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Outline da aula

e Continuacao da aula anterior. Definicao de producao primaria.
Meétodos in situ mais utilizados

* Curva Producao Primaria — Irradiancia. Perceber os parametros da
curva. Quizz.

* Modelos Producao Primaria, PP. Modelos usados com detecao
remota

* Relacao com o Ciclo de carbono

* Projeto Global Carbon Project

* Produtividade Global

* Cor do Oceano como uma variavel do clima



Objetivos /competencias a adquirir para os alunos (aulas de 22 e 29 Outubro)

Reconhecer a importancia dos Produtores primarios no ciclo de carbono.
Discutir o aumento de CO2 atmosférico e alteractes climaticas

Rever conhecimentos sobre Fotossintese (para o0s bidlogos), apresentacdo das bases sobre
Fotossintese

Curvas Producao — Irradiancia, perceber a sua importancia, relacionar com o que se passa ha coluna
de agua
Modelos Producéo Primaria (PP), do mais simples ao modelo que estima a PP por satélite



Para quem quer saber mais

Modelos Irradiancia - PP



Tese Mestrado Liliana Carolino. Curvas Fotossintese — Irradiancia em culturas de microalgas

Ankistrodesmus fusiformis (a) Scenedesmus sp. 1 ()
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Figura 21- Curvas P-E obtidas para a cultwra de Ankisirodesmus fiisiformis (a) e de Scenadesmus sp.1
(b) atraves da medicio do oxigemo dissolvideo em amestras submetidas a incubacio a diferentes
intensidades lonunosas. Ambos os graficos possuem os valores obtidos para os parametros
fotossinteticos. Duas curvas sdo apresentadas: vma referente a produtividade pnimana liquida
determinada (PPL. linha a tracejado) e a outra a prodotividade pnmaria bruta (PPB, linha continua).
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Figure 2. Some common mathematical funetions used to represent the photosynthesis

light curve,

and the references to their first usage in the literature of algal physiology. In this fizure, all the
curves are normalised such that they all approach the same value of PP asymptotically, as [

increases. In other words, they all have the same value of PE



Relacao entre Chla e PP

e Como modela-la?



Modelo de Eppley 1985 — “O modelo mais simples”

Model 1: This model estimates PP as:

(chlp [mgchl m3])""

PP [g C m2 cl']]

Fim da aula de dia 22 Out 2020
Realizacdao do Quizz 2



Ligacao com as TPs



Modelos de Producao Primaria que usam
dados detecao remota

* Behrenfeld and Falkowski (1997) : Vertically Generalized
Production Model (VGPM)

* De acordo com este modelo a producao primaria da zona
eufdtica (mgC/m?) diaria é dada pela expressao:

PP = 0.66125D,,PBopt[Ey/(Eg+4.1)]Cent Zey,

http://www.science.oregonstate.edu/ocean.productivity/vgpm.model.php



Vertically Generalized Production Model
Behrenfeld &Falkowski (1997)
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PP = 0.66125D,,PBopt[Eo/(Eg+4.1)]Cery Zey,

D, duracao do dia em horas, funcéo da latitude e do dia juliano

PB,t @ taxa maxima de fixacao de carbono na coluna de agua em
mg C (mg Chl)~" h™,

E, a radiacao fotossinteticamente activa disponivel (PAR) em mol
quanta m=2d,

C..;: concentracdo de clorofila superficial em mg Chl m~3,

Z., profundidade da zona eufotica, ou 1% nivel e luz, em metros,
que é funcao de C_, (Morel and Berthon, 1989).



http://www.science.oregonstate.edu/ocean.productivity/index.php

2 4 6 8 10
Primary Productivity (102 gCm = y '1)
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PP, VGPM model. June 2005, [mg C m™ day™']
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Slides seguintes

Relacao com o Ciclo de carbono

Projeto Global Carbon Project
Produtividade Global

Cor do Oceano como uma variavel do clima
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CO, Atmospheric Concentration

* The global CO, concentration increased from ~277ppm in 1750

to 408.54 ppm in September 2019 T
RECENT MONTHLY MEAN CO, AT MAUNA LOA Atmospheric CO, at Mauna Loa Observatory
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_ Smith & Smith, Ecology. 9th edition. Capitulo 22
ciclo de carbono
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Section 22.7 The Global Carbon Cycle Involves Exchanges among the
Atmosphere, Oceans, and Land

Carbon pool involved in the global carbon cycle amounts to 55,000
gigatons (Gt)
fossil fuels: 10,000 Gt
oceans: 38,000 Gt (bicarbonate and carbonate ions)
dead organic matter: 1650 Gt
living matter (mostly phytoplankton): 3 Gt
terrestrial
dead organic matter (in soil): 1500 Gt
living matter: 560 Gt
atmosphere: 750 Gt

Smith & Smith, Ecology. 9t edition. Capitulo 22



GT carbono/

Fluxos Carbono ano

Troca Atmosfera Oceano 2

Sequestro no fundo do mar 0

Queima de combustiveis fdsseis

Producdo 12 Liquida Terrestre 56,4 Carbono (GT)

Producao 12 Liquida Marinha 48,5 1 Giga= 109 ton
Pool de carbono 55000
Combustiveis fosseis 10000
No oceano, em ides HCO, e HCO,? 38000
No oceano, matéria morta 1650
No oceano, matéria viva 3
Na Terra, matéria morta 1500
Na Terra, matéria viva 560
Atmosfera 750

Smith & Smith, Elements of Ecology, 9th edition



Global Carbon Atlas Site para estudar e ir buscar imagens sobre o ciclo de carbono

GLOBAL CARBON
PROJECT

Explore CO, emissions at the global and country levels, compare among
countries, visualize, and download data and illustrations (“Emissions”
application). Also explore “Outreach” and “Research”.

The Global Carbon Atlas is a platform to explore and visualize the most up-to-date data on

G L o BA L carbon fluxes resulting from human activities and natural processes.
CA R B o N ATLAS Human impacts on the carbon cycle are the most important cause of climate change.

OUTREACH

Take a journey through
the history and future of
human development and
carbon

EMISSIONS

Explore and download
global and country level
carbon emissions from
human activity.

RESEARCH -

Explore and visualize \
research carbon data, hN
and get access through

data providers

— 23
www.globalcarbonatlas.org



http://www.globalcarbonatlas.org/

srosar carson Atengdo as unidades. As vezes carbono, outras vezes CO2

PROJECT

All the data is shown in billion tonnes CO, (GtCO,)

1 Gigatonne (Gt) = 1 billion tonnes = 1 X 10'°g = 1 Petagram (Pg)
1 kg carbon (C) = 3.664 kg carbon dioxide (CO,)

1 GtC = 3.664 billion tonnes CO, = 3.664 GtCO,



crosaLcarson Emissions from fossil fuel use and industry

PROJECT

Global emissions from fossil fuel and industry: 35.9 £ 1.8 GtCO, in 2014, 60% over 1990

®Projection for 2015: 35.7 == 1.8 GtCO,, 59% over 1990
Dlata: CDIAC/GICF’/BF’/USG|SI

Projection 2015
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Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL CARBON Top Fossil Fuel Emitters (Per Capita)

PROJECT

The divergence between EU28 and Chinese per capita emissions is likely to continue
USA continues with high and India with low per capita emissions

Data: CDIAC/GCP/Friedlingstein et al 2014 | | Projecoes para 2020
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.1038/ngeo2248

cLosaL | carson Redugao emissdes CO2 durante a pandemia CoVid

“PROJECT

Global daily fossil CO, emissions

MtCO, day™ MtCO, day™
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©@@® Source: Le Quéré et al. Nature Climate Change (2020); Global Carbon Project

Daily global CO, emissions decreased by —=17% (—11 to —25% for +10) by early April 2020 compared with the mean 2019 levels



croeaL|carson Detalhe da Fig anterior da direita
_PROJECT

Change in global daily fossil CO, emissions
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Change in global daily fossil CO2 emissions by sector (MtCO2 d-1).

The uncertainty ranges represent the full range of our estimates. Changes are relative to annual mean daily emissions from those sectors in 2019. (see paper for
further details)



~
GLOBAL CARBON Fate of anthropogenic CO, emissions (2006-2015)

PROJECT

16.4 GtCO,/yr
0)
34.1 GtCO,/yr 44% |

91%

Sources = Sinks

31%

11.6 GtCO,/yr E&

e 00

3.5 GtCO,/yr

26%

9.7 GtCO,/yr

Ja apresentado

Numa aula anterior . , .
Source: CDIAC: NOAA-ESRL; Houghton et al 2012: Giglio et al 2013: Le Quéré et al 2016; Global Carbon Budget 2016



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/

Video com a libertac¢ao do co2 ao longo do ano:
GHGs — Green House Gases - CO2 http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=11719

Evolucéo concentracdo CO2 atmosférico: Através da observacao por satélites

XCO, [ppm]

15
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The maps derived from SCIAMACHY, a spectrometer onboard the European ENVISAT

satellite. .



Comparacao vegetacao terrestre e Fitoplancton:

* Produtividade primaria a partir
da deteccao por satélite. Field
et al, 1998, (NPP, “Net Primary
Productivity),

Estimados a partir da

modelizacao de dados de imagens
de satélite da concentracao da
clorofila, de dados de radiacao
fotossintética

e do parametro g, a eficiéncia
fotossintética de utlllzagao da luz
(determinado a partir de dados
experimentais de campo).

60 W o 60 E 120E 160
I
00 30 400 500 600 OO 800

(Global NPP in Pg Cy1)

Ocean I—and Este € um artigo chave
TOTAL 48.5 6.4



Field et al 1988
comparacao de
Produtividade
liqguida em varios
tipos de
ecossistemas

Dados in situ de Producao-Irradiancia
Imgens de satélite

Table 1. Annual and seasonal NPP of the major units of the biosphere, from CASA-VGPM. Ocean color
data are averages from 1978 to 1983. The land vegetation index is from 1982 to 1990. All values are in
petagrams of carbon (1 Pg = 10" g). Ocean NPP estimates are binned into three biogeographic
categories on the basis of annual average C_, for each satellite pixel, such that oligotrophic = C_,, < 0.1
mg m~ 3, mesotrophic = 0.1 < C_, <= 1T mg m 3, and eutrophic = C_,, = 1 mg m 3 (27). The macrophyte

contribution to ocean production from (38) is not included in the seasonal totals. The vegetation classes
are those defined by (37).

Ocean NPP Land NPP
Seasonal
April to June 109 15.7
July to September 13.0 18.0
October to December 12.3 11.5
January to March 11.3 11.2
Biogeographic
Oligotrophic 11.0 Tropical rainforests 17.8
Mesotrophic 27.4 Broadleaf deciduous forests 1.5
Eutrophic 9.1 Broadleaf and needleleaf forests 3.1
Macrophytes 1.0 Needleleaf evergreen forests 3.1
Needleleaf deciduous forest 1.4
Savannas 16.8
Perennial grasslands 2.4
Broadleaf shrubs with bare soil 1.0
Tundra 0.8
Desert 0.5
Cultivation 8.0

Total 48.5 56.4

437



http://bpp.oregonstate.edu/behrenfeld

100
Net Primary Production (gC m-2 month1)

Biospheric Productivity = 110 - 120 Gt C y!

® Phytoplankton responsible for >95% of ocean productivity
Michael Behrenfeld  Goddard Space Flight Center, NASA
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Ligacao com as TPs

* Porque estamos a insistir na cor do oceano nas aulas TPs?

* Chla @ uma variavel essencial do clima



Climate Change Overview

Essential Climate Variables (ECV):

— Atmospheric Group: Cloud, Ozone,
Aerosol, GHG

— Ocean Group: Sea Level, Sea Ice (TBC)
SST, Ocean Colour

- Land Group: Glaciers, Landcover, Fire




Why Ocean Colour?

Climate-Change Context

Identified as essential climate variable by GCOS
(Global Climate Observing System)

Amenable to remote sensing: global perspective
Targets a key property of marine ecosystem

The Green component of the Blue Planet (the only
marine ECV that probes the “Living” part of the
Living Planet)

=] @ 3
o ) Cew

: /‘_\\ European Space Agency



Global chlorophyll trend analysis shows an increasing trend in high

OC-CCI Project latitudes and a decreasing trend in tropical areas Blue: decrease
Global Ocean Chlorophyll-a trends (1997-2018) o
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the figure shows the trend map (in % per annur )
obtained for the OC-CCI Chla series Longitude

. , : Only statistically significant (p < .05) trend h
Sathyendranath et al(2018). Copernicus Marine Service Ocean State Report, sec. 1.5 nly statistically significant {p <05 trends are shown

Ocean Colour, Journal of Operational Oceanography, 11, S33-S36. DOI: 10.1080/1755876X.2018.1489208. 34



https://doi.org/10.1080/1755876X.2018.1489208

O fitoplancton estd a aumentar ou a
Diminuir em resposta as alteracdes climaticas?

Global Ocean Chlorophyll-a trends (1997-2018)

Longitude
lssue 2. 2018 Relevante consultar para alunos mestrado em Ecologia Marinha e
Journal of OpétalionalOceanography ClenCIBS dO Mar
Volume 11 Supplement |
Goomes 2.\, (@) ™!
Sathyendranath et al(2018). Copernicus Marine Service Ocean State Report, sec. 1.5
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Ocean Colour, Journal of Operational Oceanography, 11, S33-536. DOI: 10.1080/1755876X.2018.1489208.



https://doi.org/10.1080/1755876X.2018.1489208
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Bibliografia (cont)

» Global Carbon Project

 https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html

Global Carbon Atlas

Bibliografiz

Explore CO, emissions at the global and country levels, compare among
countries, visualize, and download data and illustrations ("Emissions”

application). Also explore “Outreach” and “Research”.
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https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html

