
The Real Inconvenient 
Truth Is That …

Global Change is More Than 
Global Warming

• Changing atmospheric chemistry
• Changes in global nutrient cycles
• Changing atmospheric composition
• Climate change
• Stratospheric ozone depletion
• Land-use change
• Loss of biodiversity



Changes to well-mixed components 
of the Earth system

Local Changes that Become 
Widespread



Homo sapiens

Genus Homo 

You are here

CO2
Today

The atmosphere ain’t what it used to be.
At least since we’ve been around.



+ 43% +164% +21% Overall change

Concentration in 2017        400                      1850                   328                    220                    



Why blame us?
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Em
iss
ion
s

d13C

d13C
Coal ~ -28
Pre-Industrial air ~ -6.4



Net Sources & Sinks Over Time

Sources by activity & country



20-30%  Total Flux



Changes in atmospheric composition 
can affect more than just climate.

Increased CH4 à Increase tropospheric O3

Increased N2O à Decreases stratospheric O3

Increased CO2 à Plants & Ocean acidity

Greenhouse Open-top Chamber

Arctic Tundra
Salt Marsh

Desert FACE
Duke FACE

Effects on plants have been studied many ways.

Effects on plants include:

Altered physiology
Competition
Herbivory
Phenology



Long et al. 2006

SoyFACE

C4 MaizeC3 soybean & wheat





Near Ambient CO2 Elevated CO2



Poison ivy causes 
~350,000 cases of contact dermatitis per year.

Mohan et al. 2006

The higher the ratio of [unsaturated:
saturated] variants, the more 
allergenic urushiol is to humans





[CO2] ~30 uM

Reduced calcification of 
marine plankton in response 

to increased atmospheric CO2

Riebesell et al. 2000

Orr et al. 2005

[CO2] ~12 uM



~1.1o C

The world is warmer.



Not everywhere has warmed the same amount.

AMOC may be slowing

“Cold Blob” or “Warming Hole”

Ice/albedo Feedback?



Extreme temperatures are more common.
The climate dice are being loaded.

We are loading the climate dice.

Summer land temps. in the N. Hemisphere

1951-1980  2 sides blue
2 sides white
2 sides red

2001-2011 ½ side blue
1 side white
4 sides red
½ side red-brown



The hydrologic cycle is responding.

Parsons, WV
April 2018

150 unregulated streams across the US



Qori Kalis in the Peruvian Andes

Mountain glaciers & snow fields are melting.

Glacial Retreat in Glacier National Park

Edge of glacier 
2008

Photo courtesy of 
Kathy Larrimore

~ 3 billion people rely on water from mountain glaciers & snow packs.

Including:
1 billion Chinese, Indians and Bangladeshis
250 million people in Africa
All Californians



Sea ice & large ice sheets are melting.

What if it all melted

Mountain glaciers & small ice caps ~35 cm equivalent sea level rise
Greenland ~500 cm
W. Antarctica ~500 cm
E. Antarctica ~7,000 cm

Total ~8,000 cm (80 m or ~240 feet)

Russia plants flag under North Pole, 
claims Arctic energy riches

08/03/2007

Are we getting the message?

50 cm increase à doubles population @ risk from storm surges
(45 to 90 million)



Sea level is rising.

Sea level rise at specific 
locations may be more or 
less than the global 
average due to local 
factors: subsidence, 
upstream flood control, 
erosion, regional ocean 
currents, and whether the 
land is still rebounding 
from the compressive 
weight of Ice Age glaciers.

Annapolis, MD
2012

http://tidesandcurrents.noaa.gov/sltrends/sltrends.html
http://tidesandcurrents.noaa.gov/sltrends/sltrends.html


Root et al. 2003

80% of Species Examined (n = 1,468) Show Changes Expected In a Warmer World 

Other living things are responding.

Elevational change in plant species from 1997-2007 in California’s Santa Rosa Mountains



Photo from my vacation in RMNP summer 2011

More destructive bark beetles survive the warmer winters and 
are moving to higher elevations in the Rocky Mountains

And produce more generations per year.

Timing Matters

Earlier emergence when food is less availableCryptic coloration no longer effective



People are already suffering & dying.

3,000 dead in French heat wave
Thursday, August 14, 2003 Posted: 12:34 PM EDT (1634 GMT)

Some patients are being 
treated in hospital 
corridors in Paris. 

Voice of America
August 09, 2010

Heat Wave, Smog Double 
Moscow's Daily Death Rate
James Brooke | Moscow 

Russia's summer of heat, drought and fire is starting to take a human toll in Moscow, Europe's most 
populous city.

Deaths in Moscow have doubled to an average of 700 people a day as the city struggles with a 
deadly combination of record hot temperatures and poisonous smog from wildfires.

Andre Seltsovky, Moscow's health chief, blamed weeks of heat and smog for the jump in mortality 
compared to the same time last year.

The average death rate in the city during normal times is between 360-380 people a day, he said. 
Today, we have around 700.

He added that the city's morgues are filled with 1,300 bodies, close to their capacity. In addition, he 
said, ambulance trips are up by almost one third, to 10,000 a day. And city officials have ordered 3 
million face masks for the population, estimated to be 11 million.

Summer of 2011

Summer of 2003 Summer of 2010

Camp Fire, CA
Nov. 2018

November of 2018



If we don’t change our direction, 
we’ll end up where we’re 

heading.



Where should we be heading?
The most widely supported policy goal is to limit global 
to at most 2 °C above the preindustrial temperature 
level.  But Paris Agreement goal is1.5 o C

Over the short term this means CO2 leveling off at 
450 ppm

Others disagree
Target CO2:  < 350 ppm

To preserve creation, the planet on which civilization developed

65% chance of limiting warming to 2 C

The new U.S. goal will double 
the pace of carbon pollution 
reduction from 1.2 percent per 
year on average during the 
2005-2020 period to 2.3-2.8 
percent per year on average 
between 2020 and 2025.

November 11, 2014



Current = 2017

Little time is left to lessen the impacts.

~ 25% left
in 2015




