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Global Warming Since 1850—the Full Story

Sources: Met Office Hadley Centre HadCRUT4 dataset; Etheridge et 

al. (1998); Keeling et al. (2001); MacFarling Meure et al. (2006); 

Merged Ice-Core Record Data, Scripps Institution of Oceanography

We can see that CO2 emissions rose 

rapidly, most rapidly in the last fifteen 

years. But

there is not nearly the warming or the 

pattern of warming that we have been led 

to expect. We can see a very mild 

warming trend overall—less than 1 

degree Celsius (less than 1.5 degrees 

Fahrenheit) over a century—which in itself 

is unremarkable, given that there is 

always a trend one way or the other, 

depending on the time scale you select. 

But notice that there are smaller trends of 

warming and cooling, signifying that CO2 

is not a particularly powerful driver, and 

especially notice that the current trend is 

flat when it “should be” skyrocketing.
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Source: Myhre et al. (1998)

As the following illustration shows, the 

greenhouse effect of CO2 is an extreme 

diminishing effect—a logarithmically decreasing 

effect.23 This is how the function looks when 

measured in a laboratory.

Notice that we are just before 400 ppm (which 

means CO2 is .04 percent of the atmosphere), 

where the effect really starts tapering off; the 

warming effect of each new molecule is not 

much.

This means that the initial parts per million of 

CO2 do the vast majority of the warming of our

atmosphere. The image below shows how, all 

things being equal, the heating effect of each 

additional increment of CO2 is smaller and 

smaller.

So why do we have the idea that the greenhouse effect means rapid global warming? Because 

the proven greenhouse effect is falsely equated with the related but speculative theory that the 

greenhouse effect of CO2 is dramatically amplified by other effects in the atmosphere, leading 

to rapid warming instead of the otherwise expected decelerating warming.

The Decelerating, Logarithmic 

Greenhouse Effect
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The NASA/Hansen Climate Model 

Predictions vs. Reality
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The most famous model in the history of climate 

science, the 1988 model by James Hansen, who 

has a reputation in the media as the world’s 

leading climate scientist. At twenty four years old, 

the model has been given ample time to show its 

predictive accuracy. In the graph, we can see how 

Hansen’s prediction compares with the actual 

temperature measurements Hansen 

subsequently reported; he dramatically 

overpredicted warming. Note in particular that 

since the late 1990s, there has been no increase 

in average temperatures.

Hansen and every other believer in catastrophic 

global warming expected that there would be, for 

the simple reason that we have used record, 

accelerating amounts of CO2. But as the official 

government data show, these CO2 increases 

have not driven major temperature increases; as 

CO2 has increased dramatically, there have been 

relatively mild periods of warming, cooling, and 

now flattening. Thus, not just Hansen’s model but 

every climate model based on CO2 as a major 

climate driver has been a failure.

Sources: Hansen et al. (1988); RSS; Met Office 

Hadley Centre HadCRUT4 dataset; RSS Lower 

troposphere data
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Figure 4.3: Climate Prediction Models That Can’t 

Predict Climate

Source: Christy, Climate Model Output from KNMI, Climate 

Explorer (2014)

Here is a graph of 102 

prominent, modern climate 

models put together by John 

Christy of the University of 

Alabama at Huntsville, who 

collects satellite measurements 

of temperature. Even though 

the modern models have the 

benefit of hindsight and 

“hindcasting,” reality is so 

inconsistent with the theory that 

they can’t come up with a 

plausible model. And note how 

radically different all the 

predictions are; this illustrates 

that the field of predicting 

climate is in its infancy.
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N. Bellouin et al.: Regional and seasonal radiative forcing
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Figure 2. Specific radiative forcing for regional and seasonal reductions in sulfur dioxide, black carbon, organic carbon, and 

ammonia emissions. Results are obtained by four global models: OsloCTM2 (O), NorESM1 (N), HadGEM3 (H), and ECHAM6 (E) 

except for ammonia perturbations where only OsloCTM2 contributes. Three categories of radiative forcing mechanisms are 

included: aerosol–radiation and aerosol–cloud interactions (red, except for ECHAM6 where aerosol–cloud radiative forcing is not 

diagnosed), BC deposition on snow (grey, OsloCTM2 only), and rapid adjustments from the semi-direct effect of BC (blue, 

OsloCTM2 only).

Figure 2 shows globally and annually 

averaged SRF for SO2, BC, OC, and 

ammonia (NH3/ perturbations in the 

ECLIPSE models. Ammonia 

perturbations have only been 

simulated by OsloCTM2 because it is 

the only participating model that 

represents the equilibrium between 

nitric acid, in the gas phase, and 

nitrate aerosols. ECHAM6 is 

consistently associated with weaker 

SRF than other models because it 

only diagnoses ari, therefore 

neglecting the often larger aci

contribution; only for BC is aci a 

relatively minor component of aerosol 

RF – at 2 to 15% according to 

NorESM1 and OsloCTM2.



What are greenhouse gases and how do they 

affect the climate?

 The major greenhouse gases that the United States emitted as a result of human activity and their share of 

total U.S. greenhouse gas emissions in 2014:1

 Carbon dioxide (CO2)—80.9%

 Methane (CH4)—10.6%

 Nitrous oxide (N2O)—5.9%

 Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6), and nitrogen triflouride

(NF3)—2.6%

 There are other greenhouse gases that are not counted in United States or international greenhouse gas 

inventories:

 Water vapor is the most abundant greenhouse gas. Most scientists believe that water vapor produced 

directly by human activity contributes very little to the amount of water vapor in the atmosphere. Therefore, 

the U.S. Energy Information Administration (EIA) does not estimate emissions of water vapor. Research 

conducted by NASA suggests a stronger impact from the indirect human effects on water vapor 

concentrations in the atmosphere.

 Ozone is technically a greenhouse gas because it has an effect on global temperature. However, at higher 

elevations in the atmosphere (stratosphere), where it occurs naturally, ozone is needed to block harmful 

ultraviolet light. At lower elevations of the atmosphere (troposphere), ozone is harmful to human health and 

is a pollutant regulated independently of its warming effects.
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http://www.nasa.gov/topics/earth/features/vapor_warming.html


NASA: Water Vapor Confirmed as Major Player 

in Climate Change

 Water vapor is known to be Earth’s most abundant greenhouse gas, but the extent of its contribution to global 

warming has been debated. Using recent NASA satellite data, researchers have estimated more precisely than ever 

the heat-trapping effect of water in the air, validating the role of the gas as a critical component of climate change.

Andrew Dessler and colleagues from Texas A&M University in College Station confirmed that the heat-amplifying 

effect of water vapor is potent enough to double the climate warming caused by increased levels of carbon dioxide 

in the atmosphere. 

With new observations, the scientists confirmed experimentally what existing climate models had anticipated 

theoretically. The research team used novel data from the Atmospheric Infrared Sounder (AIRS) on NASA’s Aqua 

satellite to measure precisely the humidity throughout the lowest 10 miles of the atmosphere. That information was 

combined with global observations of shifts in temperature, allowing researchers to build a comprehensive picture of 

the interplay between water vapor, carbon dioxide, and other atmosphere-warming gases. The NASA-funded 

research was published recently in the American Geophysical Union's Geophysical Research Letters.
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Based on climate variations between 2003 

and 2008, the energy trapped by water 

vapor is shown from southern to northern 

latitudes, peaking near the equator.

Credit: Andrew Dessler



For first time in almost 60 years, U.S. a net 

exporter of natural gas

 The U.S. has become a net exporter of 

natural gas, further evidence of the how 

the domestic oil and gas boom is 

reshaping the global energy business.

 The U.S. has exported an average of 7.4 

billion cubic feet a day of gas in 

November, more than the 7 billion cubic 

feet a day it has imported, according to 

S&P Global Platts.
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Pounds of CO2 emitted per million British thermal 

units (Btu) of energy for various fuels:

For first time in almost 60 years, U.S. a 

net exporter of natural gas

The amount of CO2 produced when a fuel is burned is a function of the carbon content of the fuel. The heat 

content, or the amount of energy produced when a fuel is burned, is mainly determined by the carbon (C) and 

hydrogen (H) content of the fuel. Heat is produced when C and H combine with oxygen (O) during combustion. 

Natural gas is primarily methane (CH4), which has a higher energy content relative to other fuels, and thus, it 

has a relatively lower CO2-to-energy content. Water and various elements, such as sulfur and noncombustible 

elements in some fuels reduce their heating values and increase their CO2-to-heat contents.

http://www.eia.gov/tools/glossary/index.cfm?id=heat%20content


Energy-related CO2 emissions for first six 

months of 2016 are lowest since 1991
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Changing fossil fuel consumption mix. Coal 

and natural gas consumption each decreased 

compared to the first six months of 2015. 

However, the decrease was greater for coal, 

which generates more carbon emissions when 

burned than natural gas. Coal consumption fell 

18%, while natural gas consumption fell 1%. 

These declines more than offset a 1% increase in 

total petroleum consumption, which rose during 

that period as a result of low gasoline prices.

Increasing renewable energy consumption. Consumption 

of renewable fuels that do not produce carbon dioxide 

increased 9% during the first six months of 2016 compared 

with the same period in 2015. Wind energy, which saw the 

largest electricity generating capacity additions of any fuel in 

2015, accounted for nearly half the increase. Hydroelectric 

power, which has increased with the easing of drought 

conditions on the West Coast, accounted for 35% of the 

increase in consumption of renewable energy. Solar energy 

accounted for 13% of the increase and is expected to see 

the largest capacity additions of any fuel in 2016.

http://www.eia.gov/tools/faqs/faq.cfm?id=73&t=11
http://www.eia.gov/todayinenergy/detail.cfm?id=27792
http://www.eia.gov/todayinenergy/detail.cfm?id=27672
http://www.eia.gov/todayinenergy/detail.cfm?id=25172
http://www.eia.gov/todayinenergy/detail.cfm?id=26332


Solar, natural gas, wind make up most 2016 

generation additions
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Natural gas. Most capacity additions over the past 20 years have been natural gas-fired units. About 8 GW is expected to be added 

this year, slightly above the 7.8 GW average annual additions over the previous five years. Four states plan to add more than 1 GW 

of natural gas-fired capacity this year: Pennsylvania (1.6 GW), Virginia (1.4 GW), Florida (1.3 GW), and Texas (1.1 GW).

Wind. Additions of wind capacity are expected to be slightly lower than in 2015, when 8.1 GW of wind made up by far the largest 

portion of 2015 capacity additions. Wind capacity additions in 2016 are expected to total 6.8 GW. Most wind additions are found in 

the Plains region between the Dakotas and Minnesota, south to Texas and eastern New Mexico.

Nuclear. Tennessee Valley Authority's Watts Bar 2 nuclear facility in southeastern Tennessee, with a summer nameplate capacity of 

1.1 GW, is expected to begin commercial operation in June 2016. When Watts Bar 2 comes online, it will be the first new nuclear 

reactor brought online in the United States in 20 years. The most recent reactor to come online was Watts Bar 1 in May 1996.

Solar. Planned utility-scale solar additions total 9.5 

GW in 2016, the most of any single energy source. 

This level of additions is substantially higher than 

the 3.1 GW of solar added in 2015 and would be 

more than the total solar installations for the past 

three years combined (9.4 GW during 2013-15). 

The top five states where solar capacity is being 

added are California (3.9 GW), North Carolina (1.1 

GW), Nevada (0.9 GW), Texas (0.7 GW), and 

Georgia (0.7 GW). These values reflect utility-

scale solar capacity additions, and do not include 

any distributed generation (i.e., rooftop solar). In 

2015, nearly 2 GW of distributed solar photovoltaic 

capacity was added. The same federal tax credit 

incentives for distributed solar installations 

available in 2015 are available in 2016.



EPA Releases Greenhouse Gas Emissions Data 

from Large Facilities

More than 8,000 large facilities reported their direct greenhouse gas emissions 

from 2015 to EPA. The data from these facilities show that in 2015:

 Power plants remained the largest source of U.S. greenhouse gas emissions, with nearly 

1,500 facilities emitting approximately 2 billion metric tons of carbon dioxide, roughly 30 

percent of total U.S. greenhouse gas pollution in 2015. Power plant emissions in 2015 

declined by 6.2 percent as compared to 2014, and by 11.3 percent since 2011.

 Petroleum and natural gas systems were the second largest stationary source of emissions, 

reporting 231 million metric tons of greenhouse gas emissions. Reported emissions for 

2015 were 1.6 percent lower than 2014, but 4.1 percent higher than 2011.

 Reported emissions from other large sources in the industrial and waste sectors were 

a combined 852 million metric tons of greenhouse gas emissions in 2015, down 1.6 percent 

from 2014. Most sectors reported emissions reductions, with large declines in reported 

emissions from the iron and steel sector and the production of fluorinated chemicals. 
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