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ABSTRACT 

   Although sea levels are predicted to rise 1 to 

2 meters by 2100, the more immediate effects of 

global warming are weather extremes. The 

number of natural disasters since 1996 costing 

$1 billion or more doubled compared with the 

previous 15-year period. Extreme summer heat 

anomalies now cover about 10% of land area, up 

from 0.2% in 1950-1980.   

   

   The human influence on global warming is 

evident from climate data and physical model-

ing. Since the beginning of the industrial era, 

carbon dioxide (CO2) increases correlate with 

those of temperature.  Carbon dating shows 

that the CO2 increase is from burning ancient 

fossil fuels. Increasing CO2 and other green-

house gases blanket and warm the earth’s sur-

face, allowing less heat to reach the strato-

sphere, which is cooling. This is consistent with 

satellite measurements showing that solar irra-

diance is not changing.  The present CO2 rate 

increase of 2 ppm/year is 300 times higher than 

the rate at which the earth recovered from the 

ice age 18,000 years ago. Without the radiative 

forcing of noncondensing persistent CO2, the 

terrestrial greenhouse would collapse, plunging 

the global climate into an icebound earth state. 

 

    Will new technologies lower our carbon 

emissions in time to prevent more weather ex-

tremes? Electric cars now get the equivalent of 

100 miles per gallon. The cost of electricity from 

solar photovoltaic cells has reached grid parity. 

 

Keywords: Climate change, weather extremes, 

global warming, carbon emissions. 

 

 

1. INTRODUCTION  

 
 Sea levels are rising and are projected to increase 1 

to 2 meters by 2100. Global coastal cities and popula-

tions will be flooded out [1].  The more immediate ef-

fects of global warming, however, are weather extremes 

[2]. The last 12 months were the warmest on record with 

a mean temperature 2.1°C above the 20th century aver-

age. Extreme summer heat anomalies now cover about 

10% of land area, up from 0.2% in 1950-1980 [3].   

  Hurricanes, floods, droughts, and wildfires continue to 

increase [4]. According to the National Oceanic and 
Atmospheric Administration (NOAA) [5], the number 

of extreme weather events costing over $ 1 billion, 

whose average since 1980 has been 3 to 4 per year, has 

increased to 9 in 2008 and 13 in 2011.  The number of 

natural disasters since 1996 costing $1 billion or more 

doubled compared with the previous 15-year period [2].  

On Oct. 17, 20 12, Munich Re, the world’s largest re-

insurance firm, issued a report titled “Severe Weather in 

North America [6].”  Globally, the rate of extreme 

weather events is rising, and “nowhere in the world is 

the rising number of natural catastrophes more evident 

than in North America.” From 1980 through 2011, 

weather disasters caused losses totaling $1.06 trillion. 

Human- climate change “is believed to contribute to this 

trend,” the report said, “though it influences various per-

ils in different ways.” 

 

 
 

2. UNUSUALLY WET OR DRY ARE 
BECOMING MORE USUAL 

 

     Droughts, heat waves, and heavy precipitation 

will increase from global warming according to the 

2011 report [7] of the United Nations 

Intergovernmental Panel on Climate Change (IPCC) of 

220 scientists from 62 countries  

  

Their conclusions are as follows. 
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  -Economic losses from weather & climate-related 

disasters vary from year to year and place to place, but 

overall have increased. 

 

  -Higher temperatures heat normally dry regions  

increasing evaporating and making them more 

susceptible to wildfires.   

 

-Higher temperatures enable our weather systems to 

carry more moisture, causing wet regions to get more 

rain than normal. 

 

  -Higher temperatures increase the wind speeds and 

destructiveness of tornadoes and hurricanes.  

 

  Hurricanes: Katrina is an example (Figure1).  In 

2005, its path showed the influence of the record high 

temperatures in the Gulf of Mexico. Katrina 

approached the southern tip of Florida as a tropical 

storm. Katrina continued  west over the Gulf and then 

turned Northwest where the high temperature water 

transferred its energy to Category 5 winds speeds that 

did $146 billion of damage to New Orleans. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The record high temperatures in the Gulf of 

Mexico energized a tropical storm to Category 5 hurri-

cane Katrina.  

    Hurricane physics is that of a Carnot cycle heat 

engine [8]. The heat source, the high- temperature sea 

surface at T = 300
o
K (27

o
C), transfers wind energy to the 

hurricane. The heat sink is the cooler upper atmosphere, 

T = 200
o
K (-73

o
C). 

  Was hurriane Katrina part of a trend? It is according to 

the data shown in Figure 2. Since 1995 both the average 

values of sea surface temperature and the power destruc-

tion of hurricanes have increased [8]. 

                                             

 

 

 

 

 

 

 

 

  Figure2. Hurricane dissipation (damage) and sea sur-

face temperature have increased since 1995 [8].  

   Droughts:  This year’s drought in our Midwest, the 

worst since the dustbowl, is raising corn prices to the 

highest level in history. Fifty-two percent of the United 

States is affected with a $ 20 -$25 B loss in crop insur-

ance. In 2007-08: Grain and soybean prices more than 

doubled, leading to food riots and unrest in some 60 

countries. In 2010-11, another price spike helped fuel the 

Arab Spring [9]. 

    Wildfires: The effects of global warming on tem-

perature, precipitation levels, soil drying, and Western 

Pine beetles are turning many forests into kindling for 

more wildfires. Western Pine beetles can now survive 

the warmer winters [10, 11] 

    Hot extremes, which covered much less than 1% of 

Earth's surface from 1951-1980, now typically cover 

about 10% of the land area. It can now be stated, with a 

high degree of confidence, that extreme anomalies such 

as those in Texas and Oklahoma in 2011 and Moscow in 

2010 were a consequence of global warming. This is 

because their likelihood, in the absence of global warm-

ing, was exceedingly small [3]. 
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3. HUMANS INFLUENCE GLOBAL 
WARMING 

    Let us examine the human influence on global 

warming, particularly since 1957, by (1) examining the 

climate data and (2) learning from physical modeling 

[12].  

3.1. EXAMINING CLIMATE DATA                                         

    Since the beginning of the industrial era, carbon 

dioxide (CO2) increases correlate with those of tempera-

ture, as can be seen from Figure3. 

 

 

 

 

 

 

 

Figure3. From 1880 to 1980, temperature increased by 

0.3
o
C. The last 30 years, temperature increase by 0.55 

o
C. 

   Carbon isotope dating shows that the predominant 

CO2 increase comes from burning ancient fossil fuels 

[13]. Increased greenhouse gases (C02, H20, CH4, etc.) 

blanket and warm the earth’s surface, allowing less heat 

to reach the stratosphere, which is cooling according to 

NOAA satellite and radiosonde measurements [14]. This 

is consistent with the constancy of solar irradiance as 

measured by seven satellites since 1980 [15]. If the solar 

irradiance had been increasing, both the earth’s surface 

temperature and that of the stratosphere would be in-

creasing. 

  The effect of the greenhouse effect in the earth’s at-

mosphere is apparent when we compare our climate to 

that of the moon, which has no heat trapping gasses.    

Daytime temperatures are 123
o
C (396

o 
Kelvin) and -233 

o
C (40

o 
Kelvin) at night. The average is -65

o
C (218 

o
Kelvin). Even on cloudless nights, non-condensing, 

persistent, and increasing CO2, CH4, and time-variable, 

temperature dependent water vapor keep us warmer than 

on the moon.   

   The 391 ppm present level of CO2 is 30% greater 

than the highest level in the last 800,000 years [16].  

The present CO2 rate increase of two ppm/year is 300 

times higher than the rate at which the earth recovered 

from the ice age 18,000 years ago, as shown in Figure 4. 

[17,18].  

  

 

 

 

 

 

 Figure 4. Global mean temperature, Antarctic temper-

ature, and atmospheric CO2 all rose dramatically during 

the great deglaciation that ushered in the present Holo-

cene Epoch 10,000 years ago. During the periods of 

steepest warming, the CO2 rise precedes the global tem-

perature by several centuries [18]. 

   Present C02 rates extrapolate to 600 ppm by 2100.  

In the next millennia, sea levels could be hundreds of 

feet higher, as it was 51,000,000 years ago, when the 

earth’s poles were ice-free, and CO2 was 1000 

ppm[19,20]. By 2100, present sea levels are projected to 

increase 2.5 – 6 ft [21]. 

   UC Berkeley Physics Prof. Richard Muller, member 

American Academy of Arts & Sciences, was skeptical of 

conflicting temperature data and wanted to resolve “cli-

mategate” issues.  He now leads a 10 person group, 

Berkeley Earth, which includes physics Nobel Laureate 

Paul Purlmutter[22]. The team is funded by private 

sources including the Bill Gates and the Koch Brothers. 

    Berkeley Earth also has carefully studied issues 

raised by skeptics, such as possible biases from urban 

heating, data selection, poor station quality, and data 

adjustment. Berkeley Earth has demonstrated that these 

do not unduly bias the results.  

   Berkeley Earth also analyzed temperature records 

back to 1753. The period of 1753 to 1850 is marked by 

sudden drops in land surface temperature that are coin-

cident with known volcanism; the response function is 

approximately 1.5 ± 0.5 34ºC per 100 Tg of atmospheric 
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sulfate. This volcanism, combined with a simple proxy 

for anthropogenic effects (logarithm of the CO2 concen-

tration), can account for much of the variation in the 

land surface temperature record; the fit is not improved 

by the addition of a solar forcing term. Thus, for this 

very simple model, solar forcing does not appear to con-

tribute to the observed global warming of the past 250 

years; the entire change can be accounted for by a sum 

of volcanism and anthropogenic proxies[22].  

   Berkeley Earth’s land temperature rise from the 

1950s decade to the 2000s decade is 0.87 ± 0.05ºC (95% 

confidence) is in agreement with the results reported by 

GISS, NOAA, HadCRU. The anthropogenic component 

is 0.4 to 0.8
o
C, which is being refined by more data 

analysis. 

3.2. LEARNING FROM PHYSICAL MODELING 

   As can be seen in Figure 5, greenhouse gases must 

be included to explain temperature increases since 1957 

[23].  In the bottom dark gray curve, the natural forcing 

of volcanoes and solar variability are included, but the 

calculated temperate does not agree with the black ob-

served curve after 1957.  When anthropogenic green-

house gases (mainly CO2) are included, the light gray 

curve agrees with that of the observed temperature. The 

CO2 increase from 1957 to 2000 of 52 ppm was over 

twice the increase from 1890 to 1957 (24 ppm).  

   

 

 

 

 

 

 

Figure 5. Anthropogenic greenhouse gases must be in-

cluded to explain the observed temperature increase[23]. 

   This is the basis for the conclusion of the UN IPCC 

2007 report: “From new estimates of the combined an-

thropogenic forcing due to greenhouse gases, aerosols 

and land surface changes, it is extremely likely (95 % 

probable) that human activities have exerted a substan-

tial net warming influence on climate since 1750 [21].“    

 

    This conclusion is supported by the paper “Atmos-

pheric CO2: Principal Control Knob Governing Earth’s 

Temperature [24]. 

   “Ample physical evidence shows that carbon dioxide 

(CO2) is the single most important climate-relevant 

greenhouse gas in Earth’s atmosphere. This is because 

CO2, like ozone, N2O, CH4, and chlorofluorocarbons, 

does not condense and precipitate from the atmosphere 

at current climate temperatures, whereas water vapor can 

and does. CO2 is persistent, having an atmospheric resi-

dence time of thousands of years. 

   Noncondensing greenhouse gases, which account for 

25% of the total terrestrial greenhouse effect, thus serve 

to provide the stable temperature structure that sustains 

the current levels of atmospheric water vapor and clouds  

via feedback processes that account for the remaining 

75% of the greenhouse effect.  Computer modeling 

shows that without the radiative forcing supplied by CO2 

and the other noncondensing greenhouse gases, the ter-

restrial greenhouse will collapse, plunging the global 

climate into an icebound Earth state.” 

4. WILL WE REDUCE CARBON DIOXIDE 
EMISSIONS IN TIME? 

   From 1980 through 2011, weather disasters caused 

losses totaling $1.06 trillion, according to reinsurer Mu-

nich Re [6]. The economic interests of the coal and oil 

industries have trumped ecology. Carbon emitters are not 

paying for the true cost of their pollution. People whose 

homes are being destroyed by hurricanes, floods, wild-

fires, and tornadoes are. 

   In 2009 the US House of Representatives passed the 

Waxman-Markey bill, which placed a price on carbon, 

but the Senate did not. This cap-and-trade bill would 

have placed a limit or cap on the amount of carbon that a 

coal fired generating plant can emit. To exceed this limit, 

the coal plant would have to buy tradable permits. The 

price increase of coal-burning would give an economic 

advantage to non-carbon emitting geothermal, hydro, 

nuclear, wind, and solar energy sources. This energy is 

free, after capital and maintenance costs are paid, and 

will last until the sun burns out, billions of years from 

now. 

   “We have to figure out how to live without fossil 

fuels someday. Why not now, before we have destroyed 

the creation?” said Dr. James Hansen, Director of the 
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NASA Goddard Space Science Institute[25]. “Coal 

burning is the biggest contributor to increases in carbon 

dioxide levels. Each year several hundred thousand peo-

ple in the world die of air pollution from coal. If that 

many people died from a nuclear plant malfunction, we 

would shut them all down. A moratorium on building 

new coal plants without carbon sequestration and a 

phasing out of present ones within 20 years could enable 

our earth to recover a sustainable CO2 level. ”   

  At present, the lower cost of natural gas is limiting the 

expansion of coal burning in the US. Natural gas burning 

emits about half the CO2 of coal and does not emit such 

health hazards as mercury and arsenic. The capital cost 

of natural gas generators is less than that of new coal 

plants and nuclear reactors. Natural gas has decreased in 

price due to new horizontal drilling and fracking tech-

nology. However, the amount of methane gas that leaks 

into the atmosphere has yet to be determined. Methane 

has about 30 times the greenhouse potency of CO2. 

Fracking is exempt from the clean-water regulations and 

has contaminated some local water supplies. 

   In the past few years China has surpassed the US as 

the world’s largest emitter of carbon dioxide. Neverthe-

less China has recently taken its first steps to build what 

is destined to be the world’s second-biggest emissions 

market [26].This is boosting the prospects for fledgling 

programs from Australia to California. Guangdong 

province plans the largest of seven pilot programs for a 

proposed national market within three years. Exchanges 

will trade permits to emit an estimated 1 billion metric 

tons of greenhouse gases a year by 2015, close to half 

the volume in the European Union system. Will this and 

New York City’s Mayor Bloomberg’s recent endorse-

ment of President Obama, because of his support of 

wind, solar, clean-air and increased vehicle mileage 

standards, lead to the passing of cap-and-trade legisla-

tion in the US?  

  The June 21, 2008 cover article in “The Economist” 

envisioned an oil-free transportation sector with electric 

vehicles charge by wind, solar, and nuclear power plants. 

This would also reduce the billion dollars per day we 

spend on imported foreign oil. 

  Electric cars like the Nissan Leaf, Mitsubishi-i, and 

Chevy Volt now get the equivalent of 100 miles per gal-

lon. Hybrids typically get 50 mpg. The cost of solar PV 

cells has in the last year come down to 10 cents per 

kWhr, less than what most people can buy from the grid. 

Can these economical non-carbon emitting technologies 

be deployed in time to reduce the carbon emissions 

which are increasing climate extremes? 

   Conservation and efficiency can reduce our use of 

fossil fuels. Nature is the capital on which capitalism is 

based. In the long-term, our world’s economy will be 

constrained by ecology. The world’s exponential popula-

tion explosion cannot continue indefinitely. There are 

indeed “Limits to Growth [27].”  

   The environmental challenge is to balance the beauty 

of nature with its utility [28]. Is beauty “in the eye of the 

beholder” or/and an encounter with the Divine? Without 

divinely created beauty, nature becomes an object that 

may be ravaged. For example, a coal mine can be beau-

tiful in the eye of its owner because it is a source of 

black gold. Can we re-envision beauty to transform our 

relationship with nature in time to lessen the impact of 

weather extremes and rising sea levels?  
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