THE GREAT TROPICAL REACTOR
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The Precursor: Wladimir |. Vernadsky

"The biosphere is a

unique region of the
Earth’s crust occupied
by life.
There are no stronger
chemical forces at the
earth surface [...] than
living organisms taken
In their totality”.
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Global System of
Geaostationary Satellites
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WMO WWW'’s space-based component of the Global Observing System (2004)
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The Development of Climate models, Past, Present and Future

Mid-1970s Mid-1980s Early 1990s Late 1990s Present day Early 2000s?
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Temperate Boreal
Forest Forest
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Figure 2. Comparisons of the averaga mea-
sured height of the convective
boundary layer over the Ji-Parana
forest and pasture sites (adapted

\ from (Gash and Nobre, 1997).




3 Effects on Convective
Available Potential Energy
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CO,rise, climate change and the hydrological

cycte
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CO,rise, climate change and the hydrological

cycte
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CO,rise, climate change and the hydrological

cycte
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Global mean runoff (mm day™'): HadCM3LC
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Global mean runoff (mm day™'): HadCM3LC
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The Amazon Basin...........
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» modern occupation of Amazonia (since 1500): negligible land
use change up to the 1960's, but large loss of ethnic diversity
due to colonization

o large lad use change in the last 30 years
e close to 600,000 km? deforested in Brazilian Amazonia (15%)
e high annual rates of deforestation (15,000 to 30,000 km?/year)
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» Government plans to “integrate” Amazonia
e road network throughout the region

e population growth in Amazonia: 3,5 million in 1970, up to
20 million in 2000, though 65% living in large and mid-size
cities and towns

o colonization projects: rush of landless people to small
scale, low tech agriculture

e subsidized cattle ranching
e destructive logging as a vector to subsequent deforestation
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Integrated Earth System Research at regional scale

m to better understand the functioning of the Amazon rainforest as a
regional integrated (eco)system and its global interactions

m to study the biophysical, ecological and societal consequences of the
Amazon deforestation, both regionally and as a part of the entire Earth
system (global “tele—connections”)

m to provide a wealth of data and other research information in order to
support scenarios for sustainable development of the Amazon region,
both in the regional (national) and global context
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IPAM = INSTITLUITO DE PESQLUIISA
AMBIENTAL DA AMAZONIA

O$ CUSTOS
AMBIENTAIS
PARA A
AMAZONIA

INSTITUTO
SOCIOAMBIENTAL

ENVIRONMENTAL
SCIENCES GROUP

Wiy WAGENINGE N [NEE




Social, economical and political effects of development strategies for Amazon:
an integrated approach
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However

We still seroiusly oversimplify the role and behaviour of
the biosphere (vegetation) in our models (land surface
models, climate models, earth system models...)

Living biosphere in our models is actually a very dead

biosphere

Verdanski (and Kopffen) would not be happy at all...
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Living biosphere is like us humans

m Clever....???
m Lazy....
m Selfish and competitive (and often cruel)

= Selective and choosy...
= Amazingly resilient
= Extremely vulnerable....
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How could the local bio-chemical activity of
terrestrial vegetation species evolve to serve In
the altruism of planetary regulation?

“Terrestrial CLAW hypothesis”

Pavel Kabat, Ruud Janssen,
Laurens Ganzeveld, Marku Kulmala, Andi Andreae,---

THE GREAT TROPICAL REACTOR

CLAW hypothesis
Negative feedback loop
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= Marine CLAW-hypothesis

e Hypothesis
e State of the art

m Terrestrial equivalent

e Hypothesis
e Proposal
e Simple vs. complex coupled models
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Marine CLAW hypothesis (DMS-feedback
= Charlson, Lovelock, Andreae & Watson (CLAW)
1987, Nature

= Coupling marine biology, marine & atmospheric
chemistry and atmospheric physics

e DiMethylSulphide largest precursor for CCN production
over oceans

m Negative feedback: biological control on climate
through modification of planetary albedo, surface
radiation and consequently on biological
processes
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The DMS-feedback
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Plants emit Volatile Organic Compounds (VOC)
under influence of light and temperature

VOC's are partially converted into Secondary
Organic Aerosols (SOA)

These SOA work as Cloud Condensation Nuclei
(CCN)

More CCN lead to a higher cloud albedo, longer
cloud lifetimes and lower precipitation efficiency

Less incoming solar radiation received by the Earth’s
surface

Suppression of emission of VOC's (directly and by
suppressing photosynthesis)
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Terrestrial ‘CLAW’

Short-term emission

variability (daily & Phenonoly, long-term

seasonal cycles) and vegetation dynamics
chemistry

Photosynthes




BVOC's: a component of an “intelligent” self-
regulation??

= Side-products of
photosynthesis
e Defense against predation
e Communication

e Protection from high
temperatures

= Or just emitted because
they are volatile?
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Examples of self-regulation hypothesis

= Contrasting effects for contrasting regimes:

m “Resilience” boreal forest to climate change

e Higher temperatures > more BVOC > more cloud
formation > less insolation > lower temperatures

m Resilience Amazon to drying (global
warming)

e Higher temperature > higher BVOC > lower
insolation > lower temperature

e Higher BVOC-emissions > more CCN > more
precipitation above forest > sustained soil
moisture> etc..
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Method: complex vs. simple models

= Coupled models

e Detailed parameterizations of processes
e Suited for future projections
e Hard to analyze
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Coupled model

Direct and
Indirect Effects

e
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Example: simple model for DMS-
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with feedback
without feedback

c = DMS/(DMS+0.01)
Ap = (1-Cc)*Aw + Cc*Ac

Ap = constant

450 500
solar insolation (W!rnz)
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Ac: cloud albedo [-]

Ap: planetary albedo [-]
Aw: albedo of water [-]
Cc: cloud cover [-]

DMS: atmospheric DMS-
burden [g S]




Example: simple model for

with feedback
without feedback

Ssurf = SO*(1-A
(1-Ap) Ap: planetary albedo [-]
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S0: solar insolation at the
top of the atmosphere
[W/m?]

, . Ssurf: solar insolation at
450 500 the earth’s surface [W/m?Z]

solar insolation at the top of atmosphere (mez)
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Example: simple model for DMS-
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450

500

solar insolation (\me2)

550

P: plankton population [kg C]
d: plankton mortality rate [T-1]
r: plankton growth rate

K: plankton carrying capacity [kg
C]

Ssurf: solar insolation at the
earth’s surface [W/m2]




Example: simple model for DMS-

feed IDgome very

preliminary
results
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planetary albedo
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IT— CLAW feedback mechanism important for I
Earth System temperature self-regulation
(homeostasis) and long term resilience???

White daisies in Gaia can do it, DMS can do it, so why not
BVOCs???

Key importance for understanding of climate system feedbacks
(negative feedback)

Sensitivity:
Doubling of present DMS emission rates may counteract global
warming of up to 2 deg!

Doubling of present DMS and BVOCs rates may counteract
global warming of up to 4 deg---..

Need better understand biology and chemistry of BVOC
_emissio|nsl: here is where we need ecologists/plant biologists to
join us!!!!
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Living biosphere in earth system models:--.how
to get beyond the present state of the affaires?

m To collaborate with:

ant physiologists---
ant cell biologists---
ant behavior and cognition scientists:--
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The Earth System: Coupling the Physical, Biogeochemical
and Human Components

Physical Climate System } :WCRP

\Vl

External Forcing
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Atmospheric Physics/Dynamics
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I Shall I Compare Thee To A Summer’s Day? I

by William Shakespeare

Shall I compare thee to a summer’s day?
Thou art more lovely and more temperate.
Rough winds do shake the darling buds of May,
And summer’s lease hath all too short a date.
Sometime too hot the eye of heaven shines,
And often 1s his gold complexion dimm’d;
And every fair from fair sometime declines,
By chance or nature’s changing course untrimm’d;
But thy eternal summer shall not fade
Nor lose possession of that fair thou ow’st;
Nor shall Death brag thou wander’st in his shade,
When 1n eternal lines to time thou grow’st:

So long as men can breathe or eyes can see,
So long lives this, and this gives life to thee.
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But who puts the puzzle together?
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