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•  Source: UCAR Quarterly, Summer 2007 
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Since 1990 

•  Global	  annual	  CO2	  emissions	  grew	  30%	  to	  
	  33,000,000,000	  tons	  of	  CO2	  per	  year	  

	  
•  CO2	  in	  the	  atmosphere	  grew	  15%	  to	  	  

	  2.9	  trillion	  tons	  of	  CO2	  (400	  ppm)	  

•  At	  current	  rates,	  CO2	  is	  likely	  to	  exceed	  	  
	  550	  ppm	  someGme	  this	  century	  

•  But:	  Rate	  of	  atmospheric	  CO2	  increase	  is	  about	  
half	  the	  rate	  of	  emissions	  increase.	  Why?	  













Global Carbon Budget 

The cumulative contributions to the Global Carbon Budget from 1870 
Contributions are shown in parts per million (ppm) 

Figure concept from Shrink That Footprint 
Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;  

Le Quéré et al 2014; Global Carbon Budget 2014 
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from May to October. While the gap-filling algorithm
used a one-month moving window for computing ER,
the curves shown in Fig. 5a represent the average
response curve for the entire growing season. At
Willow Creek, the soil temperature to ER relationship
did not significantly change from 2002 to 2003.
However, at Sylvania, there was significantly smaller
ER in 2003 compared to 2002 for soil temperatures

above 15 8C. Sylvania ER is greater than Willow
Creek for all temperatures above 5.0 8C in both years.
The data suggest that the while the respiration base
rate at Sylvania is greater thanWillow Creek, the slope
of the response curves are roughly similar. The ratio of
ER from 20 to 10 8C (Q10) was found to be 2.8 in 2002
and 1.9 in 2003 at Sylvania and 2.5 in 2002 and 2.3 in
2003 at Willow Creek, similar to typical Q10 value of
2.0 observed for forests (Ryan, 1991).Q10 at both sites
decreased from 2002 to 2003, suggesting a coherent
response to change in growing season climate;
however, the change at Willow Creek was small.

ER at Sylvania was much larger than Willow Creek
from June to October in both years (Fig. 5b); however,
the uncertainty is larger than the difference for June.
ER peaks at both sites in June and steadily declines
afterwards. ER from June to September was smaller in
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Fig. 6. Weekly cumulative (a) NEE, (b) ER, and (c) GEP. Gray

background represents uncertainty in the cumulative values.

Fig. 7. Response of (a) nighttime NEE to 5 cm soil temperature for

May–October and (b) GEP to PAR from June to August. Observa-

tions were binned using 3 8C intervals for soil temperature and
150 mmol m!2 s!1 intervals for PAR. Fits were computed using the

equations described in Section 2.7.
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Desai et al., 2005 
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Wetlands are interesting… 

•  AdaptaGon	  of	  plants	  to	  drying	  condiGons	  
leads	  to	  increases	  in	  water	  use	  efficiency,	  
especially	  for	  fens	  

Sulman	  et	  al.	  (in	  prep)	  





Trout	  Lake	  

M.	  BallieU,	  UW	  



Complex Regions: 1+1≠2 



Buffam et al., 2011, GCB 



Observed Emissions and Emissions Scenarios 

Emissions are on track for 3.2–5.4ºC “likely” increase in temperature above pre-industrial 
Large and sustained mitigation is required to keep below 2ºC 

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown 
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014 

Data: CDIAC/GCP/IPCC/Fuss et al 2014



IPCC 

















































•  “I am not a scientist myself, but my best 
assessment of the data is that the world 
is getting warmer, that human activity 
contributes to that warming, and that 
policymakers should therefore consider 
the risk of negative consequences.” 
– Sept. 2012 

http://www.sciencedebate.org/debate12/ 



•  “Higher temperatures and less-predictable 
weather would hurt poor farmers, most of 
whom live on the edge and can be 
devastated by a single bad crop. […] It would 
be a terrible injustice to let climate change 
undo any of the past half-century’s progress 
against poverty and disease—and doubly 
unfair because the people who will be hurt the 
most are the ones doing the least to cause 
the problem.” 

Linkedin.com 



•  “If you look at global warming alarmists, they don't 
like to look at the actual facts and the data. The 
satellite data demonstrate that there has been no 
significant warming whatsoever for 17 years. […] I 
read this morning a Newsweek article from the 1970s 
talking about global cooling. And it said the science is 
clear, it is overwhelming, we are in a major cooling 
period... Now, the data proved to be not backing up 
that theory. So then all the advocates of global 
cooling suddenly shifted to global warming […] and 
the solution interestingly enough was the exact 
same solution -- government control of the 
energy sector and every aspect of our lives.” 

Washington Post, 2 Aug 2015 



What Are The Options? 
•  Adaptation 

–  Economic/political (relocation, tech transfer, 
payments for damages, reduce poverty, educate)  

–  Technological (resilient tech, seawalls, genetic 
hybrids, cure malaria, colonize new planet) 

•  Mitigation 
–  Economic (taxes, cap and trade, R&D) 
–  Political (treaties, bans, compacts, fuel/energy 

standards, public transit, voluntary agreements) 
–  Societal (sustainable development) 
–  Technological (CO2 capture, geoengineering, 

green tech, alternative energy, energy efficiency) 









•  “Power plants are the single biggest 
source of harmful carbon pollution that 
contributes to climate change. Until 
now, there have been no federal limits 
to the amount of carbon pollution plants 
dump in the air.” 

CNN 
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