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Summary

The energy transfer processes that occur at the Earth’s surface are examined from first
principles. The effect of small changes in the solar constant caused by variations in the
sunspot cycles and small increases in downward long wave infrared flux due to a 100 ppm
increase in atmospheric CO2 concentration on surface temperature are considered in detail.
The changes in the solar constant are sufficient to change ocean temperatures and alter the
Earth’s climate. The effects on surface temperature of small increases in downward LWIR
flux are too small to be measured and cannot cause climate change. The assumptions
underlying the use of radiative forcing in climate models are shown to be invalid. A null
hypothesis for CO2 is proposed that it is impossible to show that changes in CO2 concentration
have caused any climate change, at least since the current composition of the atmosphere was
set by ocean photosynthesis about one billion years ago.

Introduction

Over the last 50 years, the atmospheric CO2 concentration has increased by 70 ppm to ~380 ppm
and the average annual sunspot index has been ~70% above its historical mean from 1650.1-3

During this time, ocean temperatures have increased, Arctic sea ice extent has decreased and the
average meteorological surface air temperature has increased.4-8 Under ideal clear sky
conditions, the 70 ppm increase in CO2 increases the downward atmospheric long wave infrared
(LWIR) surface flux by ~1.2 W.m-2. This goes up to ~1.7 W.m-2 for the full 100 ppm
anthropogenic increase over the last 200 years. These numbers are derived from radiative
transfer calculations using the HITRAN database and are used as ‘radiative forcing constants’ in
the IPCC climate models.9,10 SOHO/VIRGO satellite radiometer data show that the solar
constant increased by ~1 W.m-2 during the last solar sunspot cycle from a baseline of ~1365
W.m-2.11 The corresponding annual sunspot index changed from 8.6 to 120 and has now
decreased again to 2.8.3 This may be used to relate the change in the annual sunspot index to
changes in the solar constant. An increase of 100 in the sunspot index produces an increase in
the solar constant of ~1 W.m-2. This means that the solar constant over the last 50 years (6
sunspot cycles) has been ~0.3 W.m-2 above its historical average from 1650 The basic physics
question is a simple one. How do these small changes in solar and LWIR flux influence the
energy transfer process that occur at the Earth’s surface and produce the observed climate
changes? Since the air-ocean and air-land interfaces behave differently, it is convenient to
consider them separately, starting with the air-ocean interface and some climate history.

The Air-Ocean Interface

During the last Ice Age, the solar constant was reduced by ~1 W.m-2 because of changes in the
ellipticity of the Earth’s orbit due to Milankovitch cycles.12 At the glacial maximum, sea level
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was ~120 m lower than it is today.13 This water was stored as ice at high latitudes. Over a
10,000 year period, the heat needed to melt this ice and warm the resulting water to 15 C requires
an increase in the solar constant of ~0.4 W.m-2. As the oceans warmed, the solubility of CO2

decreased and the atmospheric CO2 concentration increased from 200 to 280 ppm.14, 15 This was
an effect, not a cause of ocean warming. The Maunder Minimum was the period between 1645
and 1715 when there were almost no sunspots observed on the sun. This coincided with the
‘Little Ice Age’, a period of very cold winters. As the number of sunspots has increased since
1715, the Earth’s climate has warmed up, as indicated by glacier melting and increases in sea
level.16 However, the atmospheric CO2 concentration did not even begin to increase until after
1800.

The sun is the heat source for the Earth. Half of the solar energy is incident within the ± 30°
latitude band and 70% is incident within ± 47°. The heating of the atmosphere in the tropics sets
up the Hadley cell circulation and the trade winds. The trade winds in turn drive the large scale
ocean gyres and the ocean currents such as the Gulf Stream that transport warm ocean water to
higher latitudes. Under ‘pristine’ conditions, the sun can penetrate and warm the oceans to
depths of 100 m. The ocean cools through a combination of evaporation and LWIR emission
processes that are limited at most to a 1 mm surface layer. This evaporation is the primary heat
source for the atmosphere above the ocean. The First Law of Thermodynamics only requires
conservation of energy at the air-ocean interface. There is no local conservation of flux on any
time scale. The solar heating of the ocean follows Beer’s law. Sunlight is attenuated
exponentially along the path length, depending on the local absorption/scattering coefficient. As
the sun warms the ocean during the spring and summer, the upper layers heat up and a stable
thermal gradient develops. As the ocean starts to cool in the fall, the upper layers cool first and a
uniformly mixed layer develops that extends to lower depths as the temperature decreases. Two
distinct solar heated layers form. Close to the surface, the ocean is mixed by diurnal thermal
density gradients and wave action. The depth and time scales here are nominally 10 to 25 m and
24 hours. At lower depths, mixing occurs more slowly through thermal/salinity density gradient
changes, since surface motions are only weakly coupled to these depths. The mixing scales are
25 to 100 m and a ‘seasonal’ 90 days or longer.

Historically, data on subsurface ocean temperatures, mixing and transport has been sparse. This
situation has changed recently with the implementation of the Argo float program. This now
provides high quality subsurface ocean temperature, salinity and density data using a fleet of
3000 submersible floats that are distributed throughout the world’s oceans.17 The floats are
designed to sink to a depth of 1000 or 2000 m, drift at that depth for ten days, then return to the
surface, acquiring data during the ascent. At the surface, the data are transmitted via satellite to a
series of ground monitoring stations. The floats then repeat the descent/ascent cycle. The floats
are not tethered and drift with the ocean currents. The principal features of the solar heating of
the ocean at various latitudes through the year may be understood by examining the results from
selected Argo floats. Figure 1 summarizes a year of data from 5 selected Argo floats covering a
range of latitudes from the equator to the Antarctic Circle in the southern central Pacific Ocean.
The temperatures at 5 depths, 5, 25, 50, 75 and 100 m are shown as a time series for the year.
The latitude drift of the floats is also shown. Because of variability in the float actuators, the
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depths are averages for each float with a standard deviation of approximately 0.2 m. The
average latitude, longitude, depths and temperatures for each float are summarized in Table 1.
The average temperatures show the expected decrease in temperature at higher latitudes.

Table 1: Argo float summary data

Figure 1a shows the results from a float drifting near the equator. The average temperature at 5
m is 24.5 C. There is no obvious seasonal peak in the data. The temperatures at the 5 and 25 m
levels are similar, so these levels are usually mixed. Mixing down to the 50 m level occurs
approximately half of the time. However, the 75 and 100 m levels have temperatures that are on
average 4 and 7 C below the 50 m level. These lower levels are rarely coupled to the surface.
Figure 1b shows the results from a float drifting near 21.5° S. There is a distinct seasonal peak
in March with the 5 m temperature reaching 25.5 C. (Seasons are opposite in the southern
hemisphere). The temperatures then merge together as the ocean cools. All of the levels down
to 100 m are fully mixed for 6 months. Figure 1c shows the results from a float drifting near
42.4° S. The temperature profiles show a similar pattern to the float at 21.5° S, but the
temperatures are lower because of the higher latitude. The maximum 5 m temperature is 16 C.
Figure 1d shows the results from a float drifting near 53° S. The overall temperatures are
reduced compared the 42.4° S float. The maximum 5 m temperature is now 10 C and the
duration of the summer separation of the subsurface layers is reduced to approximately 3
months. This float also drifted about 6° S from March to December, so there is an overall
cooling from this drift superimposed on the seasonal variation. Figure 1e shows the results from
a float drifting near 63.4° S, close to the Antarctic Circle. The average temperatures at all depths
are below 0 C. The summer mixing depth pattern is similar to the previous 3 floats, but the
temperature range is reduced. At all depths, the temperatures reach a minimum of -1.8 C from
September to November. This is the freezing point of sea ice.

Float 1
Serial No. 34250
Av. Latitude -1.5 Av. Depth m 4.6 23.4 49.5 74.4 99.3
Av. Longitude 126.2 Av. Temp. C 24.5 24.1 21.9 18.0 15.1

Float 2
Serial No. 59033
Av. Latitude -20.9 Av. Depth m 4.4 24.3 52.2 75.2 99.2
Av. Longitude 105.2 Av. Temp. C 23.0 22.9 22.8 22.4 22.0

Float 3
Serial No. 35605
Av. Latitude -42.4 Av. Depth m 4.6 24.3 52.3 75.2 99.3
Av. Longitude 153.5 Av. Temp. C 12.9 12.9 12.2 11.1 10.6

Float 4
Serial No. 26893
Av. Latitude -52.7 Av. Depth m 4.4 27.3 51.1 75.2 99.2
Av. Longitude 146.5 Av. Temp. C 7.4 7.4 7.3 7.1 6.9

Float 5
Serial No. 35987
Av. Latitude -63.4 Av. Depth m 4.8 23.6 50.8 73.2 96.5
Av. Longitude 140.7 Av. Temp. C -0.5 -0.5 -0.6 -0.9 -1.0
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Figure 1: Selected Argo float data. (See text for further discussion).

The float data presented here illustrate the seasonal trends in subsurface ocean temperatures.
During the summer, the lower subsurface layers are not coupled to the surface while they are
warmed by solar illumination. Heat from these layers may be transported or re-circulated over
long distances by wind driven ocean currents. At low latitudes, the diurnal and seasonal
temperature variations may not be sufficient to mix these subsurface layers at all and heat may
accumulate at these depths for extended periods. At higher latitudes, the ocean cools and the
subsurface layers are coupled to the surface during the winter months. The ocean has to cool to -
1.8 C for ice to form. It is also important to note that at high latitudes, the surface area of a
spherical zone decreases significantly. This geometric factor increases the depth of ocean
currents as they flow to higher latitudes, further limiting their interaction with the surface. Small
changes in subsurface ocean temperatures can therefore result in large changes in polar ice
formation. No interaction with the atmosphere is required and changes in atmospheric CO2

concentrations can have no effect on this process.

The solar heating of the ocean may be simulated using a simple Beer’s law model as illustrated
in Figure 2. This was used to determine ocean solar heating and cooling as a function of depth
over a 1 year period at 30° latitude with the solar constant set to 1365 W.m-2. The model depth
resolution was 1 m and the time step was 0.5 hours. The calculated results are shown in Figure
3. They are consistent with Argo Float data such as the examples shown in Figure 1. The model
was then extended to simulate changes in the solar constant due to the sunspot cycle from 1650
to 2000 using a scale factor of 1 W.m-2 per 100 change in the annual sunspot index.11 The
calculated change in ocean temperatures at 90 m depth is shown in Figure 4. There is a distinct
decrease to the end of the Maunder Minimum followed by an overall increase of almost 0.5 C
from 1750 to 2000. This simple model clearly demonstrates that small changes in the solar
constant influence ocean temperatures and cause climate change. Subsurface ocean layers are
transported over long distances by wind driven ocean currents without any interaction with the
surface. The average global ocean temperature increase for the 0 to 300 m depth level from 1953
to 2003 was 0.17 C.4 This is consistent with Figure 4 over the same time period. However, there
was also significant variation in temperatures between ocean basins. The N. Atlantic warmed by
0.35 C, the N. Pacific by 0.09 C. These fluctuations are caused by differences in ocean
circulation, mixing and wind speed.5

It is also straightforward to show that a 1.7 W.m-2 increase in downward LWIR flux at the ocean
surface cannot change ocean temperatures. Water is almost completely opaque to LWIR
radiation.18 The LWIR absorption/emission depth is less than 1 mm, so the interaction volume is
at most 10 cm3. An increase in downward LWIR flux at the ocean surface of 1.7 W.m-2 heats the
surface layer at a rate of at least 2.4 C per minute. The ocean responds by rapidly increasing the
surface evaporation rate by 1.7 W.m-2, or 2.7 g.hr-1 of water for ideal ‘clear sky’ conditions. This
corresponds to a 2.4 cm.yr-1 increase in evaporation rate since 1800, with 1.7 cm.yr-1 of this
increase occurring over the last 50 years. Global estimates of ocean evaporation rates show that
between 1977 and 2003 the global ocean evaporation rate has increased from 103 to 114 cm.yr-1

with an uncertainty of ±2.72 cm.yr-1.19 This was caused by a 0.1 m.s-1 increase in average wind
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speed. The ‘clear sky’ upper limit for the CO2 induced increase in evaporation is below the
measurement uncertainty bounds. Long term averages of surface air temperatures are ~2 C
below the corresponding ocean surface temperatures.20 This means that there is usually no direct
heating of the ocean by the atmosphere, as required by the Second Law of Thermodynamics.
The latent heat of evaporation is not released until the water condenses, which is generally at an
altitude above 1 km. It is therefore impossible for an increase in downward atmospheric LWIR
flux of 1.7 W.m-2 to heat the ocean. The increase in flux is converted by the ocean surface into
an insignificant change in evaporation rate. This is buried in the noise of wind induced
fluctuations in evaporation and changes in LWIR flux caused by variations in aerosols, clouds
and near surface humidity.

Figure 2: Simple ocean solar heating model base on Beer’s
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Figure 3: Ocean layer solar heating model r

Figure 4: Calculated sunspot induced changes in ocean temperature
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The Air-Land Interface

The ground is heated by the sun during the day and the increase in LWIR flux from the warm
surface heats the air. It is important to distinguish clearly between the actual ground surface
temperature and meteorological surface air temperature. The surface temperature needed for
energy transfer analysis is the ground surface temperature. The meteorological surface air
temperature is the air temperature measured in an enclosure placed 1.5 to 2 m above the
ground.21 There is no obvious or simple relationship between these two temperatures. Solar
radiation is absorbed and reflected by the ground. The resulting surface temperature depends on
the absorption coefficient, the thermal conductivity and heat capacity of the ground, the surface
area and angles of incidence, the balance of the upward and downward LWIR flux and the direct
air convection. If the ground is moist, latent heat effects also have to be included. The
meteorological surface air temperature depends on the origin of the bulk air mass of the local
weather system, surface LWIR flux heating, air convection and wind speed. As for the air-ocean
interface, the First Law of Thermodynamics imposes energy conservation, but there is no
requirement that the flux be conserved on any time scale. The Second Law of Thermodynamics
requires that the heat transfer follow the thermal gradient.

Surface heating may be analyzed using a simple thermal conduction model analogous to the
ocean heating model. This is illustrated in Figure 5. The results for summer and winter
illumination of a concrete surface are shown in Figure 6. The calculated daily temperature
excursions for summer and winter solar heating are 40 and 20 C at 35° latitude. A 1% increase
in solar flux produces peak summer and winter temperature increases of 0.34 and 0.17 C. The
increases in surface temperature due to a 1.7 W.m-2 increase in LWIR flux vary between 0.14
and 0.36 C, with higher temperature increases observed at lower surface temperatures. These
changes are for ideal ‘clear sky’ conditions over a period of 200 years. Variations in cloud
cover, aerosols and humidity will produce fluctuations in LWIR flux that are much larger than
1.7 W.m-2, so the effects of CO2 on ground surface temperature are not measurable. However,
no historical record of surface temperature is available, so the meteorological surface air
temperature has been substituted for the surface temperature without any consideration of the
differences between the two.
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Figure 5: Simple land surface heating model

During the day the air is heated by the excess LWIR radiation from the ground. Figure 7 shows
the spectrally resolved flux absorbed by H2O and CO2 as a function of height above the ground
and Figure 8 shows the total flux absorbed vs. height derived from a high resolution (0.01 cm-1)
radiative transfer model.9 The surface thermal gradient was set to 30 K with the surface
temperature at 325 K and the air temperature at 295 K. In this case at 2 m above the ground, a
total of flux of 16 W.m-2 is absorbed. Of this, only 1.6 W or 10 % is absorbed by CO2. The
radiative transfer model was also used to simulate the effect of changes in thermal gradient, CO2

concentration and humidity on the heat transfer at 2 m above the ground. These are summarized
in Figure 9. For a 30 K gradient, the change in flux produced when the CO2 concentration is
increased from 280 to 380 ppm is only 0.25 W.m-2. As the humidity is changed from 10 to 90%
for this case, the total absorbed flux changes from 8 to 20 W.m-2. The meteorological surface air

temperature records the effect of the surface LWIR heating (and cooling) of the air 2 m above
the ground superimposed on the bulk air temperature of the local weather system. Based on the
results presented in Figures 6 to 9, it is impossible to detect the effect of a 100 ppm increase in
CO2 concentration on the meteorological surface air temperature. This may also be illustrated by
examining the so called US surface temperature anomaly as shown in Figure 10.22 There is a
distinct peak in the temperature anomaly in the 1930s due to the dust bowl drought. This is an
indication of increased surface solar absorption and lower moisture levels. There is no
relationship between the measured temperature anomaly and the calculated increase in surface
temperature due to anthropogenic CO2.

Simple model used to calculate
surface temperature. The
thermal balance from solar
heating, LWIR flux, convection
and conduction is used to
calculate the change in surface
temperature. This is then used
in the thermal conduction
model to calculate the
temperature profile. In the
example shown, concrete was
selected as the surface
material.

1 m

1 cm Layers

98
99
10
0

Solar Position
[Hour, Day, Latitude]

Upward Surface
Blackbody Flux

A=0.4

Downward
Atmospheric
LWIR Flux

Convective
Cooling

Flux

Thermal Conduction
1
2
3

Heat Capacity: 2110 kJ.m-3.C-1

Thermal Conductivity: 0.00126 kJ.m-1.C-1.s-1

Convection Coefficient: 4.186 J.m-2.C-1.s-1



R. Clark Docket ID No. EPA-HQ-OAR-2009-0171 6/17/09

Fig

Figure 7: LW

0

10

20

30

40

50

60

0 4 8 12 16 20 24

Time (hrs)

S
u

rf
a
c
e

T
e
m

p
(C

) Summer

Winter

0.1

0.2

0.3

0.4

0 4 8 12 16 20 24

Tim e (hrs)

S
u

rf
a
c
e

D
e
lt

a
T

(C
)

Summer

Winter

0

0.1

0.2

0.3

0.4

0 4 8 12 16 20 24

Time (hrs)

S
u

rf
a
c
e

D
e
lt

a
T

(C
) Summer

Winter

2 2
A 1% increase in solar flux
increases peak summer
temperature by 0.34 C and
peak winter temperature by
0.17 C.
10

ure 6: Land heating model results

IR absorption near the air-land in

0

0.2

0.4

0.6

0.8

200 400 600 800 100

c

F
lu

x
F

ra
c
ti

o
n

0.5 m

2 m

5 m

10 m

50 m

100m

1 km

295K Bbdy

H O CO
A 1.7 W.m-2 increase in
downward LWIR flux (+100
ppm CO2) increases peak
summer temperature by 0.32 C
and winter temperature by 0.34
C. Maximum change occurs at
night. Daytime increases are
less, 0.14 and 017 C.
Daily summer and winter
ground surface temperature
variations, 35° latitude. Summer
change is 40 C, winter is 20 C.
H O
Fraction of the LWIR flux
absorbed by air layers near the
ground. Surface temperature is
325 K, air temperature is 295 K,
CO2 concentration is 380 ppm,
RH is 50%. Path lengths are
from 0.5 m to 1 km. Flux
fractions shown are derived from
high resolution (0.01 cm-1)
radiative transfer calculations,
H O and CO only.
terface

0 1200 1400 1

m-1
600 1800 2000



R. Clark Docket ID No. EPA-HQ-OAR-2009-0171 6/17/09

11

Figure 8: Cumulative total LWIR absorption

Figure 9: Effect of a 100 ppm increase in CO2 concentration and changes in RH on the LWIR flux absorbed
at 2m above the ground

(a) Total (cumulative) flux absorbed up to 1 km from the ground. The contributions to
the absorption from H2O and CO2 are also shown separately. (b) The absorption from
0.5 to 10 m on an enlarged scale. Data derived from Figure 7. At 1 km, H2O absorbs
75% of the flux. This increases at shorter path lengths to 90% at 2 m and 96% at 0.5 m.
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(a) There is a slight increase in the absorbed flux at 2 m above the ground when the CO2

concentration is increased from 280 to 380 ppm. For a 30 K surface-air temperature difference
it is still only 0.25 W.m-2. (b) The corresponding change in flux for a change in RH from 10 to
90 % is 12 W.m-2. For a thermal gradient of 2 K the RH flux change is reduced to 0.8 W.m-2 .
For comparison, the flux changes due to a 100 ppm increase in CO2 at 50% RH are 0.25 and
0.02 W.m-2.
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Figure 10: U. S. Temperature anomaly and calculated increase in surface temperature due to increases in
atmospheric anthropogenic CO2 concentration

Radiative Forcing

Most of the large scale climate models used to predict global warming ignore the physics of
energy transfer at the Earth’s surface and use an approach known as radiative forcing.10, 23-26

This assumes that long term averages of dynamic, non-equilibrium climate variables such as
radiative flux and surface temperatures can be analyzed using perturbation theory as though they
were in radiative equilibrium. Although the mathematical derivation is correct and may even
appear elegant, the underlying physical assumptions are invalid before the first equation is
written down. The troposphere is an open thermodynamic system so heat and flux are not
conserved. The temperatures in the upper troposphere are near 220 K. The assumption that
small changes in LWIR flux in the upper troposphere or stratosphere can influence surface
temperatures of 288 K is a flagrant violation of the Second Law of Thermodynamics. Molecular
linewidths also vary with altitude because of pressure broadening, so the upward and downward
LWIR fluxes are not equivalent. At the Earth’s surface, radiative flux is not conserved,
especially over the oceans. The calculated ‘equilibrium surface temperature’ is not even a
physically measurable climate variable. Radiative forcing can be compared to telling the time
using a broken clock.

However, in the mid 1980’s, a slight increase in the ‘average’ meteorological surface air
temperature was found.8 This was immediately linked by empirical speculation to the increase in
anthropogenic CO2 concentration. It was decreed that a 1 W.m-2 increase in downward LWIR
flux due to an increase in atmospheric CO2 concentration produced an increase in meteorological
surface air temperature of 2/3 C.10 Mysterious water vapor feedback effects were invoked to
explain model inaccuracies. The Kirchoff exchange energy was converted into an empirical
‘radiative forcing constant’. This ‘calibration factor’ was then applied to other greenhouse gases

U. S. temperature anomaly from
1880, 1 year and 5 year averages.
The calculated increase in surface
temperature for a 292K blackbody
surface due to the increase in CO2 is
also shown. This is a cloud and
aerosol free upper limit. There is
clearly no relationship between the
measured temperature anomaly and
the calculated change in surface
temperature.
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such as methane and even to aerosols. The ‘radiative forcing constants’ in the IPCC models are
devoid of physical meaning. This approach is empirical pseudoscience that belongs to the realm
of climate astrology.27 The results derived from climate simulations that use the radiative
forcing approach may be of limited academic interest in assessing model performance.
However, such results are computational science fiction that have no relationship to the reality of
the Earth’s climate. Radiative forcing by CO2 is, by definition a self-fulfilling prophesy, since
the outcome is pre-ordained with a total disregard of the basic laws of physics. An increase in
CO2 concentration must increase surface temperature. No other outcome is allowed and other
possible climate effects are by definition excluded.

Based on the arguments presented here, a null hypothesis for CO2 is proposed:

It is impossible to show that changes in CO2 concentration have caused any climate change to
the Earth’s climate, at least since the current composition of the atmosphere was set by ocean
photosynthesis about one billion years ago.
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