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Abstract:

The IPCC report Climate Change 2013: The Physical Science Basis (AR5) has two
opposing claims as causes for an increase in the Earth’s temperature in the
decades leading up to 2011. In one claim, the cause is an increase in the level of
CO; in the atmosphere. In the second claim, it is an increase in water vapor
measured as specific humidity. The purpose of this study is to determine which
claim is correct. Several published studies are brought together to form a coherent
picture of the interaction between the Sun, water vapor, and the non-condensing
greenhouse gases (GHGs), such as carbon dioxide, methane, and nitrous oxide.
Back radiation is the sum of radiation back to the Earth from all GHGs. Warming by
water vapor measured as specific humidity is approximately 85.5% to 96.5% of the
warming by back radiation. The Sun controls Earth’s temperature through specific
humidity. The relationship between air temperature and specific humidity is
presented in terms of numerical values. Thus, the portion of a temperature caused
by specific humidity can be readily estimated.
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1. INTRODUCTION

The Intergovernmental Panel on Climate Change
(IPCC) report Climate Change 2013: The Physical
Science Basis (AR5) [1] indicates on pages 13 and 14
the several greenhouse gases (GHGs) claimed to be
the drivers of climate. The data culminates in Figure
SPM.5 where the total radiative forcing (RF) of all
GHGs is given as 2.29 Watts per square meter (W m'2)
(1.33 to 3.33 W m?). The carbon dioxide (CO,)
contribution is 1.68 W m™ (1.33 to 2.03 W m'z). Page
17 implies the RF of 1.33 to 3.33 W m™ caused the
Earth’s temperature to increase by 0.6°C to 0.7°C over
the period 1750 to 2011.

Page 38 of AR5 indicates that specific humidity is
strongly correlated with the Earth’s temperature. Page
42 indicates the specific humidity increased by 3.5%
over the period from the early 1970s to 2011 and
increased the Earth’s temperature by 0.5°C.

Both causes for the warming that occurred for several
decades before 2011 cannot be correct. The purpose
of this study is to determine which is correct; an
increase in greenhouse gases and an increase in RF,
or an increase in water vapor measured as specific
humidity. This study is built on mostly empirical
information from existing published papers, which when
brought together generate new and unpublished
information. It presents a coherent picture of how the
non-condensing GHGs, such as CO,, methane, and
nitrous oxide, interact with water vapor and the Sun to
determine the temperature of the Earth.

A total of 52 non-condensing greenhouse gases
(GHGs) are identified in Table 2.14 of the IPCC report
Climate Change 2007: The Physical Science Basis
(AR4) [2]. Included are such gases as carbon dioxide
(COz), methane and nitrous oxide. These gases are
always in the vapor phase under the conditions of
temperature and pressure normally found on Earth
and, therefore, act as “ideal gases”. Thus, they are
subject to the Gas Laws of Boyle and Charles/Gay-
Lussac.

The part of the IPCC report about specific humidity and
temperature is based on papers by K. Willett et al. The
area of the Earth studied is quasi complete from 60°N
to 40°S [3]. This study covers representative locations
over the area from 72° 42’ N to 77° 50’ S, which covers
more than 80% of the Earth’s surface. This study uses
AccuWeather on a cellphone to record temperature
and relative humidity (RH) in sets of twenty
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representative locations on the Earth. These range
from the Arctic and Antarctic to the Equator, at mid-
latitudes north and south and equally east and west
longitude as in Table 1 [4]. AccuWeather has the
potential to access over three and a half million
weather station locations worldwide [5].

The temperature and RH are inserted into a Humidair
[6] psychrometric program to calculate the specific
humidity. The Humidair program includes a correction
for elevation and gives the amount of water in the
atmosphere as kilograms (kg) of water per kg of dry air.
This value is then converted mathematically to specific
humidity as grams of water per kg of dry air. An
ASHRAE Chart No. 1 (Sl) [7] does not correct for
elevation and gives specific humidity for temperatures
down to 0°C. The specific humidity using an ASHRAE
chart will be in error an average of 1.1%, maximum of
6.2%, for the set of locations used in this study.

This study starts with a comparison of temperature with
specific humidity then moves to a figure of back
radiation versus specific humidity. Included in the figure
for comparison is the warming by the non-condensing
GHGs, such as CO,, methane, and nitrous oxide
hereafter referred to as the "non-condensing” GHGs.
From this point, the relationship between specific
humidity and the Earth’s temperature is developed.

2. THE INFLUENCE OF WATER VAPOR ON
TEMPERATURE

In the IPCC report AR5, are two graphs of interest on
page 38 in Figure TS.1 that are included in Figure 1 of
this study. The upper two subgraphs are the Earth’s
temperature from seven data sets and specific humidity
from four data sets. The lower subgraph is the
University of Alabama at Huntsville (UAH) satellite
temperature record from 1979 to March 2021. The
charts in AR5 are the result of work by Kate Willett and
colleagues. Their papers where this data is reported
are in References [3, 8] and [9].

The results are summarized in this paragraph from
“TFE.1 Water Cycle Change” of the IPCC report,
page 42:

“Observations of Water Cycle Change
Because the saturation vapor pressure of
air increases with temperature, it is
expected that the amount of water vapor
in the air will increase with a warming
climate. Observations from surface
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stations, radiosondes, global positioning
systems, and satellite measurements
indicate increases in tropospheric water
vapor at large spatial scales (TFE.1,
Figure 1). Tropospheric specific humidity
has most likely increased since the 1970s.
The magnitude of the observed global
change in tropospheric water vapor of
about 3.5% in the past 40 vyears is
consistent with the observed temperature
change of about 0.5°C during the same
period, and the relative humidity has
stayed approximately constant. The water
vapor change can be attributed to human
influence with medium confidence."

In short, for this paragraph specific humidity is defined
as the ratio of the weight of water in a volume of air to
the weight of the dry air alone, expressed as grams of

water per kg of dry air [10]. This ratio increased by
3.5% over the 40 years before 2011 and is consistent
with an observed increase in the Earth’s temperature of
0.5°C over the same period. Relative humidity, which is
the percentage of the actual amount of water in the
atmosphere compared to the maximum possible at a
given temperature, remained approximately constant
over the same period.

Figure 1 shows the remarkable correlation between the
two temperature plots and the specific humidity plot. It
appears water vapor has a profound influence on the
Earth’s temperature based on the empirical evidence
presented.

The specific humidity changes are unlikely the result of
human influence as claimed in the AR5 report. This is
because only the Sun can provide sufficient energy to
evaporate enough water to increase the specific
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Figure 1: Temperature and specific humidity adapted from AR5 Figure TS.1 page 38 and

at Huntsville (UAH) satellite temperature data’.
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humidity and, hence, the temperature. On average,
approximately one-quarter of the Sun's energy directed
towards Earth evaporates water to water vapor as
shown in Figure 2. The amount of water evaporated
depends on the Sun angle. It is higher when the Sun
angle is higher and lower when the Sun angle is lower.

To space
Units of Reflected
energy to space
from
the sun To o
To Water I
air vapor % Back
§ radiation
2 (7 ’
&3
%

Sun energy to Earth = 100 units; to Space =29+ 71 =100
Absorbed by the Earth's surface = 49 + 101 = 150

Emitted from Earth's surface =7 + 26 + 117 = 150
Recycle to account for loss to space = 150 - 71 =79

Figure 2: Simplified Earth's average energy balance adapted
from Stephens et al. (2012) with recycle added to balance the
flows.

Percentages are used in Figure 2 for ease of
comparison by the reader. Recycle is added to balance
the energy flows. From Figure 2, the back radiation,
which is the radiation back to the Earth by the GHGs,
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at 101% is slightly more than the 100% energy input to
the Earth. Average back radiation is 345.6 W m?on the
original figure by Stephens et al. (2012). This is
consistent with the measured back radiation as in
Figure 3.

3. BACK RADIATION AND NON-CONDENSING
GHGs

In Table 2.4 of AR4, 52 GHGs are identified. All these
GHGs have curves like that of water vapor in Figure 3,
i.e., the curve starts at zero and continues to rise to an
asymptote [11]. The physics of the curve shape derives
from the fact that it must start at zero because zero
concentration does not affect temperature. The curve
continues to an asymptote because there is a limited
amount of radiation to be absorbed and less and less is
available for additional molecules to absorb.

The measured values of back radiation [12] for the six
locations used in this study are from Wild et al. (2001)
[13]. The values are from Table 4, page 3234, that
gives curves of the average back radiation over the
course of a year for twelve locations. It is relatively
simple to put a grid over the relevant curves and
estimate the average monthly values for back radiation
and plot them as in Figure 3. The relative humidity
used to calculate specific humidity is from a section of
the WeatherSpark website [14] that is no longer
available.

Back radiation, W m2 i.e.,
radiative forcing (RF): sum of RF all GHG, Wm-?
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Figure 3: Warming by back radiation versus specific humidity compared to warming by the non-condensing GHG, i.e., CO> plus

warming by methane and nitrous oxide.
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Figure 3 is Figure 1 from Reference [15] with the
horizontal axis modified from parts per million by
volume (ppmv) to specific humidity. A line is added
showing maximum warming by CO,, as in Figure 4,
plus warming by methane, nitrous oxide, and the
remaining GHGs at current levels. When the level of
CO, reaches the asymptote of 655 ppm, warming by
CO, is constant at approximately 10.5 W m™ and the
line is horizontal. Figure 4 shows the estimated CO,
level at any concentration and the maximum allows a
useful comparison with the warming by back radiation.
Currently, the curve in Figure 4 appears to be the best
estimate available for the actual warming effect of CO,.
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Figure 4: The level of CO, in the atmosphere versus
radiative forcing.

The horizontal line at 14.5 W m? in Figure 3 was
constructed by adding the current RF of methane and
nitrous oxide to the maximum RF of 10.5 W m? for
CO, from Figure 4. Then including an allowance of
0.9 W m™ for the remaining GHGs other than methane
and nitrous oxide in Figure SPM.5 of AR5. The current
concentration of methane is approximately 1.86 ppmv
[16]. Its global warming potential is 28 to 36 times that
of CO, [17], which means it is equivalent to (1.86 x 28)
= 52 ppm to (1.86 x 36) = 67 ppm of CO,. Increasing
the current level of CO, of approximately 416 ppmv by
67 ppmv to 483 ppmv would increase the RF of CO, by
0.67 W m™ from Figure 4.

Nitrous oxide has 265 to 298 times the warming effect
of CO; [18] and its current concentration is 0.334 ppm.
This is equivalent to 88.5 to 99.2 ppm of CO..
Increasing the current level of CO, of approximately
416 ppmv by 99.2 ppmv to 515.5 ppmv would increase
the RF of CO, by 0.92 W m? from Figure 4. Adding
(0.67 +0.92+ 0.9 + 10.5) = 13.0 W m™.

Figure SPM.5 in the Summary for Policymakers of AR5
indicates the increase in warming by all the GHGs from
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1750 to 2011 is 1.13 to 3.33 W m™. The amounts of
CO,, methane, and nitrous oxide are included in the
line at 13.0 W m™2.

The line in Figure 3 is shown as horizontal. However,
because of the reduction in warming as methane,
nitrous oxide, and the remaining GHGs warm and
expand towards the equator, the line is slightly canted
downwards.

The increase in radiative forcing from 400 to 800 ppm
in Figure 4 is approximately 1.5 W m?. This is
consistent with Figure 5 from Reference [19] where the
increase in CO, from 400 to 800 ppm causes a forcing
increase of 3.0 W m™. In Figure 5 the spectral flux from
a surface at 288.7 K is the smooth blue line. The green
line is all GHGs but with CO, at zero ppm. The black
and red lines are the same but with CO, at 400 and 800
ppm, respectively. These differences between the two
sources of 1.5 and 3.0 W m™ are very small compared
to warming by back radiation of 97 to 420 W m?. At
current levels, absorption by CO, is close to saturation
and it cannot absorb a significant amount of additional
infrared radiation. For practical purposes, it is at the
upper limit.

The difference of 1.5 W m? between Figures 4 and 5 is
added to the horizontal line in Figure 3; the RF of the
non-condensing GHGs is 13.0 + 1.5 = 145 W m?™.
Thus, the non-condensing gases contribute an
estimated (14.5/97) = 14.9% to (14.5/420) = 3.5% of
back radiation. Water vapor is 85.1% to 96.5% of back
radiation and is much more important than the sum of
all the other GHGs. The warming effect of the non-
condensing GHGs is simply overwhelmed by water
vapor. Thus, from Figure 3, since 1750 and before,
warming by water vapor has always made up most of
the warming by back radiation.

The level of the horizontal line representing the sum of
warming by all non-condensing GHGs does not change
over time. There might be small changes in the
warming by methane and nitrous oxide, but their effect
will be small and imperceptible. In other words, the
non-condensing GHGs are passive and do not affect
Earth’s temperature because they are always rendered
ineffective by the much larger warming by water vapor.

4. AIR TEMPERATURE VERSUS SPECIFIC
HUMIDITY

It is known from Reference [20] that the Tropics are
always warmer than the Poles of the Earth. This means
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Earth’s surface temperature, T=60F, = 16 F without greenhouse gases
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Figure 5: The difference between the black curve of 400 ppm and the red curve of 800 ppm represents an increase in the

absorption of CO2 by approximately 3.0 W m=.

by moving from the Poles to the Tropics the level of
CO, and its warming effect falls as the air warms and
expands. In contrast, from the Poles to the Equator, the
level of water vapor and its warming effect increases.
This can be checked using the temperature and
relative humidity accessed at the same time in the
Arctic and Antarctic and the Equator by AccuWeather.
Using the Humidair psychrometric program, the RH can
be converted to the actual specific humidity for each
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location. The reduction in the level of CO,, i.e., the
number of molecules per cubic metre, is calculated
using the Gas Laws of Charles/Gay-Lussac and Boyle.
In other words, it is important to note that warming by
water vapor and the non-condensing GHGs move in
opposite directions from the Poles to the Tropics.

The data used to generate back radiation in Figure 3 is
plotted in Figure 6 as temperature versus specific
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Figure 6: Air temperature versus specific humidity.
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Humidair psychrometric program.

humidity over the temperature range of -56°C to 30°C,
the asymptote. This is strong evidence that specific
humidity drives the local Earth’s temperature.

It is not surprising that the curves for back radiation and
specific humidity are almost identical because, from
Figure 3, specific humidity contributes approximately
85.5% to 96.5% of back radiation. Note the CO, curve
in Figure 4 and that of specific humidity in Figure 6 are
similar in shape.

In the Appendix of Reference [4] is data for 160 real-
time measurements of temperature and specific
humidity recorded by AccuWeather. Since then, 40
additional points are included for a total of 200. These
are plotted in Figure 7. The measurements are for the
equinoxes and the solstices from September 2018 to
March 2021 and the time of day is random. The plot in
Figure 7 is more useful than the plot in Figure 6
because it is actual temperatures and specific humidity
rather than averages as in Figure 6.

Figure 7 shows specific humidity increases with air
temperature. This is consistent with Table 1 that shows
increasing Sun angle from the Arctic and Antarctic to
the Equator.

The plot of Figure 7 is clear evidence the Earth’s
temperature is caused by specific humidity as
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mentioned in the papers by Willett et al. The space
below the contour line of Figure 7 represents water
vapor. The portion of a specific temperature below the
contour line is caused by water vapor. The portion
above the contour line is caused by something else not
yet identified.

The upper end of the plot ends at approximately 30°C,
which is consistent with that of Figure 6. It is also
consistent with actual temperature measurements at
the Equator, such as at Libreville, Gabon [21], or
Mogadishu, Somalia [22], two of the twenty locations
used for Figure 7. Libreville has an annual high daily
temperature ranging from 27°C to 30°C whereas for
Mogadishu the range is 28°C to 32°C. The most
temperature variation above the contour line occurs in
the central part of the plot. The temperature in the
Tropics is less variable because of the higher average
level of water vapor.

There are five outlier points between -20°C and -40°C
and specific humidity of 2.0. It appears there was a
problem with the measurements of relative humidity.

Specific humidity, i.e., water vapor, dilutes the level of
all the non-condensing GHGs as well as their warming
effects. Consider CO, at a level of 413 molecules per
million molecules of dry air, i.e., zero molecules of
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Table 1: Of these 23 Weather Stations, 20 were used for each Set of Measurements in Figure 7
A B C D D E
No. Location Latitude, Longitude Longitude | Elevation Sun Angle,
degrees West East m. degrees

Above Arctic Circle

1 Pond Inlet, Canada 72°42'N 77°58 W 31 6°S-41°N

2 Tiksi, Russia 71°38' N 128°51'E 41 5°S-42°N

3 Kirkenes, Norway 69°40'N 30°03'E 15 3°S-44°N

4 Inuvik, Canada 68°22'N 133°43' W 26 1.5°S-455°N
Mid-latitudes North

5 Karamay, China 45°35' N 84°53'E 356 21°N - 68°N

6 Portland, Oregon, USA 45°31'N 122° 40' W 18 21°N"68°N

7 Milan, Italy 45°28' N 9°13'E 126 22°N - 68°N

8 Harbin, China 45°48' N 126°32'E 120 21°N - 67.5°N

9 Montreal, Canada 45°30' N 73°34 W 29 20.5°N -68°N

10 Minneapolis, USA 45°59' N 93° 16" W 255 21°N - 67.5°N
Equator

11 Libreville, Gabon 0°25'N 9°28'E 30 66.5°N—-23.5°S

12 Kampala, Uganda 0°21'N 32°35'E 1190 66.5°N —23.5°S

13 Quito, Ecuador 0°11'S 78°28' W 2922 66.5°N —23.5°S

14 Samarinda, Borneo 0°30'S 117°08'E 3 66°N-23°S
Mid-latitudes South

15 Santiago, Chile 33°27'S 70°40'' W 533 33°S-80°S

16 Port Elizabeth, S. Africa 33°58'S 25°36'E 61 32.5°S-79.5°S

17 Hobart, Australia 47°53'S 147°20'E 9 18.5°S-66.5°S

18 Dunedin, New Zealand 45°53'S 170°30'E 6 20.5°S-67.5°S

19 Rio Grande, Tierra del Fuego 53°47'S 67°42° W 15 12.5°S-59.5°S
Below Antarctic Circle

20 | McMurdoStation, Antarctica | 77°50'S | | 166°4TE | 10 | 115N-355°S
Sahara Desert

21 | Taoudenni, Mali | 24N | Fsow | | 138 | 435°S-905°S
Equator

22 Macapa, Brazil 0°02'N 51°04' W ‘ 15 66.5°S - 23.5°N

23 Mogadishu, Samolia 2°03'N 45° 19E ‘ 61 64.5°S-21.5°N

water vapor. Then, if the level of water vapor increases
to 30,000 molecules of water vapor (3%), the level of
CO, drops by 3% to 400.6 molecules per million
molecules [23]. According to Figure 4, the warming
effect of CO, falls by 0.15 W m™.

Now, the plot of Figure 7 provides a method to estimate
the amount of an individual temperature that is caused
by water vapor. It is a step closer to a better
understanding of climate science. For example, at
Libreville, Gabon, at 9:30 local time on March 20, 2021,
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the temperature was 27°C and RH was 83%. This
leads to a specific humidity of 18.9 grams water per kg
of dry air. From Figure 7, the portion of the temperature
caused by water vapor to the contour line is
approximately 24°C. The cause of the additional 3°C is
unidentified.

5. SUMMARY AND CONCLUSIONS:

The IPCC report Climate Change 2013: The Physical
Science Basis (AR5) has two opposing claims as to the
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cause of the increase in the Earth's temperature over
the period from the mid-1970s to 2011. One claim is
that it is the increase in carbon dioxide (CO,) since
1750 and the other is an increase in water vapor
measured as specific humidity in units of grams of
water per kg of dry air. The purpose of this study is to
determine which concept is correct.

The purpose is achieved. The increase in temperature
over the decades mid-1970s to 2011 was caused by an
increase in water vapor and not by an increase in CO,.
The question is answered about the cause of the
strong correlation between temperature and specific
humidity; it is the physical relationship between
temperature and specific humidity as in Figure 7.
Carbon dioxide and the other non-condensing
greenhouse gases (GHGs) as in Figure 3 are small,
passive, and have no effect on the Earth's temperature.

Back radiation is a measured value of the sum of
energy transmitted back to Earth by the greenhouse
gases (GHGs) and increases from the poles to the
Tropics. The level of warming by the non-condensing
GHGs, such as CO,, methane, and nitrous oxide, is
plotted on the same figure for ease of comparison with
back radiation. Warming by back radiation is many
times larger than that of the non-condensing GHGs and
renders their warming ineffective.

Warming by CO, is within 3.0 W m? of its upper limit
for warming the air. This is very small when compared
to back radiation of 97 to 420 W m™ and is negligible.
The 3.0 W m™ comes from a study that shows it is the
difference in radiative forcing between 400 and 800
ppm of CO,. In other words, doubling the CO,, level has
a negligible effect on the Earth’s temperature.

The same data used to plot the back radiation curve is
used to plot average temperature versus average
specific humidity, i.e., grams of water per kg of dry air.
The curve is smooth and becomes an asymptote at
30°C.

To confirm this plot, real-time measurements of
temperature and relative humidity were recorded using
AccuWeather. The RH is converted to specific humidity
by the Humidair psychrometric program. The plot data
is made up of ten sets of twenty measurements at
representative locations on the Earth. The record starts
at the Autumn equinox in 2018 and continues through
equinoxes and solstices to include the Spring equinox
of 2021. The space under the contour line of the plot in
Figure 7 is the specific humidity part of the
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temperature. The temperature above the contour line is
caused by something else not yet identified. The points
above the curve are considerably variable. Figure 7 is
new and unpublished information that is vital to
understanding the fact that water vapor controls the
Earth’s temperature.

The dynamic nature of water vapor under the influence
of the Sun is important to the daily weather conditions
on Earth. The phase change between water vapor and
rain or snow is used by weather to move heat from
where there is more to where there is less [24]. The
Sun and water vapor are continually changing
temperatures everywhere around the Earth.

It is concluded that:

1. The Sun is the primary energy source and
controls the Earth’s local temperatures through
the Sun angle and specific humidity.

2. Empirical evidence shows specific humidity in
the atmosphere is the main driver of the local
temperature on Earth.

3. Water vapor is the largest and most important of
the GHGs and provides 85.5% to 96.5% of back
radiation, which is radiation back to Earth from
all GHGs.

4. Maximum warming by the non-condensing
GHGs, such as CO,; methane, and nitrous
oxide, is an estimated 14.5 W m™, which is
14.9% to 3.5% of warming by back radiation. Or
warming by back radiation is 6.7 to 29.0 times
greater than that of the non-condensing GHGs.

5. Warming by water vapor overwhelms that of CO,
and the other non-condensing GHGs and
renders their warming ineffective.

6. For practical purposes, the level of carbon
dioxide in the atmosphere is at its upper limit for
warming the air of the Earth. No additional
amount of CO; can affect the air temperature.
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