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REVIEW OF YEAR TWO 
 
Year Two of the Carbon Mitigation Initiative (calendar year 2002) was a year of 
consolidation and cohesion. Nearly all of the faculty, staff, post -doctoral and graduate 
students recruited during the first year remained involved, and recruitment continued. A 
notable addition to the group is Michael Oppenheimer, Professor of Public Policy and 
Geosciences, who has assumed a leadership role in our policy research.  
 
This brief report of the research results of Year Two is supplemented by lists of 
publications and presentations.  
 
Our research activity is presented under the four subheadings that continue to be useful in 
describing our program: carbon capture, carbon storage, carbon science, and carbon 
policy. 
 
 
Carbon Capture   
 
Hydrogen production   
 
During the past year, we have deepened our understanding of not only membrane reactors 
for H2 manufacture from coal (the focus of our first year) but also alternative 
configurations of conventional technologies for making H2 from coal that involve use of 
physical solvents and pressure swing adsorption technologies for gaseous separation, 
instead of membranes. This extension resulted from our preliminary finding near the end 
of the previous year that the particular membrane reactor we had focused on did not seem 
to offer substantial economic benefits, relative to conventional H2 production 
technologies.  
 
With researchers from the Department of Energetics of the Politecnico di Milano,  we 
have been working on the decarbonization, via coal gasification, of electricity generation 
and H2 production. We have considerably expanded our data bases for modeling both the 
technical performance and engineering costs for components of energy conversi on 
systems that are important to the achievement of low-cost fossil fuel decarbonization. We 
are now able to make performance and cost calculations for many alternative H2 and 
electricity production systems in relatively short times.  
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Our modeling activities have made it possible for us to reach some preliminary 
judgments:: 
 

• It is much more costly (in $/tC) to decarbonize electricity than H2 , which implies 
that the more quickly H2 fuel becomes competitive, the sooner a low-carbon low-
carbon-energy future will emerge. 

• It is more costly (in $/tC) to decarbonize natural gas than coal…but decarbonizing 
natural gas systems is not so urgent as decarbonizing coal systems.  

• Even with a carbon valuation high enough to induce carbon capture and storage 
for the most promising coal electricity technology (IGCC), natural gas combined 
cycles with CO2 venting will provide less costly electricity, unless there are major 
coal technology breakthroughs.    

• H2 manufacture offers the best prospects for coal, so that the coal industry should 
be interested in H2.  

• Co-sequestration (storing carbon and sulfur together) and the production of fuel -
grade H2 instead of pure H2, in combination, can reduce costs for H2 from coal ~ 
20%, relative to pure H2 from coal with no co-sequestration. 

• Carbon storage companies will seek the least costly CO2 sources—which will 
often be from facilities that make synthesis gas via gasification. 

 
Markets for H2  
 
During the past year we have carried out extensive lifecycle cost analysis of alternative 
fuel/engine combinations for cars. Our aim is to understand better the economic prospects 
for H2 fuel cell cars and the conventional ICE cars that are likely to be the main 
competitors to fuel cell cars at the time H2 fuel cell cars might be introduced. Because 
conventional technology is a moving target, if H2 fuel cell cars are motivated solely by 
climate concerns, we find that a carbon valuation of several hundred dollars per ton of 
carbon will be needed to justify, in terms of cost, a shift to mass produced H2 fuel cell 
cars – without major technological innovations. A case can be made that H2 fuel cell cars 
can compete with lower, more plausible carbon valuations, if health damage costs of air 
pollution (especially from small particles) and oil supply insecu rity risks are also 
internalized – but valuations of these externalities are very uncertain. 
 
This result suggests the importance of exploring other possible early markets where H2 
might compete with conventional fuels in the presence of carbon valuations of less than 
$100/tC. Preliminary analysis suggests that the industrial fuel market is worth exploring 
for coal-derived H2 with carbon capture and storage. In that market, the high costs of 
small-scale compressed gaseous H2 storage can be avoided – costs which make 
automotive market development difficult.  
 
Hydrogen/CO2 infrastructures   
 
Key inputs to our H2 fuel cell vehicle lifecycle cost assessment are estimates of the cost 
of H2 to consumers. These estimates, in turn, require estimates of H2 distribution 
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infrastructure costs for vehicle applications. We have estimated, self -consistently, the 
costs of H2 production, pipeline distribution to filling stations, and use in vehicles. Not 
surprisingly, the cost of providing at refueling stations high pressure H2 for storage on-
board vehicles represents a significant fraction of the total infrastructure cost. In contrast, 
it appears that the incremental costs for capturing/storing CO 2 below ground are quite 
small, if storage costs are dominated by the costs of pipes and wells. Thus if H2 vehicles 
can be made competitive when the H2 is produced from fossil fuels with CO2 vented, 
these vehicles would probably also be competitive with the CO2 captured and stored.  
  
Hydrogen Combustion and Safety  
 
Experiments and computational simulation were conducted on the ignition of 
hydrogen/air mixtures by either a heated jet or a spark discharge.  The flammability 
boundaries and the associated controlling chemistry were identified.  It was further 
demonstrated that hydrogen flames are inherently unstable in their propagation, which 
could lead to flame wrinkling and transition to turbulence.  The possibility of moderating 
the explosivity of hydrogen/air mixtures through hydrocarbon doping was also 
investigated.    
  
Collaboration with Tsinghua University, Beijing    
 
Collaboration between Princeton's CMI and the new BP-sponsored carbon management 
program at Tsinghua University, Beijing, took several forms:  
 

• a year-long visit to Princeton of a Tsinghua faculty member who, with P rinceton 
collaborators, is modeling methanol and dimethyl ether production from syngas 
and identifying costs appropriate for U.S. and Chinese contexts;  

 
• jointly producing energy scenarios for China, 1995-2050, to examine 

environmental, energy-security, energy cost, and energy resource implications of 
alternative energy technology paths; 

 
• joint planning of a forthcoming Beijing workshop on "polygeneration," the co -

production of electricity, chemicals, fuels, and heat from fossil fuels;  
 

• process design projects by Tsinghua graduate students, co-supervised by 
Princeton and Tsinghua; 

 
• the week-long hosting by Tsinghua of Princeton graduate students investigating 

the future of coal in China, and traveling with Tsinghua graduate students to coal 
country in Shanxi province. 

 
The capacity for modeling clean and climate-friendly fossil energy systems is being 
extended in scope and intensity via this collaboration. The CMI modeling capability, 
which has focused on H2 and electricity production, is being extended to polygeneration 
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systems. Much of the system component modeling already developed under CMI is 
directly relevant and is being transferred  to analysis of these different energy systems.  
 
 
Carbon Storage  
 
Our focus is on storage of CO2 in deep aquifers. We have two broad themes:  
 

Development of a framework for leakage estimation in mature sedimentary 
basins; 
 
Identification and characterization of specific environmental risks associated with 
CO2 leakage.   

 
In combination, results from these two efforts can b e used to develop risk maps and 
measures of relative risk that should help to guide decisions on CO2 injection strategies. 
 
A framework for leakage estimation    
 
We are bringing together field studies, laboratory studies, and model development to 
produce a framework for the characterization and analysis of leakage potential through 
existing wells.   
 
For our field studies, we are using the Alberta Basin as our test basin, because of the 
availability of information through the provincial authorities.  Within that basin we have 
zeroed in on the Viking Formation, which appears to be a good candidate for CO 2 
storage.  In collaboration with Stefan Bachu and his team at the Alberta Geological 
Survey, we have estimated the ultimate capacity of the Viking Formation to be 
approximately 200 Gt CO2. We have identified all existing wells that penetrate this 
formation (approximately 190,000 wells) and their current status (active versus 
abandoned, with appropriate sub-categories). We have initiated analysis of the spatial  
statistics of the well locations, using procedures like cluster analysis.  We are also 
pursuing a computational analysis that combines spatial statistics of well locations with 
physical (hydraulic) characteristics of the wells to estimate leakage potentia l as a function 
of system parameters.   
 
Well characterization requires estimation of bulk hydraulic properties associated with the 
borehole and its immediate surroundings, which in turn depends on largely unknown 
features like well cement integrity. Our interest is in cement properties over the long-term 
time horizon of CO2 sequestration. We have formulated a laboratory-based experimental 
research plan to measure strength, permeability, and pore structure modification, as a 
function of time, temperature, and pressure. We have also completed a literature survey 
on deterioration of cement in acidic environments.   
 
To help determine the long-term fate of injected CO2, we have done laboratory 
experiments to determine geochemical reaction rates, under high pressures and 
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temperatures, associated with CO2-induced dissolution of rock minerals. We have used 
an array of analytical techniques (X-ray diffraction, diffuse reflectance infrared 
spectroscopy, and scanning electron microscopy) to investigate formation of new 
carbonate minerals.  Associated with this work is a computationally based effort to 
determine how best to obtain effective (“upscaled”) reaction rate coefficients from 
coefficients based on smaller-scale measurements. 
 
We have introduced multi-phase, multi-component transport capabilities into the 
geomechanics code, DynaFlow. 
 
Specific environmental risks of CO2 leakage   
 
We are exploring risks arising from CO2 leakage into the shallow zone. We have 
completed an initial study of possible mineral dissolution, and associated mobilization of 
metals, driven by pH changes associated with CO2 leakage.  Based on shallow subsurface 
data taken from the U.S. Geological Survey and other sources, we have concluded that 
arsenic is a particularly important ground-water contaminant. We have also continued our 
studies at Mammoth Mountain, California, where recent magmatic CO 2 leaks have 
significantly affected the land-surface ecosystem, including areas of significant tree kills.   
 
At Mammoth Mountain, we found that withi n the high soil CO2 areas, while elevated soil 
CO2 either killed or severely altered the growth of large pine trees, small saplings of less 
than about eight years of age appear to be healthy.  However, the large dead pine trees, as 
well as saplings in areas unaffected by CO2, have a different root structure and 
architecture than the small saplings growing in elevated CO2 areas.  The implication for 
further growth of the affected saplings remains to be determined.  Also, accelerated 
weathering in CO2 affected areas appears to lead to enhanced metal uptake in plants 
growing in these areas. 
 

 
Carbon Science 
 
Natural Carbon Sinks    
 
IPCC models continue to predict an enormous future benefit from the fertilization of the 
terrestrial biosphere by CO2 – over 5 billion tons of carbon per year taken from the 
atmosphere by 2050 and approximately 2 billion tons per year today.  This year, we 
published the last of a three-paper set, begun in Year One of the CMI project, showing 
that the terrestrial sink in the U.S. is large (currently ~0.5 billion tons of carbon per year), 
caused by land use change instead of by CO2 fertilization, and will disappear during this 
century.   We have begun to extend this work to the rest of the northern hemisphere, and 
our preliminary carbon budget leaves little room for a global sink caused by CO2 
fertilization, unless there is a corresponding missing source.  There are also other new 
experimental and theoretical results that cast doubt on predictions of a large CO 2 
fertilization sink in the future.  Emission cuts necessary to stabilize atmospheric CO 2 are 
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substantially more stringent without a future benefit from CO2 fertilization and must 
begin sooner. 
 
We have also completed an analysis of the long-term fate of the oceanic sink under 
business as usual emissions.  We have explored the multi-century consequences of an 
enduring fossil fuel era, where 5600 Gt(C) of fossil fuels are extracted over seven 
centuries, extending the IS92A emissions scenario with a logistic function. The 
maximum CO2 concentration in the atmosphere reaches 1840 ppm (6-7 times pre-
industrial levels), then falls to 1160 ppm at steady state.  The steady-state level is so high 
because the ocean’s carbonate buffer becomes saturated, and this reduces the oceanic 
sink.  This work provides interesting constraints on leakage from geologic sequestration 
reservoirs.  The consensus view at the October 2002 International Conference on 
Greenhouse Gas Control Technologies, in Kyoto, was that geologic reservoirs need to 
hold sequestered CO2 for only 100-1000 years because most of the leakage 
(approximately 85% at equilibrium) would be absorbed by the oceans.   Our new analysis 
indicates that this conclusion is true if leaks total less than about 1000 billion tons.  
Constraints on leakage are much tighter (up to a 10,000 year mean residence time), if 
leaks total more than 1000 billion tons, because they start to saturate substantially the 
oceanic carbon buffer. 
 
Our measurement program is yielding new estimates of the size and inter -annual 
variability of the terrestrial and oceanic sinks.  Our most recent estimate of the terrestrial 
sink is 1.3 +/- 0.6 billion tons of carbon.  And for the oceanic sink it is 2.1 +/ - 0.5 billion 
tons of carbon. Three O2/N2 samplers are running well and improving the accuracy of our 
estimates of the current sinks.  Our measurements of the seasonal variation of the 
atmospheric Ar/N2 ratio at six sites are providing an important constraint on models.  
 
Earth System Model (ESM)    
 
This past year, we devoted considerable effort to the building of new terrestrial and ocean 
biogeochemistry models for the new GFDL/Princeton ESM.  The model provides our 
core capability to predict climate change and associated impacts.  This coming year it 
will provide new estimates of the emissions cuts necessary to achieve stabilization.  The 
new atmospheric and oceanic models developed by GFDL perform well, but work on the 
coupled system is still proceeding.  Our land model includes a reactive biosphere and 
human land use. Thus, it can be used to investigate impacts affecting agricultural and 
natural ecosystems and solutions involving biofuels and ecological sequestration.  
Similarly, our ocean model includes iron biogeochemistry, nutrient limitation, and 
mechanistic phytoplankton dynamics and thus can be used to investigate some impacts 
affecting oceanic ecosystems as well as oceanic sequestration schemes.  
 
We have also continued to develop our regional land-atmosphere model.  This year we 
used this model to study the impact of histori cal land-cover change in the United States.  
Summer temperatures and rainfall in the US were seen to be affected by forest and 
grassland conversion in the 19 th century and by farm abandonment and fire suppression in 
the 20th century.  We plan to complete a similar global analysis with the new ESM.    
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Glacial Cycles and Atmospheric CO2    
 
Confidence that the important mechanisms driving the Earth's climate have been 
identified will increase dramatically once the ice ages are understood. A review of deep -
sea sediment data suggests that a link between cold climates and polar ocean stratification 
is pervasive over the last thirty million years, leading to a critical hypothesis for the 
glacial-interglacial CO2 cycle focusing on polar ocean stratification. We ar e evaluating 
this hypothesis using new methods to retrieve biogeochemical information from deep-sea 
sediments in the Antarctic and Subarctic Pacific Oceans. With these new methods, we are 
able to measure the nitrogen isotope composition of organic matter in minute quantities 
of buried algal microfossils. These isotope measurements provide one of the key 
indications that the Antarctic Ocean was stratified during glacial times. Because of the 
critical nature of this result, we are also studying the generation of the isotope signal in 
modern polar surface waters, to determine once and for all whether our nitrogen isotope-
based interpretation, that of polar stratification during cold climates, must be correct.  
 
Frontier Scouts for Mitigation Technologies     
 
We continue to scout the mitigation frontier, where many technological approaches are 
being investigated. Our modeling capability is allowing us to raise and answer important 
questions about feasibility in each instance. Three examples:  
 

Deep ocean injection – We continued to study the sensitivity of the efficiency of 
direct deep ocean injection to uncertainties about vertical mixing in the oceans.  
Our most recent analysis suggests that over 90% of the carbon injected below 
3000 m remains in the ocean after 500 years.   
 
Wind energy – We have initiated a project on the possibility that large-scale 
development of wind energy would change climates.  Although results are still 
very preliminary, both our new global models and our regional model indicate 
substantial effects.   
 
Biofuels and terrestrial sequestration – We have initiated a project on the effects 
of large increases in plantation forestry on climate, surface hydrology, and air 
quality.  This work builds on work completed this past year, showing that in the 
U.S. during the 1980’s and 1990’s forest management practices led to an increase 
in air emissions of precursors to tropospheric ozone (isoprene and monoterpenes). 
The magnitude of this increase exceeded the magnitude of the decrease in 
emissions brought about by EPA regulations on emissions from industry and 
transportation.  In contrast, natural forest succession generally acts to improve air 
quality.   
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Carbon Policy  
 
Our main objective is to analyze the economically optimal use of carbon sequestration in 
the face of potential climate thresholds.  The main achievements in the last year were:  
 

• a workshop on integration of new carbon cycle science into integrated 
assessments; 

 
• further exploration of an innovative allowance trading regime for greenhou se 

gas control; 
 

• modeling of optimal sequestration, considering induced technological change, 
technological inertia, and carbon leakage;  

 
• analysis of efficient policies to reduce the risk of dangerous interference with 

the climate system. 
 

Workshop on integration of new carbon cycle science into integrated assessments   
 
A two-day workshop was held in Princeton, May 7 -8, 2002, bringing together natural 
scientists involved in carbon cycle (CC) research and modeling, and social scientists 
working on integrated assessment (IA) modeling of the climate system.  The objectives 
were to discuss how the representation of the CC in IA models could be improved and to 
identify what inputs or other information IA models could provide to the CC modelers 
and researchers. 

 
The workshop attracted many of the top people in the field and was regarded as a 
significant success.  Funded by DOE, NASA, NOAA, NSF, USDA, and USGS as an 
activity of the US Global Change Research Program and the Carbon Cycle Interagency 
Working Group, the workshop was not explicitly a CMI event but nonetheless was a 
significant piece of the policy effort. 
 
Quantitative evaluation of innovative allowance trading regime for greenhouse gas 
control   
 
We used two important integrated assessment models, MERGE (based in EPRI) and 
MiniCAM (based in the Pacific Northwest National Laboratory), with the specific 
objective of quantifying the institutional design for a carbon trading regime described last 
year in the paper, “A No Cap But Trade Approach to Greenhouse Gas Control.”  That 
paper and project have been renamed, “Greenhouse Gas Control as the Purchase of a 
Public Good.”   
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Modeling of optimal sequestration, considering induced technological change, 
technological inertia, and carbon leakage   
 
We analyze carbon sequestration as a strategy to manage future climate change in an 
optimal economic growth framework.  Carbon sequestration is not a perfect substitute for 
avoiding CO2 production, because CO2 leaks back to the atmosphere and hence imposes 
future costs. Our model shows quantitatively that safe and acceptable CO2 sequestration 
methods at plausible costs could reduce economically optimal carbon emissions, global 
warming, expenditures for CO2 control, and climate-related damages.  
 
Analysis of efficient policies to reduce the risk of dangerous interference with the 
climate system.   
 
Our recent work demonstrates that the timing of near -term policy actions with regard to 
emissions abatement and sequestration should be formulated in the context of considering 
appropriate long-term objectives for stabilizing carbon dioxide levels or climate. In 
particular, achieving a stabilization concentration below a doubling of pre -industrial 
atmospheric CO2 is likely to become infeasible, absent near-term abatement. The tighter 
the target, the greater the urgency of action.  
 
Justification for tight targets increases, as understanding grows regarding the risk of 
damage to sensitive ecosystems and the manifestation of disruptive climate events, like 
disintegration of the West Antarctic ice sheet, at higher concentrations. 
 
 
Interactions with sponsors  
 
Participation in BP meetings in London, visits to BP facilities in Houston, and the hosting 
of a BP Technical Advisory Committee meeting in Princeton are among the occasions 
which provided CMI with invaluable insight into the challenges of carbon management 
for the oil and gas industry. A six-person two-day visit to Ford’s headquarters in 
Dearborn, Michigan, jointly with opposite numbers from MIT, provided parallel insights 
into the challenges for the auto industry and ideas for three-way collaborations. 
 
 
AN EXPANDED INTEGRATIVE EFFORT FOR YEAR THREE AND 
BEYOND 
 
Just after the kick-off meeting two years ago, we committed to a third-year goal of 
producing a comprehensive assessment of proposed solutions to the carbon and climate 
problem, as well as our own recommendations.   Our idea at the time was to produce an 
integrated assessment of the size and significance of the problem, the various ways of 
reducing net emissions, economic costs, risks to human and environmental health, and 
policy options. 
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A number of recent developments strengthen our commitment to this effort.  US policy 
on the greenhouse problem has been clarified in the last few months.  We have expended 
considerable effort in understanding these developments, including participation in one of 
the important meetings (i.e. the Workshop on the U.S. Climate Change Science Plan in 
Washington in the first week of December, 2002) and private discussions with two of the 
policy makers close to the Administration: John Marburger (President’s Science Advisor) 
and James Mahoney (NOAA).  Although everyone talks about the need for an integrated 
understanding of possible solutions, no single group that is small enough to make a 
coherent effort is actually working to produce one.   
 
Moreover, the large grant to Stanford has changed the landscape in which CMI works.  
The Stanford grant is being presented as focusing exclusively on the development of 
technology and associated economic issues . No integration across science, technology, 
economics, and policy is intended.   
 
Also, the October 2002 International Conference on Greenhouse Gas Control 
Technologies, in Kyoto, provided us with a new snapshot of research on mitigation.  
Although our program covers all the bases (we delivered more papers than any other 
group: nine of approximately 200), we are concerned that CMI’s impact could ultimately 
be diluted by its breadth, unless we make an explicit, ongoing, and tangible commitment 
to integration. 
 
We find it amazing that, with all the focus on the carbon problem and recent interest in 
technological solutions, almost no one seems to have even an elementary understanding 
of all of the essential areas needed to evaluate a solution.  Basic scientist s understand 
atmospheric CO2, but are typically unaware of the maximum rates at which new 
technologies have been adopted in the past.  People in oil and gas companies understand 
the injection of CO2 into geologic reservoirs, but typically cannot predict if  a stabilization 
plan would help or hurt their business. (For example, would the demand for sequestration 
services more than compensate for the reduced demand for oil and gas?)  Energy 
economists involved in climate modeling understand the price of oil, bu t typically do not 
know that published scenarios for stabilization probably underestimate necessary 
reductions in emissions, because they assume the wrong cause for the current terrestrial 
CO2 sink.  Progress is greatly hindered by the lack of a core group of business leaders, 
scientists, economists, engineers, and policy makers who can envision credible solutions 
with a compelling level of detail. 

 
After two years of work, we believe that we could now assemble and publish an 
accessible summary of the critical science, technology, economics, and policy that CMI 
members collectively understand.  We propose to write a series of papers focused on 
stabilization of atmospheric CO2 that review and extend past work.  The papers will 
concentrate on the next 50 years , but will also look to the end of the century.  Although 
each paper will stand alone in its respective field, the collection will be designed from the 
outset to fit together into a comprehensive and mutually supporting package.  When these 
are complete (we would like to say within one year but it will probably take two), it will 
probably also be worthwhile to write an account the length of a short novel for a more 
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general audience.  The idea is to provide something that will allow the non-specialist to 
understand how stabilization would work, including costs, business opportunities, policy 
options, benefits, and risks.  
 
We emphasize that this integrative effort will complement our existing program of 
fundamental research in carbon science, technology, economics, and policy, and will not 
diminish CMI’s disciplinary focus.  We believe that much of the needed work can be 
accomplished by coordinating the writing that our disciplinary groups will be doing 
anyway. 

 
Four papers would form the core of the integrati ve effort:   
 

The science paper will calculate a new set of stabilization emissions that include 
all of the latest scientific findings.  The largest source of uncertainty about 
stabilization emissions is the fate of the current terrestrial sink.  If it is caused by 
CO2 fertilization, as IPCC models continue to assume, then it will increase in the 
future, but if it is caused by land use, then it will decrease.  Our analysis will 
provide the most comprehensive and up-to-date constraints on the future behavior 
of the terrestrial sink.  
 
The technology paper will develop an agenda for an area of research at an overlap 
of science and technology, "solution science," which addresses the feasibility, 
risks, and costs of proposed technological "solutions" that mitigate climate change 
at significant scale. The paper will focus on the next 50 years. It will be organized 
around a table showing the various mitigation options: several types of geologic 
sequestration, ocean injection, ocean fertilization, enhanced terrestri al sinks, 
direct CO2 capture from the air, nuclear, wind, direct solar, biomass fuels, 
increased end-use efficiency, changes in patterns of use. For each option, the 
paper will describe the effort necessary to displace 1 Gt(C)/yr of carbon in fossil 
fuel emissions (and how the effort scales to 2 and 3 Gt(C)/yr), and it will explore 
the associated co-benefits and risks to human and environmental health. 
 
The economics paper will compute the cost of stabilization at each of several 
levels, and an optimal path to stabilization, given the information in the science 
paper and the technology paper. It will focus on the relatively well constrained 
problem in which energy and emissions schedules are assumed, and will calculate 
the best way to achieve them.  It will use a suite of integrated assessment models 
and will examine alternative economic instruments for achieving the emissions 
schedules.  It will also analyze costs and benefits for various sectors, including the 
oil and gas industry, the coal industry, OECD countries, China, and other regions. 
 
The policy paper will assess the advantages and disadvantages of alternative 
policies and kinds of institutions required to achieve the emissions reductions 
discussed in the economics paper. It will focus on decision-making under 
uncertainty. The climate problem is unusual because of the long time scales 
involved.  Damages take decades or centuries to develop.  Although we 
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sometimes narrow the uncertainty about particular aspects of the problem within a 
decade, we constantly discover new dimensions of the problem to worry about, 
and so the total uncertainty remains the same or grows.  We thus suspect that the 
total level of uncertainty will not decrease substantially over the next couple of 
decades, and so we are going to have to act (or not) in spite of the uncertainty.  
 

The book-length collection of papers will fill a conspicuous gap in the literature and will 
allow the academic specialist, the congressional staff person, and the engineering 
undergraduate to come to grips with solutions to the carbon problem.  The production of 
an abridged version would serve the same function for a general audience.  The effort of 
producing the papers would clearly benefit the CMI.  It would force tighter integration of 
our research that should lead to additional synergy.   


