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Summary

* Biological forcing on climate change
* Diverse landscape and resilience
» Effects of changes in nature physical resources

* Models - GVCMs

“climate trends are highly variable in terms of geography, and regions have to be
individually evaluated for determination of the site-specific impacts on environment,
agriculture, public health and a range of areas that are prone to temperature changes”,
Scientific Reports (2018) DOI:10.1038/s41598-018-25212-2

“[...] injecting aerosols into the stratosphere could cool the planet at a cost of disrupting
seasonal weather patterns, leading to widespread flooding or drought. We could harm
our food supply, either by reducing the amount of sunlight that reaches crops or by
reducing the amount of rainfall, or both.” Rachel Kaufman, smithsonian.com, March 11,
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GPP - R = NPP

Net Primary Production = Gross GPP Ri (60 Gt

Primary Production — Respiration (122 Gt- C/ano)

(maintenance and growth) Clano) NPP () Gt-
C/ano)

* NPP is the “sink” rate by vegetation
VEGETACAO

« NPP = what we eat, fiber, wood, g“" Gt
biofuel, oil, ..

» The GPP uses about 0.06% of the total solar

LITEIRA
energy that reaches the top atmopshere per (150 Gt-
year 9}

» The NPP represents about 0,05% of the Solar gg%o(s;t_
constant (due to costs with the respiratory Q)
process), reaching about a a 4.95 x 10 cal
mZyr'.

Slides modificado de M. Costa_UFV
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ECOSYSTEMS*
JOURNAL ARTICLE

Solar Radiation and Productivity in

I By J. L. MONTEITH

Tropical Ecosystems

Depariment of Physiology and Environmental Studies, School of Agriculture,
University of Nottingham
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Joumal of Applied Ecology In thermodynamic terms, ecosystems are machines supplied with energy from an ex-

Vol. 9, No. 3 (Dec., 1972), pp. 747-766 ternal source, usually the sun. When the input of energy to an ecosystem is exactly equal
to its total output of energy, the state of equilibrium which exists is a special case of the
First Law of Thermodynamics. The Second Law is relevant too. It implies that in every
spontancous process, physical or chemical, the production of ‘useful’ energy, which
could be harnessed in a form such as mechanical work, must be accompanied by a
simultancous ‘waste' of heat. No biological system can break or evade this law. The heat
produced by a respiring cell is an i bl P of cellular boli the
«cost which Nature has to pay for creating biological order out of physical chaos in the
environment of plants and animals.
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(Ito, Climatic Change, 2017) !




The greatest challenge — keep atmosphere temperature under
‘danger’ range

Global warming relative to 1850-1900 (°C)
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|
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Likely range of modeled resp to stylized pathways
Global CO ssions reach net zero in 2055 while net
non-COz radiative forcing is reduced after 2030 (greyinb,c &d

probability of limiting warming to 1.5°C

1 ‘ — [ Faster CO2 reductions (blue inb & ¢) result in a higher

» [ No reduction of net non-C02 radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C i

S 1,5C IPCC SR

CO, concentration evolution, from 800 mil BC to 2016

https://www.esrl.noaa.gov/gmd/ccgg/trends/history.html
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GLOBAL CARBON
PROJECT

Anthropogenic perturbation of the global carbon cycle
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Budget imbalance +2

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2008-2017 (GtCO,/yr)
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i
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Marine
biota

The budget imbalance is the difference between the estimated emissions and sinks.
Source: CDIAC; NOAA-ESRL; Le Quéré et al 2018; Ciais et al. 2013; Global Carbon Budget 2018
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GLOBAL CARBON

arson  Fate of anthropogenic CO, emissions (2008-2017)

Sources

34.4 GtCO,/yr

87%

& 5.3 GtCO,/yr

= |Sinks

17.3 GtCO,/yr

44%|

29%

11.6 GtCO,/yr

22%

8.9 GtCO,/yr

Budget Imbalance: 5%

(the difference between estimated sources & sinks)

1.9 GtCO,/yr

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Le Quéré et al 2018;

Global Carbon Budget 2018
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EOLSS - IMPORTANCE OF TROPICS TO GLOBAL CARBON CYCLE

Ecological Levels

9
a High resilience b Low resilience Ecological
resilience is the
@) ability of a
Y system to
persist in the
c d e f face of
@ [ 3 perturbations
Time Time Time
g h
§ é oe"&
State (t) ] State (t)
“[..] Recovery rates upon perturbations (c and e) are slower when the basin of
attraction is shallow (panels b, e, f, h) than when the basin of attraction is deeper
(panels a, ¢, d, g). The effect of this slowness is reflected in natural (externally driven)
fluctuations in the state of the system (d and f ) and can be detected as increased
temporal autocorrelation and variance ( g and h).” Scheffer ot al 2015 -
Annu. Rev. Ecol. Evol. Syst. 2015. 46:145-67
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“Savannas cover 20% of the global land sur-

Sava!ma \’_9931?"0“":"9‘[:""‘3!9 face and account for 30% of terrestrial net
Relationships Differ Among Continents primary production (NPP) and the vast
Caroline E. R. Lehman, M T, u((hail'lnﬂenon,‘ Mahesh sar‘!m‘an,"’ W . . “«
et e e P o majority of annual global burned area “[..]
Jayashree Ratnam,* Jose San Jose,"® Ruben Montes,"” Dan Franklin,**

Jeremy Russell-Smith,** Casey M. Ryan,” Giselda Durigan,* Perre Hiermaus,'*

Ricardo Haidar, ™ David M. ). 5. Bowman,”® Willlam ). Bond™ A

Africa

”Plant growing conditions”

Energy => the amount of light radiation available
to terrestrial ecosystems to maintain their
structure and functioning.

Temperature as ‘proxy’ of energy => the annual

«
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Amazon biomass is increasing (~1 ton/ha/ano in average)
But this absorption capacity has decreased 30% since 1990

a
3 Number of piots = 321
Siope = -0.034 Mg ha' yr2
EA 2 P=0034
Sk 4
¥
iz
2 A
-2
r T T T T T T T T T 1
1985 1990 1995 2000 2005 2010 2015 2020 2025] 2030 2035
Climate change & no CO, Climate change with CO,
fertilization effect in 2100: fertilization effect in 2100:
Amazon forest dieback! Amazon forest is maintained!

How can atmospheric
CO, increase, or
energy balance,
influence the carbon
storage and
biodiversity of the
Amazon forest?

M 1 Tropical Evergreen Forest [ 6 Savanna
1113 Tropical Seasonal Forest M 8 Shrubland

Brienen et al. 2015 Nature; Lapola et al. 2009 GBC

Slide by D. Lapola
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Change in Energy Balance

LETTER

g AT

Five decades of northern land carbon uptake
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revealed by the interhemispheric CO, gradient 9
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ARTICLE
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Land-use emissions play a critical role in land-

Extended Data Fig. 1 | Evolution of the interhemispheric CO;
dlentand of . Th

Interhemispheric CO, gradient. defined by the difference in abserved
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Simulated changes in soil
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due to land use and
climate change
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seed dispersers, herbivores

Loss habitat and fragmentation
i

B)

Hunting
Species invasion \ e
T

A) Recurrent plant phenological events
Abiotic factors AN V4
Cimat harge N,/
Modifications of geochemical cycles /4 leafing
Fire frequency
fowering and rutng
~
Biotic factors %F\, ‘

higher overlap
between plant and

Implications for conservation and
ractions
and biological diversity
ualistic:
pollinators and seed dispersers.
Antagonistic:
‘herbivores and competition

seed gemination and
seeding establishment

later leaf _ _ IS higher
prodacion, = herbivory damage
100
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g eiceree " dogrease
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Tropical phenology - The organization of flowering and fruiting phenology directly affects the
structure and availability of plant resources over time and the maintenance of pollinators and

Phenology Lab

Biological Conservation

Morellato et al. 2016 Bio Cons

@) 20M-290

United Nations Decade on Biodiversity
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Effects of changes in physical resources
Agroclimate indicators: air temperature changes and
implications in productivity
=> climatological growing season (CGS) length
=> heat accumulation (growing degree days, GDD)

Science and technology CO, N,O N,O NO NO CO, Implementation
Basic research on National and
soil-plant processes intemational greenhouse
allatiatt gas mitigation programme
Research measurement M"a .
networks A AR A i Greenhouse gas offset
e F QIR A IR } f - and ecosystem
Soil monitoring networks /7 CanleRtiond. « £ y Ci'f“"“ﬁ‘__\, a service markets
Advanced greenhouse gas Agricultural product
networks supplychain
Practices management
Remote sensing Reduced tillage Imp";oved . Nutrient management :
Biochar ST Cover crops Dechion-support systema
Spatial databases and Organic
model integration Land e amendments Ag ) Land-user engagement

Healthy soils underpin sustainable food production, support climate change mitigation, and
increase resilience (Smith et al. 2015 GCB, Paustian et al. 2017 Nature, Molotoks et al.

2018, Global Env Chng)
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Resilience Gradient on space and time

Presente

2040

Y
X

« Each biome represents a stable state N

among those possible for terrestrial & &

ecosystems; ‘ p . .

£[7 H Ll

 The distribution of the biomes is in T et 7

balance with the climate; B " .
« A biome will only have high resilience in i i

one place if there are favourable weather ™ -

conditions;

Model: Luciano dos'Anjos
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Ecological niche modelling

Environmental layers
-

= . i y
T
Species distribution

SDM

algorithm

Physiological requirements
(Mechanistic approach)

Statistical
validation

i

Model

T

Potential current distribution

Project model

in time and/or - potential LGM distribution
space

Validation against
fossils, pollen,
phylogeography, etc.

Svenning etial 2011
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Resiliency — Future projection
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Complex landscape; Complex effext
How to simulate ?

{condining strata

%&9

10/06/2019

10



GERACAO MODELOS GLOBAIS DE VEGETAGAO EVENTO
P s-1965) e besmee th s
%:ft'v'vl%o : o SB 'w( tanen/PAR
e | v
s = [Rp——— Modelo FvCB
! Transico : ndo dinamico ﬁ“i_“'s mmmmmm ‘h"”a}m -m‘mhm
] PFT 11\
:3 TFR ] v | \\\\ II : \\\ Tom [[TSTXERTN | e piants funciotnaiypes
o B \ephw /1 N
ot | 1 = o Nl N e
(~1996-...) 10 o v v | \ 1 models
2 A epmmmocmaem L N\
(Dynamics) : 1 L v g CTEM M‘I/
(-4 TriFFD : Tr’P
| ! e
ir ! L 4 : % i | @ climatation
(T:‘Tol:)on,.) :;“m\ : * - : T‘;il': I - v iy ¥ Aclimatat
(Dinamics) 1 ~a TFP TEP CLM4.5 VPRV (CTV Combination
1 % * %@ * :I:ap::tteristics
. jEm 7
1
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Some challenges for modelling...
« Temporal variability in ecosystem functions not well
capture by models;
» Complexity of the landscape at local level;
» Capture change in carbon uptake by a specific ‘event’
(e.g., volcano explosion).

— Change in CO2 level by increasing photosynthesis by change in diffused
radiation balance and by reducing respiration rates due to decrease in
temperature (e.g., soil respiration (Le Quere et all, 2016; Gu et all,
2013)

— Change in “post-deployment’ or “termnation’ of the event. Normally
leading to increasing rates of ecosystem production

* Integrate nutrient availability
* Integrate human responses
22
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“Changes in terrestrial parameters from (Ito, 2017)
the present to the 2060s. a Mean annual o )
limate models Experiments
land temperature simulated by GeoMIP
. . BNU-ESM RCP4S, G3, and G4
climate models in the reference (S5RCP4.5),  carsw2 RCPAS, G4, and Gdedne
. cosMé RCP4S and G3S
G3 (6G3), and G4 (5G4) experiments. b CSIRO-mK3L-1-2 RCP43, G38, and G4
i i GISSELR RCP45, G3, and G4
Annual total gross primary production HadGEM2-ES RCP4S, G3, G385, G4, Gedne, and Géscasalt
(GPP), c annual total net ecosystem IPSL-CMS4-LR RCP45, G3, and Gaseasalt (GS)
. ) MIROC-ESM RCP4S, G, and Gddne
production (NEP), and d runoff discharge MIROC-ESM-CHEM RCPAS and G
: ; ; MPLESM-LR RCP45 and G3
(RO) in corresponding experiments NorESMIM RCP4.5 and Gddne
simulated by VISIT.”
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A fundamental question ... how to deal with a global
problem with the regional diversity

1.CANSA: Central Ameica, North South Amerca 2ANA: Amazonia

l o 2D ”&%%—

w24

1 1
tiod bt v, SIRNE
ti ot
4.Cand:Cental Andes 7 7,5ESA: South eastem St Amerca
W S 2D ﬂid' Ll k. ﬁa)‘ft
thi ot i SEREE
t o

g foest  Agialue  Vecor
wot T Mt o

Figure 27-7: Summary of observed changes in climate and other environmental factors in representative regions of
CA and SA. The boundaries of the regions in the map are conceptual (neither geographic nor political precision).
Information and references to changes provided are presented in different sections of the chapter.
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cosa|carson  CO, emissions and economic activity

PROJECT

The global economy continues to grow faster than emissions. A step change is needed in
emission intensity improvements to drive emissions down.

= Gross World Product
5r ¢ CO: emissions

60 - ; ‘ ; K ; 120
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% 45 5
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S 25 @
—— i=}
® 20 {40 5
£ 15t =
10t 120 g
@

0 n L i 1L L I
1990 1995 2000 2005 2010 2015

CO, = CO, intensity X GDP
Source: Jackson et al 2018; Global Carbon Budget 2018
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