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Presentation Road map

1. What is the Zofnass Program?

○ Tools and research developed

2. Mapping Hydropower Impacts in the Brazilian 

Amazon- Brazil Cities Initiative- ongoing 

research
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What is the Zofnass Program?
Sustainable infrastructure focused applied research lab at 
Harvard University
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Zofnass Program for 
Sustainable Infrastructure
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Program director, PI

Dr. Spiro Pollalis, Professor of Design, Technology and Management

Advisory board

Mission

Develop and promote methods, processes, and tools that quantify sustainability for 
infrastructure. Its goal is to facilitate the adoption of sustainable solutions for infrastructure 

projects and systems, and expand the body of knowledge for sustainable infrastructure.

http://research.gsd.harvard.edu/zofnass/
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  By 2030, 1.1 billion more 
people will live on Earth.

Richard Forman and Jianguo Wu
Nature 537, 608–611 (29 September 2016)

United Nations Department of Economic and 
Social Affairs. World Urbanization Prospects: 
The 2014 Revision (United Nations, 2014).



photo credit: Funda\ao Jari

Many will live in rapid and 
unplanned urbanization, 

exacerbating socio-economic 
disparities, pollution and 

resource shortages

World Economic Forum. Global Risks 
Report (WEF, 2015).

United Nations Department of Economic 
and Social Affairs. World Urbanization 
Prospects: The 2014 Revision (United 
Nations, 2014).
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Climate change and deforestation 
could convert up to 60% of the 

Amazon rainforest into savanna, 
with massive impacts on the 

world’s biodiversity and climate *

 *INPE – Brazil's National Space Research 
Institute

http://www.inpe.br/ingles/index.php
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Deforestation in tropical 
rainforests adds more CO2 

than the sum total of cars and 
trucks on the world’s roads

MODIS images of Amazon deforestation in 
Rondônia from 2000 to 2010. 
NASA/Goddard Space Flight Center
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  Tight budgets & constraints



ENVISION establishes a holistic framework for assessing 
and classifying the environmental, economic and social 
benefits of all types and sizes of infrastructure projects.

Envision evaluates, classifies and recognizes 
infrastructure projects that use transformational and 
collaborative approaches to evaluate sustainability 
indicators throughout the project life cycle.

Envision rating system 
for sustainable infrastructure
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Envision™ development:

The Institute for Sustainable Infrastructure is a not-for-profit 
education and research organization founded by the American Public 
Works Association, the American Council of Engineering Companies 
and the American Society of Civil Engineers.



Zofnass Program research 
focus areas
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Zofnass Program Envision™
sustainability criteria:
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Infrastructure case studies
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Envision-based case studies for the 
Infrastructure 360º Initiative, 
sponsored by the Inter-American 
Development Bank



Infrastructure systemsPlanning Sustainable Cities:
An infrastructure-based approach



Analytical framework & guidelines
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Harvard Brazil Cities Initiative

This project is sponsored by the David Rockefeller Center for 
Latin American Studies, Claudio Haddad, and the 
Harvard-Brazil Cities Initiative.

PI: Dr. Andreas Georgoulias, ZP Research Director and Faculty, Harvard GSD
Judith Rodríguez, Research Associate, Harvard GSD
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Mapping Hydropower Impacts 
in the Brazilian Amazon
[Ongoing Research] 
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Abstract

Hydropower infrastructure development in the Amazon faces great 
challenges in mitigating significantly large-scale social and 
environmental impacts. This research concentrates on the Jari River 
Basin to understand urbanization impacts related to recent 
hydropower development. The impacts in settlement and land use 
are assessed through drone-based mapping and 3D modeling. This 
field research is geared towards developing practices that 
adequately manage impacts, growth and hydropower 
development.



18

Project details

● Project granted through a Harvard-wide competition, the Brazil Cities 
Initiative 
○ To study growth of cities in the Amazon: Jari River Basin

● Project based on the results of Envision case studies: Santo Antônio do Jari 
hydroelectric plant, and transmission lines Xingu-Macapá
○ Projects with high impacts: including relocation of people, 

environmental impact

● Field research makes a large part of the project

○ Data collection and mapping of the study area
■ Using experience with Esri products
■ Introducing the use of drones in research

○ To create alternative set of data
○ To give more resolution to study areas



Main goals
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part 2.
Learn 
about 

hydropower 
development 
impacts in the 

Amazon

part 2.

Improve
hydroelectric 
development, 

impact mitigation, 
and infrastructure 

planning



(3) Exploring 
participatory and 
informative 
methods
Help improve 
communication between 
stakeholders 
(environmental regulators, 
developers, communities, 
and municipalities) to gear 
more effectively 
hydropower investments 
towards planned 
sustainable growth.
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Project Parts

(1) Stakeholder 
engagement: 

Meeting developers & 
operators of 
hydroelectric power, 
affected communities, 
relocated communities, 
municipalities, 
academics, and 
environmental 
regulators.

(2) Mapping and site 
surveying

Documenting the urban 
conditions of relocated 
communities and towns 
along the river with the use 
of a drone. Processing and 
analysing data 
(photogrammetric, GIS)
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◉ Majority of the population (about 26 million) living in the Amazon is 
urban. Cities in this region are the fastest growing in Brazil.

◉ Many large-scale hydroelectric infrastructure projects are being 
planned, totaling US $ 120 billion, to double the participation of the 
Amazon in energy generation. 

◉ There are major challenges in mitigating significantly the social and 
environmental impacts of large-scale hydropower development.

Challenges and points of 
departure

INESC, Investments and rights in the Amazon, accessed in 2016, 
http://amazonia.inesc.org.br/projetos/santo-antonio-do-jari/uhe-santo-antonio-do-jari/
Virginia W. Mason. “Amazon Dams Keep the Lights On But Could Hurt Fish, Forests” in National 
Geographic News, http://news.nationalgeographic.com
Swallowing Rain Forest, Cities Surge in Amazon, NY Times (2012), accessed in 2016, 
http://www.nytimes.com/2012/11/25/world/americas/swallowing-rain-forest-brazilian-cities-surge-in-amazo
n.html?_r=0

http://amazonia.inesc.org.br/projetos/santo-antonio-do-jari/uhe-santo-antonio-do-jari/
http://amazonia.inesc.org.br/projetos/santo-antonio-do-jari/uhe-santo-antonio-do-jari/
http://amazonia.inesc.org.br/projetos/santo-antonio-do-jari/uhe-santo-antonio-do-jari/
http://www.nytimes.com/2012/11/25/world/americas/swallowing-rain-forest-brazilian-cities-surge-in-amazon.html?_r=0
http://www.nytimes.com/2012/11/25/world/americas/swallowing-rain-forest-brazilian-cities-surge-in-amazon.html?_r=0
http://www.nytimes.com/2012/11/25/world/americas/swallowing-rain-forest-brazilian-cities-surge-in-amazon.html?_r=0
http://www.nytimes.com/2012/11/25/world/americas/swallowing-rain-forest-brazilian-cities-surge-in-amazon.html?_r=0
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Majority of the population (about 26 million) living in the Amazon is urban. 
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Cities in this region are the fastest growing in Brazil. Many lack basic infrastructure services.

photo credit: Fundaçao Jari



Santo Antonio do Jari hydropower plant in the Jari River, Amazon (produces power for 3.5 million people)
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photo credit: EDP Energias
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Field research



Field research
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part 
2.

Use of drone 
 

Site surveys 
and data 
gathering

 

Case study 
development

 

Interviews 
and seminars

 



Lack of updated information and high resolution imagery of the case study areas
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Field research in remote areas (30+ hours of travel to study areas).



Use of a drone to capture high resolution imagery of relocated communities

29



Use of drone
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● Site recognition
○ Site surveys at relocated communities
○ High-resolution aerial and oblique pictures
○ Video of surrounding areas and communities

● Documentation of site conditions, quality of life aspects
○ State of the infrastructure
○ Expansion areas
○ access to site

● Data survey and mapping of the study areas

● Fill in gaps in data available
○ Many challenges in availability of data 

■ Corruption and instability at municipality level
■ Lack of transparency regarding planning and 

implementation of hydropower projects
○ Projects lack wealth of data
○ Lack of communication with affected communities
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Many riverine communities need to be relocated inland due to flooding for the creation of the reservoir
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The economic activity from the relocated communities relies on gathering Brazil nuts in 
the forest, gathering açai berries, and fishing.



Relocated community Nova Vila Iratapuru upstream Jari 
reservoir
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Relocated community upstream - inland
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Mapping urbanizing conditions and infrastructure assets: water tanks, 
communications, electricity, roads and sidewalks
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Images used for mapping infrastructure networks to help explore the relationship between 
hydropower infrastructure development and urbanization in the Amazon.
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Conclusions
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part 2.

infrastructure operators / 
developers

planners/designers

governmental agencies 
environmental regulators, 

municipalities

affected communities

academics
 

● Need for capacity building on 
sustainability and resilience at the 
affected municipalities, 
communities; and in the 
hydropower planning process.

● More collaboration is needed 
amongst stakeholders in order to 
improve hydroelectric 
development impact mitigation, 
and infrastructure planning.

● Transfer of knowledge and learned 
lessons is needed for the planning 
of future hydroelectric plants.



jirodrig@gsd.harvard.edu

Thank you!
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Judith Rodríguez, Harvard University
Research Associate & Program Administrator, ENV-SP


