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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, 
2019
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Net Primary Production = Gross 

Primary Production – Respiration 

(maintenance and growth)

• NPP is the “sink” rate by vegetation

• NPP  what we eat, fiber, wood, 
biofuel, oil, ..
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GPP  - R = NPP

• The GPP uses about 0.06% of the total solar 

energy that reaches the top atmopshere per 

year

• The NPP represents about 0,05% of the Solar 

constant (due to costs with the respiratory 

process), reaching about a à 4.95 x 106 cal

m-2 yr- 1. 
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Impacts of SRM deployment on land systems

(Ito , Climatic Change, 2017)
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The greatest challenge – keep atmosphere temperature under 
‘danger’ range

5 1,5C IPCC SR

CO2 concentration evolution, from 800 mil BC to 2016
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https://www.esrl.noaa.gov/gmd/ccgg/trends/history.html
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Anthropogenic perturbation of the global carbon cycle

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2008–2017 (GtCO2/yr)

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

29%
11.6 GtCO2/yr

Fate of anthropogenic CO2 emissions (2008–2017)

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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Budget Imbalance: 
(the difference between estimated sources & sinks)
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Scheffer et al 2015
Annu. Rev. Ecol. Evol. Syst. 2015. 46:145–67 

“[..] 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, c, 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).”

Ecological 
resilience is the 
ability of a 
system to 
persist in the 
face of 
perturbations 
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”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 
mean temperature (positively correlated) and 
the annual temperature amplitude (negatively 
correlated). 

“Savannas cover 20% of the global land sur-
face and account for 30% of terrestrial net 
primary production (NPP) and the vast 
majority of annual global burned area “[..] 
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Brienen et al. 2015 Nature; Lapola et al. 2009 GBC

Amazon biomass is increasing (~1 ton/ha/ano in average)

But this absorption capacity has decreased 30% since 1990

Climate change & no CO2

fertilization effect in 2100:
Amazon forest dieback!

Climate change with CO2

fertilization effect in 2100: 
Amazon forest is maintained!

How can atmospheric 
CO2 increase, or 
energy balance,  
influence the carbon 
storage and 
biodiversity of the 
Amazon forest?

Slide by D. Lapola
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Simulated changes in soil 
and vegetation carbon 
due to land use and 
climate change 

Change in Energy Balance

Morellato et al. 2016 Bio Cons

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 
seed dispersers, herbivores 

Phenology Lab
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Patterns of climatic and phenological shift and variance Otso Ovaskainen et al. PNAS 
2013;110:33:13434-13439

Phenology Lab

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)

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)
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Resilience Gradient on space and time
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• Each biome represents a stable state 
among those possible for terrestrial 
ecosystems;

• The distribution of the biomes is in 
balance with the climate;

• A biome will only have high resilience in 
one place if there are favourable weather 
conditions; Model: Luciano dos Anjos17

Svenning et al 2011

Ecological niche modelling
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Resiliency – Future projection

Complex landscape; Complex effext
How to simulate ?
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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
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“Changes in terrestrial parameters from 
the present to the 2060s. a Mean annual 
land temperature simulated by GeoMIP
climate models in the reference (δRCP4.5), 
G3 (δG3), and G4 (δG4) experiments. b 
Annual total gross primary production 
(GPP), c annual total net ecosystem 
production (NEP), and d runoff discharge 
(RO) in corresponding experiments 
simulated by VISIT.” 

(Ito, 2017)

A fundamental question … how to deal with a global 
problem with the regional diversity 

24

 
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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CO2 emissions and economic activity

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

CO2 = CO2 intensity×GDP
Source: Jackson et al 2018; Global Carbon Budget 2018
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