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The Challenge of Finding a Path to Halting and then Reversing Climate Change 
 
The world faces a challenging dilemma. Because of their abundance, transportability, and 
ability to provide energy day and night, fossil fuels (coal, oil, and natural gas) currently 
provide over 80% of the energy that sustains the standard-of-living of the seven billion 
people alive today, and with energy demand increasing, especially to raise the quality of life 
in developing nations, the on-going year-to-year increase in global emissions of carbon 
dioxide and other heat trapping gases and aerosols is projected to continue. 

Unfortunately, however, the environmental and societal impacts of the emissions from 
combustion of fossil fuels are also increasing. While emissions controls in advanced nations 
have been able to limit the impacts of trace pollutants on air and water quality and on 
human health, the emissions of carbon dioxide, methane, and black carbon are now so large 
that they are inducing increasingly severe and eventually potentially devastating and long-
term changes in global climate, global sea level, and ocean acidification. The only way to 
slow, stop, and reverse these changes is to cut emissions of these substances, and thus the 
energy that they supply to sustain the global population, to near zero. 

The scientific basis for the growing concern about climate change has been summarized 
in four, soon to be five, international scientific assessments by the Intergovernmental Panel 
on Climate Change that have been unanimously accepted by the nations of the world and 
endorsed by national academies of science and professional societies around the world. 
The observational, theoretical, and analytical evidence has only become stronger over 
recent decades, building on the fundamental reasons for concern that became evident in 
the 1960s and 1970s. 

First, observations clearly indicate that atmospheric composition is being altered as a 
result of emissions from human activities. Observations at the Mauna Loa Observatory in 
Hawaii indicate that the CO2 concentration has increased from about 315 ppmv in 1957 to 
near 400 ppmv in the spring of 2013. Concentrations measured in air trapped in air 
bubbles in glacial ice indicate that the preindustrial concentration was in the range 275-
280 ppmv and that concentrations back roughly 800,000 years were constrained, with 
small and rare exceptions, to about 200-300 ppmv as the global climate swung between 
glacial and interglacial conditions over periods of about 100,000 years. Very clearly, the 
recent rapid rise to near 400 ppmv is unprecedented, and isotopic measurements make 
clear this increase is due to human activities, primarily from the combustion of fossil fuels, 
but also as a result of deforestation and oxidation of soil carbon. 

Second, a number of measures of the global climate have been changing more and more 
rapidly over recent decades. The global average temperature is now about 0.8ºC above its 
preindustrial level and has been increasing in a manner that changes in natural factors, 
such as changes in solar radiation and volcanic eruptions, cannot explain, but that are in 
good agreement with the changes expected to result from the combined anthropogenic 
effects resulting from emissions of CO2 and other greenhouse gases, of emission of SO2 and 
its conversion to sulfate aerosols, and of emission of halocarbons that have depleted 
stratospheric ozone. Other climatic changes occurring, all of which are consistent with an 
increasing influence of human activities on climate, include: greater warming of the 
continents than the oceans, an increase in atmospheric absolute humidity, an increasing 
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fraction of precipitation coming in heavy rains, cooling of the stratosphere, melting back of 
continental snow cover and Arctic sea ice, increasing loss of mass from mountain glaciers 
and the Greenland and Antarctic ice sheets, a rise in global sea level of about 0.2 m, 
reductions in ocean pH, and shifts in the storm tracks that are consistent with an expanding 
subtropics. Although not yet fully documented, there is also an emerging tendency to 
increasingly disruptive weather, including more intense periods of drying and drought, 
persistent heavy rains, and severe storms, and more occurrences of extremely high 
temperature and heat waves. 

Third, given the global reliance on fossil fuels, their continued economic and other 
advantages, and the slow pace of the nations of the world to succeed in promoting a shift to 
technologies that do not release CO2 from fossil fuels to the atmosphere, global emissions 
are projected to increase in the future. With the roughly billion people in developed nations 
each responsible for emission of roughly 3-5 tC/yr (as CO2) and the roughly 6 billion in 
developing nations responsible for emission of roughly 1 tC/yr (as CO2), there is the 
potential for global emissions of roughly 10 GtC/yr (as CO2) to at least double or triple if 
those in developing nations choose the same energy technologies as prevail in the 
developed nations. Depending on the particular future scenario that emerges in terms of 
global population, choice and costs of energy technologies, rate of economic development 
and other factors, the ongoing course of human activities could be responsible for causing 
the global average temperature to be 3-5ºC above its preindustrial level in 2100, and at 
that time, either headed up to even higher levels or perhaps nearing stabilization. For 
reference, the global average temperature is presently about 6ºC above its level 20,000 
years ago when 2 km of ice covered much of North America and Europe (and global sea 
level is about 120 m higher than then), and only about 6ºC below its value more than 
65,000,000 years ago during the Cretaceous when palm trees ringed the Arctic Ocean of 
that time (and global sea level is perhaps lower by 70 m or so). Associated with the 
projected warming are a lengthening of the warm season and significant contraction and 
easing of the cold season, expansion of the dry subtropics, greater melting of land-based ice 
and an increase rate of rise of sea level, more intense droughts and precipitation when it 
occurs, and other similarly disruptive changes in the Earth’s climate. 

While the benefits of fossil fuel energy are widespread, the impacts will also be 
fundamental and wide reaching. Higher temperatures, more disruptive and violent 
weather, increased survival of disease vectors and infectious agents, and more can all 
adversely affect human health. Shifting storm tracks, timing, and intensity and rising 
snowlines will lead to different seasonal timing of runoff and soil moisture availability, 
affecting agriculture, industry, ecosystem and community needs for and sources of water. 
The rise in sea level, coupled with stronger storms in many regions, will lead to increasing 
inundation of low-lying coastal wetlands, estuaries, and communities; the retreat of sea ice 
in high latitudes is already affecting indigenous communities as a result of wintertime 
storm waves causing extensive shoreline erosion. Shifting temperature and climatic zones 
will alter the locations for which various plant and terrestrial and marine species are best 
adapted, disrupting the competitive balance and intricate linkages of ecosystems. 
Agriculture will be particularly affected as the preferred locations for growing crops 
change, but have to interface with changing seasonal light levels, soil quality, and variability 
between very wet and every dry conditions. Simultaneous adaptation to all the changing 
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conditions is going to be challenging, and is projected to become especially difficult as the 
global average temperature rises above 1.5 to 2ºC. 

The prospects for avoiding very severe impacts and widespread suffering are 
diminishing with each year that there is only limited effort put in to reducing global 
reliance on fossil fuel-derived energy. Limiting the increase in the CO2 concentration to 
about 550 ppmv, so double the preindustrial value and which would be associated with 
roughly a 3°C rise in global average temperature that is well above the 1.5 to 2°C agreed 
upon as likely to create significant risk of “dangerous” impacts, requires that total global 
CO2 emissions not exceed roughly 600 GtC. With current emissions nearing 10 GtC/yr, this 
would require starting within a decade or so a linear decrease in emissions to near zero 
from present levels by roughly the end of the century. And limiting the rise in global 
average temperature to roughly double the present increase of 0.8°C, a level at which there 
are already serious impacts in some areas, would require phasing out fossil fuel emissions 
much more rapidly, so roughly by mid-century. Present national commitments to limit and 
reduce emissions are nowhere near adequate, heading the Earth toward roughly 4°C 
warming in 2100, which would have disastrous consequences that would persist for 
millennia. 

Aggressively moving to limit emissions of short-lived warming agents, in particular 
methane, black carbon, tropospheric ozone, and hydrofluorocarbons (HFCs) offers a slight 
bit of hope, especially because actions to limit emissions of short-lived species generally 
are not costly and often have important co-benefits in terms of improved health, improved 
efficiency, and cleaner air and water that make such actions beneficial even in the absence 
of the reduction in global warming that would result. Estimates are that prompt and 
significant action could reduce global warming by of order 0.5°C, or roughly half of the 
increase projected to occur between now and 2050, but in the absence of simultaneous 
efforts to limit emissions of CO2 and other long-lived greenhouse gases, the pace of 
warming would then turn higher. 

Going beyond traditional mitigation (i.e., traditional approaches to reduce emissions) 
and adaptation, there has been increasing discussion of the potential for taking actions that 
would intentionally modify the global system to either increase the rate of removal of 
carbon dioxide from the atmosphere (using approaches referred to as carbon dioxide 
reduction, or CDR) or to offset the warming influence, and thus the climatic effects, of the 
increased CO2 concentration (using approaches referred to as solar radiation management, 
or SRM). Suggested approaches to CDR include reforestation, burial of harvested vegetation 
or crop residue in the land or oceans, and fertilization or stirring of the ocean to enhance 
carbon uptake; all such approaches would be relatively slow acting and have to become 
very large scale to counter anything like current global emission levels. Suggested SRM 
approaches mimic natural approaches to cooling the planet, including increasing the 
stratospheric sulfate level as occurs as a result of major volcanic eruptions, brightening 
marine stratus clouds as occurs in clean ocean areas as a result of exhaust plumes from 
ships, brightening remote areas of the troposphere in imitation of what SO2 emissions from 
coal-fired power plants do now in populated areas, reducing high-altitude cirrus clouds as 
occurred during the air transport disruption following the 9/11/2001 terrorist events, and 
brightening the ocean surface as occurs as a result of ship wakes injecting air bubbles into 
the ocean. Each of the approaches comes with both advantages and disadvantages in terms 
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of the scientific and engineering challenges of doing it, issues of governance relating to who 
decides what is done and by how much the climate is altered, ethical and other issues 
relating to obligations imposed on future generations, issues of equity and security as there 
will likely be winners and losers, and the question of whether reliance on SRM might lead 
there to be less incentive to cut emissions, which represents the only way to really reverse 
all of the adverse consequences that are occurring. 

One slight nuance on potential global application of SRM approaches is whether 
regionally focused application might be able to alleviate the worst impacts of fossil-fuel-
induced climate change such that irreversible consequences are held off while global 
emissions reductions are implemented. For example, might it be possible to use these 
approaches to moderate Arctic warming, to reduce the temperature of waters where 
tropical cyclones intensify, or to nudge storm tracks back into areas that are becoming 
increasingly dry? Globally, research on CDR and SRM is at such a low level that very little is 
know about either what is possible or what the beneficial and adverse consequences might 
be, so that, at present, such climate engineering approaches, while surely not an alternative 
to mitigation, cannot be viewed as even a possible complement to adaptation and 
mitigation as a way of responding to the increasing harm being imposed as a result of 
climate change. 


