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Figure 27-1: Observed and simulated variations in past and projected future annual average temperature over the 
Central and South American regions defined in IPCC (2012).  Black lines show various estimates from 
observational measurements.  Shading denotes the 5-95 percentile range of climate model simulations driven with 
"historical" changes in anthropogenic and natural drivers (63 simulations), historical changes in "natural" drivers 
only (34), the "RCP2.6" emissions scenario (63), and the "RCP8.5" (63).  Data are anomalies from the 1986-2006 
average of the individual observational data (for the observational time series) or of the corresponding historical all-
forcing simulations. Further details are given in Box 21-3. 
[Illustration to be redrawn to conform to IPCC publication specifications.] 
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Figure 27-2: Projected changes in annual average temperature and precipitation. CMIP5 multi-model mean 
projections of annual average temperature changes (left panel ) and average percent change in annual mean 
precipitation (right panel) for 2046-2065 and 2081-2100 under RCP2.6 and 8.5. Solid colors indicate areas with very 
strong agreement, where the multi-model mean change is greater than twice the baseline variability, and>90% of 
models agree on sign of change. Colors with white dots indicate areas with strong agreement, where>66% of models 
show change greater than the baseline variability and>66% of models agree on sign of change. Gray indicates areas 
with divergent changes, where>66% of models show change greater than the baseline variability, but<66% agree on 
sign of change. Colors with diagonal lines indicate areas with little or no change, less than the baseline variability 
in>66% of models. (There may be significant change at shorter timescales such as seasons, months, or days.). 
Analysis uses model data and methods building from WGI AR5 Figure SPM.8. See also Annex I of WGI AR5. 
[Boxes 21-3 and CC-RC] 
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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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and tourism, and diseases control in CA and SA. Coral reefs, mangroves,
fisheries, and other benthic marine invertebrates that provide key
ecosystem services, such as nutrient cycling, water quality regulation,
and herbivory, are also threatened by climate change. It is possible that
the Mesoamerican coral reef will collapse by mid-century (between
2050 and 2070), causing major economic and environmental losses. In
the southwestern Atlantic coast, eastern Brazilian reefs might suffer a
massive coral cover decline in the next 50 years. In the Rio de La Plata
area extreme flooding events may become more frequent because
return periods are decreasing, and urban coastal areas in the eastern
coast will be particularly affected. Beach erosion is expected to increase
in southern Brazil and in scattered areas at the Pacific coast. 

Urban populations in CA and SA face diverse social, political, economic,
and environmental risks in daily life, and climate change will add a new
dimension to these risks. Because urban development remains fragile
in many cases, with weak planning responses, climate change can
compound existing challenges, for example, water supply in cities from
glacier, snowmelt, and paramos related runoff in the Andes (Lima, La
Paz/El Alto, Santiago de Chile, Bogota), flooding in several cities such
as São Paulo and Buenos, and health-related challenges in many cities
of the region.

Climate change will affect individual species and biotic interactions.
Vertebrate fauna will suffer major species losses especially in high-altitude
areas; elevational specialists might be particularly vulnerable because
of their small geographic ranges and high energetic requirements.
Freshwater fisheries can suffer alterations in physiology and life histories.

In addition, modifications in phenology, structure of ecological networks,
predator-prey interactions, and non-trophic interactions among organisms
will affect biotic interactions. Shifts in biotic interactions are expected to
have negative consequences on biodiversity and ecosystem services in
High Andean ecosystems. Although in the region biodiversity conservation
is largely confined to protected areas, it is expected that many species
and vegetational types will lose representativeness inside such protected
areas.

Changes in food production and food security are expected to have
great spatial variability, with a wide range of uncertainty mainly related
to climate and crop models. In SESA average productivity could be
sustained or increased until the mid-century, although interannual and
decadal climate variability is likely to impose important damages. In
other regions such as NEB, CA, and some Andean countries agricultural
productivity could decrease in the short term, threatening the food
security of the poorest population. The expansion of pastures and
croplands is expected to continue in the coming years, particularly from
an increasing global demand for food and biofuels. The great challenge
for CA and SA will be to increase the food and bioenergy production
and at the same time sustain the environmental quality in a scenario
of climate change.

Renewable energy provides great potential for adaptation and mitigation.
Hydropower is currently the main source of renewable energy in CA and
SA, followed by biofuels. SESA is one of the main sources of production
of the feedstocks for biofuel production, mainly with sugarcane and
soybean, and future climate conditions may lead to an increase in
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Figure 27-8 | Observed impacts of climate variations and attribution of causes to climate change in Central and South America.
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Table 27-7: Cases of government-funded PES schemes in CA and SA. 
 

 
 
Table 27-8: Key risks from climate change and the potential for risk reduction through mitigation and adaptation. 
 

 

Countries Level Start Name Benefits References 
Brazil Sub-national 

(Amazonas 
state) 

2007 Bolsa Floresta By 2008, 2700 traditional and indigenous 
families already benefitted: financial 
compensation and health assistance in 
exchange for zero deforestation in primary 
forests. 

Viana (2008) 

Costa Rica National 1997 FONAFIFO 
fund 

PES is a strong incentive for reforestation 
and, for agroforestry ecosystems alone, 
over 7,000 contracts have been set since 
2003, and nearly 2 million trees were 
planted. 

Montagnini and 
Finney (2011) 

Ecuador National 2008 Socio-Bosque By 2010, the program already included 
more than half a million hectares of natural 
ecosystems protected and has over 60,000 
beneficiaries. 

De Koning et al. 
(2011) 

Guatemala National 1997 Programa de 
Incentivos 
Forestales, 
PINFOR 

By 2009, the program included 4,174 
beneficiaries who planted 94,151 hectares 
of forest.  In addition, 155,790 hectares of 
natural forest were under protection with 
monetary incentives. 

Instituto Nacional 
de Estadística 
(2011) 
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Table 27-6: Comparison of consumption of different energetics in Latin America and the world (in thousand tonnes of oil equivalent (ktoe) on a net calorific 
value basis).

Energy resource 

LATAM World 

TFC (non 
electricity) 

TFC (via 
electricity 

generation) 
Total TFC TFC (non 

electricity) 

TFC (via 
electricity 

generation) 
TFC 

Fossil 

Coal and Peat 9,008 3% 1,398 2% 10,406 3% 831,897 12% 581,248 40% 1,413,145 17% 

Oil 189,313 55% 8,685 13% 197,998 48% 3,462,133 52% 73,552 5% 3,535,685 44% 

Natural Gas 59,44 17% 9,423 14% 68,863 17% 1,265,862 19% 307,956 21% 1,573,818 19% 

Nuclear Nuclear 0 0% 1,449 2% 1,449 0% 0 0% 193,075 13% 193,075 2% 

Renewable 

Biofuels and 
waste 82,997 24% 2,179 3% 85,176 21% 1,080,039 16% 20,63 1% 1,100,669 14% 

Hydro 0 0% 45,92 66% 45,92 11% 0 0% 238,313 17% 238,313 3% 

Geothermal, 
solar, wind, 

other 
renewable 

408 0% 364 1% 772 0% 18,265 0% 26,592 2% 44,857 1% 

TOTAL 341,166 100% 69,418 100% 410,584 100% 6,658,196 100% 1,441,366 100% 8,099,562 100% 

* TFC: Total final consumption ! ! ! ! ! ! ! ! ! ! !
Source: IEA, 2012 ! ! ! ! ! ! ! ! ! !  

O	  Brasil	  PODE	  TER	  um	  papel	  fundamental	  na	  expansão	  do	  uso	  de	  
energias	  renováveis	  na	  America	  do	  Sul	  e	  no	  mundo	  



Elevated 

30% less transpiration 
60% higher WUE 

Ambient Elevated Ambient 
Productivity  

30% more Biomass 

    
  Fiber(% FW) Sucrose (% FW) 

Ambient 6.62 ± 0.13 2.18 ± 0.20 

Elevated 7.13 ± 0.21  2.82 ± 0.14* 

De Souza et al. 2008 
Plant Cell & Environment, 
Volume 31, pg 1116 
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Ethanol from sugarcane in Brazil: a ‘midway’ strategy for
increasing ethanol production while maximizing
environmental benefits
MARCOS S . BUCKER IDGE * † , AMANDA P .DE SOUZA* , REBECCA A . ARUNDALE ‡ ,
KR I ST INA J . ANDERSON -TE IXE IRA ‡ and EVAN DELUCIA‡
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Abstract

This article reviews the history and current state of ethanol production from sugarcane in Brazil and presents a
strategy for improving ecosystem services and production. We propose that it is possible to produce ethanol
from sugarcane while maintaining or even recovering some of Brazil’s unique neotropical biodiversity and eco-
system climate services. This approach to the future of sustainable and responsible ethanol production is termed
the ‘midway’ strategy. The ‘midway’ strategy involves producing the necessary biotechnology to increase pro-
ductivity while synergistically protecting and regenerating rainforest. Three main areas of scientific and techno-
logical advance that are key to realizing the ‘midway’ strategy are: (i) improving the quality of scientific data on
sugarcane biology as pertains to its use as a bioenergy crop; (ii) developing technologies for the use of bagasse
for cellulosic ethanol; and (iii) developing policies to improve the ecosystem services associated with sugarcane
landscapes. This article discusses these three issues in the general context of biofuels production and highlights
examples of scientific achievements that are already leading towards the ‘midway’ strategy.

Keywords: agroecosystems, bioenergy, biofuels, cell wall, cellulosic ethanol, ethanol, greenhouse gas value, land use, sugar-

cane, sustainability
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Introduction

Sugarcane is a highly productive land plant that uses
the C4 pathway of photosynthesis, which confers higher
potential light, water and nitrogen use efficiencies, than
the alternative C3 pathway (De Souza & Buckeridge,
2010). Sugarcane was first introduced to Brazil in 1532
and, because of the favorable climate and soil condi-
tions, it quickly became an important sugar production
crop for exportation to Europe (Dinardo-Miranda et al.,
2008). Sugarcane’s success in many regions of Brazil is
due to the C4 system being well adapted to the tropical
climate conditions. São Paulo and the adjacent states are
particularly suitable for sugarcane cultivation, account-
ing for the 85% of sugarcane currently cultivated in Bra-
zil (Goldemberg, 2007). In the beginning, the sugarcane
industry was based on wild species, but in 1888 the
Dutch began breeding wild sugarcane and established a
selection of varieties in Java, Indonesia, which led to

commercial production of the first cultivar in 1921
(Moore, 2005). Since then, several cultivars have been
developed and play an important role in the economy
of tropical and sub-tropical regions.
Economic problems in the 1970s, generated by the oil

crisis, led Brazil to start a program to substitute ethanol
for gasoline (the Pro-alcohol Program) to decrease eco-
nomic and political dependence on foreign oil (Macedo
et al., 2008). This program encouraged ethanol produc-
tion from diverse sources, but economical and historical
reasons led to the adoption of sugarcane as the primary
feedstock for Brazilian ethanol production.
The sugarcane industry reached high efficiency (etha-

nol production at low cost) in the 1980s and 1990s, and
sugarcane ethanol currently accounts for the vast major-
ity of Brazil’s biofuels. In the 1970s, the incompatibility
of ethanol with commercial vehicle engines represented
a technological barrier called the ‘blending wall’, which
limited the amount of ethanol that could be mixed with
gasoline. In 2003, the widespread commercial introduc-
tion of vehicles designed to run off of both gasoline
and ethanol, termed ‘FlexFuel’ vehicles, overcame the

Correspondence: Marcos Buckeridge, tel. +55 11 30917592,

fax +55 11 30917547, e-mail: msbuck@usp.br

© 2011 Blackwell Publishing Ltd 119

GCB Bioenergy (2012) 4, 119–126, doi: 10.1111/j.1757-1707.2011.01122.x

2006: All sugarcane 
of Brazil represents 
only 0.022% of all C 
currently stored in 

the forests of South 
America 
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According	  to	  Buckeridge	  et	  al.	  (2012)	  the	  sugarcane	  C	  storage	  is	  approximately	  	  
7.4	  t	  	  C/ha/year	  

	  
.....and	  carbon	  emissions	  of	  8.2	  t	  C/ha/year	  

	  
Thus,	  carbon	  balance	  is	  nega.ve:	  -‐0.8	  t	  C/ha/year	  

	  
The	  total	  area	  of	  sugarcane	  in	  SP	  is	  of	  5	  Mha	  

	  
Total	  of	  C	  emission	  of	  sugarcane:	  -‐	  4	  t	  C/ha/year	  

	  
Considering	  that	  forests	  store	  an	  average	  of	  5	  t	  C/ha/year	  

	  
We	  need	  approximately	  800.000	  ha	  of	  forests	  to	  match	  the	  	  

sugarcane	  C	  emissions	  
	  
	  

CARBON	  BALANCE	  IN	  SUGARCANE	  PLANTATIONS	  IN	  SÃO	  PAULO	  
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Figure 27-3: Area deforested per year for selected countries in CA and SA (2005-2010). Notice three countries listed 
with a positive change in forest cover (based on data from FAO, 2010).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27-4: Deforestation rates in the Brazilian Amazonia (km²/year) based on measurements by the PRODES 
project (INPE, 2011). 
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•  Modelos de entropia máxima (MAXENT) 
da distribuição geográfica de 
Brachycephalus spp. no sudeste e sul do 
Brasil: A) distribuição potencial de acordo 
com características bioclimáticas atuais 
(BIOCLIM v.1.4; Hijmans et al. 2005); B) 
distribuição de Brachycephalus spp. de 
acordo com mudanças bioclimáticas futuras 
resultantes da duplicação da concentração 
de CO2 na atmosfera prevista no ano de 
2100 AD ([CO2]≈710ppm; cenário CCM3; 
Govindasamy et al. 2003).  

 

A) Atual 

 

B) Futuro = 2×CO2 
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Some	  species	  used	  in	  research	  projects	  developed	  by	  the	  
LAFIECO	  team	  

Phaseolus (crop) 

Several 
species from 
the Atlantic 
Forest 

Matapasto 
(Amazon) 

Soybean 
(crop) Assai palm (Amazon) 

sugarcane 

Marcos Buckeridge – LAFIECO-USP 



Efeito	  do	  CO2	  e	  da	  temperatura	  sobre	  
o	  jatobá	  

!



Agricultura	  



Asia Sugarcane Sugarbeet Potatoes Oli2palm2fruit Sweet2potatoes Cassava Coconuts Maize Rice Wheat Barley Soybean Seed2cotton Rapeseed Sorghum TOTAL Asia
PRODUCTIVITY 68,9 55,1 19,1 14,3 12,9 12,8 5 4,9 4,4 3,1 2,7 2,4 2,2 1,9 1,5
Bangladesh 118 0 534 0 32 0 43 340 11700 400 0 42 16,2 255 0,18 13480,38 Bangladesh
China 1804 235 5431 48 3482 280 33 34989 30557 24139 630 6750 4700 7300 472 120850 China
India 5090 0 1900 0 115 221 2132 8400 42500 29900 780 10800 11700 5920 6320 125778 India
Indonesia 456 0 64,5 6900 178 1119 3000 3959 13443 0 0 567 14 0 0 29700,5 Indonesia
Iran 70 105 153 0 0 0 0 180 480 7000 1680 80 110 170 0 10028 Iran
Kazakhstan 0 11,8 190 0 0 0 0 97 97 13464 1615 84 151 201 0,2 15911 Kazakhstan
Malaysia 13,5 0 0 4010 2,3 3 115 10 705 0 0 0 0 0 0 4858,8 Malaysa
Russia 0 1102 2197 0 0 0 0 1937 191 21277 7641 1375 0 976 43 36739 Russia
Pakistan 1046 0 185 0 1,4 0 0 910 2700 8666 75 0 2879 380 240 17082,4 Pakistan
Philippines 433 0 0 52 101 217 3573 2593 4689 0 0 0 0 0 0 11658 Philippines
Tanzania 29 0 210 5 700 954 680 4118 799 109 8 4 487 0 839 8942 Tanzania
Thailand 1300 0 10 645 0 1250 217 1080 12600 1,1 10 100 6,5 0 29 17248,6 Thailand
Turkey 0 281 174 0 0 0 0 622 119 7529 2748 31 488 30 0 12022 Turkey
Ukraine 0 448 1440 0 0 0 0 4371 25,8 5629 3293 1412 0 547 64 17229,8 Ukraine

10359,5 2182,8 12488,5 11660 4611,7 4044 9793 63606 120605,8 118114,1 18480 21245 20551,7 15779 8007,38 441528
Africa Sugarcane Sugarbeet Potatoes Oli2palm2fruit Sweet2potatoes Cassava Coconuts Maize Rice Wheat Barley Soybean Seed2cotton Rapeseed Sorghum TOTAL Africa
Angola 13.5 0 94 0 0 1062 0 584 27,9 3,4 0 0 3 0 0 1774,3 Angola
D.R.Congo 45 0 22,5 179 51,5 2200 1 1725 500 7,5 1,4 42 67 0 0 4841,9 D.R.KCongo
Ethiopia 22.2 0 74,9 0 41 0 0 2013 30,6 1437 948 19,4 80 45,2 1923 6612,1 Ethiopia
Morocco 10,1 28,9 59,2 0 0 0 0 118 9,1 3142 1893 1 0 0 6,1 5267,4 Morocco
Niger 3.8 0 1,5 0 3,5 7,5 0 8,5 25 4,5 0 0 11 0 2500 2561,5 Niger
Nigeria 74 0 262 3200 1115 3850 42 5200 2685 90 0 440 300 0 5500 22758 Nigeria
Uganda 41 0 112 0 540 426 0 1094 92 14 0 153 70 0 373 2915 Uganda
Sudan 61 0 20 0 7,5 7,9 0 30,6 7,5 187 0 0 152 0 4103 4576,5 Sudan

231,1 28,9 646,1 3379 1758,5 7553,4 43 10773,1 3377,1 4885,4 2842,4 655,4 683 45,2 14405,1 51306,7
Europe Sugarcane Sugarbeet Potatoes Oli2palm2fruit Sweet2potatoes Cassava Coconuts Maize Rice Wheat Barley Soybean Seed2cotton Rapeseed Sorghum TOTAL Europe
France 0 389 154 0 0 0 0 1718 20 5303 1684 37,5 0 1607 42 10954,5 France
Germany 0 402 238 0 0 0 0 510 0 3061 1683 0 0 1306 0 7200 Germany
Spain 0 38,9 73,9 0 1,2 0 0 386 113 1758 2676 0 69,8 28,6 8,7 5154,1 Spain

0 829,9 465,9 0 1,2 0 0 2614 133 10122 6043 37,5 69,8 2941,6 50,7 23308,6
N.2America Sugarcane Sugarbeet Potatoes Oli2palm2fruit Sweet2potatoes Cassava Coconuts Maize Rice Wheat Barley Soybean Seed2cotton Rapeseed Sorghum TOTAL N.2America
Canada 0 10 148 0 0 0 0 1399 0 9353 2060 1668 0 8379 0 23017 Canada
Mexico 735 0 67 34 2,8 1,5 166 6923 31 407 328 142 154 0 1819 10810,3 Mexico
UnitedKStates 470 487 458 0 51 0 0 35359 1083 19826 1312 30798 3792 700 2005 96341 UnitedKStates

1205 497 673 34 53,8 1,5 166 43681 1114 29586 3700 32608 3946 9079 3824 130168
S.2America Sugarcane Sugarbeet Potatoes Oli2palm2fruit Sweet2potatoes Cassava Coconuts Maize Rice Wheat Barley Soybean Seed2cotton Rapeseed Sorghum TOTAL S.2America
Argentina 350 0 70 0 26 18,7 0 3500 235 3700 1500 19350 360 29,4 1150 30289,1 Argentina
Brazil 9047 0 130 109 45 1703 256 14225 2370 1891 102 24937 1379 44 691 56929 Brazil

9397 0 200 109 71 1721,7 256 17725 2605 5591 1602 44287 1739 73,4 1841 87218,1
Oceania Sugarcane Sugarbeet Potatoes Oli2palm2fruit Sweet2potatoes Cassava Coconuts Maize Rice Wheat Barley Soybean Seed2cotton Rapeseed Sorghum TOTAL Oceania
Australia 338 0 33 0 0 0 0 69,7 103 13902 3718 38,1 596 2358 650 21805,8 Australia

338 0 33 0 0 0 0 69,7 103 13902 3718 38,1 596 2358 650 21805,8
TOTAL 21530,6 2708,7 14040,6 15182 6495 13320,6 10258 135854,8 127804,9 172078,5 30342,4 98833,5 27515,7 27334,6 28727,48 TOTAL 733530

Até 2040, o mundo terá que aumentar a produção de alimentos em 70% para poder 
suprir o efeito do crescimento dos países em desenvolvimento 

Data from FAO- 15 major crops production in 2012 (data in millions of tons) – compiled by Amanda P. de Souza and Marcos Buckeridge 
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MANDIOCA: 
produção poderá 

diminuir drasticamente 
em elevado CO2 

Fig.	  2.	  Tubers	  of	  cassava	  grown	  at	  ambient	  CO2	  (360	  ppm)	  and	  
approximately	  twice-‐ambient	  CO2	  (710	  ppm)	  and	  supplied	  with	  
12	  mM	  N.	  (Concentra.ons	  noted	  on	  tags	  were	  from	  preliminary	  data.)	  
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Growth and nutritive value of cassava (Manihot esculenta
Cranz.) are reduced when grown in elevated CO2

Roslyn M. Gleadow1, John R. Evans2, Stephanie McCaffery2 & Timothy R. Cavagnaro2,3

1 School of Biological Science, Monash University, Victoria, Australia

2 Environmental Biology Group, Research School of Biological Sciences, The Australian National University, Canberra, ACT, Australia

3 Australian Centre for Biodiversity, Monash University, Clayton, Victoria, Australia

INTRODUCTION

Two major problems facing the world are global climate
change and food security. Globally, over 800 million peo-
ple are undernourished and up to 2 billion people lack
food security intermittently (FAO 2008). Projected changes
in rainfall patterns, and an increase in the frequency and
severity of drought, in many regions of the world will
exacerbate this situation (Solomon et al. 2007; Funk et al.
2008; Liu et al. 2008). The hope is that the detrimental
effects of climate change will be offset by higher plant
growth rates as a result of rising atmospheric CO2, the

so-called ‘CO2 fertlisation effect’ (Ziska & Bunce 2007;
Jackson et al. 2008; Lobell & Field 2008). However, C3
plants acclimate to higher atmospheric CO2 to some
extent, resulting in less growth enhancement than origi-
nally predicted (Morison & Lawlor 1999). Moreover,
responses vary between species (Kimball 1983). It is
important, therefore, that the growth of major staple crops
be tested under different emissions scenarios so that
informed adaptive responses can be made in a timely man-
ner (Ainsworth et al. 2008). To achieve this goal, a basic
understanding of the responses of the world’s key principal
crops to all aspects of climate change is urgently needed.
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ABSTRACT

Global food security in a changing climate depends on both the nutritive
value of staple crops as well as their yields. Here, we examined the direct
effect of atmospheric CO2 on cassava (Manihot esculenta Cranz., manioc), a
staple for 750 million people worldwide. Cassava is poor in nutrients and
contains high levels of cyanogenic glycosides that break down to release
toxic hydrogen cyanide when damaged. We grew cassava at three concentra-
tions of CO2 (Ca: 360, 550 and 710 ppm) supplied together with nutrient
solution containing either 1 mM or 12 mM nitrogen. We found that total
plant biomass and tuber yield (number and mass) decreased linearly with
increasing Ca. In the worst-case scenario, tuber mass was reduced by an
order of magnitude in plants grown at 710 ppm compared with 360 ppm
CO2. Photosynthetic parameters were consistent with the whole plant bio-
mass data. It is proposed that since cassava stomata are highly sensitive to
other environmental variables, the decrease in assimilation observed here
might, in part, be a direct effect of CO2 on stomata. Total N (used here as a
proxy for protein content) and cyanogenic glycoside concentrations of the
tubers were not significantly different in the plants grown at elevated CO2.
By contrast, the concentration of cyanogenic glycosides in the edible leaves
nearly doubled in the highest Ca. If leaves continue to be used as a protein
supplement, they will need to be more thoroughly processed in the future.
With increasing population density, declining soil fertility, expansion into
marginal farmland, together with the predicted increase in extreme climatic
events, reliance on robust crops such as cassava will increase. The responses
to CO2 shown here point to the possibility that there could be severe food
shortages in the coming decades unless CO2 emissions are dramatically
reduced, or alternative cultivars or crops are developed.
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acids decreased by 5.1% (histidine, His) and 5.6% (argi-
nine, Arg). For essential amino acids, reductions due to
elevated CO2 ranged from 5.3% for tryptophan (Trp) to
8.7% for isoleucine (Ile).

Correspondingly, if amino acid concentrations were
calculated on a per protein basis, there was a significant
reduction only in the concentration of semi-essential His
in the FACE treatment (Fig. 7). The concentrations of
Glx and Pro tended to decrease in the high-CO2 treat-
ment, while there was a trend that Cys, an essential
amino acid for children, and the essential amino acid Trp
increased. No significant impacts of CO2 enrichment were
found for concentrations of all other amino acids on a
protein basis, among which only Gly, Tyr and Phe were
slightly decreased.

With regard to processing properties, the only signifi-
cant CO2-induced impact was the increase in gluten resis-
tance (11.7%, P = 0.041). All other rheological properties,
such as resistance of dough ()14.5%), extensibility of
dough (+7.8%) and gluten ()7.4%) showed no significant
response to CO2 enrichment. No significant CO2 effects
were found for the mixing properties of dough, such as
water absorption ()1.8%), dough development time
(+1.7%) and degree of dough softening ()0.6%).

DISCUSSION

CO2-induced impacts on aboveground biomass fractions
and yield components

In our FACE study, the impacts of CO2 enrichment on
wheat growth, yield components and quality parameters
of mature grain with regard to nutritive value and
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Högy, Wieser, Köhler, Schwadorf, Breuer, Franzaring, Muntifering & Fangmeier CO2 and wheat grain quality

Plant Biology 11 (Suppl. 1) (2009) 60–69 ª 2009 German Botanical Society and The Royal Botanical Society of the Netherlands 65

acids decreased by 5.1% (histidine, His) and 5.6% (argi-
nine, Arg). For essential amino acids, reductions due to
elevated CO2 ranged from 5.3% for tryptophan (Trp) to
8.7% for isoleucine (Ile).

Correspondingly, if amino acid concentrations were
calculated on a per protein basis, there was a significant
reduction only in the concentration of semi-essential His
in the FACE treatment (Fig. 7). The concentrations of
Glx and Pro tended to decrease in the high-CO2 treat-
ment, while there was a trend that Cys, an essential
amino acid for children, and the essential amino acid Trp
increased. No significant impacts of CO2 enrichment were
found for concentrations of all other amino acids on a
protein basis, among which only Gly, Tyr and Phe were
slightly decreased.

With regard to processing properties, the only signifi-
cant CO2-induced impact was the increase in gluten resis-
tance (11.7%, P = 0.041). All other rheological properties,
such as resistance of dough ()14.5%), extensibility of
dough (+7.8%) and gluten ()7.4%) showed no significant
response to CO2 enrichment. No significant CO2 effects
were found for the mixing properties of dough, such as
water absorption ()1.8%), dough development time
(+1.7%) and degree of dough softening ()0.6%).

DISCUSSION

CO2-induced impacts on aboveground biomass fractions
and yield components

In our FACE study, the impacts of CO2 enrichment on
wheat growth, yield components and quality parameters
of mature grain with regard to nutritive value and
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Effects of elevated CO2 on grain yield and quality of wheat:
results from a 3-year free-air CO2 enrichment experiment
P. Högy1, H. Wieser2, P. Köhler2, K. Schwadorf3, J. Breuer3, J. Franzaring1, R. Muntifering4 &
A. Fangmeier1

1 Institute for Landscape and Plant Ecology, Universität Hohenheim, Stuttgart, Germany

2 German Research Centre for Food Chemistry and Hans-Dieter-Belitz-Institute for Cereal Research, Garching, Germany

3 Landesanstalt für Landwirtschaftliche Chemie, Universität Hohenheim, Stuttgart, Germany

4 Department of Animal Sciences, Auburn University, Auburn, AL, USA

INTRODUCTION

Since the industrial revolution, the global atmospheric
carbon dioxide (CO2) concentration has risen by approxi-
mately 40%, and is currently 387 llÆl)1, the highest for at
least 650,000 years (IPCC 2007). According to recent
models, CO2 is predicted to reach 550 llÆl)1 by the mid-
dle of this century (Meehl et al. 2007). Since CO2 is the
major greenhouse gas in the atmosphere, there is no
doubt that this increase will affect global climate in the
future.

Besides plant growth, elevated CO2 concentration is
known to directly alter carbon (C) and nitrogen (N)
metabolism of important agricultural C3 species such as
wheat, resulting in changes in chemical composition of
vegetative plant parts (Cotrufo et al. 1998; Loladze 2002).
Therefore, the redistribution and availability of metabo-
lites for developing grain may also be affected, with con-
sequences for both grain yield and quality. In experiments
using free-air CO2 enrichment (FACE) technology under
realistic field conditions, aboveground biomass and yield
increased by 10–16% (550 versus 380 llÆl)1 CO2) when
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ABSTRACT

Spring wheat (Triticum aestivum L. cv. TRISO) was grown for three consec-
utive seasons in a free-air carbon dioxide (CO2) enrichment (FACE) field
experiment in order to examine the effects on crop yield and grain quality.
CO2 enrichment promoted aboveground biomass (+11.8%) and grain yield
(+10.4%). However, adverse effects were predominantly observed on whole-
grain quality characteristics. Although the thousand-grain weight remained
unchanged, size distribution was significantly shifted towards smaller grains,
which may directly relate to lower market value. Total grain protein concen-
tration decreased significantly by 7.4% under elevated CO2, and protein and
amino acid composition were altered. Corresponding to the decline in grain
protein concentration, CO2 enrichment resulted in an overall decrease in
amino acid concentrations, with greater reductions in non-essential than
essential amino acids. Minerals such as potassium, molybdenum and lead
increased, while manganese, iron, cadmium and silicon decreased, suggest-
ing that adjustments of agricultural practices may be required to retain cur-
rent grain quality standards. The concentration of fructose and fructan, as
well as amounts per area of total and individual non-structural carbohy-
drates, except for starch, significantly increased in the grain. The same holds
true for the amount of lipids. With regard to mixing and rheological prop-
erties of the flour, a significant increase in gluten resistance under elevated
CO2 was observed. CO2 enrichment obviously affected grain quality charac-
teristics that are important for consumer nutrition and health, and
for industrial processing and marketing, which have to date received little
attention.
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A DIMINUIÇÃO DE TEORES DE 
PROTEÍNAS E AMINO ÁCIDOS 

EM TRIGO EM ALTO CO2 É 
DA ORDEM DE 7% 



O MUNDO TERÁ QUE AUMENTAR A 
PRODUÇÃO DE ALIMENTOS EM 

70% ATÉ 2040. 
 Porém, não há área suficiente em regiões 

com estabilidade política para plantar o 
suficiente usando agricultura 
convencional, exceto pelo Brasil 

O Brasil terá que entrar na era da 
engenharia biológica para aumentar a 

produtividade e manter a qualidade dos 
alimentos 



Desenvolvimento	  
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Figure 27-5: Evolution of GDP per capita and poverty (income below US$ 2 per day) from 1990-2010: CA and SA 
(US-Dollars per inhabitant at 2005 prices and percentages) (ECLAC on the basis of CEPALSTAT (2012) and 
ECLAC (2011b)). 
 

 
Figure 27-6: Current and predicted coastal impacts and coastal dynamics in response to climate change. 

Coastal impacts - based on trends observed and projections, the figure shows how potential impacts may be 
distributed in the region. Three cases: a) flooding: since flooding probability increases with increasing sea-level, one 
may expect a higher probability of flooding in locations showing  >40% of change over the last 60 years in the 100-
years total sea-level (excluding hurricanes). The figure also identifies urban areas where the highest increase in 
flooding level has been obtained.; b) beach erosion: it increases with potential sediment transport, thus locations 
where changes in potential sediment transport have increased over a certain threshold have a higher probability to be 
eroded; c) sea-ports and reliability of coastal structures: the figure shows locations where, in the case of having a 
protection structure in place, there is a reduction in the reliability of the structures due to the increase in the design 
wave height estimates (ECLAC, 2011a). 

Coastal dynamics - information based on historical time series that have been obtained by a combination 
of data reanalysis, available instrumental information and satellite information. Advanced statistical techniques have 
been used for obtaining trends including uncertainties (Izaguirre et al., 2013; Losada et al., 2013). 
[Illustration to be redrawn to conform to IPCC publication specifications.] 



Três tendências 
 

1. Declínio das populações 
  

2. Populações mais velhas 
 

3. Populações hiper-urbanizadas 

Tim Miller 
Population Division - CEPAL 

 



Primeira tendência 
Declínio das populações 

As décadas passadas (1950-2010) foram caracterizadas por 
rápido crescimento populacional nos países em desenvolvimento 

ê 

  
 

Devido ao rápido declínio na fertilidade humana, abaixo do nível 
de reposição, as populações irão declinar em vários países no 

mundo desenvolvido e em desenvolvimento 
 

Análise baseada em dados da ONU (UN World Population Prospects 2010) 
 
 



Segunda tendência 
Populações mais velhas 

 
Em 1950, todos os países do mundo tinham abundância 

de criânças 

ê 
Durante o século 21, esta estrutura demográfica deverá 
desaparecer, dando lugar à sociedades com abundância 

de idosos 

Análise	  baseada	  em	  dados	  da	  ONU	  (UN	  World	  Popula.on	  Prospects	  2010	  



Malmberg -  Quatro estágios de 
transição demográfica 

 

Abundância de criânças (idade de 0-19) 
ê 

Abundância de jovens (idade de 20-39) 
ê 

Abundância de meia-idade (idade de 40-59) 
ê 

Abundância de idosos (idade de 60 ou +). 
 



Abundância de crianças: Brasil 1966 



Abundância de jovens-adultos: Brasil 2024 



Abundância de meia-idade: Brasil 2044 



Abundância de idosos:   Brasil 2080 



Terceira tendência  
Países hiper-urbanizados 

A partir de 2009, mais pessoas passaram a viver em áreas urbanas do 
que em áreas rurais em todo o mundo 
 
Na América Latina, este limiar foi atingido em 1960 

ê 

Espera-se uma continuidade de aumento na urbanização, dirigido pelo 
aumento natural das cidades e por migração de zonas rurais para 
urbanas. 
 
Projeções indicam que em 2050, cerca de 90% das populações 
latinoamericanas estarão vivendo em cidades 
 

Análise	  baseada	  em	  dados	  da	  ONU	  (UN	  World	  Urbaniza.on	  Prospects	  2009	  



O processo de 
urbanização 
intensa reduz 

consideravelmente 
a presença de áreas 

verdes, o que 
provoca as 

“Ilhas de Calor”. 

Segundo a NASA, a 
chuva que poderia 

amenizar este 
fenômeno, acaba por 
se deslocar para cair 

no entorno arborizado, 
dificultando a 
“lavagem” da 

atmosfera poluída 
da cidade. 



Faixa de variação de temperatura em 2050	


Faixa de variação de temperatura em 2005	
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Adaptado de Paulo Saldiva 



Por outro lado, seca ou chuvas mais intensas 
causam enormes prejuízos 

Enchentes (ou seca) na 
cidade de  São Paulo 
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63,1	  

70,3	  

93,2	  

165,4	  

322,16	  

265.535	  

Distribuição	  do	  Índice	  de	  
Cobertura	  Vegetal	  (ICV)	  
na	  cidade	  de	  São	  Paulo	  
2012	  

Preto:	  regiões	  de	  alta	  prioridade	  1	  (3	  a	  8,4)	  
Vermelho:	  regiões	  de	  prioridade	  2	  (8,5	  a	  13)	  
Azul:	  regiões	  de	  prioridade	  3	  (13,1	  a	  22,5)	  
	  
	  São	  5	  faixas	  de	  ICV:	  	  
0-‐5	  	  	  	  	  	  	  muito	  baixo	  
5-‐11	  	  	  	  	  baixo	  
11-‐20	  	  	  médio-‐baixo	  
20-‐35	  	  	  médio-‐alto	  
35-‐65	  	  	  alto	  
75+	  	  	  	  	  	  	  muito	  alto	  

Comentários	  
1	  -‐As	  regiões	  contornadas	  em	  PRETO	  estão	  na	  faixa	  de	  muito-‐baixo	  
e	  baixo	  ICV.	  Portanto,	  é	  necessário	  ter	  metas	  mais	  arrojadas	  nestas	  
áreas.	  TEMOS	  QUE	  PLANTAR	  57	  MIL*	  ÁRVORES	  NESTA	  NESTA	  
REGIÃO	  
2	  -‐	  A	  região	  contornada	  em	  VERMELHO	  tem	  baixo	  ICV	  e	  tem	  que	  ter	  
também	  uma	  ação	  mais	  intensiva.	  TEMOS	  QUE	  PLANTAS	  22	  MIL	  
ÁRVORES	  NESTA	  REGIÃO	  
3	  -‐	  As	  regiões	  contornadas	  em	  AZUL	  	  necessitam	  de	  ações	  em	  áreas	  
específicas	  e	  manutenção	  (reposição)	  em	  subregiões	  com	  menos	  
árvore.	  TEMOS	  QUE	  PLANTAS	  66	  MIL	  ÁRVORES	  NESTA	  REGIÃO	  
	  
*Se	  considerarmos	  1	  árvore	  por	  habitante,	  o	  que	  alguns	  acreditam	  ser	  o	  ideal,	  estes	  números	  
dobram	  

	  
Regiões	  como	  Butantã,	  Santo	  Amaro	  e	  Itaquera	  têm	  que	  ser	  vistas	  com	  mais	  detalhe.	  No	  
Butantã,	  por	  exemplo,	  a	  USP	  é	  muito	  arborizada	  e	  causa	  diferenças.	  A	  Fazenda	  do	  Carmo	  
também	  faz	  diferença	  em	  itaquera.	  
	  
Regiões	  mais	  periféricas	  	  ao	  norte,	  sul	  e	  também	  no	  leste	  são	  influenciadas	  pelas	  Matas	  
naTvas	  em	  volta	  da	  cidade.	  É	  preciso	  olhar	  para	  as	  áreas	  urbanizadas	  para	  saber	  o	  real	  ICV	  
	  

Árvores	  
Considerando	  arbitrariamente	  uma	  
árvore	  grande	  adulta	  com	  uma	  área	  da	  
copa	  de	  aproximadamente	  6X6	  m,	  a	  área	  
equivalente	  a	  uma	  árvore	  seria	  de	  36m2.	  
Neste	  caso,	  poucas	  áreas	  de	  SP	  seriam	  
sa.sfatórias	  considerando	  1	  árvore	  para	  
cada	  2	  habitantes	  em	  SP	  por	  causa	  dos	  
prédios.	  
	  
Se	  considerarmos	  a	  meta	  de	  a.ngir	  pelo	  
menos	  1	  árvore	  por	  habitante	  como	  
razoável	  teríamos	  que:	  
1)  Mul.plicar	  por	  7	  em	  média	  o	  ICV	  nas	  

áreas	  em	  preto	  
2)  Aumentar	  3,5	  vezes	  o	  ICV	  nas	  áreas	  

em	  vermelho	  
3)  Dobrar	  ICV	  nas	  áreas	  em	  azul	  

METAS	  PARA	  AUMENTAR	  AS	  ÁREAS	  VERDES	  EM	  SÃO	  PAULO	  
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CONCLUSÃO:	  
Para	  ter	  árvores	  adultas	  e	  podermos	  
contar	  com	  áreas	  verdes	  adequadas,	  
teremos	  que	  esperar	  pelo	  menos	  20	  
anos.	  TEMOS	  QUE	  COMEÇAR	  AGORA	  
A	  PLANTAR	  PELO	  MENOS	  150	  MIL	  
ÁRVORES	  EM	  SÃO	  PAULO	  

Fonte:	  Sec.	  Planejamento	  /	  Prefeitura	  de	  São	  Paulo.	  
h|p://www.prefeitura.sp.gov.br/cidade/secretarias/upload/planejamento/Verde

%2010_2013.xls	  
Responsável:	  Secretaria	  Municipal	  do	  Verde	  e	  do	  Meio	  Ambiente 	  

	  

Marcos	  Buckeridge,	  Ins.tuto	  de	  Biociências,	  
Universidade	  de	  São	  Paulo	  
msbuck@usp.br	  



A	  ESSÊNCIA	  DA	  
ADAPTAÇÃO	  



SCOPING 

Identify Risks,  
Vulnerabilities, 
and Objectives  

Establish Decision-  
Making Criteria 

ANALYSIS 

Identify 
Options 

Assess 
Risks 

Evaluate 
Tradeoffs 

IMPLEMENTATION 

Review 
and Learn 

Implement 
Decisions 

Monitor 



World	  Media	  

Policy	  makers	  

Industry	  

Scien.st	  

Flow	  of	  informa.on	  of	  ideas	  that	  
have	  a	  poten.al	  to	  be	  

transformed	  into	  rela.vely	  large	  
projects	  of	  programs	  in	  society	  

When	  scien.sts	  act	  intellectually,	  they	  can	  influence	  several	  levels	  of	  society	  and	  
provoke	  “turbulence”	  of	  ideas	  so	  that	  a	  route	  is	  taken	  preferen.ally	  for	  the	  policy	  
makers.	  The	  la|er	  is	  key	  in	  the	  society	  because	  this	  level	  will	  decide	  whether	  or	  not	  to	  
invest	  in	  a	  given	  idea.	  Policy	  makers	  also	  have	  strong	  influence	  on	  industry	  and	  
usually	  prompt	  access	  to	  the	  media.	  When	  scien.sts	  cannot	  reach	  Policy	  Makers,	  
they	  can	  try	  to	  influence	  the	  indirecty.	  One	  of	  the	  most	  effec.ve	  ways	  is	  by	  reaching	  
world	  media.	  
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Tomadores	  de	  
decisão:	  
políacos,	  
parlamentos,	  
parados	  etc.	  

Conhecimento	  
Cienbfico	  

ONGs	  

Empresas	  
Igrejas	  

Conexôes de alta intensidade  
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Global carbon stocks in vegetation and top 1 m of soils (based on WBGU, 1998).

Carbon Stocks (Gt C)
Biome

Area
(106 km2) Vegetation Soils Total

Tropical forests 17.6 212 216 428
Temperate forests 10.4 59 100 159
Boreal forests 13.7 88 471 559
Tropical savannas 22.5 66 264 330
Temperate grasslands 12.5 9 295 304
Deserts and semideserts 45.5 8 191 199
Tundra 9.5 6 121 127
Wetlands 3.5 15 225 240
Croplands 16.0 3 128 131

Total 151.2 466 2011 2477
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Leadership Typologies 
q  	  This	  paper	  is	  based	  on	  a	  framework	  by	  Papa	  &	  Gleason	  (2012)	  

Stavros	  Afionis,	  Nicola	  Favre|o,	  Marcos	  Buckeridge,	  Lidsay	  Stringer	  

Structural Instrumental 

Policy-based 

LEADERSHIP 
How	  well	  
Brazil	  can	  
use	  
diploma.c	  
skills	  to	  
pursue	  
issue-‐
linkages	  and	  
engineer	  
winning	  
coali.ons.	  	  

Whether	  Brazil	  
has	  the	  
resources	  and	  
will	  to	  deliver	  
on	  its	  pledges	  
to	  assist	  African	  
na.ons	  	  to	  
develop	  their	  
biofuels	  
markets	  in	  a	  
sustainable	  
way	  
	  

Brazil’s	  ability	  to	  frame	  
problems,	  promote	  
par.cular	  policy	  solu.ons	  
and	  implement	  them.	  	  



Conclusion 
 

Policy-based leadership  

Structural leadership 

Instrumental leadership 


