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Disclaimer
I am not a climatologist
I am not a 

meteorologist
I am not a remote 

sensing scientist
I am not a fanatic 

environmentalist

I am just an old and curious 
physicist

(with less hair than shows this 
cartoon!) 





O aquecimento global e o desmatamento

da Floresta Amazônica são preocupantes? 



Global Temperature in 2019

James Hansen, Makiko Sato, Gavin Schmidt, Michael Hendrickson

http://www.columbia.edu/.../20200115_Temperature2019.pdf

http://www.columbia.edu/~jeh1/mailings/2020/20200115_Temperature2019.pdf?fbclid=IwAR0uXKNfNtheJOUsX_u03FxAJUHngBni95nJ54-iieu7ttN-AYbo4UkWn04


“Nos últimos 30 anos, surgiu hipótese que
as variações que ocorrem no clima e no
tempo são decorrentes das atividades
humanas, notadamente as que queimam
combustíveis fósseis emitindo dióxido de
carbono (CO2 ) e metano (CH4 ).............”

“É afirmado, sem comprovação, que um
aquecimento do clima global acima de
2°C, relativo à temperatura do ar do
período pré-industrial, teria consequências
desastrosas para a Humanidade, ..............”

Tais afirmações, porém, não tem bases
físicas sólidas, e as projeções climáticas
feitas para as próximas décadas são
decorrentes de resultados de modelos de
simulação de clima global, que são muito
rudimentares e não representam
adequadamente os processos físicos que
controlam o clima global,......

Luiz Carlos  Molion
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Efeito Antrópico

1. Aumento da concentração

de gases do efeito estufa a

partir da revolução

industrial.

2. Gráfico da temperatura

média global, usando

medidas existentes (~100

anos) e proxies (milhares

de anos) revela que a

recente subida não tem

precedente.





A temperatura da Terra não tem variado 

substancialmente ao longo de milhares e milhares 

de anos?

Últimos três milhões de anos:

• períodos amenos durando de 10.000 a 20.000 anos

• períodos com calotas gigantes de gelo, durando cerca 

de 80.000 anos

Eoceno (50 milhões de anos) 

• Terra “Casa Quente”; livre de gelo, com árvores gigantes 

próximo dos polos, concentração de CO2 800 ppm, mais 

que o dobro da actual, temperatura média ~15C

Era Paleozóica (550 a 250 milhões de anos)

• Terra quase que completamente coberta com gelo 

várias vezes.



Porque há esta variação entre eras glaciais e 
mais quente na história do Planeta Terra?

Variações periódicas na órbita e eixo de rotação da Terra, afetando, 

principalmente, a quantidade de irradiação solar atingindo o Polo Norte

M



Gêlo no Polo Norte se forma mais facilmente 

sobre o continente







Hur mäts den
globala 
medeltemperaturen?



Concept of Global Average Temperature 

not clear to the population at large 

Four major datasets

• GISTEMP – NASA Goddard Institute for Space Science

https://data.giss.nasa.gov/gistemp/

• HadCRUT - UK Met Office Hadley Centre and the 

University of East Anglia

https://www.metoffice.gov.uk/hadobs/hadcrut4/

• MLOST – National Oceanic and Atmospheric 

Administration

https://www.ncdc.noaa.gov/data-access/marineocean-

data/mlost

• JRA – Japan Meteorological Agency

http://ds.data.jma.go.jp/tcc/tcc/products/gwp/temp/explanat

ion.html

https://data.giss.nasa.gov/gistemp/
https://www.metoffice.gov.uk/hadobs/hadcrut4/
https://www.ncdc.noaa.gov/data-access/marineocean-data/mlost
http://ds.data.jma.go.jp/tcc/tcc/products/gwp/temp/explanation.html


Methodology
(general procedure, but there are variations)

• Combined data from measurements from the air above land and the

ocean surface.

• Measurements at each station compared to what is considered normal

for that location and time, normally long-term average over a 30-year

period. Differences are called “anomalies”.

• An average is obtained for monthly-mean temperature anomalies

against a chosen baseline period in 5° x 5° grid boxes worldwide, in

which at least one station exists.

• Monthly mean global temperature anomaly is obtained by averaging

the anomalies of all the grid boxes weighted with the area of the grid

box.

• Annual and seasonal mean global temperature anomalies are obtained

by averaging monthly-mean global temperature anomalies.

• Sliding-window average applied for long time data.



Global Average Temperature at 2m Height

Copernicus Climate Change Service

GISTEM (NASA) NOAA JRA-55 (JMA)

ERA5: Copernicus Climate Change Service



Historical Evolution of Average Temperature 

• Widespread instrumental climate data are available 

for only about one century.

• Proxy climate indicators combined with any very 

long instrumental records must be used;

o tree-rings (dendroclimatology), 

o corals, 

o ice cores, and 

o historical documentary records.

• Description of large-scale climate variability during 

past centuries is therefore somewhat empirical.



PNAS 105, 13252 (2008)



The Oxygen Isotope Ratio Method
[H.A. Lowenstam and S. Epstein; Journal of Geology 62, 207 (1954)]

[W. Dansgaard, et al; Science 166, 377 (1969)] 

99,76 %



https://earthobservatory.nasa.gov/features/Paleoclimatology_OxygenBalance/oxygen_balance.php

18O concentration in ice cores depends on

• equilibrium and kinetic fractionation processes during evaporation 

at the ocean surface;

• poleward air-mass transport and condensation of precipitation,

• temperature and moisture conditions
[S. Weiβbach et al; Clim. Past. 12, 171 (2016)]

https://earthobservatory.nasa.gov/features/Paleoclimatology_OxygenBalance/oxygen_balance.php


Seasonal calibration

Greenland Ice Core 

Project
[B. Stauffer; Science 260, 

1766 (1993)]

• Depth-time scale determined by 
14C method and seasonal 

variation of 18O concentration

• CO2 concentration measured in 

trapped air bubbles

Related Proxies
• Oxygen isotope ratio in ice cores

• Oxygen isotope ratio in marine sediments (200-500m depth)



https://www.climate4you.com/GlobalTemperatures.htm

https://www.ncdc.noaa.gov/global-warming/temperature-change



Discovery of the Greenhouse Effect

• Jean Fourier (1824)

[J. Fourier, Remarques générales sur les temperatures du globe terrestre

et des espaces planétaires; Ann. Chim. Phys. 27, 136 (1824)]

𝑇 =?→ average temperature to reach equilibrium between

infrared radiation and power received from the Sun;

𝑇 ≈ −13𝐶 →Earth atmosphere must absorb infrared radiation.

• John Tyndall (1859)

Measurement of infrared absorption by atmospheric gases

• Svante Arrehnius (1896)

Theoretical prediction: if the CO2 atmospheric concentration

would double, increase in average temperature ~4.5𝐾.

• Guy Callendar (1938)

Data from 147 meteorological stations: ∆𝑇 ≈ 0.3𝐶 between 1880

and 1937.



John Tyndall







How Reliable are Predictions of Global 

Warming ?
[T.R. Anderson, E. Hawkins, and P.D. Jones; Endeavour 40, 178 

(2016)]

• IPCC projections based upon ensemble average of results from 

complex state-of-the-art Earth System Models.

• Although climate system evolution is rather complex, its core 

physics is just radiative transfer!

• Callendar´s results can be adjusted by

∆𝑇 = 2.28 ln Τ𝑝𝐶𝑂2 100 − 250; ∆𝑇 𝐶 ; 𝑝𝐶𝑂2(𝑝𝑝𝑚)



Corrente do 
Golfo atinge 
nível mais 
fraco em 100 
anos



Stefan Rahmstorf (Instituto de Pesquisa do Impacto Climático de Potsdam)

“Se continuarmos a impulsionar o aquecimento global, o sistema da corrente 
do Golfo enfraquecerá ainda mais – 34% a 45% até 2100 -, de acordo com a 
última geração de modelos climáticos”



SEQUESTRO DE CARBONO



Oliver L. Phillips*† , Roel J. W. Brienen† 

and the RAINFOR collaboration

Importância da Amazônia no 

Sequestro de Carbono



Floresta 

ti
m

e

dialy deforestation 
alerts (DETER)

yearly rates of
clear cuts
(PRODES)

Brazil’s Monitoring Systems: PRODES and DETER



PRODES – Program for monitoring Amazonia by satellite

PRODES utilizes images from LANDSAT 8 / OLI, CBERS 4;4A e 

IRS-2 satellites with 20m to 30m resolution. Operational since 1988

http://terrabrasilis.dpi.inpe.br



PRODES – Program for monitoring
Amazonia by satellite

http://terrabrasilis.dpi.inpe.br

Science (2007) - “Brazil´s monitoring system is the envy of the world”

Nature (2012) - “The biggest environmental success story in a decade”

3.925 km2

80%

→ 

DETER



DETER – Daily alerts of evidences of changes in the forest
covering in the Amazon

DETER utilizes images from CBERS 4&4A and IRS to produce

daily alerts of selective logging, degradation, and deforestation in 

plots above 3 hectares. Operational since 2004

http://terrabrasilis.dpi.inpe.br



Recent Remote Sensing Satellites 

Developed by INPE

CBERS-04A

1950 kg; 630 km/heliosynchronous

Launched December 2019

AMAZONIA 1

700 kg;750 km/heliosynchronous

To be launched March 2021



www.brazildatacube.org

http://www.brazildatacube.org/


DETER - Intenso

Mapeia alertas usando dado Sentinel, Landsat, CBERS em áreas específicas

http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/deter/deter-intenso





Monitoring the Amazon Forest with LIDAR
[K. Lim et al; Progress in Physical Geography 27, 88 (2003)]

Main features

• Possibility to record a dense array of distance return values 
(several laser returns per 𝑐𝑚2 over ranges of 50𝑚), which 
are assembled into the highly detailed 3D reconstruction of 
the surfaces.

• LIDAR can be used to map the forests by measuring the 

vertical structures of the canopy and its density.

• Modelling forest above-ground carbon density by integrating 

air-borne LIDAR and satellite data.

• Fusion of hyperspectral and LIDAR remote sensing data for 

classification of complex forest areas. 



1. Light Detection And Ranging (LIDAR)

✓ For terrestrial remote sensing, infrared wavelength is emploed..

✓ Good tool for height measurements, such as the height of forest dossel.

Height of dossel – Sensor LIDAR LVIS-NASA

LIDAR integrated sensor 
hyperspectral – Carnegie 

Airborne Observatory (CAO)



Persistent colapse of biomass in Amazonian forest

edges following deforestation leads to unaccounted

carbono losses
C.H.L. Silva Jr., L.E.O.C. Aragão, L.O. Anderson, M.G. Fonseca,et al



Methodology
• 30m spatial resolution forest change datasets based 

on optical images from the Landsat series of Earth 
Observation satellites.

• Airborne LIDAR data collected over Amazonian 
forests.

Point cloud data collected in the northeast of the Pará state, 2014, with 420 m of length. 

The points represent the vegetation height normalized by the terrain altimetry. (A) 

Nondegraded old-growth forest, where tree heights reach up to 40 m. (B) Forest edge 

(width of 120 m), where the height reaches up to 25 m. (C) Deforested area with 

vegetation regrowth (height up to 5 m)



Conclusions

• Forest fragmentation, a resulting feature of the deforestation process,

promotes indirect carbon losses induced by edge effect. This process is

not implicitly considered by policies for reducing carbon emissions in the

tropics.

• Considering the edge effect in Amazonia over the 2001 to 2015 period,

the authors find that carbon losses associated with edge effect

947 𝑇𝑔𝐶 corresponded to one-third of losses from deforestation

2592 𝑇𝑔𝐶 .

• Despite a notable negative trend of 7 Τ𝑇𝑔𝐶 𝑦𝑒𝑎𝑟 in carbon losses from

deforestation, the carbon losses from edge effect remained unchanged,

with an average of 63 ± 8 Τ𝑇𝑔𝐶 𝑦𝑒𝑎𝑟.

• Carbon losses caused by edge effect is thus an additional unquantified

flux that can counteract carbon emissions avoided by reducing

deforestation, undermining the Paris Agreement’s bold targets.



Pesquisadores compilaram

57 mudanças promovidas

pelo governo Bolsonaro

em dispositivos legais que

enfraqueceram regras de

preservação



É possível promover o desenvolvimento 

sustentável na  Amazônia ?









A M A Z O N I A   4 . 0

Establishment of the Amazonia Institute of Technology (AmIT)

The Amazonia Institute of Technology (AmIT) will be the central
driver of ambitious science, technology, and innovation-based
product development of a deforestation-free and restorative
Amazonian economy. It will be the home of research and
education in the Amazon that effectively promotes sustainable
and socially inclusive bio-economies of standing forests and
flowing rivers. This note summarizes key reasons and timelines for
its establishment, and related operational and finance
considerations.

On behalf of the Amazonia 4.0 initiative of the Institute for
Advanced Studies, University of Sao Paulo, Brazil, and with
collaboration of MIT’s Environmental Solutions Initiative, we
propose to embark on a fast-paced process for science-based,
intelligent, sustainable bioeconomy development in the Amazon.




