
CO2: The Thermostat that Controls Earth’s Temperature  
 

The essence of the recent study by GISS climate scientists 
published in the October 15th issue of Science 1 shows that 
atmospheric CO2 operates as a thermostat to control the 
temperature of Earth.  (October 2010) 
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There is a close analogy to be drawn between the way an ordinary thermostat maintains 
the temperature of a house, and the way that atmospheric carbon dioxide (and the other 
minor non-condensing greenhouse gases) control the global temperature of Earth. The 
ordinary thermostat produces no heat of its own. Its role is to switch the furnace on and 
off, depending on whether the house temperature is lower or higher than the thermostat 
setting. If we were to carefully monitor the temperature of the house, we would see that 
the temperature does not stay constant at the set value, but rather exhibits a “natural 
variability” as the house temperature slips below the set value and then overshoots the 
mark with a time constant of minutes to tens of minutes, because of the thermal inertia 
of the house and because heating by the furnace (when it is on) is more powerful than 
the steady heat loss to the outdoors. If the thermostat is suddenly turned to a very high 
setting, the temperature will begin to rise at a rate dictated by the inertia of the house 
and strength of the furnace. Turning the thermostat back to normal will stop the heating. 

Atmospheric carbon dioxide performs a role similar to that of the house thermostat in 
setting the equilibrium temperature of the Earth. It differs from the house thermostat in 
that carbon dioxide itself is a potent greenhouse gas (GHG) warming the ground 
surface by means of the greenhouse effect. It is this sustained warming that enables 
water vapor and clouds to maintain their atmospheric distributions as the so-called 
feedback effects that amplify the initial warming provided by the non-condensing GHGs, 
and in the process, account for the bulk of the total terrestrial greenhouse effect. Since 
the radiative effects associated with the buildup of water vapor to near-saturation levels 
and the subsequent condensation into clouds are far stronger than the equilibrium level 
of radiative forcing by the non-condensing GHGs, this results in large local fluctuations 
in temperature about the global equilibrium value. Together with the similar non-linear 
responses involving the ocean heat capacity, the net effect is the “natural variability” 

Fig. 1. Attribution of individual atmospheric
component contributions to the terrestrial
greenhouse effect, separated into feedback
and forcing categories. Dotted and dashed
lines depict the fractional response for single-
addition and single-subtraction of individual
gases to either an empty or full-component
reference atmosphere, respectively. Solid
black lines are the scaled averages of the
dashed and dotted line fractional response
results. The sum of the fractional responses
must add up to the total greenhouse effect.
The reference model atmosphere is for 1980
conditions. 
 



that the climate system exhibits regionally, and on inter-annual and decadal timescales, 
whether the global equilibrium temperature of the Earth is being kept fixed, or is being 
forced to re-adjust in response to changes in the level of atmospheric GHGs.   

This assessment comes about as the result of climate modeling experiments which 
show that it is the non-condensing greenhouse gases such as carbon dioxide, methane, 
ozone, nitrous oxide, and chlorofluorocarbons that provide the necessary atmospheric 
temperature structure that ultimately determines the sustainable range for atmospheric 
water vapor and cloud amounts, and thus controls their radiative contribution to the 
terrestrial greenhouse effect. From this it follows that these non-condensing greenhouse 
gases provide the temperature environment that is necessary for water vapor and cloud 
feedback effects to operate, without which the water vapor dominated greenhouse 
effect would inevitably collapse and plunge the global climate into an icebound Earth 
state. 

Within only the past century, the CO2 control knob has been turned sharply upward 
toward a much hotter global climate. The pre-industrial level of atmospheric carbon 
dioxide was about 280 ppm, which is representative of the inter-glacial maximum level 
of atmospheric CO2. During ice age extremes, the level of atmospheric CO2 drops to 
near 180 ppm, for which the global temperature is about 5 C colder. The rapid recent 
increase in atmospheric CO2 has been attributed to human industrial activity, primarily 
the burning of fossil fuels. This has pushed atmospheric CO2 toward the 400 ppm level, 
far beyond the inter-glacial maximum. The climate system is trying to respond to the 
new setting of the global temperature thermostat, and this response has been the rise in 
global surface temperature by about 0.2 C per decade for the past three decades.  

It has been suggested that we are well past the 300 to 350 ppm target level for 
atmospheric CO2 beyond which dangerous anthropogenic interference in the climate 
system would be expected to exceed the 25% risk tolerance for impending degradation 
of land and ocean ecosystems, sea level rise, and inevitable disruption of the socio-
economic and food-producing infrastructure3. This prospect of a rising risk of triggering 
unacceptable environmental consequences makes reduction and control of atmospheric 
CO2 a serious and pressing issue for humanity, worthy of real time attention. 

Radiative modeling analyses of the terrestrial greenhouse structure described in a 
parallel study in the Journal of Geophysical Research 2 found that water vapor accounts 
for about 50% of the Earth’s greenhouse effect, with clouds contributing 25%, carbon 
dioxide 20%, and the minor greenhouse gases (GHGs) and aerosols accounting for the 
remaining 5%, as shown in Fig. 1. Thus, while the non-condensing greenhouse gases 
account for only 25% of the total greenhouse effect, it is these non-condensing GHGs 
that actually control the strength of the terrestrial greenhouse effect since the water 
vapor and cloud feedback contributions are not self-sustaining and as such, only 
provide amplification. Because carbon dioxide accounts for 80% of the non-condensing 
GHG forcing in the current climate atmosphere, atmospheric carbon dioxide therefore 
qualifies as the principal control knob that governs the temperature of Earth. 





From the foregoing, it is clear that CO2 is the key atmospheric gas that exerts principal 
control (80% of the non-condensing GHG forcing) over the strength of the terrestrial 
greenhouse effect. Water vapor and clouds are fast-acting feedback effects, and as 
such, they are controlled by the radiative forcing supplied by the non-condensing GHGs. 

The bottom line is that atmospheric carbon dioxide acts as a thermostat in regulating 
the temperature of Earth. The rapid increase in atmospheric carbon dioxide due to 
human industrial activity is therefore setting the course for continued global warming. 
Because of the large heat capacity of the climate system, the global surface 
temperature does not respond instantaneously to the sharp upturn of the carbon dioxide 
thermostat, which at this moment stands at 386.80 ppm compared to the normal 
interglacial maximum level of 280 ppm. Since humans are responsible for changing the 
level of atmospheric carbon dioxide, they then also have control over the global 
temperature of the Earth. Humans are at a difficult crossroad. Carbon dioxide is the 
lifeblood of civilization as we know it. It is also the direct cause fueling an impending 
climate disaster. There is no viable alternative to counteract global warming except 
through direct human effort to reduce the atmospheric CO2 level.  

The basic physics for the present study is rooted in the high precision measurements 
documenting the rise of atmospheric carbon dioxide and other greenhouse gases as 
fully described in the IPCC AR4 report, and in the comprehensive HITRAN database4 of 
atmospheric absorption data. The radiative transfer calculations involve well-understood 
physics that is applied to the global energy balance of the Earth, which is maintained by 
radiative processes only, since the global net energy transports must equal zero. This 
demonstrates the nature of the terrestrial greenhouse effect as being sustained by the 
non-condensing GHGs, with magnification of the greenhouse effect by water vapor and 
cloud feedbacks, and leaves no doubt that increasing GHGs cause global warming. 
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