
ABSTRACT   A re view of the re search lit erature concerning the 
en vi ron men tal con se quences of in creased lev els of at mo spheric
carbon di oxide leads to the con clusion that in creases dur ing the
20th and early 21st cen turies have produced no del eterious ef -
fects upon Earth’s weather and cli mate. Increased carbon di ox-
ide has, however, markedly in creased plant growth. Pre dictions
of harmful cli matic ef fects due to future in creases in hydrocar-
bon use and mi nor green house gases like CO2 do not conform to
cur rent ex per i men tal knowl edge. The en vi ron men tal effects of
rapid ex pansion of the nu clear and hy drocarbon en ergy in dus-
tries are dis cussed.

SUM MARY

Political leaders gathered in Kyoto, Ja pan, in De cember 1997 to
consider a world treaty re stricting hu man pro duction of “greenhouse
gases,” chiefly car bon di oxide (CO2). They feared that CO2 would
re sult in “hu man-caused global warm ing” – hy po thet i cal se vere in-
creases in Earth’s tem per a tures, with di sas trous en vi ron men tal con-
sequences. Dur ing the past 10 years, many po litical ef forts have been
made to force worldwide agreement to the Kyoto treaty.

When we re viewed this sub ject in 1998 (1,2), ex isting satellite re-
cords were short and were cen tered on a period of changing interme-
di ate tem per a ture trends. Additional ex per i men tal data have now
been ob tained, so better an swers to the questions raised by the hy-
pothesis of “hu man-caused global warming” are now available.

The av erage tem perature of the Earth has var ied within a range of
about 3°C dur ing the past 3,000 years. It is cur rently in creasing as the 
Earth re covers from a pe riod that is known as the Little Ice Age, as
shown in Figure 1. George Wash ington and his army were at Valley
Forge dur ing the coldest era in 1,500 years, but even then the temper-
ature was only about 1° Centigrade below the 3,000-year average.

The most recent part of this warming pe riod is re flected by short-

ening of world gla ciers, as shown in Figure 2. Glaciers reg ularly
lengthen and shorten in de layed cor relation with cool ing and warm-
ing trends. Shortening lags temperature by about 20 years, so the cur -
rent warming trend be gan in about 1800.

At mo spheric tem per a ture is reg u lated by the sun, which fluc tu ates
in activity as shown in Fig ure 3; by the greenhouse effect, largely
caused by at mospheric wa ter va por (H2O); and by other phe nomena
that are more poorly un derstood. While major green house gas H2O
substantially warms the Earth, minor green house gases such as CO2

Figure 3: Arctic surface air temperature compared with to tal so lar irradiance
as mea sured by sun spot cycle am plitude, sunspot cycle length, so lar equa to-
rial ro tation rate, frac tion of penumbral spots, and de cay rate of the 11-year
sunspot cycle (8,9). So lar irradiance cor re lates well with Arc tic tem per a ture,
while hydrocarbon use (7) does not correlate.

Figure 1: Surface tem peratures in the Sargasso Sea, a 2 million square mile
region of the At lantic Ocean, with time res olution of 50 to 100 years and
ending in 1975, as de termined by iso tope ra tios of ma rine or ganism re mains
in sed iment at the bottom of the sea (3). The hor izontal line is the av erage
temperature for this 3,000-year pe riod. The Lit tle Ice Age and Me dieval Cli-
mate Op ti mum were nat u rally oc cur ring, ex tended in ter vals of cli mate de-
partures from the mean. A value of 0.25 °C, which is the change in Sargasso
Sea tem perature between 1975 and 2006, has been added to the 1975 data in 
order to pro vide a 2006 temperature value.

Figure 2: Av erage length of 169 gla ciers from 1700 to 2000 (4). The prin ci-
pal source of melt en ergy is so lar ra diation. Variations in gla cier mass and
length are pri marily due to tem perature and pre cipitation (5,6). This melt ing
trend lags the temperature in crease by about 20 years, so it pre dates the
6-fold in crease in hydrocarbon use (7) even more than shown in the fig ure.
Hydrocarbon use could not have caused this short ening trend.
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have little ef fect, as shown in Figures 2 and 3. The 6-fold increase in
hy dro car bon use since 1940 has had no no ticeable ef fect on at mo-
spheric temperature or on the trend in glacier length.

While Figure 1 is illustrative of most geographical lo cations, there
is great variability of temperature re cords with location and regional
cli mate. Comprehensive sur veys of pub lished tem per a ture re cords
confirm the principal features of Figure 1, including the fact that the
current Earth temperature is approximately 1 °C lower than that dur -
ing the Medieval Climate Op timum 1,000 years ago (11,12).

Surface tem peratures in the United States during the past cen tury
reflect this nat ural warming trend and its correlation with so lar ac tiv-
ity, as shown in Fig ures 4 and 5. Compiled U.S. surface temperatures
have increased about 0.5 °C per century, which is consistent with
other his torical val ues of 0.4 to 0.5 °C per cen tury dur ing the re cov-
ery from the Little Ice Age (13-17). This temperature change is slight
as compared with other natural variations, as shown in Figure 6.
Three in ter me di ate trends are ev i dent, in clud ing the de creas ing trend
used to jus tify fears of “global cool ing” in the 1970s.

Between 1900 and 2000, on ab solute scales of so lar irradiance
and de grees Kelvin, solar ac tivity increased 0.19%, while a 0.5 °C
temperature change is 0.21%. This is in good agreement with es ti-
mates that Earth’s temperature would be re duced by 0.6 °C through
particulate blocking of the sun by 0.2% (18).

Solar activity and U.S. surface tem perature are closely cor related,
as shown in Figure 5, but U.S. sur face temperature and world hy dro-
carbon use are not cor related, as shown in Figure 13.

The U.S. tem perature trend is so slight that, were the tem perature

change which has taken place dur ing the 20th and 21st centuries to
occur in an or dinary room, most of the peo ple in the room would be
unaware of it.

During the current pe riod of recovery from the Little Ice Age, the
U.S. cli mate has improved somewhat, with more rain fall, fewer tor -
nados, and no increase in hur ricane ac tivity, as illustrated in Figures
7 to 10. Sea level has trended up ward for the past 150 years at a rate
of 7 inches per cen tury, with 3 in termediate uptrends and 2 pe riods
of no in crease as shown in Fig ure 11. These features are con firmed
by the glacier re cord as shown in Figure 12. If this trend con tinues as

Figure 6: Com parison be tween the current U.S. temperature change per cen -
tury, the 3,000-year tem perature range in Fig ure 1, sea sonal and di urnal
range in Or egon, and sea sonal and di urnal range throughout the Earth.

Figure 5: U.S. sur face temperature from Fig ure 4 as com pared with to tal so -
lar irradiance (19) from Fig ure 3.

Fig ure 4: An nual mean sur face tem per a tures in the con tig u ous United States
between 1880 and 2006 (10). The slope of the least-squares trend line for
this 127-year re cord is 0.5 ºC per cen tury.
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Figure 8: An nual num ber of strong-to-vi olent category F3 to F5 tor nados
during the March-to-August tor nado sea son in the U.S. be tween 1950 and
2006. U.S. Na tional Climatic Data Cen ter, U.S. De partment of Com merce
2006 Cli mate Re view (20). Dur ing this pe riod, world hydrocarbon use in -
creased 6-fold, while vi olent tor nado fre quency de creased by 43%.

Figure 7: An nual pre cipitation in the contiguous 48 United States be tween
1895 and 2006. U.S. Na tional Climatic Data Cen ter, U.S. De partment of
Commerce 2006 Cli mate Re view (20). The trend shows an in crease in rain-
fall of 1.8 inches per century – ap proximately 6% per cen tury.



did that prior to the Me dieval Cli mate Op timum, sea level would be
expected to rise about 1 foot during the next 200 years.

As shown in Fig ures 2, 11, and 12, the trends in gla cier short en-
ing and sea level rise be gan a century be fore the 60-year 6-fold in-
crease in hy drocarbon use, and have not changed dur ing that
increase. Hydrocarbon use could not have caused these trends.

 Dur ing the past 50 years, atmospheric CO2 has in creased by
22%. Much of that CO2 in crease is at tributable to the 6-fold increase
in hu man use of hy drocarbon en ergy. Fig ures 2, 3, 11, 12, and 13
show, how ever, that hu man use of hy drocarbons has not caused the
ob served in creases in tem per a ture.

The increase in at mospheric carbon di oxide has, how ever, had a
sub stan tial en vi ron men tal ef fect. At mo spheric CO2 fer til izes plants.
Higher CO2 en ables plants to grow faster and larger and to live in
drier climates. Plants pro vide food for an imals, which are thereby
also en hanced. The extent and di versity of plant and an imal life have
both increased sub stantially dur ing the past half-century. Increased
temperature has also mildly stim ulated plant growth.

Does a catastrophic amplification of these trends with damaging
cli ma to log i cal con se quences lie ahead? There are no ex per i men tal
data that sug gest this. There is also no ex perimentally val idated the o-
ret i cal ev i dence of such an am pli fi ca tion.

Predictions of catastrophic global warming are based on computer
climate modeling, a branch of sci ence still in its in fancy. The em piri-
cal ev idence – ac tual measurements of Earth’s temperature and cli -
mate – shows no man-made warming trend. In deed, during four of
the seven decades since 1940 when av erage CO2 lev els steadily
increased, U.S. av er age tem per a tures were ac tu ally decreasing.

While CO2 lev els have in creased substantially and are ex pected to
continue do ing so and hu mans have been re sponsible for part of this
increase, the ef fect on the environment has been be nign.

There is, however, one very dan gerous pos sibility.
Our in dus trial and tech no log i cal civ i li za tion de pends upon abun-

dant, low-cost energy. This civilization has already brought un prece-
dented pros perity to the people of the more de veloped na tions.
Billions of peo ple in the less developed na tions are now lifting them-
selves from pov erty by adopt ing this technology.

Hydrocarbons are essential sources of en ergy to sustain and ex -
tend prosperity. This is es pecially true of the developing na tions,
where avail able cap ital and technology are in sufficient to meet rap -
idly in creas ing en ergy needs with out ex ten sive use of hy dro car bon
fu els. If, through mis un der stand ing of the un der ly ing sci ence and
through misguided pub lic fear and hysteria, mankind significantly ra -
tions and restricts the use of hydrocarbons, the worldwide in crease in
prosperity will stop. The result would be vast hu man suf fering and
the loss of hun dreds of millions of hu man lives. Moreover, the pros -
perity of those in the developed coun tries would be greatly reduced.

Mild or dinary natural in creases in the Earth’s tem perature have
occurred during the past two to three centuries. These have re sulted
in some improvements in overall climate and also some changes in

Fig ure 10: An nual num ber of vi o lent hur ri canes and max i mum at tained
wind speed dur ing those hur ricanes in the At lan tic Ocean be tween 1944 and
2006 (22,23). There is no upward trend in either of these records. Dur ing this 
pe riod, world hy dro car bon use in creased 6-fold. Lines are mean values.

Figure 9: An nual num ber of At lantic hur ricanes that made land fall be tween
1900 and 2006 (21). Line is drawn at mean value.

Figure 11: Global sea level mea sured by sur face gauges be tween 1807 and
2002 (24) and by sat ellite between 1993 and 2006 (25). Sat ellite mea sure-
ments are shown in gray and agree with tide gauge mea surements. The over -
all trend is an in crease of 7 inches per cen tury. In termediate trends are 9, 0,
12, 0, and 12 inches per century, re spectively. This trend lags the tem pera-
ture in crease, so it pre dates the in crease in hydrocarbon use even more than
is shown. It is un affected by the very large in crease in hydrocarbon use.
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Figure 12: Gla cier short ening (4) and sea level rise (24,25). Gray area des ig-
nates estimated range of er ror in the sea level re cord. These mea surements
lag air temperature in creases by about 20 years. So, the trends be gan more
than a century be fore in creases in hydrocarbon use.



the land scape, such as a re duction in glacier lengths and in creased
vegetation in colder ar eas. Far greater changes have oc curred during
the time that all cur rent species of animals and plants have been on
the Earth. The relative pop ulation sizes of the species and their geo -
graphical dis tributions vary as they adapt to changing con ditions.

The temperature of the Earth is continuing its pro cess of
fluctuation in correlation with variations in natural phenomena. Man-
kind, meanwhile, is moving some of the carbon in coal, oil, and nat u-
ral gas from be low ground to the atmosphere and sur face, where it is
available for con version into living things. We are living in an in -
creasingly lush en vironment of plants and animals as a re sult. This is
an un ex pected and won der ful gift from the In dus trial Rev o lu tion.

AT MO SPHERIC AND SUR FACE TEM PER A TURES

At mo spheric and sur face tem per a tures have been re cov er ing from
an un usually cold pe riod. Dur ing the time be tween 200 and 500
years ago, the Earth was ex periencing the “Lit tle Ice Age.” It had de -
scended into this relatively cool period from a warm in terval about
1,000 years ago known as the “Medieval Climate Op timum.” This is
shown in Figure 1 for the Sargasso Sea.

Dur ing the Me di eval Cli mate Op ti mum, tem per a tures were warm
enough to al low the col o ni za tion of Green land. These colonies were
abandoned af ter the on set of colder temperatures. For the past 200 to
300 years, Earth tem per a tures have been grad u ally re cov er ing (26).
Sargasso Sea temperatures are now approximately equal to the av er-
age for the previous 3,000 years.

The historical re cord does not con tain any report of “global
warm ing” ca tas tro phes, even though tem per a tures have been higher
than they are now dur ing much of the last three millennia.

The 3,000-year range of temperatures in the Sargasso Sea is typi-
cal of most places. Tem perature re cords vary widely with geo graph-
ical lo ca tion as a re sult of cli ma to log i cal char ac ter is tics unique to
those specific re gions, so an “av erage” Earth tem perature is less
meaningful than in dividual records (27). So called “global” or
“hemi spheric” av er ages con tain er rors cre ated by av er ag ing sys tem-
atically dif ferent aspects of unique geo graphical regions and by in-
clu sion of re gions where tem per a ture re cords are un re li able.

 Three key fea tures of the tem perature re cord – the Me dieval Cli -
mate Op timum, the Lit tle Ice Age, and the Not-Unusual-Tempera-
ture of the 20th century – have been ver ified by a re view of lo cal
tem per a ture and tem per a ture-cor re lated re cords through out the world
(11), as summarized in Ta ble 1. Each re cord was scored with respect
to those queries to which it ap plied. The ex perimental and historical
lit er a ture de fin i tively con firms the pri mary fea tures of Fig ure 1.

Most geo graph ical lo ca tions ex pe ri enced both the Me di eval Cli-
mate Op timum and the Little Ice Age – and most locations did not ex pe ri ence tem per a tures that were un usu ally warm dur ing the 20th

century. A re view of 23 quan titative re cords has demonstrated that
mean and median world temperatures in 2006 were, on average, ap-
prox i mately 1 �C or 2 °F cooler than in the Medieval Pe riod (12).

World glacier length (4) and world sea level (24,25) measure-
ments provide re cords of the re cent cy cle of re covery. Warmer tem-
peratures diminish gla ciers and cause sea level to rise be cause of
decreased ocean wa ter den sity and other fac tors.

These measurements show that the trend of 7 inches per century
increase in sea level and the shortening trend in av erage gla cier
length both be gan a century be fore 1940, yet 84% of to tal human an -
nual hydrocarbon use occurred only after 1940. Moreover, neither of
these trends has accelerated during the period between 1940 and
2007, while hydrocarbon use increased 6-fold. Sea level and glacier
records are offset by about 20 years because of the de lay be tween
temperature rise and gla cier and sea level change.

If the nat ural trend in sea level increase continues for another two
centuries as did the temperature rise in the Sargasso Sea as the Earth
entered the Me dieval Warm Period, sea level would be ex pected to
rise about 1 foot between the years 2000 and 2200. Both the sea level
and glacier trends – and the temperature trend that they re flect – are

Table 1: Com prehensive re view of all instances in which temperature or
tem per a ture-cor re lated re cords from lo cal i ties through out the world per mit
answers to queries concerning the existence of the Me dieval Cli mate Opti-
mum, the Lit tle Ice Age, and an un usually warm anomaly in the 20th cen-
tury (11). The compiled and tabulated answers con firm the three principal
features of the Sargasso Sea record shown in Fig ure 1. The prob ability that
the an swer to the query in col umn 1 is “yes” is given in col umn 5.
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Figure 13: Seven in dependent re cords – so lar ac tivity (9); North ern Hemi -
sphere, (13), Arctic (28), global (10), and U.S. (10) an nual sur face air tem -
peratures; sea level (24,25); and gla cier length (4) – all qualitatively con firm
each other by ex hibiting three intermediate trends – warmer, cooler, and
warmer. Sea level and gla cier length are shown minus 20 years, correcting
for their 20-year lag of atmospheric tem perature. So lar activity, North ern
Hemisphere tem perature, and glacier lengths show a low in about 1800. 
    Hydrocarbon use (7) is uncorrelated with temperature. Temperature rose
for a cen tury be fore sig nif i cant hy dro car bon use. Tem per a ture rose be tween
1910 and 1940, while hydrocarbon use was al most un changed. Tem perature
then fell be tween 1940 and 1972, while hydrocarbon use rose by 330%.
Also, the 150 to 200-year slopes of the sea level and glacier trends were un -
changed by the very large in crease in hydrocarbon use af ter 1940.



unrelated to hydrocarbon use. A further dou bling of world hydrocar-
bon use would not change these trends.

Figure 12 shows the close correlation be tween the sea level and
glacier re cords, which fur ther val idates both records and the du ration
and character of the temperature change that gave rise to them. 

Figure 4 shows the annual temperature in the United States dur ing
the past 127 years. This re cord has an up ward trend of 0.5 ºC per
cen tury. Global and North ern Hemi sphere sur face tem per a ture re-
cords shown in Figure 13 trend up ward at 0.6 ºC per cen tury. These
records are, however, biased to ward higher temperatures in several
ways. For ex ample, they preferentially use data near populated ar eas
(33), where heat is land ef fects are prevalent, as il lustrated in Fig ure
15. A trend of 0.5 ºC per cen tury is more rep resentative (13-17). 

The U.S. tem per a ture re cord has two in ter me di ate uptrends of
com pa ra ble mag ni tude, one oc cur ring be fore the 6-fold in crease in
hydrocarbon use and one dur ing it. Between these two is an in terme-
diate temperature down trend, which led in the 1970s to fears of an
impending new ice age. This decrease in temperature occurred dur-
ing a period in which hy drocarbon use increased 3-fold.

Seven in de pend ent re cords – so lar irradiance; Arc tic, North ern
Hemisphere, global, and U.S. annual av erage surface air tem pera-
tures; sea level; and gla cier length – all exhibit these three in termedi-
ate trends, as shown in Figure 13. These trends confirm one an other.
So lar irradiance cor relates with them. Hy drocarbon use does not.

The in ter me di ate uptrend in tem per a ture be tween 1980 and 2006
shown in Figure 13 is similar to that shown in Figure 14 for balloon
and satellite tropospheric measurements. This trend is more pro -
nounced in the Northern Hemisphere than in the Southern. Contrary
to the CO2 warm ing cli mate mod els, how ever, tro po spheric tem per a -
tures are not ris ing faster than surface tem peratures.

Fig ure 6 il lus trates the mag ni tudes of these tem per a ture changes
by comparing the 0.5 ºC per century temperature change as the Earth
recovers from the Lit tle Ice Age, the range of 50-year averaged At-
lantic ocean surface tem peratures in the Sargasso Sea over the past
3,000 years, the range of day-night and seasonal variation on av erage

in Or egon, and the range of day-night and seasonal variation over the
whole Earth. The two-century-long temperature change is small.

Tro po spheric tem per a tures mea sured by sat el lite give com pre hen -
sive geo graphic cov er age. Even the sat el lite mea sure ments, how ever, 
contain short and medium-term fluctuations greater than the slight
warming trends cal culated from them. The cal culated trends vary sig -
nificantly as a func tion of the most recent fluctuations and the lengths
of the data sets, which are short.

Figure 3 shows the latter part of the pe riod of warming from the
Little Ice Age in greater de tail by means of Arc tic air temperature as
compared with so lar irradiance, as does Figure 5 for U.S. sur face
tem per a ture. There is a close cor re la tion be tween so lar ac tiv ity and
tem per a ture and none be tween hy dro car bon use and tem per a ture.
Several other stud ies over a wide va riety of time in tervals have found 
sim i lar cor re la tions be tween cli mate and so lar ac tiv ity (15, 34-39).

Fig ure 3 also il lus trates the un cer tain ties in tro duced by lim ited
time re cords. If the Arc tic air temperature data before 1920 were not
available, essentially no uptrend would be ob served.

This observed variation in solar ac tivity is typ ical of stars close in
size and age to the sun (40). The cur rent warming trends on Mars
(41), Ju piter (42), Nep tune (43,44), Neptune’s moon Tri ton (45), and
Pluto (46-48) may result, in part, from similar relations to the sun and
its ac tivity – like those that are warming the Earth.

Hy dro car bon use and at mo spheric CO2 do not correlate with the
ob served tem per a tures. So lar ac tiv ity cor re lates quite well. Cor re la -
tion does not prove causality, but non-cor relation proves non-causal-
ity. Hu man hydrocarbon use is not measurably warming the earth.
Moreover, there is a ro bust theoretical and empirical model for so lar
warming and cooling of the Earth (8,19,49,50). The ex perimental
data do not prove that so lar ac tivity is the only phe nomenon re spon-
sible for substantial Earth temperature fluctuations, but they do show
that hu man hydrocarbon use is not among those phenomena.

The over all ex per i men tal re cord is self-con sis tent. The Earth has
been warming as it re covers from the Lit tle Ice Age at an average
rate of about 0.5 ºC per cen tury. Fluc tu a tions within this tem per a ture
trend in clude pe riods of more rapid in crease and also pe riods of tem-
per a ture de crease. These fluc tu a tions cor re late well with con com i tant 
fluctuations in the activity of the sun. Neither the trends nor the fluc-
tuations within the trends correlate with hydrocarbon use. Sea level
and gla cier length re veal three in ter me di ate uptrends and two down -
trends since 1800, as does solar ac tivity. These trends are cli matically
benign and result from nat ural pro cesses.

Figure 14: Sat ellite mi crowave sound ing unit (blue) mea surements of tro po-
spheric tem peratures in the North ern Hemi sphere be tween 0 and 82.5 N,
Southern Hemi sphere be tween 0 and 82.5 S, trop ics be tween 20S and 20N,
and the globe be tween 82.5N and 82.5S be tween 1979 and 2007 (29), and
radiosonde bal loon (red) mea surements in the trop ics (29). The bal loon mea -
surements con firm the sat ellite technique (29-31). The warm ing anom aly in
1997-1998 (gray) was caused by El Niño, which, like the overall trends, is
un re lated to CO2 (32).
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Figure 15: Sur face temperature trends for 1940 to 1996 from 107 mea suring
stations in 49 Cal i for nia coun ties (51,52). The trends were com bined for
counties of sim ilar pop ulation and plot ted with the stan dard er rors of their
means. The six mea suring sta tions in Los An geles County were used to cal -
culate the stan dard er ror of that county, which is plot ted at a pop ulation of
8.9 mil lion. The “ur ban heat island ef fect” on sur face mea surements is ev i-
dent. The straight line is a least-squares fit to the closed cir cles. The points
marked “X” are the six un adjusted sta tion re cords se lected by NASA GISS
(53-55) for use in their estimate of global sur face temperatures. Such selec-
tions make NASA GISS tem per a tures too high.



AT MO SPHERIC CAR BON DI OX IDE

The con cen tra tion of CO2 in Earth’s at mosphere has in creased
during the past century, as shown in Figure 17. The magnitude of
this atmospheric in crease is cur rently about 4 gigatons (Gt C) of car-
bon per year. To tal hu man in dustrial CO2 pro duc tion, pri mar ily from
use of coal, oil, and natural gas and the production of ce ment, is cur-
rently about 8 Gt C per year (7,56,57). Hu mans also exhale about 0.6
Gt C per year, which has been sequestered by plants from at mo-
spheric CO2. Of fice air con cen tra tions of ten ex ceed 1,000 ppm CO2.

To put these figures in perspective, it is es timated that the at mo-
sphere con tains 780 Gt C; the sur face ocean con tains 1,000 Gt C;
vegetation, soils, and de tritus contain 2,000 Gt C; and the in termedi-
ate and deep oceans con tain 38,000 Gt C, as CO2 or CO2 hydration
products. Each year, the surface ocean and at mosphere ex change an
estimated 90 Gt C; veg etation and the at mosphere, 100 Gt C; marine
biota and the sur face ocean, 50 Gt C; and the sur face ocean and the
intermediate and deep oceans, 40 Gt C (56,57).

So great are the mag nitudes of these reservoirs, the rates of ex -
change be tween them, and the uncertainties of these es timated num -
bers that the sources of the re cent rise in at mospheric CO2 have not
been de ter mined with cer tainty (58,59). At mo spheric con cen tra tions
of CO2 are reported to have var ied widely over geo logical time, with
peaks, ac cording to some estimates, some 20-fold higher than at
present and lows at ap proximately 200 ppm (60-62). 

Ice-core re cords are re ported to show seven extended pe riods dur -
ing 650,000 years in which CO2, methane (CH4), and tem per a ture
increased and then decreased (63-65). Ice-core re cords contain sub -
stan tial un cer tain ties (58), so these cor re la tions are im pre cise. 

In all seven gla cial and inter gla cial cy cles, the re ported changes in 
CO2 and CH4 lagged the temperature changes and could not, there-
fore, have caused them (66). These fluctuations prob a bly in volved
tem per a ture-caused changes in oce anic and ter res trial CO2 and CH4

content. More recent CO2 fluctuations also lag temperature (67,68).
In 1957, Revelle and Seuss (69) es timated that tem pera-

ture-caused out-gassing of ocean CO2 would increase atmospheric

CO2 by about 7% per °C temperature rise. The reported change dur -
ing the seven interglacials of the 650,000-year ice core re cord is
about 5% per °C (63), which agrees with the out-gassing calculation.

Between 1900 and 2006, Antarctic CO2 in creased 30% per 0.1 °C
temperature change (72), and world CO2 in creased 30% per 0.5 °C.
In ad dition to ocean out-gassing, CO2  from hu man use of hy drocar-
bons is a new source. Neither this new source nor the older natural
CO2 sources are caus ing at mospheric temperature to change.

The hypothesis that the CO2 rise dur ing the interglacials caused
the temperature to rise requires an increase of about 6 °C per 30%
rise in CO2 as seen in the ice core re cord. If this hy pothesis were cor-
rect, Earth temperatures would have risen about 6 °C be tween 1900
and 2006, rather than the rise of between 0.1 °C and 0.5 °C, which
ac tu ally oc curred. This dif fer ence is il lus trated in Fig ure 16.

The 650,000-year ice-core re cord does not, therefore, agree with
the hypothesis of “hu man-caused global warming,” and, in fact, pro -
vides em pir i cal ev i dence that in val i dates this hypothesis.

Car bon dioxide has a very short residence time in the at mosphere.
Beginning with the 7 to 10-year half-time of CO2 in the atmosphere
es ti mated by Revelle and Seuss (69), there were 36 es timates of the
at mo spheric CO2 half-time based upon ex per i men tal mea sure ments
published between 1957 and 1992 (59). These range between 2 and
25 years, with a mean of 7.5, a median of 7.6, and an up per range
average of about 10. Of the 36 val ues, 33 are 10 years or less.

 Many of these es timates are from the de crease in at mospheric
car bon 14 af ter ces sa tion of at mo spheric nu clear weap ons test ing,
which provides a reliable half-time. There is no ex perimental ev i-
dence to sup port computer model estimates (73) of a CO2 at mo-
spheric “lifetime” of  300 years or more.

Human pro duction of 8 Gt C per year of CO2 is neg li gi ble as
compared with the 40,000 Gt C residing in the oceans and bio sphere.
At ul ti mate equi lib rium, hu man-pro duced CO2 will have an
insignificant ef fect on the amounts in the various reservoirs. The
rates of approach to equi librium are, how ever, slow enough that hu -
man use creates a tran sient at mospheric in crease.

In any case, the sources and amounts of CO2 in the atmosphere
are of secondary importance to the hypothesis of “hu man-caused
global warming.” It is hu man burn ing of coal, oil, and natural gas
that is at issue. CO2 is merely an in ter me di ate in a hy po thet i cal
mechanism by which this “hu man-caused global warming” is said to
take place. The amount of atmospheric CO2 does have pro found en -
vi ron men tal ef fects on plant and an i mal pop u la tions (74) and di ver-
sity, as is dis cussed be low.

Fig ure 17: At mo spheric CO2 con centrations in parts per mil lion by vol ume,
ppm, mea sured spec tro pho to met ri cally at Mauna Loa, Ha waii, be tween
1958 and 2007. These mea surements agree well with those at other lo cations
(71). Data be fore 1958 are from ice cores and chem ical anal yses, which have
sub stan tial ex per i men tal un cer tain ties. We have used 295 ppm for the pe riod
1880 to 1890, which is an av erage of the avail able estimates. About 0.6 Gt C 
of CO2 is pro duced an nually by hu man res piration and of ten leads to con -
cen tra tions ex ceed ing 1,000 ppm in pub lic buildings. At mospheric CO2 has
increased 22% since 1958 and about 30% since 1880.
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Figure 16: Temperature rise versus CO2 rise from seven ice-core mea sured
interglacial pe riods (63-65); from cal culations (69) and mea surements (70)
of sea wa ter out-gas sing; and as mea sured dur ing the 20th and 21st cen turies
(10,72). The interglacial tem perature increases caused the CO2 rises through
release of ocean CO2. The CO2 rises did not cause the tem perature rises.
    In ad dition to the agreement be tween the out-gassing estimates and mea -
surements, this con clusion is also ver ified by the small tem perature rise dur -
ing the 20th and 21st cen turies. If the CO2 versus tem per a ture cor re la tion
during the seven interglacials had been caused by CO2 green house warm ing,
then the temperature rise per CO2 rise would have been as high dur ing the
20th and 21st cen turies as it was dur ing the seven inter gla cial pe ri ods.



CLI MATE CHANGE

While the av erage tem perature change tak ing place as the Earth
recov ers from the Lit tle Ice Age is so slight that it is dif fi cult to dis -
cern, its en vi ron men tal ef fects are mea sur able. Gla cier short en ing
and the 7 inches per cen tury rise in sea level are ex am ples. There are
additional cli mate changes that are correlated with this rise in tem per-
ature and may be caused by it.

Greenland, for ex am ple, is be gin ning to turn green again, as it
was 1,000 years ago dur ing the Me di eval Climate Op ti mum (11).
Arctic sea ice is de creasing somewhat (75), but Ant arctic ice is not
decreasing and may be in creasing, due to increased snow (76-79).

In the United States, rainfall is in creasing at about 1.8 inches per
century, and the num ber of se vere tornados is de creasing, as shown
in Figures 7 and 8. If world tem per atures con tinue to rise at the cur -
rent rate, they will reach those of the Me dieval Cli mate Op timum
about 2 centuries from now. His tor ical re ports of that pe riod re cord
the growing of warm weather crops in local i ties too cold for that pur -
pose to day, so it is to be ex pected that the area of more temperate cli -
mate will ex pand as it did then. This is al ready be ing ob served, as
studies at higher al ti tudes have re ported in creases in amount and di-
versity of plant and an imal life by more than 50% (12,80).

At mo spheric tem per a ture is in creas ing more in the North ern
Hemisphere than in the Southern, with inter mediate pe riods of in -
crease and de crease in the overall trends. 

There has been no in crease in frequency or se verity of At lantic
hurricanes dur ing the pe riod of 6-fold in crease in hy drocarbon use,
as is il lus trated in Fig ures 9 and 10. Num bers of vi o lent hur ricanes
vary greatly from year to year and are no greater now than they were
50 years ago. Sim i larly, maximum wind speeds have not increased.

All of the observed climate changes are gradual, mod erate, and
entirely within the bounds of or dinary nat ural changes that have oc -
curred dur ing the be nign pe riod of the past few thou sand years.

There is no indication what ever in the experimental data that an
abrupt or re markable change in any of the or dinary nat ural cli mate
vari ables is be ginning or will be gin to take place.

GLOBAL WARM ING HY POTH E SIS

The greenhouse ef fect amplifies so lar warm ing of the earth.
Greenhouse gases such as H2O, CO2, and CH4 in the Earth’s at mo-
sphere, through com bined con vec tive re ad justments and the ra di a tive
blanketing ef fect, essentially de crease the net es cape of ter restrial
ther mal in fra red ra di a tion. In creas ing CO2, there fore, ef fec tively in-
creases radiative en ergy in put to the Earth’s atmosphere. The path of
this ra di a tive in put is com plex. It is re dis trib uted, both ver ti cally and
hor i zon tally, by var i ous phys i cal pro cesses, in clud ing advection,
convection, and diffusion in the atmosphere and ocean.

When an in crease in CO2 in creases the radiative in put to the at -
mosphere, how and in which di rection does the at mosphere re spond?
Hy poth e ses about this re sponse dif fer and are sche mat i cally shown
in Figure 18. Without the wa ter-vapor green house effect, the Earth
would be about 14 ºC cooler (81). The ra diative con tri bu tion of dou -
bling at mo spheric CO2 is minor, but this ra di ative greenhouse effect
is treated quite differ ently by dif fer ent cli mate hy potheses. The hy-
poth e ses that the IPCC (82,83) has chosen to adopt predict that the
effect of CO2 is am pli fied by the at mosphere, es pecially by wa ter va -
por, to pro duce a large tem per ature in crease. Other hy poth eses,
shown as hy pothesis 2, pre dict the op posite – that the at mospheric re -
sponse will coun ter act the CO2 in crease and re sult in in sig nif i cant
changes in global tem per a ture (81,84,85,91,92). The ex per i men tal
evidence, as de scribed above, fa vors hy pothesis 2. While CO2 has
increased substantially, its ef fect on tem perature has been so slight
that it has not been ex perimentally detected.

The com puter cli mate models upon which “hu man-caused global
warming” is based have sub stantial un certainties and are mark edly
unreliable. This is not sur prising, since the cli mate is a cou pled,

non-linear dy nam i cal sys tem. It is very com plex. Fig ure 19 illustrates
the dif fi cul ties by com par ing the ra di a tive CO2 green house ef fect
with cor rec tion fac tors and un cer tainties in some of the pa rameters in
the com puter cli mate cal culations. Other fac tors, too, such as the
chem i cal and cli ma tic in flu ence of vol ca noes, can not now be re li ably 
com puter mod eled.

In ef fect, an ex periment has been per formed on the Earth dur ing
the past half-century – an ex periment that includes all of the com plex 
factors and feed back ef fects that de termine the Earth’s tem perature
and climate. Since 1940, hy dro carbon use has risen 6-fold. Yet, this
rise has had no ef fect on the tem per ature trends, which have con tin-
ued their cy cle of re covery from the Lit tle Ice Age in close cor rela-
tion with in creas ing so lar ac tiv ity.

Not only has the global warm ing hy poth esis failed experimental
tests, it is the oretically flawed as well. It can rea sonably be ar gued
that cool ing from neg a tive phys i cal and bi o log i cal feed backs to
greenhouse gases nul li fies the slight initial tem per ature rise (84,86). 

The reasons for this fail ure of the com puter cli mate models are
subjects of scientific de bate (87). For ex am ple, wa ter va por is the
largest con tributor to the overall green house effect (88). It has been
suggested that the cli mate models treat feed backs from clouds, water
va por, and re lated hy drol ogy in cor rectly (85,89-92).

The global warm ing hy poth e sis with respect to CO2 is not based
upon the ra di a tive prop er ties of CO2 it self, which is a very weak
green house gas. It is based upon a small ini tial in crease in tem per a -
ture caused by CO2 and a large the o ret i cal am pli fi ca tion of that tem-
per a ture in crease, pri mar ily through in creased evap o ra tion of H2O, a

Fig ure 19: The ra di a tive green house ef fect of dou bling the con cen tra tion of
at mo spheric CO2 (right bar) as com pared with four of the un certainties in the 
com puter cli mate mod els (87,93).

Fig ure 18: Qual i ta tive il lus tra tion of green house warm ing. “Pres ent GHE” is 
the cur rent green house ef fect from all at mo spheric phe nom ena. “Ra di a tive
effect of CO2” is the added green house ra diative ef fect from dou bling CO2

with out con sid er ation of other at mo spheric com po nents. “Hy poth e sis 1
IPCC” is the hy po thet i cal am pli fi ca tion ef fect as sumed by IPCC. “Hy poth e-
sis 2” is the hy po thet i cal mod er a tion ef fect.
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strong greenhouse gas. Any com pa ra ble tem per a ture in crease from
another cause would pro duce the same calculated out come.

Thus, the 3,000-year tem per a ture re cord il lus trated in Fig ure 1
also pro vides a test of the computer models. The historical tempera-
ture re cord shows that the Earth has previously warmed far more
than could be caused by CO2 itself. Since these past warming cy cles
have not ini ti ated wa ter-va por-me di ated at mo spheric warm ing ca tas -
trophes, it is ev ident that weaker ef fects from CO2 can not do so.

Methane is also a minor green house gas. World CH4 lev els are, as 
shown in Figure 20, leveling off. In the U.S. in 2005, 42% of hu -
man-pro duced meth ane was from hy dro car bon en ergy pro duc tion,
28% from waste management, and 30% from ag riculture (95). The
total amount of CH4 pro duced from these U.S. sources de creased 7%
between 1980 and 2005. Moreover, the re cord shows that, even
while meth ane was increasing, tem perature trends were be nign.

The “human-caused global warming” – often called the “global
warm ing” – hy poth e sis de pends en tirely upon com puter model-gen-
erated sce narios of the future. There are no em pirical records that
verify either these models or their flawed predictions (96).

Claims (97) of an epidemic of in sect-borne dis eases, extensive
spe cies ex tinc tion, cat a strophic flood ing of Pa cific is lands, ocean
acid i fi ca tion, in creased num bers and severities of hur ri canes and tor-
nados, and increased hu man heat deaths from the 0.5�°C per century
tem per a ture rise are not con sis tent with ac tual ob ser va tions. The “hu-
man-caused global warming” hypothesis and the computer calcula-
tions that sup port it are in error. They have no empirical sup port and
are in val i dated by nu mer ous ob ser va tions.

WORLD TEM PER A TURE CON TROL

World tem per a ture is con trolled by nat u ral phe nom ena. What
steps could mankind take if so lar ac tivity or other effects be gan to
shift the Earth to ward temperatures too cold or too warm for op ti-
mum hu man life?

First, it would be nec essary to de termine what tem perature hu-
mans feel is optimum. It is unlikely that the chosen temperature
would be ex actly that which we have to day. Second, we would be
fortunate if nat ural forces were to make the Earth too warm rather
than too cold be cause we can cool the Earth with rel ative ease. We
have no means by which to warm it. At tempting to warm the Earth
with ad dition of CO2 or to cool the Earth by re strictions of CO2 and
hydrocarbon use would, how ever, be fu tile. Neither would work.

Inexpensively block ing the sun by means of par ticles in the up per
at mo sphere would be ef fec tive. S.S. Pen ner, A.M. Schneider, and E.
M. Kennedy have pro posed (98) that the ex haust systems of com-
mercial air liners could be tuned in such a way as to eject par ticulate
sun-blocking material into the up per atmosphere. Later, Ed ward
Teller sim ilarly suggested (18) that particles could be injected into

the atmosphere in or der to re duce solar heating and cool the Earth.
Teller es timated a cost of between $500 million and $1 billion per
year for be tween 1 ºC and 3 ºC of cooling. Both methods use parti-
cles so small that they would be in visible from the Earth.

These methods would be ef fective and economical in blocking
so lar ra di a tion and re duc ing at mo spheric and sur face tem per a tures.
There are other similar pro posals (99). World en ergy ra tioning, on
the other hand, would not work.

The climate of the Earth is now benign. If temperatures be come
too warm, this can eas ily be cor rected. If they be come too cold, we
have no means of re sponse – except to maximize nu clear and hydro-
car bon en ergy pro duc tion and tech no log i cal ad vance. This would
help hu manity adapt and might lead to new mitigation technology.

FERTILIZATION OF PLANTS BY CO2

How high will the CO2 con cen tra tion of the at mo sphere ul ti-
mately rise if mankind con tinues to in crease the use of coal, oil, and
natural gas? At ul timate equi librium with the ocean and other res er-
voirs there will probably be very lit tle in crease. The current rise is a
non-equilibrium re sult of the rate of ap proach to equi librium.

One reservoir that would moderate the in crease is es pecially im-
portant. Plant life pro vides a large sink for CO2. Us ing current
knowledge about the in creased growth rates of plants and assuming
in creased CO2 re lease as com pared to cur rent emis sions, it has been
es ti mated that at mo spheric CO2 lev els may rise to about 600 ppm be -
fore lev eling off. At that level, CO2 ab sorp tion by in creased Earth
biomass is able to absorb about 10 Gt C per year (100). At present,
this ab sorption is estimated to be about 3 Gt C per year (57).

About 30% of this pro jected rise from 295 to 600 ppm has al -
ready taken place, without causing un favorable climate changes.
More over, the ra di a tive ef fects of CO2 are logarithmic (101,102), so
more than 40% of any cli matic in fluences have al ready oc curred.

As at mo spheric CO2 in creases, plant growth rates increase. Also,
leaves transpire less and lose less wa ter as CO2 in creases, so that
plants are able to grow un der drier con ditions. An imal life, which de -
pends upon plant life for food, in creases proportionally.

Figures 21 to 24 show ex amples of ex perimentally measured in-
creases in the growth of plants. These examples are representative of
a very large re search literature on this sub ject (103-109). As Figure
21 shows, long-lived 1,000- to 2,000-year-old pine trees have shown
a sharp in crease in growth dur ing the past half-century. Fig ure 22
shows the 40% increase in the forests of the United States that has

Figure 20: Global atmospheric meth ane con centration in parts per mil lion
between 1982 and 2004 (94).

Figure 21: Stan dard de viation from the mean of tree ring widths for (a)
bristlecone pine, limber pine, and fox tail pine in the Great Ba sin of Cal ifor-
nia, Ne vada, and Ar i zona and (b) bristlecone pine in Col o rado (110). Tree
ring widths were av eraged in 20-year seg ments and then nor malized so that
the means of prior tree growth were zero. The de viations from the means are 
shown in units of stan dard de viations of those means. 
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taken place since 1950. Much of this increase is due to the increase in
at mo spheric CO2 that has already oc curred. In ad dition, it has been
re ported that Am a zo nian rain for ests are in creas ing their veg e ta tion
by about 900 pounds of carbon per acre per year (113), or
approximately 2 tons of biomass per acre per year. Trees re spond to
CO2 fer tilization more strongly than do most other plants, but all
plants re spond to some ex tent.

Since plant response to CO2 fertilization is nearly lin ear with re-
spect to CO2 con centration over the range from 300 to 600 ppm, as
seen in Fig ure 23, ex per i men tal mea sure ments at dif fer ent lev els of
CO2 en richment can be extrapolated. This has been done in Fig ure
24 in order to il lustrate CO2 growth enhancements calculated for the
atmospheric in crease of about 88 ppm that has al ready taken place
and those ex pected from a pro jected to tal in crease of 305 ppm.

Wheat growth is ac celerated by in creased at mospheric CO2, es pe-
cially un der dry con ditions. Figure 24 shows the response of wheat
grown un der wet con ditions versus that of wheat stressed by lack of
water. The un derlying data is from open-field experiments. Wheat
was grown in the usual way, but the atmospheric CO2 con cen tra tions
of cir cular sec tions of the fields were in creased by ar rays of com-

puter-controlled equipment that released CO2 into the air to hold the
levels as specified (115,116). Or ange and young pine tree growth en -
hancement (117-119) with two atmospheric CO2 in creases – that
which has already oc curred since 1885 and that pro jected for the next
two centuries – is also shown. The relative growth en hancement of
trees by CO2 di minishes with age. Figure 24 shows young trees.

Figure 23 summarizes 279 experiments in which plants of various
types were raised under CO2-en hanced con di tions. Plants un der
stress from less-than-ideal conditions – a common oc currence in na -
ture – re spond more to CO2 fer til iza tion. The se lec tions of spe cies in
Figure 23 were bi ased to ward plants that re spond less to CO2 fertil-
ization than does the mixture ac tually covering the Earth, so Fig ure
23 un derestimates the ef fects of global CO2 en hance ment.

Clearly, the green rev o lu tion in ag ri cul ture has al ready ben e fit ted
from CO2 fertilization, and benefits in the future will be even greater.
Animal life is increasing pro portionally, as shown by stud ies of 51
terrestrial (120) and 22 aquatic ecosystems (121). Moreover, as
shown by a study of 94 terrestrial ecosystems on all con tinents ex -

cept Antarctica (122), species rich ness – biodiversity – is more pos i-
tively correlated with productivity – the to tal quantity of plant life per
acre – than with anything else.

At mo spheric CO2 is required for life by both plants and an imals.
It is the sole source of car bon in all of the pro tein, carbohydrate, fat,
and other or ganic molecules of which living things are con structed.

Plants extract carbon from at mospheric CO2 and are thereby fer-
tilized. Animals ob tain their carbon from plants. Without at mo-
spheric CO2, none of the life we see on Earth would exist.

Water, ox ygen, and carbon di oxide are the three most important
substances that make life pos sible.

They are surely not en vironmental pol lutants.

Figure 22: In ventories of stand ing hard wood and soft wood tim ber in the
United States com piled in Forest Re sources of the United States, 2002, U.S.
De part ment of Ag ri cul ture For est Ser vice (111,112). The lin ear trend cited
in 1998 (1) with an in crease of 30% has con tinued. The increase is now
40%. The amount of U.S. tim ber is rising al most 1% per year.

Figure 23: Sum mary data from 279 pub lished ex periments in which plants
of all types were grown un der paired stressed (open red cir cles) and un -
stressed (closed blue circles) con ditions (114). There were 208, 50, and 21
sets at 300, 600, and an av erage of about 1350 ppm CO2, re spec tively. The
plant mix ture in the 279 stud ies was slightly bi ased to ward plant types that
respond less to CO2 fertilization than does the ac tual global mixture. There -
fore, the figure un derestimates the ex pected global response. CO2 en rich-
ment also al lows plants to grow in drier regions, fur ther in creasing the
re sponse.

Figure 24: Cal culated (1,2) growth rate en hancement of wheat, young or -
ange trees, and very young pine trees al ready tak ing place as a re sult of at -
mo spheric en rich ment by CO2 from 1885 to 2007 (a), and ex pected as a
re sult of at mo spheric en rich ment by CO2 to a level of 600 ppm (b).
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  EN VIRONMENT AND EN ERGY

The sin gle most im por tant hu man com po nent in the pres er va tion
of the Earth’s en vironment is en ergy. In dustrial conversion of energy
into forms that are useful for hu man activities is the most important
aspect of tech nol ogy. Abun dant in ex pen sive en ergy is re quired for
the prosperous maintenance of hu man life and the con tinued ad vance
of life-enriching technology. People who are prosperous have the
wealth required to pro tect and enhance their natural en vironment.

Currently, the United States is a net importer of en ergy as shown
in Figure 25. Americans spend about $300 billion per year for im-
ported oil and gas – and an additional amount for military expenses
related to those imports.

Political calls for a re duction of U.S. hydrocarbon use by 90%
(123), thereby eliminating 75% of America’s en ergy supply, are ob -
viously impractical. Nor can this 75% of U.S. en ergy be replaced by
alternative “green” sources. De spite enor mous tax sub sidies over the
past 30 years, green sources still pro vide only 0.3% of U.S. energy.

Yet, the U.S. clearly can not continue to be a large net im porter of
energy without losing its economic and in dustrial strength and its po -
litical in dependence. It should, instead, be a net exporter of en ergy.

There are three re al is tic tech no log i cal paths to Amer i can en ergy
independence – in creased use of hydrocarbon en ergy, nu clear en -
ergy, or both. There are no climatological impediments to increased
use of hy dro car bons, al though lo cal en vi ron men tal ef fects can and
must be ac commodated. Nuclear en ergy is, in fact, less ex pensive
and more en vi ron men tally be nign than hy dro car bon en ergy, but it
too has been the victim of the pol itics of fear and claimed disadvan-
tages and dan gers that are ac tually negligible.

For example, the “problem” of high-level “nu clear waste” has
been given much attention, but this prob lem has been po litically cre -
ated by U.S. gov ernment barriers to American fuel breeding and re-
processing. Spent nuclear fuel can be re cycled into new nuclear fuel.
It need not be stored in ex pensive re positories.

Reactor ac cidents are also much publicized, but there has never
been even one hu man death associated with an American nuclear re -
ac tor in ci dent. By con trast, Amer i can de pend ence on au to mo biles re-
sults in more than 40,000 hu man deaths per year.

All forms of en ergy gen eration, in cluding “green” methods, en tail
industrial deaths in the mining, manufacture, and transport of re -
sources they re quire. Nu clear en ergy requires the small est amount of
such resources (124) and therefore has the lowest risk of deaths.

Es ti mated rel a tive costs of elec tri cal en ergy pro duc tion vary with

geo graph ical lo ca tion and un der ly ing as sump tions. Fig ure 26 shows
a re cent British study, which is typical. At present, 43% of U.S. en-
ergy con sumption is used for electricity pro duction.

To be sure, fu ture in ventions in energy technology may alter the
rel a tive eco nom ics of nu clear, hy dro car bon, solar, wind, and other
meth ods of en ergy gen er a tion. These in ven tions can not, how ever, be
forced by po litical fiat, nor can they be wished into ex istence. Alter-
natively, “con servation,” if practiced so ex tensively as to be an al ter-
native to hydrocarbon and nu clear power, is merely a politically
correct word for “poverty.”

The current un tenable situation in which the United States is los -
ing $300 billion per year to pay for for eign oil and gas is not the re -
sult of failures of gov ernment energy pro duction ef forts. The U.S.
government does not pro duce energy. En ergy is pro duced by pri vate
industry. Why then has energy pro duction thrived abroad while do -
mes tic pro duc tion has stag nated?

This stagnation has been caused by United States gov ernment tax-
a tion, reg u la tion, and spon sor ship of lit i ga tion, which has made the
U.S. a very un favorable place to produce energy. In ad dition, the
U.S. gov ernment has spent vast sums of tax money sub sidizing infe-
rior en ergy tech nol o gies for po lit i cal pur poses.

It is not necessary to discern in ad vance the best course to fol low.
Leg is la tive re peal of tax a tion, reg u la tion, in cen tives to lit i ga tion, and
re peal of all sub si dies of en ergy gen er a tion in dus tries would stim u -
late in dus trial de vel op ment, wherein com pe ti tion could then au to mat-
ically de termine the best paths.

Nuclear power is safer, less expensive, and more en vironmentally
benign than hydrocarbon power, so it is prob ably the better choice
for in creased energy pro duction. Solid, liquid and gaseous hydrocar-
bon fu els pro vide, how ever, many con veniences, and a na tional in-
frastructure to use them is al ready in place. Oil from shale or coal
liquefaction is less expensive than crude oil at cur rent prices, but its
ongoing pro duction costs are higher than those for already de veloped
oil fields. There is, therefore, an in vestment risk that crude oil prices
could drop so low that liquefaction plants could not compete. Nu clear
energy does not have this disadvantage, since the op erating costs of
nuclear power plants are very low.

Figure 27 illustrates, as an ex ample, one practical and en viron-
mentally sound path to U.S. en ergy independence. At present 19% of 
U.S. electricity is pro duced by 104 nu clear power reactors with an
average generating output in 2006 of 870 megawatts per reactor, for
a to tal of about 90 GWe (gigawatts) (125). If this were in creased by
560 GWe, nuclear power could fill all current U.S. elec tricity re -
quirements and have 230 GWe left over for ex port as elec tricity or as 
hy dro car bon fu els re placed or man u fac tured.

Thus, rather than a $300 billion trade loss, the U.S. would have a
$200 billion trade sur plus – and in stalled capacity for fu ture U.S. re-

Figure 25: In 2006, the United States ob tained 84.9% of its en ergy from hy -
drocarbons, 8.2% from nu clear fu els, 2.9% from hydroelectric dams, 2.1%
from wood, 0.8% from biofuels, 0.4% from waste, 0.3% from geo thermal,
and 0.3% from wind and so lar ra diation. The U.S. uses 21 mil lion bar rels of
oil per day – 27% from OPEC, 17% from Can ada and Mex ico, 16% from
others, and 40% pro duced in the U.S. (95). The cost of im ported oil and gas
at $60 per bar rel and $7 per 1,000 ft3 in 2007 is about $300 bil lion per year.

Figure 26: De livered cost per ki lowatt hour of electrical energy in Great Brit-
ain in 2006, with out CO2 controls (126). These estimates in clude all cap ital
and op erational expenses for a pe riod of 50 years. Mi cro wind or so lar are
units in stalled for in di vid ual homes.
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quirements. Moreover, if heat from ad ditional nu clear re actors were
used for coal liquefaction and gasification, the U.S. would not even
need to use its oil resources. The U.S. has about 25% of the world’s
coal re serves. This heat could also liquify bio mass, trash, or other
sources of hy drocarbons that might even tually prove prac tical.

The Palo Verde nu clear power station near Phoenix, Ar izona, was
originally intended to have 10 nu clear re actors with a generating ca-
pacity of 1,243 mega watts each. As a re sult of public hys teria caused
by false in formation – very similar to the hu man-caused global
warming hysteria be ing spread to day, con struction at Palo Verde was
stopped with only three op erating reactors completed. This in stalla-
tion is sited on 4,000 acres of land and is cooled by waste wa ter from
the city of Phoenix, which is a few miles away. An area of 4,000
acres is 6.25 square miles or 2.5 miles square. The power station it-
self occupies only a small part of this total area.

If just one station like Palo Verde were built in each of the 50
states and each in stallation in cluded 10 re actors as orig inally planned
for Palo Verde, these plants, op erating at the current 90% of de sign
capacity, would pro duce 560 GWe of elec tric ity. Nu clear tech nol ogy
has advanced sub stantially since Palo Verde was built, so plants con -
structed today would be even more reliable and efficient.

Assuming a construction cost of $2.3 billion per 1,200 MWe re -
actor (127) and 15% economies of scale, the total cost of this en tire
project would be $1 trillion, or 4 months of the cur rent U.S. federal
budget. This is 8% of the an nual U.S. gross do mestic prod uct. Con -
struction costs could be re paid in just a few years by the capital now
spent by the peo ple of the United States for for eign oil and by the
change from U.S. import to ex port of energy.

The 50 nu clear installations might be sited on a pop ulation ba sis.
If so, California would have six, while Or egon and Idaho together
would have one. In view of the great eco nomic value of these fa cili-
ties, there would be vig orous competition for them.

In ad dition to these power plants, the U.S. should build fuel re pro-
cessing ca pability, so that spent nu clear fuel can be re used. This
would lower fuel cost and eliminate the storage of high-level nu clear
waste. Fuel for the re actors can be assured for 1,000 years (128) by
using both or dinary re actors with high breed ing ratios and specific
breeder re actors, so that more fuel is pro duced than con sumed.

About 33% of the thermal energy in an ordinary nu clear re actor is
converted to electricity. Some new designs are as high as 48%. The
heat from a 1,243 MWe re actor can pro duce 38,000 barrels of
coal-derived oil per day (129). With one ad ditional Palo Verde in-
stallation in each state for oil pro duction, the yearly out put would be
at least 7 bil lion barrels per year with a value, at $60 per barrel, of

more than $400 billion per year. This is twice the oil pro duction of
Saudi Ara bia. Cur rent proven coal reserves of the United States are
sufficient to sus tain this pro duction for 200 years (128). This
liquified coal ex ceeds the proven oil reserves of the en tire world. The 
re ac tors could pro duce gas eous hy dro car bons from coal, too.

The remaining heat from nu clear power plants could warm air or
water for use in in door climate con trol and other pur poses.

Nuclear re actors can also be used to pro duce hydrogen, instead of 
oil and gas (130,131). The cur rent cost of pro duction and in frastruc-
ture is, how ever, much higher for hy drogen than for oil and gas.
Technological ad vance re duces cost, but usually not abruptly. A pre -
scient call in 1800 for the world to change from wood to methane
would have been im practicably ahead of its time, as may be a call to-
day for an abrupt change from oil and gas to hydrogen. In distin-
guishing the practical from the futuristic, a free market in en ergy is
ab so lutely es sen tial.

Surely these are better outcomes than are avail able through in ter-
national rationing and taxation of en ergy as has been re cently pro -
posed (82,83,97,123). This nu clear en ergy ex ample demonstrates
that cur rent tech nol ogy can pro duce abun dant in ex pen sive en ergy if
it is not politically suppressed.

There need be no vast gov ernment program to achieve this goal.
It could be reached simply by legislatively re moving all taxation,
most regulation and litigation, and all sub sidies from all forms of en -
ergy pro duction in the U.S., thereby al lowing the free market to build
the most practical mixture of methods of en ergy gen eration.

With abun dant and in ex pen sive en ergy, Amer i can in dus try could
be re vitalized, and the capital and en ergy re quired for fur ther in dus-
trial and technological ad vance could be as sured. Also as sured would
be the con tinued and increased prosperity of all Americans.

The people of the United States need more low-cost en ergy, not
less. If this energy is pro duced in the United States, it can not only
become a very valu able ex port, but it can also en sure that Amer ican
industry re mains competitive in world markets and that hoped-for
Amer i can pros per ity con tin ues and grows.

In this hope, Americans are not alone. Across the globe, billions
of peo ple in poorer na tions are strug gling to improve their lives.
These peo ple need abun dant low-cost en ergy, which is the cur rency
of tech no log i cal prog ress.

In newly developing coun tries, that energy must come largely
from the less tech no log i cally com pli cated hy dro car bon sources. It is
a moral im perative that this en ergy be available. Otherwise, the ef-
forts of these peo ples will be in vain, and they will slip back wards
into lives of pov erty, suffering, and early death.

Energy is the foun dation of wealth. Inexpensive en ergy al lows
people to do won derful things. For ex ample, there is con cern that it
may become difficult to grow sufficient food on the available land.
Crops grow more abundantly in a warmer, higher CO2 en vi ron ment,
so this can mitigate future problems that may arise (12).

Energy provides, how ever, an even better food insurance plan.
En ergy-in ten sive hy dro ponic green houses are 2,000 times more
productive per unit land area than are modern American farming
methods (132). Therefore, if en ergy is abundant and in expensive,
there is no prac tical limit to world food pro duction.

Fresh water is also believed to be in short sup ply. With plentiful
in ex pen sive en ergy, sea wa ter de sa li na tion can pro vide es sen tially
unlimited sup plies of fresh wa ter.

During the past 200 years, hu man in genuity in the use of en ergy
has pro duced many tech no log i cal mir a cles. These ad vances have
markedly in creased the quality, quantity, and length of hu man life.
Tech nol o gists of the 21st cen tury need abun dant, in ex pen sive en ergy
with which to con tinue this ad vance.

Were this bright fu ture to be prevented by world en ergy ra tioning,
the result would be tragic indeed. In ad dition to hu man loss, the
Earth’s en vironment would be a major vic tim of such a mistake. In -
ex pen sive en ergy is es sen tial to en vi ron men tal health. Pros per ous
people have the wealth to spare for en vironmental pres ervation and
enhancement. Poor, impoverished peo ple do not.

Figure 27: Con struction of one Palo Verde in stallation with 10 re actors in
each of the 50 states. En ergy trade def icit is re versed by $500 bil lion per
year, resulting in a $200 bil lion an nual sur plus. Cur rently, this so lution is not 
pos si ble owing to mis guided gov ern ment pol i cies, reg u la tions, and tax a tion
and to le gal ma neuvers available to anti-nuclear ac tivists. These impedi-
ments should be leg islatively re pealed.
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CON CLU SIONS

There are no experimental data to sup port the hypothesis that in -
creases in hu man hydrocarbon use or in at mospheric carbon di oxide
and other green house gases are causing or can be expected to cause
unfavorable changes in global temperatures, weather, or landscape.
There is no reason to limit hu man pro duction of CO2, CH4, and other
minor green house gases as has been pro posed (82,83,97,123).

We also need not worry about en vironmental ca lamities even if
the current nat ural warming trend con tinues. The Earth has been
much warmer dur ing the past 3,000 years without catastrophic ef -
fects. Warmer weather ex tends growing sea sons and generally im-
proves the hab itability of colder re gions.

As coal, oil, and nat ural gas are used to feed and lift from pov erty
vast numbers of people across the globe, more CO2 will be re leased
into the atmosphere. This will help to maintain and improve the
health, lon gev ity, pros per ity, and pro duc tiv ity of all peo ple.

The United States and other coun tries need to produce more en -
ergy, not less. The most prac ti cal, eco nom i cal, and en vi ron men tally
sound meth ods avail able are hy dro car bon and nu clear tech nol o gies.

Human use of coal, oil, and natural gas has not harmfully warmed
the Earth, and the ex trapolation of cur rent trends shows that it will
not do so in the foreseeable fu ture. The CO2 pro duced does, how -
ever, ac celerate the growth rates of plants and also permits plants to
grow in drier re gions. An imal life, which de pends upon plants, also
flourishes, and the di versity of plant and an imal life is increased.

Human activities are producing part of the rise in CO2 in the at -
mosphere. Mankind is moving the carbon in coal, oil, and nat ural gas 
from be low ground to the atmosphere, where it is available for con -
version into living things. We are living in an in creasingly lush en vi-
ronment of plants and animals as a re sult of this CO2 in crease. Our
children will therefore en joy an Earth with far more plant and an imal
life than that with which we now are blessed.
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