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1. Introduction 
When I start working on a paper, sometime it is intended to be short. But as I start 
writing it, I'm still casting my "information net" for more information on any subject that 
I'm interested in. Sometimes, as in this paper, it keeps coming back with more and more 
new information on the paper in progress. Thus this paper became large enough that it 
must be split into two parts (I try to keep each paper under 3,000 words).  

I read three recent papers and a hardcopy publication that were important. When it was 
short, this paper was intended to present a different way of thinking about the primary 
cause of climate change, and how the effects propagate though our world. I will mix in a 
few links to my earlier papers and the papers mentioned above: one from Science (only 
a summary is open to the general public), another from NASA, a third from Scientific 
American, and one from the Proceedings of the National Academy of Sciences. 

Part 1 of this series explores the greenhouse effect and the warming of our oceans. Part 
2 explores sources of sea level rise, including the Antarctic and Greenland Ice Sheets. 

2. Beginnings 
In my beginning, I was a child. My mother loved plants (as did my maternal 
grandmother). My father was a technologist. As I grew up, I followed my father and 
became an electrical engineer. My brother followed my mother and became a range 
manager with the BLM.  

As I child I spent much time at my maternal grandmother's house, which had a 
greenhouse in the back. I remember on cold winter days, the greenhouse was 
comfortably warm, and the plants that lived in it thrived. This is because of the 
greenhouse effect. 

So how does the greenhouse effect work? I found a good description on-line and it is 
posted below and the source is referenced here.1 Bracketed additions are mine. 

 Typically, greenhouses [glazing] are made of plastic or glass. 

 The purpose is to trap as much light and heat as possible. 

 The plants and soil inside absorb all the sunlight and then reflect it back out. 

 As the solar energy is redirected, however, it is changed. Sunlight is composed 
of shortwave infrared [and visible light] radiation that is able to pass through the 
greenhouse’s exterior. These waves turn into longer-wave infrared radiation 
[emitted by warm objects] after absorption by the plants and they are no longer 
able to pass through the greenhouse’s exterior. 

 With more sunlight coming in and more energy being trapped, everything inside 
the greenhouse heats up further. 

                                                 
1 Chris Downs, hisfarm.org, "How does a Greenhouse work?", http://hisfarm.org/1787/organic-

gardening/how-does-a-greenhouse-work/  

http://hisfarm.org/1787/organic-gardening/how-does-a-greenhouse-work/
http://hisfarm.org/1787/organic-gardening/how-does-a-greenhouse-work/
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 Through convection, the plants, soil and circulating air grow warm and moist, 
which means that as the plants heat up, they release moisture. 

 This moisture produces humidity within the greenhouse. Humidity is water vapor, 
which is a greenhouse gas. (No, it is not destroying our atmosphere.) 

In addition to water vapor, carbon dioxide (hereafter CO2) and methane (CH4) are also 
greenhouse gases (GHGs). To quote and reference another source. 2 

The existence of the greenhouse effect was argued for by Joseph Fourier in 1824. The 
argument and the evidence were further strengthened by Claude Pouillet in 1827 and 
1838 and reasoned from experimental observations by John Tyndall in 1859, who 
measured the radiative properties of specific greenhouse gases. The effect was more 
fully quantified by Svante Arrhenius in 1896, who made the first quantitative prediction of 
global warming due to a hypothetical doubling of atmospheric carbon dioxide. However, 
the term "greenhouse" was not used to refer to this effect by any of these scientists; the 
term was first used in this way by Nils Gustaf Ekholm in 1901. 

3. Warming the Earth 
The earth is primarily warmed by the sun. Even before primitive man lit the first fire there 
were greenhouse gasses in the atmosphere, indeed without them Earth would be a 
snowball and would not be habitable. However GHGs have been increasing rapidly 
since the industrial age, are now at critical levels and are starting to negatively impact 
the habitability of our planet. Just like with the greenhouse described above, GHGs 
warm the earth, and too much of a good thing has many negative impacts. Unless you 
ventilate the greenhouse on a hot day, all of the plants die. 

GHGs cause radiative forcing. Radiative forcing quantifies the change in net thermal 
energy (heat) fluxes (W/m2) at the top of the atmosphere. Positive forcing warms the 
Earth's surface, and negative forcing cools the surface. The total forcing caused by 
humans through GHG emissions is currently (relative to 1750) at about 3.0 W/m2. The 
table below identifies the main GHGs and their radiative forcing since 1979.3 

Year CO2 CH4 NO2 CFC-12 CFC-11 Minor* Total 

1979 1.027 0.419 0.104 0.092 0.039 0.031 1.712 

1980 1.058 0.426 0.104 0.097 0.042 0.034 1.761 

1981 1.077 0.433 0.107 0.102 0.044 0.036 1.799 

1982 1.089 0.44 0.111 0.108 0.046 0.038 1.831 

1983 1.115 0.443 0.113 0.113 0.048 0.041 1.873 

1984 1.14 0.446 0.116 0.118 0.05 0.044 1.913 

1985 1.162 0.451 0.118 0.123 0.053 0.047 1.953 

1986 1.184 0.456 0.122 0.129 0.056 0.049 1.996 

1987 1.211 0.46 0.12 0.135 0.059 0.053 2.039 

1988 1.25 0.464 0.123 0.143 0.062 0.057 2.099 

1989 1.274 0.468 0.126 0.149 0.064 0.061 2.144 

1990 1.293 0.472 0.129 0.154 0.065 0.065 2.178 

                                                 
2 Wikipedia article on the Greenhouse effect, https://en.wikipedia.org/wiki/Greenhouse_effect  
3 NOAA, Global Monitoring Laboratory, “The NOAA Annual Greenhouse Gas Index (AGGI).” Spring 

2022, https://gml.noaa.gov/aggi/aggi.html  

https://en.wikipedia.org/wiki/Greenhouse_effect
https://gml.noaa.gov/aggi/aggi.html
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Year CO2 CH4 NO2 CFC-12 CFC-11 Minor* Total 

1991 1.313 0.476 0.131 0.158 0.067 0.069 2.213 

1992 1.324 0.48 0.133 0.162 0.067 0.072 2.238 

1993 1.334 0.481 0.134 0.164 0.068 0.074 2.254 

1994 1.356 0.483 0.134 0.166 0.068 0.075 2.282 

1995 1.383 0.485 0.136 0.168 0.067 0.077 2.317 

1996 1.41 0.486 0.139 0.169 0.067 0.078 2.35 

1997 1.426 0.487 0.142 0.171 0.067 0.079 2.372 

1998 1.465 0.491 0.145 0.172 0.067 0.08 2.419 

1999 1.495 0.494 0.148 0.173 0.066 0.082 2.458 

2000 1.513 0.494 0.151 0.173 0.066 0.083 2.481 

2001 1.535 0.494 0.153 0.174 0.065 0.085 2.506 

2002 1.564 0.494 0.156 0.174 0.065 0.087 2.539 

2003 1.601 0.496 0.158 0.174 0.064 0.088 2.58 

2004 1.627 0.496 0.16 0.174 0.063 0.09 2.61 

2005 1.655 0.495 0.162 0.173 0.063 0.092 2.64 

2006 1.685 0.495 0.165 0.173 0.062 0.095 2.675 

2007 1.71 0.498 0.167 0.172 0.062 0.097 2.706 

2008 1.739 0.5 0.17 0.171 0.061 0.1 2.742 

2009 1.76 0.502 0.172 0.171 0.061 0.103 2.768 

2010 1.791 0.504 0.174 0.17 0.06 0.106 2.805 

2011 1.818 0.505 0.178 0.169 0.06 0.109 2.838 

2012 1.846 0.507 0.181 0.168 0.059 0.111 2.873 

2013 1.884 0.509 0.184 0.167 0.059 0.114 2.916 

2014 1.909 0.5 0.187 0.166 0.058 0.116 2.936 

2015 1.938 0.504 0.19 0.165 0.058 0.118 2.973 

2016 1.985 0.507 0.193 0.164 0.057 0.122 3.028 

2017 2.013 0.509 0.195 0.163 0.057 0.124 3.062 

2018 2.044 0.512 0.199 0.162 0.057 0.127 3.101 

2019 2.076 0.516 0.202 0.161 0.057 0.129 3.140 

2020 2.111 0.520 0.206 0.248** -- 0.131 3.216 

2021 2.140 0.526 0.210 0.246*^ -- 0.133 3.255 

*The "minor" column includes 14 gases, particulates and aerosols (including water vapor). 

**All CFCs 

While 3.255 W/m2 may not sound like a huge number, the area of the tropopause 
(boundary between the troposphere and the stratosphere, a.k.a. top of atmosphere) is 
about 5.1 x 1014 m2 (my rough calculation). Thus the total energy imbalance in 2021 was 
about 1.5 x 1015 watts or 1,500 Terawatts, which is some serious power. But what 
happens to this excess energy? Read the next section to find out. 
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4. Warming the Oceans 
The good news for humans (and all of the other land-based life on earth) is that Ocean 
absorbs 93% of the above energy imbalance. The other good news is that after this heat 
propagates past the turbulent surface waters to the depths, it creates a reasonably good 
record of this absorption (given a powerful suite of computer models). The bad news is, 
that it is starting to be payback time. 

The Science paper I mentioned in the Introduction (and referenced at the end of this 
sentence) performs the analysis suggested above.4 Also suggested above, the 
measurement and modeling of the historical record is not easy, but it is important. Note 
that studies described below are in the prior reference and thus not re-referenced herein. 

The first attempt to bring together all of the models of the ocean heat record was in the 
Intergovernmental Panel on Climate Change’s Fifth Assessment Report (AR5), 
published in 2013. Five studies were used and the results of these varied considerably. 

Since then, both the data and the analysis techniques (read: models) have improved 
dramatically. The main contribution to the former is the Argo fleet. Argo is an 
international program that uses profiling floats to observe temperature, salinity, currents, 
and, recently, bio-optical properties in the Earth's oceans; it has been operational since 
the early 2000s. The real-time data it provides is used in climate and oceanographic 
research. A special research interest is to quantify the ocean heat content.5 

 

The Argo fleet consists of almost 4000 drifting "Argo floats" (as profiling floats used by 
the Argo program are often called) deployed worldwide (see the figure above). Each 

                                                 
4 Lijing Cheng, John Abraham, Zeke Hausfather and Kevin E. Trenberth, Science, “How fast are the oceans 

warming?” 11 Jan 2019, https://www.appstate.edu/~perrylb/Courses/5015/Readings/Cheng_et_al_2019.pdf   
5 Wikipedia article on "Argo (oceanography)", https://en.wikipedia.org/wiki/Argo_(oceanography)  

https://www.appstate.edu/~perrylb/Courses/5015/Readings/Cheng_et_al_2019.pdf
https://en.wikipedia.org/wiki/Argo_(oceanography)
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float weighs 20–30 kg. In most cases probes drift at a depth of 1000 meters (the so-
called parking depth) and, every 10 days, by changing their buoyancy, dive to a depth of 
2000 meters and then move to the sea-surface, measuring conductivity and temperature 
profiles as well as pressure. From these, salinity and density can be calculated. 
Seawater density is important in determining large-scale motions in the ocean. Average 
current velocities at 1000 meters are directly measured by the distance and direction a 
float drifts while parked at that depth, which is determined by GPS or Argos system 
positions at the surface. The data are transmitted to shore via satellite, and are freely 
available to everyone, without restrictions.  

Between the data and model are the methods used to clean data. Even with the Argo 
floats there are frequently many large space and time differences between data 
readings. One major breakthrough was to use multiple models to clean the data. For 
instance for areas where data is sparse, models are used to determine what the data 
should be, given the nearby and recent data that is available. Then the resulting multi-
model-generated data is used in the final simulation. 

Four recent studies show that the rate of ocean warming for the upper 2000 m has 
accelerated in the decades after 1991 from 0.55 to 0.68 W/m2. See the text box and 
figure below. For RCP definitions, see the link below to an earlier paper, section 2.3.  

https://energycentral.com/c/ec/climate-and-energy-part-1-future-rev-c  

 

 

https://energycentral.com/c/ec/climate-and-energy-part-1-future-rev-c
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But what about that payback I mentioned above. Warmer oceans cause the following 
issues: 

 Increases in rainfall intensity, see the paper linked below. 

https://www.energycentral.com/c/ec/fire-and-storms-–-part-2-0  

 Rising sea levels, currently (1993 through 2018) thermal expansion of the oceans 
are the leading cause of sea level rise (42%) 

 Destruction of coral reefs 

 Declining ocean oxygen levels 

 Melting ice sheets; glaciers; and (especially) ice caps in the polar regions 

Regarding the last bullet, see the paper linked above, and there have been some recent 
findings that that mean we really are in hot water (ditto Antarctica, see the first section in 
Part 2 of this series). 

https://www.energycentral.com/c/ec/fire-and-storms-–-part-2-0

