
Location of the study area
The RMBH is composed of 34 municipalities
where a population of 6 million inhabitants live
in an area of 15000 km2. It is characterized by
the transition between the Atlantic Forest and
the Cerrado (savanna), defined by the axis
composed by the Serra do Rola Moça, Serra
do Curral and Serra da Piedade, which cut the
area from northeast to southwest.
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Trees for Belo Horizonte 
Metropolitan Region
Its main elements of the landscape are the
mountains whose variation is from 600 to 1723
meters of altitude, resulting in the transition of
vegetation cover and geological constitution.
The hilltop areas are characterized by the
presence of iron ore and the rocky field
vegetation, which, although not robust, is
endemic and typical of the area. The sea of
hills to the south is characterized by the Atlantic
Forest and the hills to the north by the Cerrado
(savanna). It is an area of springs and
watershed of two important basins, of the São
Francisco and Doce rivers. Its architectural and
urbanistic values are the fact that the capital,
Belo Horizonte, was designed according to the
principles of positivism and hygienism in the
late 19th century and had a receipt for
Niemeyer's works in Pampulha in the 1940s,
but also presents cities with a core of Baroque
architecture. and 17th century colonial rococo,
such as Sabará, Santa Luzia and Caeté. There
are conflicts of interest in the area between
expressive urban growth with a lot of
densification, the action of gold and iron ore
miners, versus the need for environmental
protection due to the concentration of water
springs and remarkable landscape.



WAT 2 – Water retention
AGR 1 – Organic agriculture
GRN 10 – Green urban streets
ENE 3 – Solar roads
TRA 2 – High speed rail
IND/COM 1 – Industry 4.0
INS 12 – Accommodating street festivals

AGR 11 – Urban farming, urban agriculture
AGR 12 – Rooftop gardening
GRN 6 – Genetically modified trees and engineered 
trees 
ENE 1 – Renewable energy sources 
TRA 21 – Permeable pavement 
TRA 17 – Photovoltaic highways
IND/COM 7 – White biotechnology 
IND/COM 11 – Artificial Intelligence 
INS 6 – Evolving education for future needs
INS 5 – Future healthcare choices 
RES 11 – Adaptable modular housing
MIX 14 – Compact sustainable neighborhoods 

General Requirements, of the Project “Geodesign 
Brazil, Trees for Metropolitan Regions”
• Increase the area of robust vegetation by 30% 
by 2050, as a contribution to carbon sequestration;
• Contemplate the 10 systems, but always giving 
priority to projects that could be associated with 
carbon credit.
Specific Requirements, from the Project BH:
• Alerts on conflicts of environmental interest & urban 
occupation in many parts of the area;
• Alerts on conflicts of environmental interest & mining;
• Implement CUs in areas of robust vegetation;
• Review the location of institutions, avoiding areas far 
from urban concentration;
• Provide solution for flood areas;
• Expand capillarity and accessibility to the 
southeastern area of the MR;
• Consider vacancy in real estate in the center of the 
capital for social housing projects.
• Consider housing area for low-income population;
• Expand trade in Sarzedo and on the border between 
Contagem and Esmeraldas, due to population density;
• Consider the expansion of public services in an area 
of high population density and low supply;
• Resolve the fragility of transport on the east axis, 
Santa Luzia and Sabará;
• Significantly consider expanding the sewage network

Requirements Innovations
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Day 1 - Reading enrichment - Indication of 
potentialities, vulnerabilities, characteristics and 
needs in the 2020 scenario, by Annotations, 
using a Web-GIS with 40 maps.
Day 2 - Construction of Ideas for “Non-
Adopter” 2035 and 2050, through the tool 
Dialogues.
Day 3 - Construction of ideas for “Late-
Adopter” 2035 and 2050, through the 
Dialogues tool. They had the target to increase 
of 30% of CCO2 until 2050, using the tool 
Widgets that calculates the percentage 
reached, number of trees and the sequestration 
of CO2 above and below ground. They used 
the list of Assumptions.
Day 4 - Construction of ideas for “Early-
Adopter” 2035 and 2050, through the 
“Dialogues” tool. They used Widgets to 
increase of 30% of CCO2. They used the list of 
assumptions. Debates through comments and 
voting on the Dialogues tool.

Location map Current 2020     Early adopter 2035      Early adopter 2050

Late adopter 2035        Late adopter 2050

Non-adopter 2050
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Geodesign Systems: Highlight for conflicts of interest 
Environmental, urban expansion and 
mining. Special interest in the lack of 
capillarity and accessibility to the 
northeast and southeast axes from the 
capital. Need to think about housing for 
the low-income population and alert to 
the great fragility of sanitation services.

Creation of a road axis to solve access 
problems, proposals for all 9 systems, 
well distributed in the area. They did not 
place a proposal for housing. In the 
2050 proposal they focused on 
transport and were very interested in 
CCO2, proposing the increment of 18% 
by 2035 and 20.24% by 2050. 

They prepared proposals for all topics, 
mainly distributed along the northeast-
southwest axis. Housing, green 
infrastructure and transport were 
highlighted. Housing was the topic of 
greatest interest and they proposed 
sustainable neighborhoods. They 
increased 30.14% of CCO2.



Late adopter 2035        Late adopter 2050        

Non-adopter 2050

SDG 2020     Early adopter 2035       Early adopter 2050

Early adopter SDG

Non adopter SDG

Late adopter SDG

It is observed that the Non-Adopter arrives in 2050 with the score 
(23) much better than the current scenario (-23), because the 
proposals, although without innovations, contribute mainly to the 
systems green, energy and transport. But the least accomplished 
goals were No Poverty, Zero Hunger and Good Health and Well-
being.

The Late-Adopter 2035 has the same performance as the Non-
Adopter 2050, in values (23), but has less fulfilled objectives In 
Poverty and Zero Hunger, both in 2035 and in 2050, there is a 
significant improvement in the Sustainable Cities and Communities 
objective, on both dates. There is little progress between 2035 (23) 
and 2050 (25). There are improvements in transport, 
commerce/industry, green and water.

The current situation in 2020 has flaws in many SDO's (-13), being 
favorable only in some conditions of Climate Action and Partnerships 
to achieve the Goal, and the weaknesses related to housing stand 
out. When acting as an Early-Adopter, the score grows a lot for 2035 
(72) and for 2050 (92) demonstrating that innovations can make a 
difference in meeting the SDO. The housing issue is still a problem in 
2035, but by 2050 all systems have improved.
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Project-level assessment
Project tree numbers Project CO2 capture ABOVE    BELOW ground (MgC) Project Carbon per capita (MgC/PC)

Until 2050 they will increase CCO2 in 
0%, with 82458878 trees: all of them 
conserving existing areas, none added, 
and none replaced. This is a total of 
12853629 MgC of CCO2 above ground 
and 6269828 MgC below, 3.18 MgC/PC.

Until 2050 they will increase CCO2 in 
20.24%, with 103390519 trees: 
81574442 conserved, 21580228 added 
and 235849 replaced. This is a total of 
16116438 MgC of CCO2 above ground 
and 7861382 MgC below, 3.99 MgC/PC.
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Late adopter scenario

Early adopter scenario

Non adopter scenario

Until 2050 they will increase CCO2 in 
30.14%, with 116244317 trees: 
92069745 conserved, 9817235 added 
and 14357337 replaced. This is a total of 
18120078 MgC of CCO2 above ground 
and 8838731 MgC below, 4.49 MgC/PC.

MgC/PC

MgC/PC

MgC/PC

MgCMgC

MgC

MgCUnits

Units

Units

MgC

MgC



Pre-workshop: definition of the main variables for each of the 
systems and elaboration of 40 maps for all areas in Brazil, 
resulting in similar Web-GIS for all. Planning of the automated 
calculation tool for number of trees, CCO2 and percentages.
Workshop: The technology was GISColab, a Brazilian Geodesign 
Platform developed by UFMG, based on SDI (Spatial Data 
Information) and OGC standard for consumption of data via WMS 
or WFS, allowing in both cases the increment in performances by 
WPS (Web Processing Service). Each group made adaptations to 
the process, demonstrating the flexibility of the method and the 
platform. In the RMBH study, the decision-making process based 
on many dialogues and voting was highlighted.

Method Description Project Images

Project Images
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Dialogues – Ideas, comments and 
votingMeasurement of CCO2 metrics

Decision-making process 
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Global Aboveground 
and Belowground 
Biomass Carbon 
Density Maps(2)

Robust Vegetation 
Area 

Biomass CO2 above 
and below ground in 

the Area

Biomass CO2 /km2

∩

Table of rates - local specific properties

Numbers to achieve goals – 30% increase

Script creation in GISColab Tools

Support to Decision-Making of Polygons

Surface Temperature Landscape Ecology 
MetricsVegetation

Area Core Stepping Stones Shape Factor

script

polygons



Project Participants Supporting Materials

Federal University of Minas Gerais, Brazil      Trees for BH Metropolitan Region 

Great Teacher (Instructor): Prof. Ana Clara Mourão Moura

Smart Graduate (Student Assistant ): Beatriz Fernandes, Camila 
Morais, Thiago Lima, Tiago Mello, Ashiley Rosa, Fabiana Vargas, 
Gustavo Martinez, Caroline Rocha. 
Geoprocessing Laboratory: https://geoproea.arq.ufmg.br/

and 26 Student Participants,  Urban Planning Students, 
Architecture School, Federal University of Minas Gerais

Aline Cristina da Silva Krepel
Ana Luisa Santos Ribeiro
Bárbara Formiga Almeida de Castro
Camilla Laureano Marques
Carolina Ferreira Silva
Cintya Ornelas
Felipe Andrade Ferreira
Gisele Olímpia Piedade Carneiro
Íris Batista Gorne
Isabela Karoline Mendonça
Jéssica da Nóbrega Campos
Jéssica Dayane de Abreu Borges
Jhade Iane Cunha Vimieiro

Júlia Coura Bonifácio
Júlia Galvão Fonseca
Lucas Carvalho de Jesus
Lucas Santos Nogueira
Luísa Saldanha Barcelos Andrade
Maira Michel Ângelo Barbosa
Mariana Alves Miranda
Natalia Campos Delamora
Pâmela Rebecka Avelar
Paula Pessoa Santos 
Pedro Artur Fernandes Lino Andrade
Vívian Polyana de Andrade Rezende
Willian Henrique da Silva

• Acknowledge funding sources
• CNPq Project 401066/2016-9
• FAPEMIG Project PPM-00368-18

• Sources of data
• INDE – National Spatial Data Infrastructure, Brazil.
• IBGE – Brazilian Institute of Geography and Statistics.
• Brazilian Agencies: IPHAN, ICMBIO, INPE, MMA , 

ANA, INCRA
• EarthExplorer – USGS – Landsat Images
• EarthData – Alaska.edu – Alos Palsar Images
• Spawn, S.A., and H.K. Gibbs. 2020. Global 

Aboveground and Belowground Biomass Carbon 
Density Maps for the Year 2010. ORNL DAAC, Oak 
Ridge, Tennessee, USA.

• Crowther, T. W., Glick, H. B., Covey, K. R., et al. 
(2015). Mapping tree density at a global scale. Nature, 
525(7568), 201-205.

• Key software used
• GISColab – Laboratório de Geoprocessamento da EA-

UFMG & Christian Freitas

https://geoproea.arq.ufmg.br/


Current 2020 situation Negotiated or recommended plan
Current scenario was worked from the enrichment of reading in which the participants 
record alerts, highlights of potentialities to be explored and vulnerabilities to be corrected. 
It is observed that the participants were much more active in the analyzes and criticisms 
than in the propositional stages but contemplated all 10 systems with good proposals.

Map legend
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