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	Observations and climate model results confirm that human-induced 
warming of the planet is having a pronounced effect on the atmosphere’s total 
moisture content.

	Those are the findings of a new study appearing in the Sept. 17 online 
edition of the Proceedings of the National Academy of Sciences.

	“When you heat the planet, you increase the ability of the atmosphere 
to hold moisture,” said Benjamin Santer, lead author from the Laboratory’s 
Program for Climate Modeling and Intercomparison. “The atmosphere’s water 
vapor content has increased by about 0.41 kilograms per cubic meter (kg/m²) 
per decade since 1988, and natural variability in climate just can’t explain this 
moisture change. The most plausible explanation is that it’s due to the human-
caused increase in greenhouse gases.”

	More water vapor — which is itself a greenhouse gas — amplifies 
the warming effect of increased atmospheric levels of carbon dioxide. 
This is what scientists call “positive feedback.” 

Using 22 different computer models of the climate system and 
measurements from the satellite-based Special Sensor Microwave 
Imager (SSM/I), atmospheric scientists from LLNL and eight other 
international research centers have shown that the recent increase in 
moisture content over the bulk of the world’s oceans is not due to solar 
forcing or gradual recovery from the 1991 eruption of Mount Pinatubo. 
The primary driver of this “atmospheric moistening” is the increase in 
carbon dioxide caused by the burning of fossil fuels.

“This is the first identification of a human fingerprint on the amount 
of water vapor in the atmosphere,” Santer said. 

“Fingerprint” studies seek to identify the causes of recent climate 
change and involve rigorous comparisons of modeled and observed 
climate change patterns. To date, most fingerprint studies have focused 
on temperature changes at the Earth’s surface, in the free atmosphere, or 
in the oceans, or have considered variables whose behavior is directly 
related to changes in atmospheric temperature. 

The water vapor feedback mechanism works in the following way: 
as the atmosphere warms due to human-caused increases in green house 
gases, other green house gases caused by human activity include water 
vapor increases, trapping more heat in the atmosphere, which in turn 
causes a further increase in water vapor.

Basic theory, observations and climate model results all show that 
the increase in water vapor is roughly 6 percent to 7.5 percent per degree 
Celsius warming of the lower atmosphere.

	The authors note that their findings, when taken together with 
similar studies of continental-scale river runoff, zonal-mean rainfall, 
and surface specific humidity, point toward an emerging human-caused 
signal in the cycling of moisture between the atmosphere, land and 
ocean. 

“This new work shows that the climate system is telling us a 
consistent story,” Santer said. “The observed changes in temperature, 
moisture, and atmospheric circulation fit together in an internally and 
physically consistent way.”

	The Livermore authors include Karl Taylor, Peter Gleckler, Jim 
Boyle and Stephen Klein. 

Other scientists contributing to this research are Carl Mears and 
Frank Wentz at Remote Sensing Systems in Santa Rosa; Tom Wigley, 
Jerry Meehl, and Warren Washington at the National Center for 
Atmospheric Research in Boulder; Tim Barnett and Dave Pierce at 
Scripps Institution of Oceanography in La Jolla; Wolfgang Brüggemann at 
the University of Hamburg in Germany; Nathan Gillett at the University 
of East Anglia, and Peter Stott at the Hadley Centre for Climate Prediction 
and Research (both in the U.K.); Toru Nozawa at the National Institute for 
Environmental Studies in Japan; and Mike Wehner at Lawrence Berkeley 
National Laboratory.
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On the cover: August 28 estimates of the amount of atmo-
spheric water vapor over oceans from the satellite-based 
Special Sensor Microwave Imager. Locations with high 

atmospheric moisture content are denoted by red and white 
colors. The highest water vapor values are associated with 
typhoons Talim and Nabi in the Pacific and with Hurricane 

Katrina in the Gulf of Mexico.

Observed pattern of changes in water vapor between 1988 and 2006. 
The observed increase in atmospheric moisture since 1988 could not 
be explained by natural factors alone, and the authors say it was pri-
marily due to human-caused increases in greenhouse gas emissions.
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Simulations of early experiments show laser project is on track 

The National Ignition Facility’s Early Light campaign in 2003-2004 
included four shots using four laser beams at high energy on a full-scale target 
for the first time. The resulting data has enabled unprecedented computer 
simulations, so closely matched to experimental results that the achievement 
has been published in the prestigious journal Nature Physics. 

“Getting agreement on that scale is really something new,” said principal 
investigator Siegfried Glenzer. “You have to resolve microscale phenomena 
over previously inaccessible space, volume and time scales.”

The paper indicates that NIF’s laser beams will propagate effectively in 
plasma-filled targets designed to produce the world’s first demonstration of 
inertial confinement fusion.

The paper examines two sets of conditions. In one set, an unsmoothed 
laser beam entered the target and stalled when the hot plasma in the target 
rippled and clumped, causing about 30 percent of the light to backscatter and 
fail to reach the target center. Plasma physics theory had anticipated a lack 
of uniformity, or nonlinearity, as the plasma was heated, Glenzer said. The 
challenge was to accurately predict the amount.

“Nonlinearity was suspected, but we couldn’t quantify it,” he said.
Then in another experiment, using NIF’s three beam-smoothing capabilities 

simultaneously, the laser was able to fully propagate through a seven-millimeter 
tube of carbon dioxide. Effective laser beam propagation through dense plasma 
will be required for NIF to ignite a sustained fusion reaction. 

“Now we are going to close the loop and use the tools to design the next 
set of experiments,” Glenzer said. Experiments next summer will use 96 
beams focused on a gold hohlraum (the eraser-sized capsule containing the 
fusion target) filled with a lighter gas mixture to help select the optimum target 

radiation temperature for ignition experiments. The researchers hope to hold 
backscattering to less than 15 percent. 

“We will look at symmetry and shock timing and all of the physics 
questions we need to answer for ignition,” Glenzer said. “We hope the 2008 
experiments will lead us down the path to full-scale ignition.” 

In ignition, plasma – a turbulent soup of ions and free electrons – is 
compressed and heated by the shock waves created by intense laser beams that 
deliver 1.8 million joules of energy in a pulse lasting about 10 nanoseconds 
(billionths of a second). This 
energy is equivalent to 1,000 times 
the electrical generating power of 
the United States in the same brief 
time period. The lasers will trigger 
a controlled laboratory fusion 
reaction that will  yield more 
energy than is required to start the 
thermonuclear burn. 

Inertial confinement fusion 
experiments will create conditions 
similar to those inside an exploding 
thermonuclear weapon or in the 
cores of stars and giant planets. The 
resulting information will be used to 
help ensure the reliability and safety 
of the nation’s nuclear stockpile 
without underground testing. The 
data also will reveal new details about the nature and structure of the universe.

When completed in 2009, NIF will focus 192 lasers on a millimeter-sized 
target filled with deuterium and tritium, two isotopes of hydrogen. Full-scale 
shots will produce extremely hot, dense physical regimes never before seen 
in a laboratory setting.

Laurent Divol oversaw the computation effort reported in the Sept. 2 
online edition of Nature Physics. The simulation tracked 3.5 nanoseconds 
of beam pulse, more than 1,000 times longer than the typically short 100 
picoseconds (trillionths of a second) usually modeled with the laser-plasma 
code pF3D. The code was originally developed in AX Division of the Defense 
and Nuclear Technologies Directorate. 

Because the beam being modeled is cylindrical, the team took advantage 
of the symmetry and modeled aspects in two dimensions. The researchers 
simulated how the target evolves with time as well as the geometry of the 
beam propagation, revealing details down to the wavelength scale (a few 
hundred nanometers, or billionths of a meter). 

Milo Dorr of the Computation Directorate’s Center for Applied Scientific 
Computing led the code modification effort. Dorr said even one beam is 
difficult to simulate at the wavelength scale because it is thousands of 
wavelengths wide. That fine-grain simulation was combined with a three-
dimensional view of the plasma heating, modeled on a coarse grid, which is 
much faster to compute. Computing each aspect still took a few weeks of time 
on a few hundred central processing units.

Next summer’s 96-beam experiments are called “Eos,” for the goddess 
of dawn. They are meant to determine the right radiative temperature to be 
reached in the hohlraum for ignition. The team is doing some simulations 
now, examining three dimensions for 100 picoseconds. The simulations are 
primarily being run on about 10,000 nodes of LLNL’s Atlas supercomputer. 

“It’s a very nice marriage between some of the best capabilities the Lab has,” 
Glenzer said, “namely the NIF super laser and the Lab’s supercomputers.”

Simulations are a key research tool that bridge theory and experiment, 
providing a forecasting shortcut to predict what may occur and refine and 
optimize experimental design. 

Divol summed up the hope and satisfaction such results represent, saying 
that after spending 15 years to develop NIF, researchers are excited to approach 
discovering, over the next few years, whether ignition will be achieved. “This 
was showing we can simulate it and it works,” he said of the Nature paper. “It 
worked quite well.”
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This schematic diagram shows the laser beam propagation experiment. Im-
ages at the upper right show the X-ray emission of the plasma. When all three 
beam-smoothing methods were used, there was full propagation of the beam. 
When only one smoothing method was used (continuous phase plates, or 
CPP), the beam stalled before propagating all the way to the target.
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