green infrastructure are 
mainly directed toward formal urban surroundings and consid-
er certain urban standards as a basis for the implementation of 
available techniques.

With the ambition of compiling and 
revising existing technical documents, we undertook a review of 
some prescriptive documents in the form of manuals that have 
been published in different countries in the past decade and 
that have provided tools for the design of green infrastructure 
in public spaces. With the intention of highlighting a series of 
techniques to be used in informal neighborhoods, we selected 
ten manuals of green infrastructure, including those more used 
and quoted in Europe, Latin America, and North America, and 
some cases of manuals focused on specific subjects that can be 
useful for addressing conditions of informal settlements.56 

In Latin America, the Manual de 
Lineamientos de Diseño de Infraestructura Verde para Mu-
nicipios Mexicanos (Mexico, 2017), for example, is notable for 
its breadth, completeness, and organization in relation to the 
different scales of intervention. The Manual de Drenaje Urba-
no by the Ministry of Public Works in Chile (Chile, 2013) pres-
ents in a complete way the macrozones or regions based on 
the knowledge of the physical media (climate, geomorpholo-
gy, hydrology, ground types, etc.), relating to techniques that 
are better for each zone. Presenting a particular focus on the 
techniques for urban drainage, and with an additional chap-
ter on vegetation, explaining types of vegetation in relation to 

their use, The SUDS Manual (2015), the manual for urban drain-
age techniques in the UK, is very detailed in terms of the Sus-
tainable Drainage System techniques, in relation to cost and 
benefit and maintenance levels, its relation to climate change 
mitigation, and a focus on the design for different locations. 
The definition of the focus is interesting – design for quantity/
quality of water, user comfort and biodiversity – with particular 
attention to social improvements through the design of SUDS. 
Another manual that is a reference for urban designers and city 
officials is the City of Philadelphia Green Streets Design Manual 
(Philadelphia, 2014), which is focused on the specific context 
of Philadelphia. It includes comparisons between techniques 
used and others being developed in the city, and particular 
attention is given to the graphic representations (axonometric 
drawings and diagrams) aimed at the community’s comprehen-
sion. The Guía de la Infraestructura Verde Municipal (Spain, 
2019) is remarkable for its multiscale, socioeconomic focus and 
for the importance given to the dependence between green 
infrastructure and human well-being, as well as to peri-urban 
green infrastructure that can be related to infrastructure in in-
formal neighborhoods. This last manual references the Storm-
water Management Design Manual (New York, 2015), which is 
chosen mainly for its focus on the impact of urbanization on 
previously natural areas, and for its description of both local 
techniques and large-scale strategies. Related to the peri-ur-
ban green infrastructure of the Spanish guide, a search of in-
ternational manuals was undertaken, but with a focus on green 
infrastructure in communities with a deficit of grey and rural 
infrastructure. From this exploration, the Canadian manual, A 
Green Infrastructure Guide for Small Cities, Towns, and Rural 
Communities (Canada, 2017) appeared, which is highlighted for 
its focus on the relationship between green infrastructure and 
types of urbanizations, and its representation of techniques, 
showing a before and after image of the application of green 
infrastructure. Always looking toward possible applications for 
the informal city, we searched for manuals focused on eco-
nomic techniques and on easy implementable, low-impact 

56. Initially, we reviewed a series 
of green infrastructure manuals 
that are most frequently used 
among landscape architecture 
academics and professionals 
in the United States and the 
United Kingdom: the SUDS 
Manual, Sustainable Drainage 
Systems (Ciria, UK, 2015), and the 
Philadelphia Green Streets Design 
Manual (Philadelphia, USA, 2014). 
We also consulted the Manual 
de Drenaje Urbano, Ministerio de 
Obras Públicas de Chile (Chile, 
2013), for its particularity in SuDS 
techniques. Then we searched 
for the most quoted manuals in 
Latin America and in Spanish, 
and those highlighted are the 
Manual de Lineamientos de Diseño 
de Infraestructura Verde para 
Municipios Mexicanos (Mexico, 
2017) and the manual from 
Spain, Guía de la Infraestructura 
Verde Municipal (Spain, 2019). The 
latter references the New York 
manual, Stormwater Management 
Design Manual (New York, USA, 
2015). We them researched 
techniques and subjects that 
could more specifically be 
applied to the conditions of the 
informal city. For the focus on 
small and rural communities: 
the Canada manual, A Green 
Infrastructure Guide for Small Cities, 
Towns and Rural Communities 
(Canada, 2017). For low-cost 
and easily implementable, 
low-impact development, we 
looked at the Arizona manual, 
Low Impact Development and Green 
Infrastructure Guidance Manual 
(Arizona, USA, 2015); Washington, 
Low Impact Development, 
Stormwater Management Planning 
and Design Guide (Canada, 2010). 
Finally, we reviewed two recent 
publications by the Interamerican 
Development Bank,"Informe de 
Infraestructuras Verdes Urbanas" 
(BID, 2017) and the guide, 
Increasing Infrastructure Resilience 
with Nature-Based Solutions (BID, 
2020)
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development. Here, we found the manuals, Low Impact Devel-
opment and Green Infrastructure Guidance Manual (Arizona, 
2015), Low Impact Development, Technical Guidance Manual 
for Puget Sound (Washington, 2012), and Low Impact Devel-
opment Stormwater Management Planning and Design Guide 
(Canada, 2010). We also reviewed two guides that were recently 
published by the Inter-American Development Bank. The In-
forme Infraestructuras Verdes Urbanas (2017) is focused on 
case studies and techniques adopted, highlighting aspects of 
multiple scales, comparing costs of different projects, always 
with a focus on the impact of urbanization on the risks of cli-
mate change. The manual Increasing Infrastructure Resilience 
with Nature Based Solutions (2020) is highlighted for its focus, 
case studies, and description of the stages of projects, defining 
a guide to the implementation of projects based on nature.

In terms of the general subjects of 
the manuals and green infrastructure projects mentioned, we 
can highlight the focus on European, North American, Canadi-
an, and Australian contexts. In general, the evaluated manuals 
have deficiencies in acknowledging the risks and impacts of 
climate change. Many of these do not consider legal and ordi-
nance aspects, actors, and the design and construction pro-
cesses, which have a very significant impact on the feasibility 
of the projects. The socioeconomic levels and relationship to 
informality are still absent in most of them. The costs and ben-
efits only have a partial presence, and not many include case 
studies or pilot projects. The techniques, both at a medium 
urban scale, and at a local scale, and the context of green in-
frastructure with different levels of definition, are common in 
the majority of the manuals. Although part of this knowledge 
and experience can be useful, many of the conditions are not 
applicable to Latin American contexts for different reasons. 
Both the Latin American manuals that we analyzed, from Chile 
and Mexico, are very complete, particularly in the detail of 
the bioclimatic zones of Chile and the technical descriptions. 
However, they do not include the perspective of informality, 
nor the adapting of techniques to different socioeconomic 
contexts. They do not include much information about the ac-
tors involved in the process of implementing green infrastruc-
ture projects either, and they do not extensively consider the 
risks and impact of climate change. Concerning informality, 

the Mexican manual mentions low-cost techniques, and the 
Spanish manual describes low-tech, local techniques, but they 
do not specifically reference informality.

For each manual, we reviewed the 
attention dedicated to each thematic section, assigning a 
score from 1% to 100%, and we calculated the average per-
centages that would help us understand the general focuses. 
All the manuals had a good average in terms of subject fo-
cus (72%), techniques and urban strategies (58%), and local 
strategies (57%). However, as they do not deal with the par-
ticular conditions of informality (10%), they lose relevance in 
this sense. Green infrastructure, by nature, should respond to 
local bioclimatic conditions. For its implementation and main-
tenance, it needs to involve all the relevant actors, including 
the local community. These actors include but are not limited 
to: aspects concerning material subcontractors; selection of 
nature plan species that can prosper in those surroundings 
and be linked to local cultures and lifestyles; use and imple-
mentation of local knowledge (techniques and abilities) to im-
plement the infrastructure, responding to each informal set-
tlement. Most of the manuals deal with the subject of actors in 
marginal terms (27%), and are not focused on legal, ordinance, 
or financial aspects (36%). In order to assure successful im-
plementation of green infrastructure, it is necessary to estab-
lish a methodology with guides and instructions that indicate 
these local conditions. Case studies and pilot projects also 
assume a minor relevance in the analyzed manuals (24%), al-
though we think they would be useful in highlighting processes, 
techniques, and benefits; it would be even more important to 
include case studies and pilots in informal settlements, which 
are almost inexistant in the current literature.

In the bibliographical review of the 
manuals, we have confirmed the lack of and necessity for the 
development of material that is specific to informal settle-
ments, as, although all the reviewed documents are very inter-
esting and useful, there is no material specifically dedicated to 
the most vulnerable contexts.

Hoping to at least partially fill this 
void, we are developing a manual for the design of green in-
frastructure for informal neighborhoods, including a revisiting 
of the main techniques that are easily applicable and have low 
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construction and maintenance costs; ordinance and financial 
aspects; actors and specific processes in informal contexts; 
catalogues of local techniques, materials, and species; and 
some examples of case studies and pilot projects that ap-
ply this knowledge on site. In order to show a model of how 
this manual can be organized, we developed a specific one 
for the province of Corrientes, Argentina. This manual pres-
ents scenarios, techniques, and a prototype, which is to say a 
series of solutions for and processes of implementation and 
maintenance, based on existing conditions and considering 
the neighborhood of Doctor Montaña, an informal settlement 
in the city of Corrientes. The basic sections, for example, re-
spond to the existing dimensions and physical conditions in 
Doctor Montaña, just as realized climatological conditions are 
measured in order demonstrate potential benefits. We also 
include catalogues of local techniques and materials, such 
as crushed brick and wood, which are locally produced, and 
native vegetal species of the bioclimatic region of Corrientes.

The emphasis on the manual that 
we developed for the case study of Corrientes is on repre-
senting public spaces in a transversal way. This is to say, it not 
only includes infrastructure and environmental aspects (the 
heat island effect, carbon absorption, protection from floods), 
but it also attempts to represent the cohesion of the com-
munity and its quality of life, to mitigate the different forms of 
territorial vulnerability through the implementation of green 
infrastructure. We adopt a multisectoral and multifunctional 
perspective, whose benefits and impacts should be valued on 

a physical but also economic, social, and institutional level. In 
order to achieve the integration of techniques of green infra-
structure into informal surroundings, we collected the most 
relevant techniques for this context and connected them to 
sections of green infrastructure, potentially implementable in 
low-income neighborhoods. The catalogues are divided into 
systems of infiltration, conduction, transport, and gathering. 
They include the benefits and feasibility for their adaptation to 
different contexts.

Similarly, the catalogues of tree veg-
etation and materials only include local species, and they are 
specified according to the design and implementation po-
tential with respect to the relative space of the low-income 
neighborhoods. The success of the manual depends on the 
decisions made with respect to the Risk Atlas previously pre-
sented in this document. If the Manual specifies the guides and 
instructions for developing the techniques of green infrastruc-
ture in specific neighborhoods, the Atlas ensures the under-
standing that the low-income neighborhood is not isolated, 
it is interdependent with other landscapes and territories at 
different scales (local, provincial, regional, national, and even 
global). The decisions made at other scales in the Risk Atlas will 
have an impact on the implementation of the Manual. There-
fore, it is important to see the manual as part of a constant di-
alogue with other scales, as well as an instrument for improving 
the resilience of neighborhoods to climate change, connecting 
them and integrating them with urban areas, and anticipating 
future territorial transformations.
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Scenarios: Climate Conditions 
and Benefits of Green 
Infrastructure

F irst of all, we defined a series of scenarios or design proj-
ects for public space, based on ecological principles. 
Each scenario is designed by taking into consideration 

the climate and the urban space typical of settlements in Corri-
entes. It is conceived to function both in rainy and dry seasons. 
In Map 42, Corrientes and its hydrological system is located, 
and to the right there is an aerial view of the Doctor Montaña 
neighborhood, which has been considered due to its typical 
sections and the scenarios that follow. The sections, Graph 26 
and those following, show the impact of high temperatures such 
as the albedo effect and rainfall, and the benefits of green in-
frastructure. A first scenario represents the conditions present 
in public space with traditional infrastructure in dry seasons. In 
Graph 26, the advantages and disadvantages are compared in 
relation to green infrastructure. Graphically, traditional aspects 
are included, such as asphalt pavements, non-permeable sur-
faces, rainwater drainage through tubes, mixed with grey and 
black water, and minimal or nonexistent green areas and routes 
for alternative transportation. Typically, this type of infrastruc-
ture contributes to the exacerbation of high temperatures 
and contaminants in spaces, contributing to the deterioration 
of health of the community in the summer months. There is 
also an increase in the generation of the effect of heat islands. 
This discourages the use of streets and public space for social 
meetings, prioritizing private mobility and mainly cars.

MAP 42
HYDROLOGY IN THE CITY OF CORRIENTES 
AND VIEW OF DOCTOR MONTAÑA NEIGHBORHOOD
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Heat 
island 
e�ect

Warmer surfaces

Lack of social 
gathering spaces

Does not 
promote wellbeing

Low carbon 
absorption

High risk 
of pollutants

High energy

Private home casa privadaResidential
2.0 m

Vegetation
1.5 m

Pedestrians
1.5 m

Pedestrians
1.5 m

Vehicles
3.0 m

Vehicles
3.0 m

total 17.5 m

Residential
2.0 m

Canal
3.0 m

CO2

This section represents the conditions of the public space 
equipped with traditional infrastructure in the dry season. 
A) We can compare the advantages and disadvantages it 
has regarding green infrastructure. Graphically they include 
traditional aspects such as asphalt pavements, non-permeable 
surfaces, rainwater drained through pipes and mixed with 
sewage (black and/or gray) and minimal spaces or non-existent 
green areas, and for alternative transportation. 

Typically this type of infrastructure contributes to the 
exacerbation of high temperatures and pollutants, and to the 
deterioration of the community’s health in the summer. In 
addition, it increases generation of the heat island effect and 
discourages suitable spaces for social meetings, prioritizing 
the space for private mobility in the form of cars.

GRAPH 26
TYPICAL INFRASTRUCTURE SECTION
(DRY SEASON)
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During the rainy season, traditional 
infrastructure is designed to evacuate rainwater through tubes, 
which at times of extreme events don’t have the capacity to 
contain or manage large quantities of water that threaten the 
city. The lack of vegetation and its fragmentation decreases the 
ability of water retention of the ground and its filtration. This 
type of traditional infrastructure exacerbates the possibility 
of catastrophes in urban settings, such as flooding, due to the 
poor ability of retention and filtration. These events saturate 
the tubes and leave residual materials that in the long term di-
minish drainage capacity. They also contribute to ground ero-
sion and the elimination of the little existing vegetation, razing 
the vegetation and accelerating the degrading of surfaces and 
the use of public spaces. Graph 27 shows the advantages that 
the same green infrastructure can offer in rainy seasons, cana-
lizing and absorbing the water.

Graph 28 is focused on the role that 
green infrastructure can play in the improvement of the climate, 
both in reality and as it is perceived. During the dry season, green 
infrastructure improves air quality and temperature, diminish-
ing the effect of heat islands. Its capacity to retain humidity in 
the roots contributes to the generation of microclimates and 
the reduction of air-conditioning in homes. The shade provid-
ed creates areas for social meetings. The coolest surfaces of 
permeable pavements are also more attractive for sports and 
sustainable transport activities such as bicycles. All this has ef-
fects on the health and well-being of the community, as well as 
having economic benefits. The albedo effect, or reflection of 
solar radiation, has a huge effect on the heat island effect. Dark 
materials such as asphalt absorb heat that is gradually emitted 
during the night, worsening the effects of extreme heat or cold, 
increasing energy consumption and the production of ozone. 
Black asphalt can have albedos of 0.05-0.12. Fresh, permeable 
pavements can reach up to 0.35.57 A difference of albedo of 
0.30 can result in differences of 10 degrees centigrade on the 
material surface. For trees, an albedo of 0.2 is used, and for rain 
gardens and hedges, 0.25. For the contribution of vegetation 
and decreasing of temperatures, the reduction of the effect of 
heat islands is generated in the use of materials with higher al-
bedo. For example, tree foliage can decrease the heat island 
effect up to 6 degrees centigrade in temperature. 

57. Akbari, H., Menon, S., 
Rosenfeld, A.H. (2008). Global 
Cooling: Increasing World-Wide 
Urban Albedos to Offset CO2. 
Climate Change 94(3), 275-286.
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Bad absorption 
in the aquifer

clogged 
pipes

high risk of 
contaminated water

Private home Private homeResidential
2.0 m

Vegetation 
1.5 m

Pedestrians
1.5 m

Pedestrians
1.5 m

Vehicles
3.0 m

Vehicles
3.0 m

Total  17.5 m

Residential
2.0 m

Canal
3.0 m

vehicle 
preference

high health risk

poor water 
management high flood risk

Low
biodiversity

In the rainy season, the traditional infrastructure is designed 
to evacuate rainwater through pipes which, during extreme 
events, do not have the ability to contain or manage large 
amounts of water to the detriment of the community. The 
lack of vegetation and its fragmentation decreases the water 
holding capacity for ground water and its filtration. 

This type of traditional infrastructure exacerbates the possibility 
of catastrophes in urban environments such as floods, due to its 
low retention and filtration capacity. These types of events also 
saturate pipes and leave material waste that, in the long term, end 
up diminishing their capacities to drain. In addition, they contribute 
to soil erosion and eliminate little vegetation that exists, destroying 
the vegetation and accelerating the degradation of surfaces and the 
use of public spaces.

GRAPH 27
TYPICAL INFRASTRUCTURE SECTION 
(RAINY SEASON)
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CO2

Colder 
surfaces

Residential
2.0 m

Private home Private homeVegetation
1.5 m

Pedestrians
2.0 m

Vehicles 
1.5 m

bu�er
0.5 m

Vehicles
3.0 m

total 17.5 m

Residential
2.0 m

Pedestrians
2.0 m

Canal
3.0 m

Decrease in 
heat island e�ect 

High carbon 
absorption

Increase 
in biodiversity

Energy
saving

Increased native 
vegetation growth 
and low maintenance

Increase access 
to water

Development 
of social spaces

Better
wellbeing

Clean air

In dry seasons the Green Infrastructure improves the quality 
of the air and its temperature, reducing the heat island effect. 
Its ability to retain moisture in the roots contributes to the 
generation of microclimates and saves air conditioning in the 
households. Shaded spaces create social meeting areas. The 
coldest permeable pavement surfaces are more attractive for 
sports activities and sustainable transport such as bicycles. 
All this is reverberated in the health and well-being of the 

community, in addition to the savings and economic benefits 
that it entails. The albedo effect, or reflection of solar radiation, 
has a great influence on the heat island effect. Dark materials 
such as asphalt absorb heat that is generally emitted overnight, 
worsening the effects of extreme heat or cold, increasing energy 
consumption and the production of ozone. Black asphalt can 
have albedos of 0.05–0.12. 

GRAPH 28
GREEN INFRASTRUCTURE SECTION
(DRY SEASON)

The fresh, permeable pavements can reach up to 0.35 (Akbari, 
2007). An albedo difference of 0.30 can result in differences 
of 10 degrees Celsius on the surface of the material. For trees 
an albedo of 0.20 is used, and 0.25 is used for rain gardens 
and shrubs. For the contribution of vegetation to the decrease 
of the temperature, the reduction of the heat island effect is 
assumed by the use of materials with higher albedo. According 
to Gartland, the heat island effect under tree canopies can 

increase up to 6 degrees Celsius. These values are used to 
measure the impact on reducing the heat island effect.

Data source: 
Akbari, H. (2007). Opportunities for saving energy and improving air quality 
in Urban Heat Islands. Gartland, L. (2008). Heat Islands. Earthscan
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As we can see in Graph 29, in rainy 
seasons, green infrastructure reduces flooding through ditches, 
canalizations, and areas for the accumulation of water. Vege-
tation increases the ground’s capacity for absorption and re-
charges the aquifers. This also filters the water, reducing the 
contaminants and diseases that can be transmitted through 
stagnant unclean water. In the case of informal settlements on 
slopes, the vegetation stabilizes the grounds in order to prevent 
landslides. Cellular pavements contribute to the filtration of wa-
ter. The benefits are not only seen at a neighborhood scale, but 
also at the scale of the city; these measures reduce the pres-
sure in urban drainage systems and increase, through recycling, 
the availability and quality of water in aquifers. The implemen-
tation of green infrastructure in informal settlements integrates 
them into hydrological systems in immediate urban and natural 
settings, contributing to their health. For example, green infra-
structure discharges clean and filtered water downstream, and 
retains considerable volumes of water in rainy seasons, contrib-
uting to the controlling of floods and allowing for water storage 
for other uses. The vegetation corridors allow its connection to 
other green areas in the city, increasing biodiversity and health 
in ecosystems, relating the community with nature and socio-
environmental resilience. These corridors also increase carbon 
absorption both through vegetation and more fertile ground. 
Graph 30 shows in detail some of the main technical solutions 
that allow for the management of water in rainy seasons: green 
ditches, rain gardens, cellular pavements, streams, and canals.

The implementation of green 
infrastructure in informal 

settlements integrates them 
into hydrological systems in 

immediate urban and natural 
settings, contributing 

to their health.
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Green 
ducts

Cellular 
pavements

Pedestrian 
bridge

Rain 
gardens

Green 
slope

Cellular 
pavements

Residential
2.0 m

Private home Private homeVegetation
1.5 m

Pedestrians
2.0 m

Vehicles 
1.5 m

buffer
0.5 m

Vehicles
3.0 m

total 17.5 m

Residential
2.0 m

Pedestrians
2.0 m

Canal
3.0 m

Secure 
refills 
of aquifers

Reduction in pressure 
on the infrastructure 
of motorways

Reduction of flooding
and water runoff 
on streets

Reduction
in flooding 
risk

Sustainable 
mobility

Microclimate
improvement

In rainy seasons, the Green Infrastructure reduces the flooding 
via ditches, pipes and spaces of water accumulation. Moreover 
the vegetation increases the soil’s capacity for absorption 
and recharge of the aquifers. This filters the water, reducing 
pollutants and diseases that can be transmitted through dirty 
water stagnation. In the cases of low-income neighborhoods on 

slopes, the vegetation stabilizes the soil to avoid landslides. 
Cellular pavements contribute to water filtration. The 
benefits are not only seen at the neighborhood level, 
but also on the city scale. These measures reduce 
pressure on urban drainage systems and by recycling, 
increase availability and quality of water. (cont. Page 

GRAPH 29
GREEN INFRASTRUCTURE SECTION 
(RAINY SEASON)

2) The implementation of green infrastructure in popular 
neighborhoods integrates them into the hydrological systems 
of immediate urban and natural environments, contributing 
to health. For example, green infrastructure discharges clean 
water, filters downstream and retains considerable volumes 
of water that (in rainy seasons) help prevent flooding and 

store the liquid for other uses. The vegetation corridors allow 
its connection with other green areas of the city increasing 
biodiversity, ecosystem health, community contact with nature 
and socio-environmental resilience. In addition, it increases 
absorption of carbon both through vegetation as well as the 
most fertile soil. 
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Green 
ducts

Cellular 
pavements

Pedestrian 
bridge

Rain 
gardens

Green 
slope

Cellular 
pavements

Residential
2.0 m

Private home Private homeVegetation
1.5 m

Pedestrians
2.0 m

Vehicles 
1.5 m

buffer
0.5 m

Vehicles
3.0 m

total 17.5 m

Residential
2.0 m

Pedestrians
2.0 m

Canal
3.0 m

Secure 
refills 
of aquifers

Reduction in pressure 
on the infrastructure 
of motorways

Reduction of flooding
and water runoff 
on streets

Reduction
in flooding 
risk

Sustainable 
mobility

Microclimate
improvement

RAIN GARDENS STREAMS AND CHANNELSGREEN DUCTS CELLULAR PAVEMENTS

Capture volume
Vegetable soil with sand 20%
Drainage (sand and gravel)
Btss
Btg 1
Btg 2

Gravel
Rocks

Ap Horizon
E Horizon

Btss
Btg 1
Btg 2

Layer of soil
Permeable pavers

Sand bed
Top granular filter

Porous material
Permeable geotextile

Btss

Ap Horizon
E Horizon
Btss
Btg 1
Btg 2

The albedo effect, or reflection of solar radiation has a great 
influence on the heat island effect. Dark materials such 
as asphalt absorb heat that is emitted during the night, 
worsening the effects of extreme heat or cold, increasing energy 
consumption and ozone production. Black asphalt can have 
albedos of 0.05–0.12. Fresh, permeable pavements can reach up 

to 0.35 (Akbari, 2007). An albedo difference of 0.30 can result 
in differences of 10 degrees centigrade on material surfaces. 
Trees use an albedo of 0.20 and rain gardens and shrubs use 
0.25. (cont. Page 2) For the contribution of vegetation in the 
decrease in temperature, the reduction of Heat island effect is 
assumed, for use of materials with higher albedo. According to 

GRAPH 30
GREEN INFRASTRUCTURE DETAILS SECTION
(RAINY SEASON)

Gartland, the heat island effect under treetops can increase the 
temperature up to 6 degrees. These values are used to measure 
the impact on reducing the heat island effect. 

Data source: 
Akbari, H. (2007). Opportunities for saving energy and 
improving air quality in Urban Heat Islands. Gartland, 
L. (2008). Heat Islands. Earthscan.
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Green infrastructure plays an 
important role in the passive 

cooling of public space, allowing for 
social and community activities in 
dry and hot seasons. During rainy 

periods, these spaces can serve 
temporally to accumulate water and 

prevent flooding.

One of the most important aspects 
of green infrastructure, particularly in the case of informal and 
socially vulnerable settlements, is that it has the ability to inte-
grate with other programs and activities in the neighborhoods, 
being implemented in coordination with spaces for leisure and 
public institutions for health and education, among others. 
These improvements in the landscape and access to recre-
ational spaces generate more social and educational cohesion, 
as well as engagement with the environment. Green infrastruc-
ture plays an important role in the passive cooling of these 
spaces, allowing for social and community activities in dry and 
hot seasons. These spaces can be built with local materials and 
techniques, in order to involve the community in the creation 
and maintenance stages. In Graphs 31 and 32, we can see a 
typical section where topography and vegetation shape pub-
lic space and optimize its environmental and climatic efficiency 
in dry seasons (31) and rainy seasons (32). During rainy peri-
ods, these spaces can serve temporally to accumulate water 
and prevent flooding. The recharging of aquifers allows for the 
accumulation for dry seasons, while the capacity for retention 
of humidity in the ground contributes to the creation of mi-
croclimates. These tanks for temporal retention contribute to 
alleviating the pressure on the city’s general systems. These are 
translated into economic savings in the management of disas-
ters and the increasing of socioenvironmental resilience. The 
vegetation in these spaces can also serve as a generator for ag-
ricultural products, either through fruit trees, aromatic gardens, 
or small urban productive gardens, improving the practices of 
cultivation that already exist throughout many informal settle-
ments and that contribute to the education about and health 
benefits of green infrastructure.

The selection of the species of na-
tive vegetation is vital in order to build climatic resilience and 
generate continuities with existing ecological areas, as well as 
making the most of the specific characteristics (consumption 
of water, feeding habitat for local fauna, adaptation to local cli-
mate, etc.), which depend on and respond directly to the local 
geographical surroundings. Graph 33 shows some of the tech-
niques that allow this versatility in uses such as filtrating strips, 
retention ponds, and porous and cellular pavements.

Arroyo de Xicoténcatl,Tijuana
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Vegetation
1.5 m

Vegetation
2.5 m

Vegetation
2.5 m

Waiting room
3.0 m

Vegetation
1.5 m

Seated steps
2.5 m

Seated steps
2.5 m

Pedestrians
2.0 m

Play area
9.5 m

total 45 m

+0.00-

-0.50

+0.50

CO2

Clean air Increased 
native 
vegetation 
growth 
and low 
maintenance

Improves 
health

Colder surfaces

Locally sourced materials 
and cost reduction

Decrease in Heat
island effect

High carbon 
absorption

Increased 
biodiversity

Development 
of social spaces

Improves 
visual quality Improved

microclimate

Large public spaces 
for recreation and sports

Creates educational 
opportunities

The Green Infrastructure has the ability to integrate with other 
programs and activities in the neighborhoods and is able 
to be implemented in coordination with spatial allocations 
for recreation, public health and education institutions, 
among others. These landscape improvements and access to 

These spaces can be built with local materials and techniques 
in order to involve the community in their creation and 
subsequent maintenance. The selection of native vegetation 
species to build climate resilience and generate continuities 
with ecological areas in addition to taking advantage of its 

recreational spaces generate greater social cohesion, training 
and environmental commitment. Green Infrastructure plays 
an important role in passive acclimatization of these spaces 
allowing social and communal activities during the dry season.

specific features (water consumption, habitat food for local 
fauna, adaptation to local climate, etc.) that depend on and 
respond directly to the local geographic environment.

GRAPH 31
GREEN INFRASTRUCTURE SECTION LEISURE SPACES 
(DRY SEASON)
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Vegetation
1.5 m

Vegetation2.5 mVegetation
2.5 m

Waiting room
3.0 m

Vegetation
1.5 m

Seated steps
2.5 m

Seated steps
2.5 m

Pedestrians
2.0 m

Play area
9.5 m

total 45 m

+0.00-

-0.50

+0.50

Green
slopeCellular 

pavements
Cellular 

pavements

Cellular 
pavements

Cellular 
pavements

Cellular 
pavements

Green 
slope

Green 
slope

Creates educational 
opportunities

Increased 
biodiversity

Clean water

Secure 
aquifer 
recharge

Reduction 
in risk 
of flooding

Improved 
microclimate

Large public spaces 
for recreation and sports

materiales de 
producción local 
reducción de costos

Locally sourced 
materials and 
cost reduction

Increased native 
vegetation growth and 
low maintenance

During rainy events, these spaces can temporarily serve 
to accumulate water and prevent flooding. The recharge of 
aquifers allows their accumulation for the dry seasons where 
the increased capacity of soil moisture retention contributes 
to the generation of microclimates. Temporary retention ponds 

The vegetation in these spaces can also serve as a generator 
of agricultural products, either through fruit trees, gardens of 
aromatic species or small orchards in urban areas, contributing 
to the educational aspects and health benefits in the Green 
Infrastructure.

help relieve pressure on the overall system of the town. This 
translates into economic savings in disaster management and 
increases socio-climatic resilience.

GRAPH 32
GREEN INFRASTRUCTURE SECTION LEISURE SPACES 
(RAINY SEASON)
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Btg 1
Btg 2

CELLULAR PAVEMENTSPOROUS PAVEMENTS

Perm roll folder.

Sand bed
Super granular filter. (base)
Porous material (subbase)

Permeable geotextile sheet
Btss

Layer of soil
Permeable pavers

Sand bed
Top granular filter

Porous material
Permeable geotextile

Btss

GRAPH 33
GREEN INFRASTRUCTURE DETAILS SECTION 
PLAYGROUND SPACES (RAINY SEASON)

Data source: 
Akbari, H. (2007). Opportunities for saving energy 
and improving air quality in Urban Heat Islands. 
Gartland, L. (2008). Heat Islands. Earthscan.
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Just as recreational spaces can im-
prove the health of ecosystems, urban landscapes such as for-
ests and wetlands can become recreational areas accessible 
to the community. This appropriation has major social benefits 
and affects the maintenance of these spaces.

Wetlands play a crucial role in the 
increasing of biodiversity, resilience to climate change, and 
above all, absorption of carbon, since along with forests, they 
are the ecosystems that most absorb emissions. As well as 
this, they become key points for the dissemination of envi-
ronmental knowledge and consciousness. As shown in Graph 
34 and 35, wetlands have the ability to treat and filter water 
through phytoremediation for its recycling and later use, or to 
recharge the aquifer with clean water, resulting in savings on 
the treatment of water, both in rainy and dry seasons. These 
spaces can serve both as attractive landscapes for the neigh-
borhood and to generate wood or medicinal plant resources. 
It is therefore important to connect them to adjacent spaces 
through landscape solutions that can support different activi-
ties, respecting the ecosystem of the wetland. These can also 
play a key role, not only in low-income neighborhoods but also 
in urban surroundings, as they can be connectors of larger hy-
dric systems, with which the ecosystem’s health, connectivity, 
and therefore resilience are improved. Graph 36 shows the 
detail of the functioning of the wetland and some technical 
solutions that can be considered to improve the wetland and 
its surroundings.

Wetlands play a crucial role in the 
increasing of biodiversity, resilience 

to climate change, and above all, 
absorption of carbon, since along with 
forests, they are the ecosystems that 

most absorb emissions.

Parque Ecológico Lago de Texcoco, 
Mexico City
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Large public spaces 
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Just as recreational spaces can improve health ecosystems, 
urban landscapes - such as forests and wetlands - can be 
converted into accessible recreational areas for the community. 
This appropriation has enormous social benefits as well as 
benefits in the care and maintenance of these spaces. Wetlands 
play a crucial role in increasing biodiversity, resilience to 

with clean water, resulting in savings in water treatments. 
These spaces can also serve as attractive landscaping for the 
neighborhood or generate wood resources or medicinal plants.

climate change, and especially in carbon absorption, since it 
is one of the ecosystems that most fulfills that function. These 
are also key points for the dissemination of environmental 
awareness and knowledge. Wetlands have the ability to treat 
and filter water through phytoremediation for recycling and 
subsequent (cont. Page 2) use, or to recharge the aquifer 

GRAPH 34
GREEN INFRASTRUCTURE ECOSYSTEM SPACES SECTION 
(DRY SEASON)
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Wetlands can play a key role not only in the low-income 
neighborhoods, but also in urban settings, as they can be 
connectors of larger water systems, improving the ecosystem’s 
health, connectivity and resilience. Wetlands have the ability 
to treat and filter water through phytoremediation for recycling 

and subsequent use or to recharge the aquifer with clean 
water. These spaces can also serve as attractive landscaping 
for the neighborhood or generate wood resources or 
medicinal plants.

GRAPH 35
GREEN INFRASTRUCTURE SECTION ECOSYSTEM SPACES 
(RAINY SEASON)
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CELLULAR PAVEMENTSGREEN DUCTS WETLANDSFILTER DUCTS

Ap Horizon
E Horizon
Btss
Btg 1
Btg 2

Layer of soil
Permeable pavers
Sand bed
Top granular filter
Porous material
Permeable geotextile
Btss

Ap Horizon
Filter

E Horizon
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Btg 1
Btg 2

Ap Horizon
E Horizon

Btss
Btg 1
Btg 2

GRAPH 36
GREEN INFRASTRUCTURE DETAILS SECTION 
ECOSYSTEM SPACES (RAINY SEASON)

Data source: 
Akbari, H. (2007). Opportunities for saving energy 
and improving air quality in Urban Heat Islands. 
Gartland, L. (2008). Heat Islands. Earthscan.
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Catalogues: Local 
Techniques, Typologies, 
Materials, and Native Species

I n order to build a catalogue of ecological design strategies, 
we brought together the most relevant techniques of sus-
tainable urban drainage and nature-based solutions that are 

applicable in informal settlements. We proposed a series of ar-
chitecture typologies and urban design solutions that are easy 
to implement and that can offer multiple benefits, from an envi-
ronmental, social, and economic standpoint. Finally, we created 
a catalogue of local materials and native species thought of for 
the bioclimatic context of Corrientes and that, according to the 
same principles, can be designed for other regions.

The first catalogue, as we can see 
in Graphs 37-40, is dedicated to sustainable drainage tech-
niques and integrates technical information with a design for 
local implementation in the city of Corrientes. The catalogues 
are divided into systems for infiltration, conduction, transpor-
tation, and gathering. They include information on the main 
advantages and the feasibility of its adaptation to diverse ob-
jectives and contexts.

In order to achieve the integration 
of the sustainable urban drainage 

techniques and solutions based 
on nature and informal settings, 
we collected the most relevant 
techniques for the context, and 

we connected them with sections 
of green infrastructure that are 

potentially implementable in low-
income neighborhoods.
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Runo� reduction and peak flows | less drainage 
network maintenance 

Pollutant reduction | cost reduction 
of sewage treatment 

Locally produced materials | costs reduction 

Flood risk reduction

Natural absorption of CO2

Locally extracted materials | costs reduction 

Native vegetation | increased growth 
and low maintenance 

Temperature reduction | saving in energy use 

Extended durability | maintenance reduction 

Few materials | cost reduction and easy implementation 

Scarce resources | implementation cost reduction

Existing natural condition | implementation cost 
reduction 

S

Increase of albedo compared to surface 
of waterproof asphalt

Heat island e�ect reduction

CO2

ADVANTAGES

Soil with infiltration capacity

Soil conducive to the presence of water

1m (min) distance to aquifer

Light tra�c

Clean waters in accordance with regulations

Waters without suspended sediments

Slope greater than 5% requires restrictions 
(partitions / heatsinks)

Not vulnerable Aquifer

Large surface space

Slope recommended at less than 10% 

FEASIBILITY

Consider velocities that avoid sedimentation

Permanently available water

SUDS TECHNIQUES
1. CONTROL SYSTEMS IN ORIGIN

2. FILTRATION AND TRANSPORTATION SYSTEMS

3. STORAGE AND TREATMENT SYSTEMS

Permeable pavements

Channels and streams

Retention ponds

Cellular pavements

Green gutters

Wetlands

Infiltration ditches

Filtering gutters

Rain gardens

GRAPH 37
CATALOGUE OF SUSTAINABLE 
DRAINAGE TECHNIQUES
Sustainable Drenage Systems (SuDS)
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GRAPH 38
CATALOGUE OF SUDS ROADS TECHNIQUES
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GRAPH 39
CATALOGUE OF SUDS TECHNIQUES PUBLIC SPACES
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GRAPH 40
CATALOGUE OF PUBLIC SPACE TECHNIQUES 

GREEN DUCTS

FILTER DUCTS

POROUS PAVEMENTS

WETLANDS

Ap Horizon

Ap Horizon
Filter

E Horizon

E Horizon

Btss

Btss

Btg 1

Btg 1

Btg 2

Btg 2

Perm roll folder.
Sand bed

Super granular filter. (base)
Porous material (subbase)

Permeable geotextile sheet
Btss

Ap Horizon
E Horizon

Btss
Btg 1
Btg 2

GREEN DUCTS

FILTER DUCTS

POROUS PAVEMENTS

WETLANDS

Ap Horizon

Ap Horizon
Filter

E Horizon

E Horizon

Btss

Btss

Btg 1

Btg 1

Btg 2

Btg 2

Perm roll folder.
Sand bed

Super granular filter. (base)
Porous material (subbase)

Permeable geotextile sheet
Btss

Ap Horizon
E Horizon

Btss
Btg 1
Btg 2

331330
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B
ID

B



The second catalogue resumes a se-
ries of typologies of nature-based solutions for public spaces 
that could be implemented in informal neighborhoods, which in 
this case we based in Corrientes.

In Graph 41, for example, it shows 
that streets with green ditches canalize rainwater runoff in a 
continuous system that filters and drains in the Arroyo Pirayui. 
The green ditches are open, shallow, and densely vegetated. 
This is an adaptation technique for climate change, which in 
rainy seasons stores and slows the flow of water, preventing 
flooding. The actors involved in this typology are mainly from 
the government, as the principal function of these roads is wa-
ter drainage infrastructure. These can also serve as ecological 
corridors and walkway networks.

Graph 42 shows the type C-2 typol-
ogies of tree-lined boulevards. They work as main streets in the 
neighborhood, which continue the connections with the neigh-
borhoods adjacent to the city. The streets can incorporate con-
tinuous lines of trees and different kinds of urban equipment in 
their sidewalks. The permeable pavements and the linear tree 
grates are techniques for adaptation to climate change that al-
low for water absorption, and the trees improve the environ-
mental quality of these walkways, reducing the contamination 
emitted by vehicles and the effect of heat islands. They also 
have repercussions on economic activities along the boulevard. 
They can be developed through government initiatives, within 
urban plans, by institutions and public or private equipment, or 
even in collaboration with community organizations.

Graph 43 presents typologies of rain 
gardens. These, as well as slowing and infiltrating superficial wa-
ter flows, provide a space in a neighborhood that can be appro-
priate for families to plant vegetation, preferably native species, 
such as productive urban gardens. These are techniques for 
adaptation to climate change that reduce contamination and 
improve air quality and energy behavior in streets. It also ben-
efits social cohesion. Its character as a secondary route allows 
for its use for alternative transport, such as cycling or walking. 
The actors can be individuals but also neighborhood organiza-
tions and neighborhood groups.
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The Mendoza canal system constitutes an 
urban water model successful. In addition 
to draining rainwater, Mendoza ditches are 
used to irrigate the urban woodland.

MENDOZA DROUGHTS

LOCAL MATERIALS

GRAPH 41
TYPOLOGIES. TYPE C-1 GREEN SLOTS
(MAIN RUNS)

The streets with green gutters channel the rainwater 
runoff in a continuous system that filters and drains 
into the Arroyo Pirayui. The green gutters are open, 
shallow channels that are thickly vegetated. This is 

a technique of adaptation to climate change that 
during the rainy session, stores and slows down water 
movement to avoid flooding. The actors that develop 
this typology are mainly governmental, since the 

function of these streets is mainly to do with drainage 
infrastructure. These roads can serve as ecological 
corridor connectors and walking pathways.

PROGRAM

Ecological corridor, walkways.

ACTORS 

National government, Regional 
government, Local government.

BENEFITS

- Reduction in risk of flooding (reduction 
of water runoff)

- Reduction of urban pollutants
- Natural absorption of CO2
- Easy implementation
- Low implementation cost and 

maintenance (local materials and native 
vegetation)

- comfort/shade of urban wooded area
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C-2 function as main streets within the neighborhood 
that form connections with adjacent neighborhoods as 
well as the city. The streets can incorporate continuous 
lines of trees and various urban equipment in its 
sidewalks. Permeable pavements and linear tree pits are 

techniques for adapting to climate change conditions 
that allow for the absorption of water and trees, 
improving the environmental quality of these pathways, 
reducing pollution that is emitted by vehicles, and the 
heat island effect. They also have repercussions on 

the economic activities of the boulevard. They can 
be developed from government initiatives, within 
urban plans, by public, or by private institutions 
and facilities, or even with the collaboration of 
community organizations.

GRAPH 42
TYPOLOGIES. TYPE C-2 WOODED BOULEVARDS

LOCAL MATERIALS

PROGRAM

Ecological corridor, Public transport, 
Market, Walkway

ACTORS

National government, Public institutions, 
Multilateral agencies and international 
banks, Academia, Private Companies, 
Civil society.

BENEFITS

- Reduction in risk of flooding (reduction of 
water runoff)

- Reduction of urban pollutants
- Natural absorption of CO2
- Easy implementation
- Low implementation cost and maintenance 

(local materials and native vegetation)
- Generation of public space
- comfort/shade of urban wooded area

The renovation of the Paseo de St. Joan, 
a project by architect Lola Domenech, 
proposes an urban green corridor that 
prioritizes pedestrian use, reducing traffic 
in streets that lead to various living and 
vegetative areas.

RENOVATION OF PASEO ST. JOAN, 
BARCELONA
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GRAPH 43
TYPOLOGIES. TYPE C-3 LINEAR RAIN GARDENS 

The rain gardens, in addition to delaying and 
infiltrating the surface flow of water, provide a space 
that may be appropriated by neighborhood families to 
plant the vegetation (which would preferably be native) 

in a similar way to urban gardens. It is a technique for 
adaptation to climate change that reduces pollution 
and improves air quality and performance energy 
in the streets. It also benefits social cohesion. Its 

character as a secondary vial allows it to be used 
by alternative forms of transport, such as  cycling 
or walking. The actors can be individuals but also 
neighborhood organizations or groupings of neighbors.

PROGRAM

Vegetable plot, Cycle-lane, walkway

ACTORS 
ONG, local community, private individuals

BENEFITS

- Reduction in risk of flooding (reduction of 
water runoff)

- Reduction of urban pollutants
- Capture and improvement in water quality 

before its infiltration
- Natural absorption of CO2
- Easy implementation
- Low implementation cost and maintenance 

(local materials and native vegetation)
- comfort/shade of urban wooded area

This project proposes rain gardens to be 
placed on the sides of the traffic streets, 
capturing the surface runoff produced both 
by of the rain and by the impermeable areas 
of the Villa Olimpica (roofs, streets, etc.) and 
filter them to the natural terrain.

VILLA OLIMPICA
BUENOS AIRES

LOCAL MATERIALS
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Graph 44 presents typologies of 
permeable streets. In the remainder of the internal streets of 
the neighborhood, the diminished transit is taken advantage of 
to propose a permeable pavement, both in pedestrian and ve-
hicular routes, encouraging the use of local materials such as 
crushed brick. As well as the advantages of permeable pave-
ments for the protection against flooding and the albedo effect, 
permeable pavements present the opportunity to involve the 
community in its construction and maintenance, fostering local 
identity and belonging.

Plaza Estacional, 
Caracas

Permeable pavements present 
the opportunity to involve the 
community in its construction 

and maintenance, fostering 
local identity and belonging.

Plaza Estacional, 
Caracas
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In the rest of the internal streets of the neighborhood, 
the decrease in traffic is used to propose a permeable 
pavement in both the pedestrian and vehicular areas, 
promoting the use of local materials such as crushed 
brick. In addition to the advantages that permeable 

pavements offer for protection against flooding and 
the albedo effect, these roads present the opportunity 
to involve the community in its construction and 
maintenance to foster feelings of belonging.

GRAPH 44
TYPOLOGIES. TYPE C-4 PERMEABLE STREETS

LOCAL MATERIALS

PROGRAM  
Cycle-lane, Walkway

ACTORS 

ONG, civil society, local community

BENEFITS

- Reduction in risk of flooding (reduction 
of water runoff)

- Passive irrigation of nearby vegetation
- Natural absorption of CO2
- Easy implementation
- Low implementation cost and 

maintenance (local materials and native 
vegetation)

- Opportunity to involve the community in 
the construction and maintenance.

The park generates diverse permeable 
zones through the use of a large variety 
of materials, from native vegetation to 
permeable cobblestones, crushed brick and 
even recycled materials. 

LIBRARY PARK JULIO SANTO 
DOMINGO, BOGOTA

343342
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
E

C
O

L
O

G
IC

A
L

 D
E

S
IG

N
ID

B
ID

B



Graph 45 focuses on linear parks 
and green squares. Depressions in the topography of the park 
allow for the slowing down of superficial flow towards a lagoon, 
mainly due to gravity, through a system of terraced wetlands 
that contain and filter water. With this, there is a decreasing of 
floods, generating a great richness in biodiversity and green 
spaces of leisure for the communities. The initiative can be 
governmental, due to the continuity with other green systems 
at a larger scale, and due to its importance in drainage infra-
structure. Community groups can also be involved in its devel-
opment. They can be part of the ecological corridors at a larger 
scale, or humid urban forests that function as techniques of 
both mitigation of and adaptation to climate change. They also 
become spaces of learning and communing with nature.

A particular type of green square 
would be floodable squares (Graph 46). As well as generating 
a recreational and leisure space for the neighborhood, these 
squares contain rainwater, diminish the risk of flooding and work 
as a technique for adaptation to climate change. The court at 
the center of the park is a landmark or meeting space for the 
neighborhood and has major health, social, and cultural bene-
fits for the community, improving lifestyle. This typology can be 
undertaken by government initiatives and/or by the community.

Graph 47 shows the combination of 
wetlands and lookout points. The border between the boule-
vard and the lagoon allows for a wide public space for different 
uses, from walkways to cycle paths, to lookout points, poten-
tially created from local wood that is extended over the water. 
The lagoon, which works as a technique of mitigation of climate 
change, is a space for the accumulation of existing natural water 
that is given new value through this intervention by virtue of its 
landscape and attractiveness for the neighborhood. The actors 
involved can be governmental due to the ecological value of this 
urban landscape. Numerous recreational activities can be un-
dertaken in this space, such as the sharing of knowledge about 
the local ecology of Corrientes. Along with the linear park, the 
wetland can be used as an infrastructure for the cleaning of 
water to recuperate the area.

The third catalogue collects and 
systemizes local materials of production and extraction for the 
implementation of the green infrastructure techniques, with ex-
isting knowledge and abilities, and commitment from the local 

community. In the case of the city of Corrientes, there is local 
gravel extraction as well as the production of bricks and wood 
for construction. There is also the possibility of recycling waste 
material: plastic (an existing initiative in Corrientes) or tires that 
exist in informal settlements. For other locations, a specific in-
vestigation into the materials available in the region and in each 
informal settlement would have to be carried out. Graphs 48 
and 49 show a series of materials and prefabrications produced 
locally in the Corrientes area.

The fourth catalogue collects vege-
tal species. These, as with the materials, should be specific to 
each locality. In this case, it is important to look at the infor-
mation of the Risk Atlas with respect to the landscape in which 
each informal settlement is inserted. The use of native spe-
cies is vital in the development of green infrastructures, as it is 
these that develop more resilience to climate change and are 
a more sustainable use of hydraulic resources or of ground 
types. In this way, the local scale can contribute to the health 
of ecosystems at a larger scale, forming biodiversity connec-
tions through the urban fabric. Reconnecting landscapes that 
were fragmented due to deforestation or the loss of bodies of 
water, the landscapes increase their resilience and ecosystem 
services, and in this way can protect cities from the challenges 
and effects of climate change. These also include fruit and ar-
omatic herb species for areas of horticulture, where fruits and 
spices can be produced for the community. Graphs 50 and 
51 show the main native vegetal species of Corrientes, adapt-
ed for design and implementation solutions based on nature. 
Each species is detailed in terms of type of growth, height, 
land type, and climate.
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GRAPH 45
TYPOLOGIES. E-1 LINEAR PARK AND GREEN SQUARES

The depressions in the topography of the park slow 
down the surface runoff towards the main lagoon by 
its gravity, through a system of terraced wetlands that 
contain and filter the water, reducing flooding and 
generating a great wealth of biodiversity and green 
recreational spaces for the community. The initiative 
may be governmental due to its continuity with 

other green systems on a larger scale and due to its 
importance in the drainage infrastructure. Community 
groups can also get involved in development. It can 
be part of larger-scale ecological corridors or humid 
urban forests, which function as techniques of both 
mitigation and adaptation to climate change. It is also 
a space for learning and meeting with nature.

Data source: 
IDB, 2020. A 12-Step Technical Guidance Document for Project Developers. 
Increasing infrastructure resilience with Nature-based Solutions (NbS)
https://www.lanacion.com.ar/buenos-aires/plantas-y-humedales-artificiales-de-
vuelven-oxigeno-y-vida-al-arroyo-cildanez-nid2011758.

LOCAL MATERIALS

PROGRAM 

Wetland, urban forest, ecological corridor, 
park, cycle-lane, walkway.

ACTORS  
National government, regional govern-
ment, local government, civil society

BENEFITS

- Reduction in risk of flooding (reduction 
of water runoff)

- Reduction of urban pollutants
- Capture and improvement in water 

quality before its infiltration
- Natural absorption of CO2
- Regulation of the area’s temperature
- Reduction of noise pollution
- Easy implementation
- Generation of public space

The park uses techniques of 
phytoremediation. The contamination of 
the Riachuelo and Arroyo Cildañez, near 
the floods, make it a very vulnerable area. 
The restoration uses flora that is native 
to wetlands, which have reduced 45% 
organic pollutants.

VILLA SOLDATI
BUENOS AIRES
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In addition to generating a recreational and leisure 
space for the neighborhood, these sunken squares 
contain rainwater, reducing the risk of flooding, and 
functioning as a technique of adaptation to climate 
change. The court in the center of the neighborhood 

is the landmark or meeting space and brings enormous 
benefits to the health, education and social and cultural 
activities of the community, improving their quality of 
life. This typology can be carried out at the initiative of the 
government and/or the community.

GRAPH 46
TYPOLOGIES. E2-FLOODABLE PLACES

LOCAL MATERIALS

PROGRAM  
Square, courts, playing field, park, market

ACTORS 

Public institutions, multilateral agencies 
and international banks, private 
companies, academia, civil society, 
local community.

BENEFITS

- Reduction in risk of flooding (reduction 
of water runoff)

- Reduction of urban pollutants
- Capture and improvement in water 

quality before its infiltration
- Natural absorption of CO2
- Regulation of the area’s temperature
- Reduction of noise pollution
- Generation of public space that is 

adaptable to climatic conditions

Allows the overflow of the natural watery 
ditch in times of strong rain, keeps flooding 
under control in the parks and drives the 
rainwater to different levels. In the dry 
seasons, the space is converted into a park.

INUNDABLE ZANJÓN PARK
SANTIAGO DE CHILE
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GRAPH 47
TYPOLOGIES. E3- WETLANDS AND VIEWPOINTS

The meeting point between the boulevard and the 
lagoon allows a wide public space for various uses, 
from walks and cycle-lanes to viewpoints, potentially 
made of local wood, that extend out over the water. 
The lagoon, which works as a mitigation technique 

to climate change, is a space that accumulates 
natural existing water, which is revalued through this 
intervention for its scenic value and attractiveness 
for the neighborhood. The actors involved can be 
governments for its ecological value in the urban 

landscape. Numerous recreational activities can occur 
in this place, such as the disclosure of knowledge 
about the local ecology of Corrientes. Together with the 
linear park, it can be used as a cleaning infrastructure 
for the area's recuperation. 

LOCAL MATERIALS

PROGRAM

Wetland, park, cycle-lane, viewpoint, 
walkway

ACTORS 

National government, regional 
government, local government

BENEFITS

- Reduction in risk of flooding (reduction 
of water runoff)

- Reduction of urban pollutants
- Capture and improvement in water 

quality before its infiltration
- Natural absorption of CO2
- Regulation of the area’s temperature
- Reduction of noise pollution
- Revitalisation of the existing lagoon
- Generation of public space 

The park recuperates the rivera of the Rio 
Mapocho and rehabilitates a degraded 
industrial zone. It also functions as a 
meander of the river that generates, on the 
one hand, calm waters that can be used 
for nautical activities, and on the other, a 
continuous walkway along the river. 

DE LA FAMILIA PARK
SANTIAGO DE CHILE
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FABRICATED MATERIALS | LOCAL PRODUCTION
Brick Wood

CRUSHED MATERIALS| LOCAL PRODUCTION
Brick Wood

NATURAL MATERIALS | LOCAL EXTRACTION
Fine gravel Medium gravel Coarse gravel

RECYCLED MATERIALS | LOCAL PRODUCTION
Debris gabions Bricks made of recycled plastic Tires

Porous pavements

Cellular pavements

Rain gardens

Infiltration ditches

Filtration ditches

USES: SUDS TECHNOLOGIES

Locally produced materials | reduction
of costs

Locally extracted materials | reduction 
of costs

Permeable material

ADVANTAGES OF THE MATERIAL

Pedestrianised bridges

Urban equipment

Urban equipment

OTHER USES

GRAPH 48
CATALOGUE OF LOCAL MATERIALS
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GRAVEL | EXTRACTED FROM THE PARANA RIVER

Wood
Local production of wood

Fine gravel Medium gravel Coarse gravel

01 Extraction and 
chopping up of raw 
materials

05 Definitive width 
and length of each 
part: removal of 
impurities and 
flattening of laterals

02 Classification of 
logs according to 
diameter

06 Classification, 
markation and fixation 
of the pieces according 
to dimensions and 
quality

03 Removal of bark 
and stones or sand 
that are embedded 
in it

04 First side 
cuts of the trunk: 
extraction 
of surplus

CRUSHING | LOCAL PRODUCTS

Brick
Local production of brick | Brickwork community of Corrientes

Crushed brick Crushed wood Debris

01 Extraction of raw 
materials

05 Baking of bricks

02 Mixture and stepping 
on raw material

03 Molding of bricks 04 Brick drying

GRAPH 49
FABRICATED MATERIALS | LOCAL PRODUCTION
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Tree: deciduous 
Growth: fast 

Height: 6-12m 
Soil: moist, well drained 

Climate: tropical 

Superior Herbaceous Stratum
Height: up to 3m

Growth: fast
Species: Panicum Prioniti

Mimosa pigra

Tree: deciduous
Growth: fast 

Height: up to 25m
Soil: moist

Climate: mediterranean

Height: up to 50cm
Growth: fast

Species: Cynodon dactylon, Paspalum notatum
Paspalum simplex, Cyperus entrerianus, Carex 

bonariensis, Funastrum clausum, Sonalum 
amygdalifolium, Solanum glaucophyllum

CHIVATO
Delonix regia

GRASSLANDS
Superior Herbaceous Stratum

ASH TREE
Fraxinus angustifolia

GRASSLANDS
Inferior Herbaceous Stratum

PINK / YELLOW LAPACHO
Handroanthus impetiginosus/albus

Tree: deciduous (late)
Growth: fast

Height: 6 - 20m
Soil: loamy, sandy, porous, fertile 

and deep 
Climate: temperate / warm temperate

Tree: deciduous 
Growth: fast 

Species: Conyza bonariensis, 
Baccaris salicifolia

Leaves: deciduous (late) 
Growth: relatively fast 

Height: up to 25m 
Soil: humid, drained 

Climate: tropical, warm

Height: greater than 2m 
Growth: fast 

Species: Polygonum ferrugineum, 
Echinochloa polystachya, 
Echinochloa crus pavonis

Tree: deciduous 
Growth: fast 

Height: up to 25m 
Soil: acid, drained 

Climate: tropical and subtropical

Height: between 40 and 60cm 
Growth: fast 

Species: Panicum elephantipes

JACARANDA
Jacaranda mimosifolia

BUSHES
Herbaceous Stratum

IBIRÁ-PITÁ
Peltophorum dubium

FLOODED AREA
Intermediate Level Girdle

QUEEN PALM
Syagrus romanzoffiana

FLOODED AREA
Low Level Girdle

GRAPH 50
CATALOGUE MANUAL. VEGETATION

Tree: deciduous
Growth: slow

Height: up to 15-20m in place of origin
Soil: dry, clayey, fertile and drained

Climate: warm
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Tree: evergreen 
Height: 3-6m 

Soil: no restrictions 
Climate: sensitive to cold

Perennial Height: 1-2m 
Soil: drained 

Climate: tropical, sensitive to cold
 

Perennial Height: 0.5-2.5m 
Soil: acidic, loose and with good 

porosity 
Climate: varies according to type

Tree: evergreen 
Height: 3-10m 

Soil: deep, well drained, cool / sandy 
loam 

Climate: warm

Tree: evergreen 
Height: up to 7.5m 

Soil: no restrictions (except saline) 
Climate: tropical and subtropical, 

sensitive to cold

Tree: evergreen 
Height: 7-10m 

Soil: fertile, well drained, cold / 
sandy loam 

Humid climate

BITTER ORANGE
Citrus sinensis

PINEAPPLE BUSH
Ananas comosus

BLUEBERRY BUSH
Vaccinium myrtillus

GRAPEFRUIT
Citrus x paradisialbus

PITANGA TREE
Eugenia uniflora

SWEET ORANGE
Citrus sinensis

Tree: deciduous 
Height: 5-15m 

Soil: wet 
Climate / habitat: flooded areas and 

riparian forests

Tree: evergreen 
Height: 3-5m 

Soil: deep, well drained, francs to 
sandy loams 

Climate: warm

Leaves: deciduous 
Height: up to 20m 

Soil: rich, deep and well drained 
Climate: humid

Tree: evergreen 
Height: 3-6m 

Soil: deep, well drained, francs to 
sandy loams 

Climate: warm

Tree: deciduous 
Height: up to 12m 

Soil: deep, rich and well drained 
Climate: humid, subtropical, tolerant 

to frost

Tree: deciduous 
Height: 4-10m 

Soil: deep, dry in nature 
Climate: subtropical

AGUAY TREE
Pouteria gardneariana

MANDARIN ORANGE TREE
Citrus reticulata

AVOCADO TREE
Persea americana

LEMON TREE
Citrus x limon

JABOTICABA TREE
Pouteria gardneariana

FIG TREE
ficus carica

GRAPH 51
CATALOGUE MANUAL. VEGETATION
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DESIGINING A 
FUTURE FOR 

CLIMATE CHANGE



As Cynthia Smiths shows in her 
exhibition, Design with the Other 
90%, it is important to activate the 
capabilities of all citizens and think 
of design solutions that promote 
inclusion by addressing multiple 
social groups, long-term investment 
in multimodal public transport, and 
regional focuses on collaboration.1 
The projects chosen by Smith 
suggested that we can all learn a 
lot from emerging and developing 
economies about how to create 
innovative solutions with limited 
resources and challenging 
environmental conditions.2 The 
Vertical Gymnasium by Matías 
Pinto D’Lacoste, Mateo Pinto, and 
Urban Think Tank3 for example, or 
the Community Cooker by Planning 
System,4 a simple stove designed to 
convert waste into secure, clean, 
and cheap energy in Kibera – the 
largest informal neighborhood 
in Nairobi – could serve remote 
neighborhoods elsewhere.5 

It is crucial that the most vulnerable 
groups with the least access to 
resources, such as the inhabitants 
of informal settlements, are not 
excluded from this transformation 
process. In Latin America, like in 
other parts of the world, informal 
settlements are most vulnerable 
to the effects of climate change, 
in spite of being those that least 
contribute to the emission of 
greenhouse gases.

If on the one hand it is urgent to 
improve the living conditions in 
these neighborhoods, the security 
of their inhabitants, and their 
work opportunities and economic 
development, it is also important 
to develop solutions that put the 
environment and efficient use of 
resources at the center of attention, 
creating a leap forward that would 
avoid repeating the destructive 
impacts of the traditional 
industrial model.

1. Smith, C. E. (October 
2011). Design with the 
Other 90%. Place Journal. 
https://placesjournal.
org/article/design-with-
the-other-90-cities/

2. Smith, C. E. 
(October 2011).

3. Urban Think Tank. 
(2014). Gimnasio vertical 
[architecture project], 
Exhibition Design with 
the Other 90%. New 
York. https://www.
designother90.org/
solution/vertical-gym-
gimnasio-vertical//

4. Jim Archere, Planning 
System Services. (2010) 
Community Cooker (Jiko ya 
jamii) [design project], 
Exhibition Design with 
the Other 90%. New 
York. https://www.
designother90.org/
solution/community-
cooker-jiko-ya-jamii/

5. Smith, C.E. (2011). 
Planning System 
Services in 2010 created 
the Community Cooker 
Foundation to expand 
the project beyond the 
informal city of Kibera.
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The green infrastructure projects 
presented in this document – such 
as the requalification of Calle 107, 
or the Barrio Moravia, the Parque 
Tiuna Fuerte, the interventions 
developed for the communities in 
Palomera, or the new green and 
slow infrastructures proposed 
by the Ruta Naturbana and 
Mapocho 42K – are examples of 
interventions that are capable 
of generating positive effects 
for the climate and environment. 
Among them, the improvement of 
air and soil quality, controlling the 
microclimate of neighborhoods, 
managing water, and absorbing 
carbon, while creating quality 
public spaces of social and 
metropolitan integration.

This document introduces a series 
of products of knowledge that 
are being developed in the Inter-
American Development Bank in the 
framework of “Ecological Design” 
in order to support communities 
and professionals in improving 
urban quality and resilience toward 
climate change in the informal city. 
The series, “Ecological Design: 
Strategies for the Vulnerable City” 
will propose guidelines for diagnoses 
and design solutions in order to 
reduce the vulnerability of informal 
settlements and their inhabitants, 
through a series of documents that 
include an atlas of risk, case studies 
of nature-based solutions for public 
space, a catalogue of sustainable 
housing, and a manual for applied 
ecological design.
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IMAGE 
CREDITS

INTRODUCTION

1. Buenos Aires, Argentina. Photography: Cristóbal Palma
2. Rio de Janeiro, Brazil. Photography: Connor Fuller
3. Valparaiso, Chile. Photography: Jonny Joka
4. Colombia. Photography: Karl Groendal
5. Ecuador. Photography: Michael Shink

ECOLOGICAL JUXTAPOSITIONS, CHAPTERS 1-4

Inés Benítez Gómez
“Ecological juxtapositions” is a project by Inés Benítez 
Gómez developed for this publication. It is specifically 
aligned with the struggle against urban inequality and 
climate change, projected towards sustainable cities and 
communities in Latin America. Through these images, 
the horizon of understanding, sensibility, and discourse 
about these subject aim to communicate on another 
level of abstraction.

PUBLIC SPACE PROJECTS, CHAPTER 3:

Paseo Urbano de la Calle 107, Proyecto Urbano Integral 
(Colombia, Medellín, 2004-2005) 
Credits: Urbam EAFIT. Alejandro Echeverri. 
Photography: Diana Moreno.
Plaza Estacional (Caracas, Venezuela, 2015) 
Credits: Gabriel Visconti Stopello (AGA studio). 
Photography: José Bastidas.
Parque Cultural Tiuna el Fuerte 
(Caracas, Venezuela, 2015) 
Credits: Lab.Pro.Fab.  
Photography: Iwan Baan
Rocinha Mais Verde (Rio de Janeiro, Brazil, 2011-2014) 
Credits: Green my Favela – Lea Reakow and Hortas 
Cariocas (Júlio César Barros).
Huerta en Manguinhos  
(Rio de Janeiro, Brazil, 2012-2020) 
Credits: Green my Favela – Lea Reakow and Hortas 
Cariocas (Júlio César Barros).
Parque Fazendinha (São Paulo, Brazil, 2017-2020) 
Credits: Movimiento Fazendinhando.
Parque Trazando Sonrisas  
(Sucre, Venezuela, 2017-2019) 
Credits: Trazando Espacios.
Parque Biblioteeca España  
(Medellín, Colombia, 2005-2007) 
Credits: El Equipo Mazzanti – Giancarlo Mazzanti 
& ARCHITECTS.
Parque de la Familia (Santiago, Chile, 2010-2015) 
Credits: Cristián Boza Wilson – Boza Arquitectos. 
Photography: Felipe Díaz Contardo
Parque en el Arroyo Xicoténcatl (Tijuana, Mexico, 2019) 
Credits: Teller Capital. 
Photography: Gabanna
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Represo Colosio (Nogales, Mexico, 2019) 
Credits: Teller Capital. 
Photography: Rafael Gamo
La Palommera (Caracas, Venezuela, 2016-2017) 
Credits: Enlace Arquitectura – Eliza Silva.
Recuperración del Morro de Moravia (Medellín, 
Colombia, 2009-2014) 
Credits: Cátedra UNESCO de Sostenibilidad,  
Universidad Politécnica de Catalunya (UPC) – Dr. Jordi 
Morató I Farreras. 
Photography: Environment Secretary – Medellín Council.
Parque Ecológico Lago de Texcoco (Mexico City, 
Mexico, 2019-2028) 
Credits: Iñaki Eecheverría.
Corredor Socio-Ecológico de los Cerros Orientales 
(Bogotá, Colombia, 2007-2020) 
Credits: Diana Wiesner.
Rutas Naturbanas (San Jose, Costa Rica, 2015-2020) 
Credits: Fundatión Rutas Naturbanas – Federico Cartín.
Mapocho 42K (Santiago, Chile, 2010-2020) 
Credits: M42K_Lab UC – Sandra Iturriaga. 
Photography: M42K Lab. F. Croxatto
Bio Medellín 2030 (Medellín, Colombia, 2011-2020) 
Credits: Área Metropolitana del Valle de Aburrá – 
URBAM, BIO 2030.
Sistema Integrado de Información y Gestíon para 
la Refuncionalización y Recuperación del Arbolado 
Urbano (Mendoza, Argentina, 2017-2018)
Credits: UNICIPIO (Council for the Coordination of Public 
Polices for the Metropolitan Area of Mendoza).
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