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To fit the magnificence of th is setting in BeijingɀÚ Great Hall 

of the People, and the honor of giving the 2007 Sir John 

Crawford Memorial Lecture, it is well to have a subject of 

suitable proportions. I have chosen one of global size and 

urgent time frame: our climate crisis.  We only have one 

future and one global climateɬand now i t looks as if we only 

have one chance to rescue our civilization from collapse and 

prevent a mass extinction of species during the 21 st century. 

 Unless you have been keeping up with  climate science 

for the past twenty-five years, you likely do not know ho w 

serious the matter has become. The notion that we might 

slowly get into serious trouble by mid -century has been 

conveyed by the media and understood by at least some 

political leaders. But that scenario depends on somehow 

avoiding sudden shifts in climat e in the meantime, instant 

setbacks at a time when we lack maneuvering room. An  

abrupt shift  in drought area occurred in 1983 and we had a 

near-miss of a mass extinction of Amazon species in 1999. 

 It is easy to appreciate that one more degree of global 

warming will seriously reduce crop yields in the tropics, but 

in the words of climate scientist Claudia Tebaldi 1ȮɯɁ(ÛɀÚɯÛÏÌɯ

extremes, not the averages, that cause the most damage to 
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ÚÖÊÐÌÛàɯÈÕËɯÛÖɯÔÈÕàɯÌÊÖÚàÚÛÌÔÚȭɂ Even if you live where the 

average rainfall stays the same, there will still be more 

extreme weather such as floods and droughts. That they 

ɁÉÈÓÈÕÊÌɯÖÜÛɂɯÞÐÓÓɯÊÖÔÍÖÙÛɯÕÖɯÖÕÌȭ 

 To illustrate this, recall the old joke about the statistician 

who drowned in a lake known to be, on average, only one 

meter deep. This is, of course, a slander on statisticians who 

know better than anyone the variations in depth concealed 

by an average. 

Here is the ice core record from Greenland (happily worm -free) which 

shows what our Homo sapiens ancestors had to deal with in the middle of 

the last ice age as our higher intellectual abilities evolved. 

 

 A  moving average, created by worms stirring the ocean 

bottom, ÒÌ×ÛɯÜÚɯÍÙÖÔɯÙÌÈÓÐáÐÕÎɯÛÏÈÛɯÛÏÌɯɁÎÓÈÊÐÈÓɯ×ÈÊÌɯÖÍɯÈÕɯÐÊÌɯ

ÈÎÌɂɯÞÈÚɯÈÊÛÜÈÓÓàɯ×ÜÕÊÛÜÈÛÌËɯÉàɯÝÌÙàɯÙÈ×ÐËɯ(most of the 

way in five years) coolings and warm ings. But since the 

changes only lasted centuries, their telltale sediments were 

churned sufficiently by the worms to make the record look 

smooth. (When moving averages are used to plot securities 

prices, they too conceal the brief periods when fortunes were 

made and lost.) 

 These ice age abrupt climate shifts made the transition in 

only about five or ten years, the time scale of a drought but 

with global scope. Their immediate causes are not what 

concern us at present, but rather some additional routes to 
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making a sudden change in global climate that involve 

rearranging the customary winds . 

 

The Clock is Running 

 I am a medical school professor and one of the things we 

try to teach physicians is to remember that a clock is always 

running, that there is such a thing as being certain but too 

ÓÈÛÌȭɯɁ3ÏÌɯËÖÊɯÞÏÖɯÞÈÐÛÚɯÜÕÛÐÓɯËÌÈËɯÊÌÙÛÈÐÕɯÖÍɯÛÏÌɯËÐÈÎÕÖÚÐÚɯ

ÉÌÍÖÙÌɯÚÛÈÙÛÐÕÎɯÛÙÌÈÛÔÌÕÛɯÔÈàɯÞÐÕËɯÜ×ɯÞÐÛÏɯÈɯËÌÈËɯ×ÈÛÐÌÕÛɂɯ

reminds the medical student that textbook rigor may be out 

of place in a situation where irreversible damage may soon 

occur. Senior military officers are also taught to think this 

way, but few scientists are. I picked it up myself only 

because of talking shop with the neurosurgeons for several 

decades. 

 /ÖÓÐÛÐÊÈÓÓàȮɯÊÓÐÔÈÛÌɯÔÈÛÛÌÙÚɯÏÈÝÌɯÈÓÙÌÈËàɯÉÌÌÕɯɁÚÌÕÛɯÉÈÊÒɯ

ÍÖÙɯÍÜÙÛÏÌÙɯÚÛÜËàɂɬwith action postponed ɬ more often than 

was wise. We are now facing a planetary emergency where 

we have no time to search for the best or most economical 

treatment, nor can we wait for cap-and-trade schemes to 

evolve better practices. Even serious carbon taxes may be too 

slow. On the eve of a great war in 1940, President Franklin 

D. Roosevelt used the metaphor ÖÍɯÈɯɁÍÖÜÙɯÈÓÈÙÔɯÍÐÙÌɯÜ×ɯÛÏÌɯ

ÚÛÙÌÌÛɂɯÛÏÈÛɯÕÌÌËÌËɯÛÖɯÉÌɯÌßÛÐÕÎÜÐÚÏÌËɯÐÔÔÌËÐÈÛÌÓàȮɯÞÏÈÛ-

ever the cost. 3ÏÈÛɀÚɯÞÏÌÙÌɯÞÌɯÚÏÖÜÓËɯÉÌ now in responding 

to our  climate crisis. 

 

Global Fever 101 

 Briefly, the earth is overheating because of 1) the 

ËÈÙÒÌÕÐÕÎɯÖÍɯÛÏÌɯÌÈÙÛÏɀÚɯÚÜÙÍÈÊÌɯÉàɯÐÙÙÐÎÈÛÐÖÕ and soot which 

captures visible light that would otherwise be reflected back 

out into space, and 2) the greenhouse gases that are growing 

an extra blanket of insulation around the earth, capturing 
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infrared heat that would otherwise escape into space. 

Together, they rearrange the winds and rains. 

 

 
 

 It is often claimed that our climate troubles are just 

ɁÕÈÛÜÙÈÓɯÊàÊÓÌÚȮɂɯÈÉÖÜÛɯÞÏÐÊÏɯÞÌɯÊÈÕɯËÖɯÕÖÛÏÐÕÎȭɯɯ-ÌÐÛÏÌÙɯÐÚɯ

true. We now have records of air composition th at go back 

800,000 years, enabling us to see the largest of the natural 

cycles. Both CO2 and methane go up during the warm 

periods that interrupt the ice ages, then back down during 

cooling. Since about 1850 (expanded scale at right), both 

have soared (CO2 by 37 percent, methane by 130 percent) 

and are now far outside their natural range. Temperature is 

beginning to follow . It would be much higher already  except 

for the reflective haze from sulf ates and ash, which  masked a 

third of the expected rise in temperature. 

 It is much easier to see the signature of climate change in 

records of wind, rain, and fire. The strength of the East Asian 



The Great Use-it -or-lose-it Intelligence Test 5 

 

monsoon has been steadily weakening for four decades. 

Each decade from 1950 to 1999 saw a significant increase in 

major floods, and this was true worldwide ɬshowing that it 

ÞÈÚÕɀÛɯÑÜÚÛɯÓÖÊÈÓɯÐËÐÖÚàÕÊÙÈÚÐÌÚɯÛÏÈÛɯ×ÙÖËÜÊÌËɯÛÏÌɯ×ÙÖÉÓÌÔȭ 

 

 
The same picture emerges when looking at major forest fires. 

Moving in lockstep , for both floods and fires,  is global 

climate change. 

 Whi le floods and fires have steadily increased over the 

fifty years, drought shows signs of  even more abrupt 

stepwise change. Some of the earliest warning came from 

/ÌÙÛÏɀÚɯÙÌÚÌÙÝÖÐÙɯÐÕÍÓÖÞÚȮɯÞÏÐÊÏɯËÙÖ××ÌËɯÐÕɯƕƝƛƙɯÛÖɯÏÈÓÍɯÖÍɯ

the prior average. In 1997, this runoff took another step 

down to a third.  Both were within a year of a big El Niño.  

 Not included  in the 2007 IPCC reports is the recent 

analysis of global drought. In the 1970s, only 15 percent of 

the global land surface was in drought at any one time. By 

1983, this had jumped to 25 percent. It occurred at about the 

time of the 1982 El Chichon volcanic eruption and the large 

1982-1983 El Niño. Whether a move is temporary or a new 

baseline can only be judged in retrospect. There have been 
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fluctuations to 35 percent but the new baseline is 25ɬwhich is 

an enormous two -thirds  expansion of the 1970s drought 

area. And it only took a year to make the shift. 

 

 
 

 So where is all of this new drought? Much is adjacent to 

the dry bands of the tropics where the air that  ascended in 

near-equatorial thunderstorms comes back down, minus its 

moisture , to create the characteristic deserts such as the 

Sahara and Kalihari. The zones of Mediterranean climate are 

just above 30° from the equator and, while only on the 

western shores of a continent, they nicely illustrate the 

problem of expanding tropics . 

 They, like the adjacent deserts between 22° and 30°, lack 

rain in the summer. But the westerlies manage to push some 

low -pressure systems from offshore through  Mediterranean 

climate zones in the winter, giving them their characteristic 

combination of winter rain and summer sun.  

 The desert border has already moved a few hundred km 

farther away from the equator. Not only are the countries 

around the Mediterranean suffering  from a dr ier climate, but 

so is southern California, southern Australia, and the 
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southwest corner of South Africa . Central Chile suffers 

drought especially during a La Niña.  

 

 
 

 At least by the global drought measure, an abrupt 

climate change has already occurred from global warming, 

making our fixation on long -term slow solutions seem 

especially shortsighted. It would be like an emergency -room 

physician talking to a patient about losing weight instead of 

focusing on the new chest pains that could be the beginning 

of a heart attack. 

 

Exit Amazonia?  

 The Amazon Basin is surprisingly vulnerable, even 

without all of the slash -and-burn land clearing for new 

agricultural fields, even without the seasonal burn before 

planting. Global warming is expected to change the rainfall 

patterns enough so that plant succession after a big fire will 

not advance beyond grass and brush. 

 This need not take all of the century to slowly occur . A 

big fire  could happen at any time, given another big El Niño 

that lasts long enough to dry out the Amazon. The fire 

vulnerability map shows the conditions at the end of the 

1997-1998 El Niño, which lasted about a year. 
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Just after 1998 El Niño.      Nepstad et al., Forest Ecology & Management 154, 2001 

 

 6ÌɯÏÈÝÌɯÚÌÌÕɯÓÖÕÎÌÙɯ$Óɯ-ÐęÖɀÚ but they were not also 

big. The big ones (more than a 2°C temperature rise in the 

central Pacific) may be new, a consequence of global warm-

ing. With only 10 to 15 years between past examples, we 

might soon see another big one and, given the stepwise 

changes associated with the three previous ones, we might 

also experience another step up into a worse climate. 

 

 
 The possibility that I find most appalling , however, is 

what would happe n should a big El Niño continue  for an 

additional  year. The fires in Southeast Asia and in the 

Amazon Basin in 1997-1998 were bad enough; with a 
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double-duration mega Niño, we could lose major parts of 

ÛÞÖɯÖÍɯÛÏÌɯÞÖÙÓËɀÚɯÛÏÙÌÌɯÔÈÑÖÙɯÙÈÐÕɯÍÖÙÌÚÛÚɯÐÕɯÛÏÌɯÛÙÖ×ÐÊÚȭ 

 ThÈÛɀÚɯÈɯÛÐ××ÐÕÎɯ×ÖÐÕÛɯÍÖÙɯÞÏÐÊÏɯÛÏÌ global warming 

consequences would be severe. First, the excess CO2 in the 

atmosphere would go up 40 percent in a few years1. Second, 

given all of the missing leaves, the annual CO2 emissions 

from fossil fuels would become 50 percent more effective in 

raising the temperature each year thereafter. Third, we 

would lose about half of the plant and animal species in 

those rainforests, both from direct mortality and loss of 

habitat. It would be the  first anthropogenic mass extinction.  

In 1999, we had a near-miss on this catastrophe as the El 

Niño quit just in time  in 1998.  

 As we continue to accelerate the use of fossil fuels (up 35 

percent since 1990, exceeding even the pessimistic business-

as-usual scenarios used in climate models)ȮɯÛÏÈÛɀÚɯÛÏÌɯÒÐÕËɯÖÍɯ

catastrophe we could trigger. 

 

Threats to the Ocean Food Chain 

 +ÐÍÌɯÐÕɯÛÏÌɯÖÊÌÈÕÚɯÏÈÚɯÈÓÚÖɯÉÌÌÕɯÐÕɯÛÙÖÜÉÓÌɯÈÕËɯÐÛɀÚɯÕÖÛɯ

just the fisheries decline as there has been a decline in 

plankton as well . The heating of the near-surface layers 

during the 1982-1983 El Niño reduced sea life around 

various Pacific islands because the heat killed off much of 

the plankton  at the bottom of the food chain, which then 

                                                      

 
1 Excess CO2 is that above the preindustrial concentrationɭsay the 280 ppm 

maximum during recent warm periods of the ice ages. We are currently above 380 

ppm, a 100 ppm excess, and a Big Burn of the Amazon and Borneo rain forests 

would add another 40 ppm. Forests take many decades to grow back but 

Amazonia will become stuck at the succession stage of grass and brush, so its 

ÊÈÙÉÖÕɯÉÌÊÖÔÌÚɯÈɯɁ×ÌÙÔÈÕÌÕÛɂɯÈËËÐÛÐÖÕɯÛÖɯÛÏÌɯÈÐÙȭ Indeed, given our half -century 

time scale, few forests will re-grow enough after fire to balance their loss. All such 

fires are setbacks for us and the species likely to go extinct.. 
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devastated the fisheries, the shore species, and the birds. The 

2005 hurricane season in the Caribbean was associated with 

enough days of excessive temperature to kill many coral 

reefs, even down to a 70 m depth in the Virgin Islands. 

 Ocean acidification of 0.1 pH unit occurred in the 20 th 

century and the forecast for this century is for another 0.3. 

Thus fossil fuel emissions have a dual effect: the usual one 

from over -insulating the earth, and a second direct effect on 

the acidification of the near -surface oceans as they absorb 

CO2 from the air bubble s buried under crashing waves. 

 There was a brief respite in the warming of most of the 

ÞÖÙÓËɀÚɯ ÖÊÌÈÕÚɯ ÐÕɯ ÛÏÌɯ ÌÈÙÓàɯ ƕƝƝƔÚɯ ÍÙÖÔɯ ÝÖÓÊÈÕÐÊɯ ÚÜÓÍÈÛÌÚɯ

injected into the stratosphere. Even when heat waves are 

moderated by reflecting more sunlight back into space,  the 

pH effect of the continuing emissions of CO2 can get us into 

ÚÌÙÐÖÜÚɯÛÙÖÜÉÓÌɯÍÙÖÔɯËÈÔÈÎÐÕÎɯÛÏÌɯÉÖÛÛÖÔɯÖÍɯÛÏÌɯÖÊÌÈÕɀÚɯ

food chain. 

 

Undermining Ice Sheets 

 Sea level was more than 6 m higher than present during 

the Eemian warm period about 125,000 years ago. Green-

landɀÚɯÐÊÌɯÞÈÚ particular ly vulnerable then, with summer 

temperatures at about what 1.6°C of global fever would 

produce there now (we are now at 0.7° above preindustrial 

global mean temperature). The West Antarctic Ice Sheet 

likely contributed some more water when undermined by 

the rise in sea level ÍÙÖÔɯ&ÙÌÌÕÓÈÕËɀÚɯÊÖÓÓÈ×ÚÌ. In Greenland, 

melt water falling down deep cracks carries heat to the 

bottom of the ice sheets, creating rotten ice that allows the 

ice sheet to slip downhill into the ocean more quickly . The 

new icebergs instantly raise sea level. 

 Sea levels may rise more quickly than what the drip -by-

drip 2007 IPCC models indicate (about 0.3 m this century 

and half is from thermal expansion o f the existing oceans). 
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Some glaciologists worry about a rise of 2 to 3 m this 

century. Eventually about 50 m should be seen for a 3°C rise, 

judging from the 4 million year history of global 

temperature and sea level.  

 

 
 

 Let me stick to the first 6 m ri se, which is about the 

height of a two -story beach house. Along the East and Gulf 

Coasts of the U.S. with their shallow slopes, that can mean 

an inundation reaching 150 km inland in places, with 15 

million people displaced in Florida alone. But most of the  

misery will come from river deltas whose fertile soils and 

plentiful water support high populat ions at present. Half of 

Bangladesh will be underwater when sea level rises 6 m, 

creating 70 million climate refugees on their side of the 

Ganges Delta alone. (ÛɀÚɯÈɯÚÐÔÐÓÈÙɯÚÐÛÜÈÛÐÖÕɯÍÖÙɯÈÓÓɯÖÍɯÛÏÌɯÙÐÝÌÙɯ

deltas in Southeast Asia and China. 

 As with more immediate refugees from the droughts in 

the Mediterran ean climate zones, where will such climate 

refugees go? What will be the reaction when they cross 
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borders in great numbers? What country will try to take over 

the resources of a neighbor, pushing its inhabitants out into 

a third country?  

 The Four Horsemen of the Apocalypse tend to be 

featured on such occasions: famine, pestilence, war, and 

death from genocide. The latter will have a long -lasting 

legacy: the downsized populations will all hate their 

neighbors for good reasons.  

 

The Origins of CO2 and its Equivalents 

 Per unit of useful energy, coal produces the most CO2, 

natural gas less than half as much, with oil in the middle. 

Once it gets into the air, CO2 is slow to get out, with half 

ÙÌÔÈÐÕÐÕÎɯÚÌÝÌÙÈÓɯÊÌÕÛÜÙÐÌÚɯÓÈÛÌÙȭɯ ÕËɯÉÌÊÈÜÚÌɯÛÏÌɯÖÊÌÈÕɀÚɯ

capacity to absorb it is limi ted, a fourth of the excess CO2 

may still be around in a thousand years. 

 Methane from natural gas and low -oxygen decomposit-

ion is twenty times more potent as heat insulation, once it 

ÎÌÛÚɯÐÕÛÖɯÛÏÌɯÈÐÙȭɯ2ÖɯÞÌɯÛÈÓÒɯÖÍɯÐÛÚɯɁCO2 ÌØÜÐÝÈÓÌÕÛɂɯÈÚɯÉÌÐÕÎɯ

twenty times as much. But methane is not equivalent in 

other ways, as half of the methane released into the 

atmosphere this year will have disappeared about six years 

from now. Stopping the leaks from natural gas pipelines (1 

to 4 percent of what is carried) will  improve things almost 

immediately, whereas CO2 declines will take centuries 

unless we remove it from the air to reverse climate change. 

 The pie chart of the uses which create CO2 and 

equivalents shows that fossil fuel uses are about two-thirds 

of the total. Transportation uses (mostly oil) are 14 percent of 

the pieɬbut so too is agriculture, what with feed lots, 

fertilizer, and tilling the soil. Even more startling to me was 

the 18 percent slice for changes in land use, some of which is 

urban sprawl but much of which is land clearing for 

marginal agri culture.  
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 So while burning fossil fuels is two -thirds of the 

problem, much of the rest is associated with agriculture. 

Certainly, many of the opportunities to fix our global climate 

lie in the agricultural sect or ÉÌÊÈÜÚÌɯÛÏÌÙÌɯÐÚɯÚÖɯÔÜÊÏɯɁÓÖÞ-

ÏÈÕÎÐÕÎɯÍÙÜÐÛɂɯÛÏÌÙÌɭirrigation, till ing, feedlot, and fertilizer 

practices being what they currently are.  

 For transportation, we need to repl ace petrol with electri -

city, either via batteries or electricity -generated hydrogen 

fuel cellsɬor simply com pressed air, driving a piston engine 

with injections of high -pressure air. I expect that the Air Car 

will  be a popular choice in the tropics because of the free air 

cooling for the occupants (the vehicle will also be warm in 

the early morning after overnight recharging of the tanks ). 

(ÕËÐÈɀÚɯ ÓÈÙÎÌÚÛɯ ÈÜÛÖÔÈÒÌÙɯ Ìß×ÌÊÛÚɯ ÛÖɯ ÏÈÝÌɯ ƚȮƔƔƔɯ ÛÈßÐÊÈÉÚɯ

running on compressed air in 2008.  

 


