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Global Carbon Project



Global emissions from fossil fuel and industry: 36.2 ± 2 GtCO2 in 2016, 62% over 1990 

Projection for 2017: 36.8 ± 2 GtCO2, 2.0% higher than 2016

Estimates for 2015 and 2016 are preliminary. Growth rate is adjusted for the leap year in 2016.
Source: CDIAC; Le Quéré et al 2017; Global Carbon Budget 2017
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Uncertainty is ±5% for 
one standard deviation 

(IPCC “likely” range)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-2017-123
http://www.globalcarbonproject.org/carbonbudget/
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Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2006–2015 (GtCO2/yr)

Source: CDIAC; NOAA-ESRL; 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://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


31%
11.6 GtCO2/yr

	�

��CO2�������� (2006-2015)

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016

26%
9.7 GtCO2/yr

34.1 GtCO2/yr

91%

9%
3.5 GtCO2/yr

16.4 GtCO2/yr

44%

Sources = Sinks

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/
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Emissions in the 2000s were lower than earlier decades, but highly uncertain

Higher emissions in 2015 are linked to increased fires during dry El Niño conditions in Asia

Three different estimation methods have been used, indicated here by different shades of grey
Land-use change also emits CH4 and N2O which are not shown here

Source: Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016

Indonesian 
fires

Indonesian 
fires

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/
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Global patterns of human transformation of land cover. (a) Estimated land cover 
in 1700, before the industrial age; (b) land cover in 2000. (Ellis et al. 2010)
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Example: Long distance connections are obstacles to full awareness of 
consumers’ choices. Education might focus on how individuals' consumption 
choices can have unintended consequences in distant locations 
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IPCC AR5:
Achieving 2°C is still possible, 
but it entails huge
contributions from
bioenergy - in most scenarios
combined with Carbon 
Capture & Storage to go
“negative“.

33

Source: Fuss et al. (2014), Nature Climate Change.
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• Sustainable biomass as
feedstock for carbon-neutral 
bioenergy (i.e. the biomass
sequesters as much as is
produced during ist combustion)

• Combined with Carbon Capture 
and Storage = BECCS

• In order to remove carbon from
the atmosphere and thus
decrease cumulative emissions.

34
Source: Kraxner at al., in: Handbook of Clean Energy Systems 2015
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35
Source: Smith et al. 2016
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(RCP2.6: 2005�2100)
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(a)S1 and S3 (excluding farmland transferred from forest), (b) S2
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Fig. 1. Map of the Kushiro watershed showing land-use changes that occurred between 1977 and 2011

Land-use cover 
change outside 
protected area

BAU(Trend)                 Biodiversity conservation Climate change mitigation
Scenario development

Agriculture                   + Tourism                             +Bioenergy 

Shoyama K., Yamagata Y., (2014) Predicting 
land-use change for biodiversity 
conservation and climate-change 
mitigation and its effect on ecosystem 
services in a watershed in northern Japan. 
Ecosystem services



2011                             2020                             2030                          2040                               2050                               2060a) 
Trend
scenario

b) 
Biodiversity
scenario

c)
Climate
scenario

Fig. 3. Simulated patterns of change from 2011 to 2060 in the target land use in each scenario 

��
���
	������

2000s                                                                                                                        2060s

BAU(Trend)
Population -1.0%/year
Pop. in working age -0.5%/year
Abandoned farmland 40�

Biodiversity
Population --0.8%
Pop. in working age -0.3%
Abandoned farmland 20�

CC mitigation
Population -0.8%
Pop. in working age -0.3%
Abandoned farmland 20�
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a) 
Trend
scenario

b) 
Biodiversity
scenario

c)
Climate
scenario

Fig. 5. Changes in the distribution of ecosystem services 
between 2011 and 2060 according to the three scenarios
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Stakeholder meeting in Tsurui village
(2013 September)

�

- Web-based survey
- 3848 respondents      

throughout Japan

Shoyama K., Managi S., Yamagata Y. (2013) Public preferences for biodiversity conservation and 
climate-change mitigation: a choice experiment using ecosystem services indicators. Land Use 
Policy 34: 282-293 



A.  Old-residents (over 30-years) B. New-residents (less than 30-years)
Distance to road            Distance to stream

Elevation                       Slope

Distance to village          Population density

Distance to road            Distance to stream

Elevation                       Slope

Distance to village          Population density

- Mail-based survey
- 585 respondents  
In Tsurui village and Shibetya town
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Yamagata Y. and Shoyama K. (2014) Can We Make Use of 
Abandoned Land for Carbon Management and Ecosystem 
Restoration? AGU Fall meeting.
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-

Local community
- Help each other
- Sharing (e.g., car)
- Well-being

Climate resiliency
- Mitigation, adaptation

Environmental sustainability
- Green recovery
- Eco-urbanizm

Urban compaction that achieve high environmental 
standards as well as improve human well-beings.

A flood in 2015 in Japan

Heatstroke risk in Japan

Low carbon energy
- Renewable energy (EV, PV)
- Smart grid
- Sustainable urban

metabolism

Building energy demands in NY (Quan et al., 2015)

Urban compaction

Wise-shrink

Trade-off / synergy



1st ed. 2016, VIII, 319 p. 96 illus.

Printed book

Hardcover
▶ 149,99 € | £112.00 | $179.00
▶ *160,49 € (D) | 164,99 € (A) | CHF 165.00

eBook

Available from your library or
▶ springer.com/shop

MyCopy

Printed eBook for just
▶ € | $ 24.99
▶ springer.com/mycopy

Order online at springer.com ▶ or for the Americas call (toll free) 1-800-SPRINGER ▶ or email us at:
customerservice@springer.com. ▶ For outside the Americas call +49 (0) 6221-345-4301 ▶ or email us at:
customerservice@springer.com.

The first € price and the £ and $ price are net prices, subject to local VAT. Prices indicated with * include VAT for books; the €(D) includes 7% for
Germany, the €(A) includes 10% for Austria. Prices indicated with ** include VAT for electronic products; 19% for Germany, 20% for Austria. All prices
exclusive of carriage charges. Prices and other details are subject to change without notice. All errors and omissions excepted.

Y. Yamagata, H. Maruyama (Eds.)

Urban Resilience
A Transformative Approach

Series: Advanced Sciences and Technologies for Security Applications

▶ Provides agent-based simulation analysis for crisis management
▶ Examines risks facing complex urban systems
▶ Provides strategies for mitigating urban security issues and crisis

management

This book is on urban resilience – how to design and operate cities that can withstand
major threats such as natural disasters and economic downturns and how to recover
from them. It is a collection of latest research results from two separate but collaborating
research groups, namely, researchers in urban design and those on general resilience
theory. The book systematically deals with the core aspects of urban resilience: systems,
management issues and populations.
 
The taxonomy can be broken down into threats, systems, resilience cycles and recovery
types in the context of urban resilience. It starts with a discussion of systems resilience
models, focusing on the central idea that resilience is a moving average of costs (a set of
trajectories in a two-player game paradigm). The second section explores management
issues, including planning, operating and emergency response in cities with specific
examples such as land-use planning and carbon-neutral scenarios for urban planning. The
next section focuses on urban dwellers and specific people-related issues in the context of
resilience. Agent-based simulation of behaviour and perception-based resilience, as well
as brand crisis management are representative examples of the topics discussed. A further
section examines systems like public utilities – including managing power supplies, cyber-
security issues and models for pandemics. It concludes with a discussion of the future
challenges and risks facing complex systems, for example in resilient power grids, making
it essential reading for a wide range of researchers and policymakers.

This book is on urban 
resilience – how to design 
and operate cities that can 
withstand major threats 
such as natural disasters 
and economic downturns 
and how to recover from 
them. 

Bouncing forward
⇩

Transformative approach
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