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AND THAT AVAILABILITY TO ALTERNATIVE 
REALITY IS REFLECTED IN CONSPIRACY 

THEORY, FROM COOLINGISM TO NATURAL 
CYCLISM



Dwoyer OpEd in
Daily Press 3/1/2009



Koch OpEd in
Daily Press 1/31/2010



Idealized Model of the Greenhouse 
Effect

FAQ 1.3, Figure 1



Change in Long-Lived 
Greenhouse Gases



Figure SPM.5

Recent predictions based on most 
optimistic mitigation scenarios

IPCC Predicted Global 
Surface Warming



Trend in Global Mean 
Sea Level (IPCC)

FAQ 5.1, Figure 1



Three Main Points

1. Hampton Roads future is tied directly to 
the future of the Arctic and the Antarctic

2. Climate change is irreversible

3. A framework for Hampton Roads response 
to climate change
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Do we know what’s 
going on?

• Changes in predictions in last few years

- Arctic ice free by 2100 now down to 2013 by some estimates

- Sea-level rise from .2 m to .5 m up to .8 m to 2 m (factor of 4)

- Global average ocean temperature at record high of 62.8ºF 

✓Poor understanding of, and limited ability to model ice-
sheet dynamics

✓CO2 rising faster than IPCC’s most aggressive scenario

✓Feedbacks missing in climate models coming into play?



The Fate of Hampton Roads is tied to the 
Future of the World’s Great Ice Sheets

• There are three major ice sheets 
which contain 99% if the ice capable 
of raising sea level if melted

- Greenland

- East and West Antarctic

• IPCC projections of sea level rise do 
not account for potential melting of 
these ice sheets

• The Greenland and West Antarctic 
sheets contain enough water to 
raise sea level approximately 40 feet 
if fully melted
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Image from "New data show much of Antarctica is warming more than previously thought"

 
NASA

This illustration depicts the warming that scientists have determined has occurred in West Antarctica during the

last 50 years, with the dark red showing the area that has warmed the most.

highest resolution version of this photo (print ready)
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 Search uwnews.orgWarming of Antarctic Ice Sheet Surface
1957 - 2006

West Antarctica  0.16 +/- 0.06ºC/decade 
East Antarctica  0.10 +/- 0.07ºC/decade 

Many climate models have been predicting 
Antarctic cooling!



...and the Ice is Responding

• Satellite gravity measurements from 4/2002 
through 1/2009 show accelerated ice mass 
loss from both Antarctic ie sheets 

- 190±77 Gt/yr

- Western outlet glaciers thinning at up to 9 m 
per year

• Greenland ice sheet losing between 40 mi3 
and 60 mi3 of ice per year

• Recent projection of sea-level rise based on 
paleo and projected temperatures (using 
IPCC temperature predictions) is 0.8 m to 
2.0 m by 2100

• Recent Copenhagen Climate Science 
conference statement projects up to 1.0 m 
sea-level rise by 2100 (using IPCC 
temperature predictions)

Ice melt map of Antarctic 
Ice Sheets

NATURE GEOSCIENCE DOI: 10.1038/NGEO694 LETTERS
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Figure 3 |GRACEmass time series at four selected locations. a–d, GRACE apparent surface mass time series (in blue curves with square markers) from

79 RL04 gravity solutions at the four respective locations A–D in Fig. 1. PGR effects (IJ05 model) are removed from all time series. The red lines are slopes

estimated from the entire time series, and cyan and green lines are slopes determined for early (2002–2005) and late (2006–2009) periods.
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Figure 4 |Antarctic rate map from forward modelling. Forward-modelled

mass-change rate map (cmyr
−1
) computed on the basis of the nine mass

rates from Fig. 2. GRACE results are used for the remainder of Antarctica

and ocean areas (see Supplementary Information for details).

indicated within the past three years (2006–2009), by a greater slope

(−11.35 cm yr
−1
) relative to −7.86 cm yr

−1
for 2002–2005. Slopes

for point B determined from separate sections (2002–2005 and

2006–2009) are similar to the slope from the entire series.

Time series at points C and D (EAIS) show greater variability

in slope for early and late periods. For 2002–2005 at point C

(Wilkes Land) the slope is near zero, whereas the 2006–2009 slope

is negative, consistent with the InSAR 2006 flux estimate
4
. At point

D (Enderby Land), there is similar variability among slopes. In this

case, the early portion (2002–2005) indicates mass accumulation,

noted in previous GRACE studies
14,21

. The later period (2006–2009)

has a near-zero slope, and evidence of increased interannual

variability. This indicates that the EAIS, widely considered to be in

balance, may actually be out of balance in some regions. As a group,

the four time series show that year-to-year variability will lead to

varying interpretations when a single year or a short time series is

analysed. This clarifies the importance of continuing to extend time

series through operation of GRACE over the next few years, and

development of a GRACE follow-onmission.

Our results suggest that over the WAIS (especially the ASE)

there is accelerated ice loss since around 2005 and/or 2006, with the

EAIS showing correlated changes of the same sign in this period,

attributed to increased ice loss over EAIS coastal regions in recent

years. Using a simple linear projection for the period 2006–2009,

Antarctic ice loss rate can be as large as −220 ± 89Gt yr
−1

(see Supplementary Information for details). These new GRACE

estimates, on average, are consistent with recent InSAR fluxes
4

but, in contrast to previous estimates, they indicate that as a

whole, Antarctica may soon be contributing significantly more to

global sea-level rise. More discussion of the results and analysis

of uncertainty and variable ice loss rates are provided in the

Supplementary Information.

NATURE GEOSCIENCE | ADVANCE ONLINE PUBLICATION | www.nature.com/naturegeoscience 3



Greenland is 
Responding Rapidly

• The Arctic is warming 
faster than anyplace on 
the planet

• The loss of the Arctic ice 
cap is an example of 
response

• More disturbingly, 
Greenland is significant 
losing ice mass over 
most of the ice sheet

- Over 60 mi3 per year



Subtropical Waters 
Flushing Greenland Fjords

• Recent changes in ocean 
currents bring subtropical 
water to coast of Greenland

• Along-shore wind events 
drive warm water into Fjords 
and accelerate submarine 
melting of glacier termini

• A factor in the significant 
acceleration of glacial retreat 
in many Greenland Fjords 
which governs the loss side 
of ice-sheet mass balance 

Image : Team finds subtropical waters flushing through Greenland fjord

he Greenland ice sheet contains enough 

ords — the connection between 

ords are a critical regulator of 

ow that drains it have been subject to 
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Missing Feedbacks

✓Fossil C from tundra released as CH4 and CO2

• Oceanic releases of CH4 and CO2

• Decline in Efficiency of Natural CO2 Sinks with 
warming

• Albedo reduction due to melting sea ice and ice sheets

• Ocean circulation changes, reduced DO, H2S 
production

• Aerosols and clouds



Fossil C Release from Tundra

3/30/09 8:13 PMArctic meltdown is a threat to humanity - image 2 - environment - 25 March 2009 - New Scientist

Page 2 of 3http://www.newscientist.com/articleimages/mg20127011.500/1-arctic-meltdown-is-a-threat-to-humanity.html
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2008 Temperature Anomaly from 1951 - 1980 Average



Fossil C Release from Tundra

point-source bubbling. To determine whether or not such emissions are of
sufficient magnitude to be included as important sources in the global
atmospheric CH4 budget, we applied the average CH4 point-source emission
measured across the non-thermokarst lake types (17.9G12.1 g CH4 m

K2 yrK1) to
the area of lakes north of 458 N (table 1) except in thermokarst lakes of the
Russian zone of continuous permafrost, where we applied CH4 emission
estimates from detailed field-based measurements of Siberian thermokarst
lakes (34.5G9.5 g CH4 m

K2 yrK1; Walter et al. 2006). We calculated the area
of Russian thermokarst lakes based on Geographical Information System (GIS)
analyses showing that 65.5% of lakes north of the Arctic Circle occur in Russia
(Holmes & Lammers 2006) and estimate (Mostakhov 1973) that 90% of Russian
lakes in the permafrost zone are thermokarst lakes. We excluded all large lakes
(more than 50 km2) from our estimate owing to the possibility of low rates of
point-source ebullition (table 2). Altogether, we estimate point-source ebullition
from northern lakes to be approximately 24.2G10.5 Tg CH4 yr

K1 (table 1). In
contrast, the diffusive flux is 1.1G0.2 Tg CH4 yr

K1 assuming a constant flux
for all lake area (1.0G0.2 g CH4 m

K2 dK1), which is the average diffusive
flux measured for glacial lakes on the north slope of Alaska’s Brooks Range
(Kling et al. 1992) and for Siberian thermokarst lakes (Walter et al. 2006),
assuming 120 days of open water annually (Walter et al. 2006).

permafrost
continuous

sporadic
isolated

discontinuous
lakes

Figure 4. Pan-arctic distribution of lakes using GLWD data northward of 458 N overlaying
permafrost zones (continuous, discontinuous, sporadic and isolated) depicted by colour. Lakes are
particularly abundant in North Siberia and on the Canadian Shield.

1663Methane bubbling from northern lakes

Phil. Trans. R. Soc. A (2007)

500 & 1000 Year
Siberian Lake Thaw 

Scenarios
• Thermokarst lake CH4 Emissions 

between  50 and 100 Tg/yr

• Current  IPCC Anthropogenic CH4 
Emission Scenario Range 236 to 597 
Tg/yr

• Similar amounts of C remaining in 
northern hemisphere lakes but not 
included in analysis

Mean Temperature Increase 
+3º C

Mean 
Temperature 

-1º C

Arctic Permafrost and Lakes



Fossil C Release from Tundra

Potential CH4 from Thermokarst Lakes
= 10 X CH4 in Atmosphere Today 



Devastation of the Boreal Forest



More than 20,000 lightning strikes 
were recorded on the North Slope 
of Alaska in 2007. Some struck the 
vast stretches of lakes; some hit the 

treeless tundra. And one of them torched into 
life the largest and longest-lasting tundra fire 
recorded in the state’s history. The blaze, which 
started near the Anaktuvuk River on 16 July, 
burned 7,000 hectares a day at its peak, and 
eventually consumed 100,000 hectares, an area 
larger than that of New York City. It finally 
stopped burning in early October, smothered 
by thick snow. 

Two years later, the scars left by the blaze are 
all too apparent from a helicopter circling over 
the region. So too is the area’s quick recovery. 
Tussock grass, the predominant vegetation in 
northern Alaska, sends up vibrant green shoots 
from scorched meristems. Its white flowers 
bloom over the deeply blackened soil like a 
dust of snow, stretching to a hazy horizon. It is 
surprisingly beautiful.

This is more than a view of nature’s swift 
destruction and renewal; it is also a site of 
intense research. “The Anaktuvuk River fire is a 
large natural experiment,” says Gaius Shaver, an 
ecologist at the Marine Biological Laboratory 
in Woods Hole, Massachusetts, who leads an 
effort funded by the US National Science Foun-
dation to study the fire’s environmental impact. 
“It provides an unprecedented opportunity 

to study how the entire ecosystem responds 
to major disturbances.” Scientists from ten 
research groups have been flying into the 
burned area from the nearby Toolik research 
station to assess how the fire has shifted the 
carbon balance and affected the hill slopes, 
valleys, streams and lakes in the region. 

Understanding the effect of fires on the 
Arctic tundra may become more important as 
the climate gets warmer. Tundra fires used to 
be rare events, but higher temperatures and a 
more arid climate seem to be changing that. 
According to the US Bureau of Land Manage-
ment in Washington DC, the frequency of 
lightning on the North Slope has increased ten-
fold in the past decade. And many researchers 
fear that the increased lightning may increase 
the fire risk. Of the 26 recorded fires on the 
North Slope since 1950, close to one-third has 
taken place in the past three years — and the 
region burned in the Anaktuvuk River fire 
alone constitutes more than half of the total 
burned area. 

Just as climate change may fuel fires, fires 
may accelerate climate change. These vast areas 
of tundra store about 14% of the world’s soil 
carbon at the surface alone. Fires could release 
a large amount of that, either directly through 
combustion or indirectly by modifying the tun-
dra ecosystem. Many of the studies in Alaska 
are designed to look at how this could play out. 

“Tundra fires could significantly impact the 
carbon balance of the Arctic and exacerbate 
global warming,” Shaver says.

The first pulse
One of the first researchers to arrive in the area 
after the fire was Cody Johnson, an aquatic 
ecologist at Utah State University in Logan, 
along with a small team. The razed landscape 
had been buried under snow all winter. And 
it still wasn’t exactly camping season when, 
in May 2008, they flew out to Dimple Lake in 
northern Alaska, at 69° latitude and 200 miles 
north of the Arctic circle. The crew landed in 
skis, dragged their heavy equipment to the lake 
shore, set up camp and waited in sub-zero tem-
peratures for the first snow melt. 

After two weeks, Johnson could see the land 
for the first time. “The surface was covered 
in a thick layer of ash,” he says. “There was a 
pungent smell of the burn in the air.” Under-
neath the ash they found a blackened land with 
islands of yellow tussock trunks sticking out. 
These many-layered skirts of grass are so thick 
and packed so tightly that the core never dried 
out, saving them from the fire. 

The main purpose of Johnson’s camping trip 
was to study the movement of burned mate-
rials, especially ash, nutrients and sediments, 
into streams and lakes, and its effect on the eco-
system’s carbon cycle. After the plants that hold 

TUNDRA’S 
BURNING
Lightning and fires on the Arctic tundra seem to 
be on the rise. Jane Qiu meets the researchers 
learning from the scorched earth in Alaska.
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CO2 & CH4Heat

This feedback process could cause arctic 
emissions to become comparable to 

anthropogenic emissions and drive climate 
change independent of human action  



Potential 21st Century 
Sea-Level Rise

0

0.5

1.0

1.5

2.0

IPCC Ice
IPCC FAR IPCC FAR Temp

Ice Sheet Melt

Se
a-

Le
ve

l R
is

e 
(m

)

Missing
Feedbacks?

4x



Hampton Roads 21st Century 
Sea-Level Rise

• To estimate tidal change by 2100 
sea-level rise projections are 
additive to the 0.15 to 0.23 m (0.5 
to 0.75 ft) of land subsidence by 
2100 in HR

• A 0.8 to 2.0 m rise in sea level

- Yields a net tidal change of 0.95 to 
2.23 m (3.12 to 7.32 ft)

- Could be greater due to feedbacks 
currently unaccounted for in 
predictions 

Hampton Roads Sea-Level Rise Map
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Three Main Points

1. Hampton Roads future is tied directly to 
the future of the Arctic and the Antarctic

2. Climate change is irreversible

3. A framework for Hampton Roads response 
to climate change



Potential Future 
Scenarios*

*James Hansen



System Response Delay*

*James Hansen

} > Factor of Five Reduction

Climate Change is Irreversible
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US Impact
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Qualitative Risk vs. Consequence for Sea-
Level Rise in Hampton Roads  
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 Clarifying the Options for 
Hampton Roads

• Mitigation

- Reduce/regulate GHG emissions (e.g.House Energy Bill)

- Emission regulation vs. GHG concentration targets

- Optional, society chooses (on a global scale to be effective)

• Adaptation 

- Strategies to deal with the impacts we know are coming (coastal inundation, water shortages, …)

- Major public works projects and social engineering programs requiring decades and $100’s B to 
execute

- Situation will demand adaptation but strategic adaptation (e.g. plaNYC) optional

• Reversal

- “Geoengineering” schemes to reverse the impacts of elevated GHG concentration (e.g. orbiting 
mirrors, sulfate aerosols in stratosphere, …)

- Desperation measures with high probability of unintended consequences

• Adaptation 

- Strategies to deal with the impacts we know are coming (coastal inundation, water shortages, …)

- Major public works projects and social engineering programs requiring decades and $100’s B to 
execute

- Situation will demand adaptation but strategic adaptation (e.g. plaNYC) optionalHampton Roads Must
Hampton Roads Sets Example



A Real Carbon Footprint 
Reduction Opportunity

2/8/10 2:45 PMVA Green Power

Page 1 of 3http://www.dom.com/dominion-virginia-power/customer-service/energy-conservation/green-power.jsp

VA Green Power

Select a topic below to learn more about Green Power:
How Does the Dominion Green Power Program Work?
What Is a Renewable Energy Certificate (REC)?
Product Content Label & Price Terms and Conditions
More Dominion Green Power Information for Businesses
More Information for Counties and Municipalities
Frequently Asked Questions
Sample Bill
Cost Estimator Chart
One Page Fact Sheet
‘Green Power Easy To Purchase’ Press Release and Video
Additional Green Power Information and Options
North Carolina Green Power
Sign Up

You have the Power to Choose Green Power!
A voluntary program is available from Dominion Virginia Power that allows you to support renewable
energy. This gives you the power to choose - the power to make a difference.

Green Power Participants Make a Powerful Difference
In 2009, the Dominion Green Power program achieved much success and has continued to be a best-in-
class program which allows residential and business customers in Virginia to voluntarily support renewable
energy. More than 6,000 program participants supported 23 million kilowatt-hours of renewable energy.
This is equivalent to avoiding 36 million pounds of carbon emissions which is like taking 33,600 cars off the

http://www.dom.com/dominion-virginia-power/customer-service/energy-conservation/green-power.jsp





Whither Hampton Roads?

• Climate change will lead to major challenges for our region

- Rising sea level will lead to local inundation and more severe 
flooding associated with storms

- Public health will be impacted by issues of water quality, new 
diseases, and more days of temperatures above 90º

- Major disruption or loss of ecosystem services

• Irreversibility of climate change indicates it must be 
accounted for in land-use, evacuation, transportation, etc. 
planning

• Regional public officials could engage the regional scientific 
community in helping assess future impacts and developing 
an adaptation strategy



Hampton Roads 
Dilemma

• “Official” predictions (IPCC FAR) on sea-
level rise and other impacts on Hampton 
Roads for 21st Century not that dire

• Recent scientific results appearing largely in 
the peer-reviewed literature begin to paint 
a more dire scenario

• Emerging trends and feedbacks 
unaccounted for in FAR could make 
situation even more dire



Hampton Roads Dilemma

• Is the future risk defined well enough to 
justify action?

- How do public officials evaluate unfolding 
peer-reviewed science?

- Is there sufficient credibility of the climate-
change skeptics in the public domain?

• If the region waits until the risk is well 
defined is it too late to respond? 



Individual Action

• The “CFT - Prius” approach while commendable 
won’t get the job done, even if we all did it!

• We must demand action at the global, national, 
and regional scale (mitigation & adaptation)

• We must recognize that effective response and/or 
no response to climate change will be very painful 
with major economic and sociological dislocations

- We’ll all just have to bite this bullet sooner rather 
than later! 
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AP – John Holdren talks about his role as
President Obama's science adviser during an
interview with The Associated …

By SETH BORENSTEIN, AP Science Writer – 1 hr 36 mins ago

WASHINGTON – Tinkering with Earth's climate to chill runaway

global warming — a radical idea once dismissed out of hand — is

being discussed by the White House as a potential emergency

option, the president's new science adviser said Wednesday.

That's because global warming is happening so rapidly, John Holdren

told The Associated Press in his first interview since being confirmed

last month.

The concept of using technology to purposely cool the climate is

called geoengineering. One option raised by Holdren and proposed

by a Nobel Prize-winning scientist includes shooting pollution

particles into the upper atmosphere to reflect the sun's rays.

Using such an experimental measure is only being thought of as a

last resort, Holdren said.

"It's got to be looked at," he said. "We don't have the luxury ... of

ruling any approach off the table."

His concern is that the United States and other nations won't slow global warming fast enough and that

several "tipping points" could be fast approaching. Once such milestones are reached, such as complete

loss of summer sea ice in the Arctic, it increases chances of "really intolerable consequences," he said.

Twice in a half-hour interview, Holdren compared global warming to being "in a car with bad brakes driving

toward a cliff in the fog."

He and many experts believe that warming of a few degrees more would lead to disastrous drought

conditions and food shortages in some regions, rising seas and more powerful coastal storms in others.

At first, Holdren characterized the potential need to technologically tinker with the climate as just his

personal view. However, he went on to say he has raised it in administration discussions.

"We're talking about all these issues in the White House," Holdren said. "There's a very vigorous process

going on of discussing all the options for addressing the energy climate challenge."

Holdren said discussions include Cabinet officials and heads of sub-Cabinet level agencies, such as NASA

and the Environmental Protection Agency.

The 65-year-old physicist is far from alone in taking geoengineering seriously. The National Academy of

Sciences is making it the subject of the first workshop in its new climate challenges program for

policymakers, scientists and the public. The British Parliament has also discussed the idea. At an

international meeting of climate scientists last month in Copenhagen, 15 talks dealt with different aspects of

geoengineering.

The American Meteorological Society is crafting a policy statement that says "it is prudent to consider

geoengineering's potential, to understand its limits and to avoid rash deployment."
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AP – John Holdren talks about his role as
President Obama's science adviser during an
interview with The Associated …

By SETH BORENSTEIN, AP Science Writer – 1 hr 36 mins ago

WASHINGTON – Tinkering with Earth's climate to chill runaway

global warming — a radical idea once dismissed out of hand — is

being discussed by the White House as a potential emergency

option, the president's new science adviser said Wednesday.

That's because global warming is happening so rapidly, John Holdren

told The Associated Press in his first interview since being confirmed

last month.

The concept of using technology to purposely cool the climate is

called geoengineering. One option raised by Holdren and proposed

by a Nobel Prize-winning scientist includes shooting pollution

particles into the upper atmosphere to reflect the sun's rays.

Using such an experimental measure is only being thought of as a

last resort, Holdren said.

"It's got to be looked at," he said. "We don't have the luxury ... of

ruling any approach off the table."

His concern is that the United States and other nations won't slow global warming fast enough and that

several "tipping points" could be fast approaching. Once such milestones are reached, such as complete

loss of summer sea ice in the Arctic, it increases chances of "really intolerable consequences," he said.
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and the Environmental Protection Agency.
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policymakers, scientists and the public. The British Parliament has also discussed the idea. At an

international meeting of climate scientists last month in Copenhagen, 15 talks dealt with different aspects of
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Why 350 (ppm that is)?

• CO2 for all of human 
history up to industrial 
revolution at 275 ppm

• Today we are at 390 ppm

• Leading climate scientists 
lead by James Hansen 
warn that anything 
beyond 350 ppm  leads to 
environment outside the 
range we are adapated to



Hampton Roads 21st Century 
Sea-Level Rise

• To estimate tidal change by 2100 
sea-level rise projections are 
additive to the 0.15 to 0.23 m (0.5 
to 0.75 ft) of land subsidence by 
2100 in HR

• A 0.8 to 2.0 m rise in sea level

- Yields a net tidal change of 0.95 to 
2.23 m (3.12 to 7.32 ft)

- Could be greater due to feedbacks 
currently unaccounted for in 
predictions 

Hampton Roads 2 m Sea-Level Rise 
Map
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