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ABSTRACT 

I have studied many factors thought to have influenced past climatic 
change. Because they might recur, they a re  possible suspects for future 
climatic alterations. Most of these factors a re  totally unpredictable: 
therefore, they cast  a shadow on the validity of derived climatic predictions. 
Changes in atmospheric conditions and in continental surfaces, variations 
in solar radiation, and in the earth 's  orbit around the sun a re  among the in- 
fluential mechanisms investigated. Even when models a re  set up that  in- 
clude the above parameters, their reliability will depend on unpredictable 
variables totally alien to the model (like volcanic eruptions). 

Based on climatic records, however, maximum precipitation amounts 
have been calculated for different probability levels. These seem to corres- 
pond well to past precipitation occurrences, derived from tree ring indices. 
The link between tree ring indices and local climate has been established 
through regression analysis. 

I. INTRODUCTION 

T h e  abil i ty to predict maximum credible 
precipitation occurrences would be of paramount 
importance for the estimation of probable moisture 
content and subsequent hydraulic conductivity in 
tuff.' The values of hydraulic conductivity are im- 
portant for estimating radionuclide movement in 
tuff surrounding waste pits. 

Prediction of minimum credible precipitation oc- 
currences may be useful in estimating the looseness 
of soil particles and lowering of the roughness height 
because of a restriction in vegetation growth 
resulting from drought conditions. Both of the above 
factors will be very effective in influencing wind ero- 
sion. 

rr. SELECTED METHODS 

Three different approaches were selected to 
predict future climate trends in Los Alamos, New 
Mexico. 

1. The study of several factors thought to have in- 
fluenced past climatic changes and which, 
because they might recur, are possible suspects 
for future climate alterations. Many of the above 
factors are totally unpredictable and consequen- 
tly cast a shadow on the validity of derived 
climatic predictions. 

2. A look a t  possible correlations between tree ring 
indices and past climatological events. The study 

1 



of past climatic trends may be an indication of 
what extremes in climate may be expected in the 
near future. 

3. Consulting the climatological data gathered at- 
Los Alamos from 1951 to the present (last 30 yr), 
precipitation amounts a t  different levels of 
probabilities can be predicted. This classic ap- 
proach assumes that none of the alleged disrup- 
tive factors, considered in the first case, cause the 
future climate to shift. 

111. PAST CLIMATES 

Paleoclimatology involves the study of relations 
between lithogenetic and climatic factors. A hot and 
humid climate is linked to intensive chemical 
weathering of rocks, while in a cold and dry climate, 
physical weathering will predominate. In a hot and 
dry climate, neither chemical nor physical weather- 
ing may prevail. Alluvial deposits are linked to an 
excess of precipitation, which will also affect the 
water inflow into a land-locked reservoir. A varia- 
tion of inflow will be recorded as a level oscillation. 
It has further been found that the ratio of 0" to 0" 
in fossil remains is an indication of the temperature 
experienced by aquatic animals during their 
lifetime.* It is generally assumed that the precipita- 
tion in subhumid areas dropped to even lower levels 
during warming trends. This is probably due to a 
poleward shift of the climatic zones. The subtropical 
high pressure belt widened, resulting in the 
poleward expansion of arid areas. Because of the ex- 
pansion of the tropical belt, however, precipitation 
increased in what is now the dry subtropical belt of 
high pressure. 

Cooling brought about the formation of glaciers. 
Their advance and recession was almost syn- 
chronous throughout the world, bringing about 
changes of 150 m in sea level. The climax of glacia- 
tion was an apparent trigger for a decrease in 
precipitation over adjacent continents, due to a 
reduction in evaporation over the glaciated oceans.a 
This precipitation decrease brought about starva- 
tion of glaciers. 

A. Changes in Atmospheric Composition 

Two components of the atmosphere, carbon diox- 
ide and aerosols of volcanic origin, are given special 

attention because of their direct climatic implica- 
tions. 

Carbon dioxide is an outstanding absorber of 
longwave terrestrial radiation. Water vapor absorbs 
even more longwave terrestrial radiation than car- 
bon dioxide in the present concentrations. An even- 
tual increase of carbon dioxide in the atmosphere 
will cause an increase in the earth's surface tem- 
perature, thereby raising the potential absolute 
humidity. The increased concentration of water 
vapor, linked to an increased concentration of car- 
bon dioxide, may lead to further increases in tem- 
perature. 

A certain amount of carbon dioxide enters the at-  
mosphere during volcanic eruptions. It has long 
been assumed tha t  in past eras (Paleozoic, 
Mesozoic), the atmosphere contained a much 
greater amount of carbon dioxide (0.1 to 0.4%) than 
a t  present (0.032%). It is possible to explain the 
reduction in carbon dioxide concentration in the at-  
mosphere by a decrease in volcanic activity.s 
Arrhenius' estimated that a 2.5- to 3-fold increase in 
carbon dioxide raised the air temperature by 8 to 
9"C, while a decrease of 38 to 45% lowers the tem- 
perature by 4 to 5°C. Manabe and Wetherald& came 
to the conclusion that ,  for constant relative 
humidity, temperature variations caused by a 
doubling of carbon dioxide concentrations amoun- 
ted to an increase in air temperature of 2.4"C. 

The cyclic nature of glaciation has been at-  
tributed to an initial decrease of carbon dioxide in 
the air, followed by a temperature drop, resulting in 
the growth of glaciers, in turn initiating a reduction 
of liquid ocean water, thereby reducing the amount 
of carbon dioxide in solution. The subsequent in- 
crease in atmospheric carbon dioxide leads to a new 
warming.' This theory is far from universally accep- 
ted, on the ground that 

' 

1. The solubility of carbon dioxide increases with a 
decrease in water temperature. This may 
counter-balance the decrease in volume of ocean 
water. 

2. Glaciation is a self-generating process. The 
greater the glaciated area, the greater the albedo 
of the earth and the greater the cooling process. 
According to this widely held view, the prospect 
of total glaciation is a very real one.2 
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Despite the preceding statements linking the 
cyclic nature of glaciation to cyclic variations of 
carbon dioxide in the atmosphere, the origin of the 
Ice Ages remains one of the most stubborn mysteries 
in paleoclimatology. Attempts a t  correlating the Ice 
Ages with carbon dioxide concentrations are only a 
few among the more than 600 that have been 
proposed as theories of continental glaciation.6 

The quantitative effect of atmospheric aerosol on 
the climate is still a subject of controversy. 
Radiational increases are often considered to be the 
result of volcanic aerosols being cleared from the at-  
mosphere. 

Karol' asserts that  if the source of aerosols is out- 
side the tropics, the aerosols will spread quickly over 
the hemisphere of origin and slowly to the other 
hemisphere. If the aerosol source is in the equatorial 
zone, it spreads equally over both hemispheres. 

The warming that peaked in the 1940s may be 
possibly due to an increase in solar radiation 
reaching the earth's surface, which may have 
resulted from an increase in the transparency of the 
stratosphere. A decrease in transparency will ob- 
viously be a t  the origin of a cooling trend. B r ~ o k s ~ . ~  
estimates that increased volcanism served as a con- 
tributary cause to continental glaciation, but no 
more than that. 

Lamblo on the other hand, is of the opinion that 
volcanism is a major factor regulating the climate. 
His studies attempt to explain the increased glacia- 
tion that followed volcanic eruptions since 1500. 
Wexler" believed that since the specific heat of con- 
tinents is much lower than that of oceans, they cool 
much more rapidly than oceans if submitted to a 
reduction in radiation intensity from volcanic ac- 
tivity. This increased temperature contrast would 
create a winter condition favorable to continental 
glaciation. Sellers12 believes also that volcanism 
could be a possible trigger for glaciation due to a 
large drop of direct radiation occurring mainly in 
winter, which would indicate dependency on at-  
mospheric transparency and not a fluctuation in the 
solar constant. 

B. Changes in Continental. Surfaces 

 brook^^.^ estimates that a restriction in oceanic 
circulation between low and high latitudes must 
have been a t  the origin of polar ice formation. An 

unrestricted circulation might mean a polar rise in 
temperature of the order of 6°C-more than enough 
to keep the Arctic free of ice. 

AlbrechtI3 advanced the theory that meridional 
mountain formations were blocking atmospheric cir- 
culation to the extent that  a decrease in winter 
precipitation resulted, lowering the inflow of con- 
densation heat and consequently contributing to the 
cooling of the middle and high latitudes. This seems 
to be in contradiction to the widely held view that a 
low solid precipitation is inhibitive to the formation 
of glaciers! 

Others" are of the opinion that underwater ridges 
in the North Atlantic blocked oceanic heat transfer 
resulting in the Quaternary glaciations. 

Plate tectonics suffered some drawbacks, but has 
many persuasive features as a probable cause for 
climatic change. That  assumption seems to be gain- 
ing new ground as a cause for long-term climatic 
changes. It is not only verified by observation, but 
can also be used to explain the change in climate 
distribution without any net heating or cooling of 
the earth as a whole. Vast ice sheets are known to 
have existed in the tropical regions of Africa, 
Australia, and South America. Brooks8~Q puts the 
temperature of the region north of 40"N during most 
of the late Cambrian a t  about 15°C. During this 
period, the equator probably passed through the Un- 
ited States, Greenland, and western Asia.I2 Some 
proponents of climatic change through plate tec- 
tonics visualize movements which may reach 0.5 m a 
year." Runcornk5 explains continental drift by 
suggesting that the heat flow out of the earth's core 
produced thermal convective currents, causing the 
continents to move toward regions where the 
currents are descending. Runcorn's geophysical 
theory of continental drift fails to explain the short 
glacial epochs. 

C. Variations in Solar Radiation 

Several researchers came to the conclusion that 
the solar constant increases during average solar ac- 
tivity periods and decreases during low and high ac- 
tivity periods. Simpson16 advances a theory based on 
380 000 year long cycles of the solar constant. He 
argues that minimal increases of the solar constant 
bring about a stronger latitudinal temperature 
gradient, because of higher temperature increases at 
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the equator. This would strengthen atmospheric cir- 
culation and evaporation. The acceptance of this 
theory would compel one to believe that extremely 
wet interglacial periods occurred. This cannot be 
verified geologically. Wetherald and Manabe" 
determined, on the other hand, that a 2% increase of 
the solar constant would lead to a 2°C increase of 
the annual air temperature a t  low latitudes and to as 
much as a 10°C increase at  80" latitude because of 
partial melting of the pack-ice in the polar ocean! A 
4% decrease of the solar constant would lead to com- 
plete glaciation. A direct correlation has been found 
since the end of the 19th century, when actinometric 
observations were first documented, between tem- 
perature variations and radiation reaching the 
earth's surface. However, the National Academy of 
Sciences18 acknowledges that "nobody has measured 
the solar constant to better than 1 to 2 percent!'' 
Wel1ettlB suggests that climatic cycles are caused 
mainly by sunspot disturbances, which bring about 
radiational perturbations that act directly on the 
upper atmosphere. It is assumed that these distur- 
bances modify the circulation pattern, thereby 
prdducing climatic modifications. Sunspot distur- 
bances have cyclic variations of 22 (double sunspot 
cycle) and 80 years. Wellett" demonstrates that 
periods of low sunspot activity, occurring from 1800 
to 1820 and from 1880 to 1900 in the 80 year cycle, 
are related to periods of glacial advance. That 
hypothesis remains primarily a statistical one and, 
as such, is subject to widespread criticism. 

D. Variations in the Earth's Orbit Around the 
Sun 

1.  The obliquity of the ecliptic varies cyclically 1.5 
degrees about a mean of 23.1 degrees over a 
period of 40 000 years." A large obliquity would 
produce a great seasonal contrast. A lack of obli- 
quity would result in an annually homogeneous 
climate. 

2. The eccentricity of the earth's orbit varies 
cyclically over a period of 97 000 years. As a result 
of the eccentricity of the earth's orbit, the 
hemisphere that is closest to the sun in the winter 
will have a tendency to have mild winters and 
summers. This effect will be most pronounced 
when the eccentricity is a t  its peak. The dif- 
ference between the aphelion and perhelion, 

divided by the semi-major axis of revolution, 
presently is 0.0334. According tc, the radiation 
law that states that radiation intensity decreases 
with the square of the distance from the source, 
the annual fluctuation for the solar constant is 
currently 0.068. Because the earth is presently 
closest to the sun during the northern hemisphere 
winters, the seasons should be milder in the 
northern hemisphere. This is counter balanced, 
however, by the presence of a bigger oceanic mass 
in the southern hemisphere. The ocean has a 
mitigating effect on seasonal extremes. The in- 
fluence of orbital changes on climatic fluctua- 
tions is widely accepted, because it is known that 
they are cyclical, whereas long term variations of 
the solar constant are highly speculative.20 

E. Contemporary Changes in Precipitation 

The consensus is that when the average tem- 
perature rises, the latitudinal temperature gradient 
drops (contrary to  Simpson's1B assertion) and there 
is tendency toward a decrease in precipitation in 
regions of unstable  moisture ( tempera ture  
latitudes). It can consequently be assumed that, 
through atmospheric circulation, the latitudinal 
temperature gradient controls, to a large extent, 
precipitation variations. These variations in 
precipitation are best recorded in the fluctuations of 
the Caspian Sea level. The decrease in precipitation 
was reflected in the drastic drop of its level in the 
1930s. The low levels in the Caspian Sea correlate 
well with low crop yields obtained in the United 
States during the same period. This seems to rein- 
force the theory that this precipitation change 
mechanism is triggered by a universal cause-a 
decrease in latitudinal temperature gradient caused 
by a general warming trend.' As the result of an in- 
creased temperature gradient, the intensity of zonal 
transfer can be expected to increase also, adding to 
the subsequent continental precipitation. 

IV. CLIMATES OF THE FUTURE 

"...when somebody asks me what I think about the 
future climate, I usually say that the best way of 
showing that you are not a capable climatologist is 
to try to make a forecast"- 

Bert Bolin, 1976 
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This view coincides closely with the official posi- 
tion, of the American Meteorological Society." 
Climatic forecasts are often based on what Gani" 
has referred to as "poor foundations, apparent 
similarities, parallel-looking curves and analogous 
trends." Models that  include interactions between 
the atmosphere-ocean-polar ice cap system respon- 
sible for climatic change on various time scales do 
not exist as of the date of the study sponsored by the 
National Academy of Sciences." Even when the 
models do exist, their reliability hinges on factors 
totally external to the model, such as volcanic erup- 
tions and solar radiation fluctuations. 

Taking climatic records and looking for past 
trends to forecast future events without a physical 
understanding of the underlying mechanisms that 
triggered past trends, often leads to erroneous 
results. Even an understanding of these mechanisms 
would have failed if the existing temperature in the 
1940s had been projected.'8 

For the first time, however, mankind has the 
power to bring about a fluctuation in one of the fac- 
tors known to influence climate-carbon dioxide. 
Quantitatively, its impact is still a hotly debated 
issue. Some models have predicted increases in tem- 
perature on the order of a few tenths of a degree 
because of the increase in carbon dioxide since 1900. 
Because  t h e  t e m p e r a t u r e  in t h e  no r the rn  
hemisphere has decreased since 1945, even though 
carbon dioxide increased exponentially, the validity 
of the carbon dioxide theory could be brought into 
doubt.I8 

The N.A.S. studyla made in 1977 concludes that 
theory is yet unable to predict future climates, so an 
analysis of recent past records is probably the best 
quantitative way to estimate the range of future 
variability. Because recent past  records are 
available for the area either in the form of direct 
climatic records, or as tree ring indices, both of these 
will be the subject of further investigations. 

V. RECENT CLIMATIC RECORDS 

Based on updated climatic records (1951 to 1980) 
for Los Alamos, New Mexico, precipitation equal to 
or less than an expected amount has been calculated 
for probability levels of 0.01 to 0.99. These values 
were determined based on the normal distribution 
obtained from climatic precipitation data recorded 
in the last 30 years. Table I indicates those values on 
a yearly basis. By reading Table I, one can notice 
that there is a 0.95 chance that the annual precipita- 
tion is less than 698 mm. It can also be interpreted 
that there will be a 0.05 chance that the annual 
precipitation will exceed 698 mm. Separate com- 
putations show that during the last five years a trend 
has developed whereby the precipitation variability 
in January, February, April, May, September, and 
November has increased, whereas it decreased dur- 
ing the remaining months and on an  annual basis. 
The updated (1980) mean annual precipitation is 
457 mm for Los Alamos. 

VI. TREE-RING EVIDENCE 

The climatic information in tree rings can be 
analyzed to give an idea of what past climates were 
like and what they possibly will be like in the near 
future. The aspect of science more particularly con- 
cerned in reconstructing climates by use of tree ring 
indices is known as dendroclimatology. This in- 
volves comparing modern meteorological records 
with contemporaneous tree ring widths and es- 
tablishing, through regression analysis, the best 
statistical relationship existing between the tree ring 
index as  the independent variable and, say, 
precipitation as the dependent variable. By then 
substituting tree ring indices in the equation, one 
obtains an estimate of previous precipitation pat- 
terns. Regions, where temperature or rainfall is a 
severely limiting factor in growth, yield the most 

TABLE I 

UPDATED PRECIPITATION WITH PROBABILITY 
EQUAL TO OR LESS THAN (mm) 

Level 0.01 0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 0.95 0.99 
PPt 146 216 259 303 333 356 457 581 611 655 698 768 



clearly interpretable climatic indices. In Los 
Alamos, the one factor that can be notably limiting 
is precipitation. This should stimulate backward ex- 
tension of precipitation gage records by growth in- 
dices. Throughout the western United States, the 
University of Arizona has supported a continuing 
search for the most sensitive trees, a fundamental 
phase of a research program with its main objective 
the derivation of centuries-long rainfall indices of 
quantitative value. No other region in the world is 
apparently so naturally favored as a source of den- 
droclimatic history.23 Long-lived coniferous species, 
with abilities to survive very arid cycles, make selec- 
tive studies possible. Tree ring indices have been ob- 
tained that showed a high dependency on annual 
rainfall. 

In Los Alamos, the best correlations between tree 
ring indices and annual precipitation were found for 
(in order of goodness of fit): 

1. Ponderosa pines, where precipitation (mm) = 543 
I&$oe The corresponding correlation coefficient 
was found to be significant a t  the 0.99 level (Ip, - 
tree ring index for ponderosa pine). 

2. Pifion, where precipitation (mm) = 467 IBiel'; the 
correlation coefficient in this case was found to be 
still significant a t  the 0.99 level (Ip. = tree ring in- 
dex for piiion). 

The similarity between these two equations is 
striking. The fact that in both cases the exponent 
of the index is <1 indicates that relatively small 
increases in precipitation could lead to sizeable 
increases of tree ring indices in the Los Alamos 
area. A 100% increase of the index (doubling) 
corresponds to a 50% increase in precipitation, 
while a 50% decrease of the index (halving) repre- 
sents a 33% decrease in precipitation. 

T h e  c o m p a r i s o n  b e t w e e n  m o d e r n  
meteorological records and contemporaneous tree 
ring indices involves only the last 30 years. The 
mean tree ring index of 1, on the other hand, is 
based on records dating back to 1510 for pon- 
derosa pine. If we substitute the mean tree ring 
index of 1 in the above formulae, a precipitation 
is obtained that  is higher than the mean 
precipitation recorded during the last 30 years, 
because of a coefficient (543, e.g.) whose value ex- 
ceeds the actual mean precipitation. This higher 

coefficient is because, during the thirty years to 
which the regression analysis was applied, the 
tree ring index was below the average or < 1. This 
also implies that during the period in question, 
precipitation was below average since 1510. 

VII. CONCLUSIONS 

Reliable models that include interactions between 
the atmosphere-ocean-polar ice cap system respon; 
sible for climatic change on various time scales do 
not exist. Models taking into account changes in at- 
mospheric conditions and continental surfaces, 
variations in solar radiation, and the earth's orbit 
around the sun can be upset by factors totally alien 
to the model. 

There is a need though to point out the cyclical 
nature of glacial and interglacial epochs. We curren- 
tly are about 10 000 years into a warm interglacial 
epoch. Some interglacial periods only last this long! 

Anthropogenically-induced carbon dioxide and its 
related heating efffect are undoubtedly the main 
contemporary climatological problems that could 
very well upset the cyclical nature of glaciat i~n.~ '  

There seems to be agreement, however, that an 
analysis of recent past records, in the form of either 
climatic records or tree ring indices, is the best way 
to estimate the range of future pluvial variability. 

The statistical relationship established between 
modern pluviometric records and contemporaneous 
tree ring indices allows one to estimate previous 
precipitation patterns. Good existing correlations 
for ponderosa pine permitted us to make the follow- 
ing estimates. 

1. In the last 100 years, a maximum tree ring index 
of 1.85 occurred in 1919. Through regression 
analysis and use of derived formulae, one is able 
to compute that this corresponds to an annual 
precipitation of 788 mm. 

2. In the last 200 years a maximum tree ring index 
of 2.10 occurred in 1794. Through regression 
analysis and use of derived formulae, one is able 
to compute that this corresponds to an annual 
precipitation of 851 mm. 

3. The maximum tree ring index recorded in the Los 
Alamos area was 2.80 in 1597. This corresponds to 
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an annual precipitation of 1013 mm. Derived 
maximum annual precipitations are summarized 
in Table 11. 

TABLE I1 

ANNUAL PRECIPITATION ESTIMATES 
DERIVED FROM TREE RING INDICES 

Time Maximum Derived Annual 
Period Tree Ring Precipitation 

100 1.85 788 
200 2.10 85 1 
500 2.80 1013 

4. The minimum tree indices recorded were in the 
years 1523, 1524, 1585, and 1685. According to the 
regression equation, this corresponds to annual 
precipitations of 144, 144, 113, and 58 mm, 
respectively. Statistics based on pluviometric 
records indicate that annual precipitation not ex- 
ceeding 146 mm is likely to occur once in 100 
years. 

The above precipitation estimates correspond 
remarkably well with the estimated occurrences of 
maximum precipitation based on climatic records. 
Table I indicates that  a maximum precipitation of 
768 mm can be expected every century. This is only 
2.5% different from the estimate reached by tree ring 
index analysis. 
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