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Global land use changes are four times greater than previously estimated.
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GLOBAL LAND USE CHANGE, 1960 - 2020 

https://pubmed.ncbi.nlm.nih.gov/?term=Winkler+K&cauthor_id=33976120
https://pubmed.ncbi.nlm.nih.gov/?term=Fuchs+R&cauthor_id=33976120
https://pubmed.ncbi.nlm.nih.gov/?term=Rounsevell+M&cauthor_id=33976120
https://pubmed.ncbi.nlm.nih.gov/?term=Herold+M&cauthor_id=33976120


280 ppm

CARBON DIOXIDE AND METHANE ATMOSPHERIC CONCENTRATIONS

CARBON DIOXIDE                            METHANE 

Over the past 800,000 years, atmospheric concentrations of carbon dioxide and methane 
peaked at 280 ppm and at 600 ppb respectively. 

In the present day, they are 150%, and 300% resp. above that level, and rising exponentially. 

P Droege (LISD) visualization on gas concentrations updated to May 2023, based on EPA, NASA, NOAA data

Present day 424 ppm

600 ppb

Present day 1922 ppb



We must act now to implement Climate Policies and Climate Actions to mitigate climate change

Temperature 1880 – 2024 and projected

A  PATHWAY TO LOWER EMISSIONS TO BELOW ZERO

Charlie Frye, Esri, Redlands CA USA, Internal document



Courtesy of Charlie Frye, Esri, unpublished

Global Emissions and Sinks are Unequally Distributed



UN Development Programme launches next phase of flagship climate action initiative 
United Nations Development Programme (undp.org)

For the UN Climate Change Conference — COP29 in 2025

“In 2025 all countries need to submit new and ambitious Nationally 
Determined Contributions to avert climate calamity.

These new national climate plans must align with the 1.5-degree limit 
and cover all greenhouse gases, all sectors, and the whole economy.” 

UN Secretary-General, Antonio Guterres

https://www.undp.org/press-releases/un-development-programme-launches-next-phase-flagship-climate-action-initiative
https://www.undp.org/press-releases/un-development-programme-launches-next-phase-flagship-climate-action-initiative




“Climate change is a global phenomenon. 
No Nation controls its own climate. 
All nations must act in collaboration if climate mitigation is to succeed.

This requires looking and thinking ahead in time, globally to locally 
to globally…and planning to act now for the future of everyone. 

This must also influence how we will need to re-define the problems 
within which we work and teach, and how we work and teach.”  

Carl Steinitz, Pedro Arsenio, Michele Campagna, Tijana Dabovic



THE IGC GLOBAL CLIMATE GEODESIGN CHALLENGE…local to global to local…                                                        IGC 

September 12, 2022 
Esri, Redlands 
CA USA

Photographs 
Tess Canfield



2018-2024: There are 240+  IGC UNIVERSITY-BASED TEAMS IN 61+ COUNTRIES 
with 130 COMPLETED GEODESIGN STUDIES

https://www-igcollab.hub.arcgis.com



Local Teams Adopt the Following Common Requirements:

1. Study areas are a 

minimum 50 x 50km 

2. Climate Actions are 

selected from eight 

Climate Domains / 

geodesign themes of 

development and 

conservation

3. Actions within 

domains are shown 

using a common color 

palette

4. Climate Actions are 

applied either singly or 

grouped as programs

5. Program application 

is timed to reverse 

Greenhouse Gas 

accumulation as soon 

as possible

6. After negotiation, 

designs are assessed 

for performance in 

reducing emissions 

and augmenting 

carbon sinks.

Climate Action: 3.3.2 Grassla

nd Restoration

2018 estimate of manageable 

carbon stored: 10,856.57Mg.

2050 estimate of manageable 

carbon stored: 11,438.28Mg.

Total manageable carbon 

stored Increased by: 8.21%.

THE IGC GLOBAL CLIMATE GEODESIGN CHALLENGE…                                         …                                          IGC



THE IGC GLOBAL CLIMATE GEODESIGN CHALLENGE…local to global to local…                                                        IGC

Mitigation requires Climate Regeneration, lowering CO2 concentrations to 280 ppm

• ending carbon energy emissions globally and locally;
• halting deforestation and loss of grasslands and wetlands;
• implementing regenerative agriculture on a large, systemic scale; 
• ending pollution and exploitation practices to protect ocean biodiversity.

© Peter Droege, LISD





Results from the November 3rd-4th, 2023 
workshop at 

Instituto Superior de Agronomia 
(ULisboa)



Team
Carl Steinitz (IGC Core Team)
Tess Canfield (IGC Project Consultant)

ISA/Lisbon University Faculty
Pedro Arsénio (Assistant Professor, Local Project Coordinator)
Cristina Castel-Branco (Associate Professor)
Patrícia Rodrígues González (Assistant Professor)
Rui Figueira (Assistant Professor)
Ana Luísa Soares (Assistant Professor)
Sónia Talhé Azambuja (Invited Assistant Professor)

ISA/Lisbon University Landscape Architecture Master's Students
Ana Filipa Antunes Afonso
Fernando Reis Torres
João Mendes Ramos da Silva
João Pedro Coelho Silva
Johannes Felix Reisch
Julia Chavolla González
Mariana Pinto Bernardes
Vasco Lourenço Florentino

External Faculty
Paulo Morgado (Assistant Professor, IGOT/Lisbon University)
Ricardo Mateus (Assistant Professor, Lusófona University)

Other collaborators
José Miguel Júdice (Political Consultant)
António Sacchetti (Photographer)
Rui Figueiredo (Environmental Ministery Consultant)



Imagery, the study area and its domains, BSU ecosystems (as carbon sinks), carbon and methane emissions.

Pre-Workshop 
preparation





Photographs 
Tess Canfield

Day 1
Morning

Overview

LISD 
Climate 
Actions 
and timed 
Gantt 
Charts



Photographs 
Tess Canfield

Day 1
Morning

Selecting 
LISD 
Climate 
Actions 
and 
making 
timed 
Gantt 
Charts





Photographs 
Tess Canfield

Day 1
Morning

Making 
diagrams for 
LISD Climate 
Actions and 
Gantt Charts



Photographs 
Tess Canfield

Day 1
Afternoon

Making 
diagrams 
for 
selected 
climate actions

Testing 
diagrams

Testing 
designs

Diagrams 
sent to 
Geodesignhub



Examples of prepared diagrams (one for each domain)



Diagrams are imported into GeodesignHub
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Tess Canfield

Day 2
Morning

Organizing
two design-
synthesis 
teams and 
their foci

Making 
NATUR V1
ECON  V1

Presentations

Informal 
negotiation

Making
NATUR V2
ECON V2

NATURE                                                                                                                       ECONOMY



Photographs 
Tess Canfield

Day 2
Afternoon

Overview and 
negotiation
proceedure

Presentation 
NAT V2
and
ECON V2



Photographs 
Tess Canfield

Day 2

Afternoon

Making the final 

design by

negotiation in a 

sequence of 

domain-based 

selected 

climate actions



Photographs 
Tess Canfield

Day 2

Afternoon

Orientation to 

negotiation 

tools in 

Geodesignhub

José Miguel
Júdice 
acting as 

Prime Minister



Photographs 
Tess Canfield

Day 2

Afternoon

The FINAL 

negotiated 

design for

A National 

Climate 

Actions Plan 

for Portugal





















• Europe (Feb 12, 2024)

• South America (March 8, 2024)

• World (March 19, 2024)



The Global Study Region, Nation Boundaries and World Bioclimate Regions: A Proof-of-Concept Demonstration

Charlie Frye, Esri



12 February 2024 “Europe” Workshop

“You should act throughout in the 
interests of your territory as best you 
understand these, but with a global 
mandate to mitigate climate change as 
rapidly as nationally feasible.”

Each team selects Climate Policies and 
Actions and their timing for each 
domain (e. g. energy, forests, ocean, 
etc.) which are appropriate to the 
conditions of the geographic territory 
and its national capacity, to 2050.



Gantt Charts for 11+ Bioclimate Region Classes X 5 National “Capacity” Classes = 32 of 58 Spatial Unit Types

Carl Steinitz, and Pedro Arsenio, University of Lisbon

This is the active 

geodesign synthesis tool





Geodesign 
Teams 

A South America Climate Actions Geodesign Study, in Geodesignhub From “Expert” Climate Action Maps

(March 8, 2024)

Paulo Pellegrino, University of São Paulo, Chiara Cocco, University College Dublin  



Planning Unit “Similarity” and Assignment of Gantt Charts: E. g. France and Japan

The geodesign task in this Global to Local demonstration is to generate and assign Gantt 

charts of timed Climate Policies and Climate Actions to similar National and Bioclimate 

Planning Unit types in the global set of 1,000 Planning Units.  

Resolution at 1 sq km

National Readiness



FIRST GLOBAL PROOF OF CONCEPT GEODESIGN TESTS:   19 MARCH 2024



© Carl Steinitz



Thank you for the 
attention!

arseniop@isa.ulisboa.pt
Charlie Frye, 

Esri, unpublished


