See something.
Think of a reason why.

Figure out a way to
checkyou

Now, everyone gets to dump on you.

Repeat until consensus formed.

- Weather is the set of all extant phenomena in a given
atmosphere at a given time.

- Climate is the average and variations of weather in a region
over long periods of time.

FACT:
The Earth is getting warmer.
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Pre: 1800s rely on PROXY DATA

Global tree ring width and temperature

Tree Rings as example of Proxy Data

http:/www.climatedata.info/Proxy/Prox;
treerings_introduction.html

Berkeley Earth Surface Temperature, 2011 still in progress
(lead scientist: Richard Muller)

http://berkeleyearth.or;




NASA Goddard Institute for Space Studies analyzis of global
temperature data.

http://svs.gsfc.nasa.gov/vis/a000000/a003600/a003674/index.html

FACT:

There is more CO2 in the Earth’s
atmosphere. Much of this is due to
human activity.

Atmospheric CO, at Mauna Loa Observatory

CO2 lovols over the last 10,000 yoars
Scripps Institution of Oceanography
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CO2 historical trends

Ice Cores as example of Proxy Data

http:/www.climatedata.info/Proxy/Proxy/icecores.html
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Carbon Cycle logistics.

Can track C from fossil fuel burning to see how much (or how
quick) the cycle operates.

FACT:
CO2 is a greenhouse gas.

It all starts with the Sun




THE ELECTROMAGNETIC SPECTRUM
Radiation Transmitted by the Atmosphere
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Electromagnetic radiation basics. With a little quantum stuff Carbon Dioxide is a Greenhouse Gas. This simply means that it

thrown in. can absorb energy at thermal radiation frequency.

Key thing is that energy can be absorbed and re-emitted

FACT:
The Earth is getting warmer.

FACT:

There is more CO2 in the Earth’s
atmosphere. Much of this is due to
human activity.

FACT:
CO2 is a greenhouse gas.

Likelihcod Terminology Likelhood of the cccarrence’ outcome

Summary for Policymakers
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HYPOTHESIS:
The increase in temperature is largely due to the anthropogenic
production of COz2 (“very likely” - 90%).




THERMODYNAMICS

A theory is the more impressive the greater the simplicity of its premises, the more different :E

kinds of things it relates, and the more extended its area of applicability. Therefore the deep
impression that classical thermodynamics made upon me. It is the only physical theory of
universal content which I am convinced will never be overthrown, within the framework of
applicability of its basic concepts.
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Lisa, get in here. In this house we obey the laws of thermodynamics!

FTWI

Al 11 iall ferr he “ i f rgy” rule.
The laws of thermodynamics are to science what so colloquially referred to as the “conservation of energy” rule

Shakespeare is to literature.
It's about Geok keeping
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What is the troposphere? In a nutshell, the troposphere is the lowest portion of
Earth's atmosphere comprising about 75% of the total mass of the atmosphere. The flowchart...
It’s here that almost all of its water vapor and aerosols are present.
TROPOPAUSE: This represents the place, where the temperature gradients do
flip flop from the surface of the Earth (the top part of the troposphere)

Incoming + immediatel, Outgoing from surface. That which is absorbed
Ogut oin, v (+ the incoming to the : by the “atmosphere” and
going atmosphere) re-emitted.
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Breakdown of the flowchart...




Radiative Forcing Components

2s

2 3 Aerosols
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Radiative forcing (W/m?)

Component

Net Anthropogenic

The radiative forcing of the surface-troposphere* system due to the
perturbation in or the introduction of an agent (say, a change in greenhouse
gas concentrations) is the change in net irradiance (solar plus long-wave; in
Wm.?) at the tropopause AFTER allowing for stratospheric temperatures to
readjust to radiative equilibrium, but with surface and tropospheric
temperatures and state held fixed at the unperturbed values.

LETTERS

PUBLISHED ONLINE: 4 DECEMBER 2011 | DO 101038/NGEO13:

Anthropogenic and natural warming inferred from
changes in Earth’s energy balance
Markus Huber and Reto Knutti*

The Earths energy balance is key to understanding climate the ocean accounts for more than
and climate variations that are caused by natural and an- e Qin th m’. A
thropogenic changes in the atmospheric composition. Despite
abundant observational evidence for changes in the energy u
balance over the pa des™, the formal detection of cli-
i its attribution to human influence has so
far relied mostly on the difference between spatio-temporal
i atural ic origin®

onthe

spatial warming patterns. Based on a massive ensemble of

demonstrate that known changes in the global energy balance
and in radiative forcing tightly constrain the magnitude of

century, greenhouse gases contributed 0.85°C of warming
(5-95% uncertainty: 0.6-1.1°C), about half of which was off-
set by the cooling effects of aerosols, with a total observed
change in global temperature of about 0.56 °C. The observed
trends are extremely unlikely (<5%) to be caused by internal
variability, even if current models were found to strongly

stimate it. Our method is complementary to optimal

a and attribution framework  corresponding to
orous uaiistical wethod 1o guaniify the conurbutions(0.36-076) W

It would appear that most recent calculations
suggest that at least 74% of the climate change we
see is due to human activity.

In short: dU = internal energy
dQ = heat
dW = work

HYPOTHESIS:

These greenhouse gas amounts and increases in temperature will
lead to predictable (and bad) effects to the planet and its
inhabitants.

ADJUSTING LEVELS OF WORK - AIR, WATER, EVEN LAND.




ADJUSTING LEVELS OF INTERNAL ENERGY.
ICE MELTING, SEA LEVELS, TROPIC BANDS
CHANGE IN CHEMICAL REACTIONS

Boyles Law:

P = Pressure, V = Volume, N = number of molecules of gas

R = a constant to tie it all together (8.314472 m?3 - Pa - K'! - mol?)
T = Temperature

P=AT

demo

Boyles Law:
P = Pressure, V = Volume, N = number of molecules of gas

R = a constant to tie it all together (8.314472 m?3 - Pa - K'! - mol?)
T = Temperature

Pa-dV
d - vde+——
= Ma

This is what you get when you combine the First Law of
Thermodynamics with Boyles Law. This is often referred to as a

formal rendition of the the 1st Law for atmospheric
considerations.

Models are composed of algorithms (a step by step calculation),
which in turn are based on processing mathematical expressions,
which in turn may be derived from physical laws, which in turn
are derived from the things people see and do and measure
everyday and throughout history.

IPCC SCENARIOS.




“Firstly, it can be run for a number of years over simulated time and the climate generated by the model
compared in detail to the current climate.”

Here, a valid model is one where average distribution and season variations of appropriate parameters such
as surface pressure, temperature and rainfall compare well. As well, noted variability in the model should
coincide well with variability in the observed situation as well.

“Secondly, models can be compared against simulations of past climates when distribution of key variables
was substantially different than at present.”

An example would be about 9000 years ago, where the Earth’s orbit in relation to the sun was slightly
different. The axis of rotation was basically tilted 240 rather than the current 23.50. Enough, however, to
obviously affect the distribution of solar energy to the surface of the planet. Now meteorological data is
obviously weaker for those type of timescales but there is data that (ice core data, vegetation fossilization
patterns, etc).

“Thirdly, a model can be validated by usage in predicting the effect of large perturbations on the climate.”
i.e. El Nino, large volcanic eruptions... (like mount Pinatubo 1991 / second largest eruption in 20 century).

VALIDATING MODELS. (I.E. HOW DO YOU TRUST MODELS?)

SIMPLE VERSUS COMPLEX. BEST MODELS ARE THE ONES
THAT FIT REALITY.

Radiative forcing of natural forest disturbances

Improved Attribution of Climate
Forcing to Emissions

IN GENERAL MODELS HAVE BEEN PRETTY GOOD IF NOT
OVERLY CONSERVATIVE. UNFORTUNATELY, THIS MEANS
BEING ALMOST ALWAYS OVERLY OPTIMISTIC.

For example, “Albedo” and “Methane.”

SOMETIMES, THE NATURE OF THE QUESTION IS STILL TOO
COMPLEX TO PREDICT.

(Thermohaline circulation).

COz parts per million. Calculated “status quo” (good for the
future) amount. Assumes CO2 remains primary GHG driver of
climate change.

Target Atmospheric CO2: Where Should Humanity Aim? James Hansen et al (2009)

Vol 437[29 September 2005 doi10,1038 /nature04095. namre

ARTICLES

Anthropogenic ocean acidification over
the twenty-first century and its impact on
calcifying organisms

James C. Orr', Victoria J. Fabry?, Olivier Aumont’, Laurent Bopp’, Scott C. Doney”, Richard A. Feely’,

Anand Gnanadesikan", Nicolas Gruber’, Akio Ishida, Fortunat Joos’, Robert M. Key'®, Keith Lindsay ",

Ernst Maier-Reimer'?, Richard Matear", Patrick Monfray'f, Anne Mouchet'?, Raymond G. Najjar'?,
Gian-Kasper Plattner’”, Keith B. Rodgers"'°, Christopher L. Sabine, Jorge L. Sarmiento', Reiner Schlitzer"?,
Richard D. Slater™, lan J. Totterdell'"t, Marie-France Weirig"”, Yasuhiro Yamanaka® & Andrew Yool"*

Today's surface ocean is saturated with respect to calcium carbonate, but increasing atmospheric carbon dioxide
concentrations are reducing ocean pH and carbonate ion concentrations, and thus the level of calcium carbonate
saturation. Experimental evidence suggests that if these trends continue, key marine organisms—such as corals and
some plankton—will have difficulty maintaining their external calcium carbonate skeletons. Here we use 13 models of the
ocean-carbon cycle to assess calcium carbonate saturation under the 1592a ‘business-as-usual' scenario for future
emissions of anthropogenic carbon dioxide. In our projections, Southern Ocean surface waters will begin to become
undersaturated with respect to aragonite, a metastable form of calcium carbonate, by the year 2050. By 2100, this
undersaturation could extend throughout the entire Southern Ocean and into the subarctic Pacific Ocean. When live
pteropods were exposed to our predicted level of undersaturation during a two-day shipboard experiment, their
aragonite shells showed notable dissolution. Our findings indicate that conditions detrimental to high-latitude
ecosystems could develop within decades, not centuries as suggested previously.

SOMETIMES, THE NATURE OF THE PREDICTION IS STILL TOO
COMPLEX.

(Biodiversity Issues - Grinnellian, Infectious Diseases, Coral).

We like stuff.




We like stuff.
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The Progressive Increase of Food Waste in America and
Its Environmental Impact

Kevin D. Hall*, Juen Guo, Michael Dore, Carson C. Chow*

Laboratory of Bilogical Modeling, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, Maryland, United States of America

Abstract

Food waste contributes to excess consumption of freshwater and fossil fuels which, along with methane and CO, emissions
from decomposing food, impacts global climate change. Here, we calculate the energy content of nationwide food waste
from the difference between the US food supply and the food consumed by the population. The latter was estimated using
a validated mathematical model of metabolism relating body weight to the amount of food eaten. We found that US per
capita food waste has progressively increased by ~50% since 1974 reaching more than 1400 kcal per person per day or 150
trillion keal per year. Food waste now accounts for more than one quarter of the total freshwater consumption and ~300
million barrels of oil per year.
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Our ecological footprint is pretty horrendous.

We are very wasteful.

Who will suffer most with the following?

— Biocapacity

More dW

Changes in Landscape

_ ,/\ acy Changes in Water Supply
: e Changes in Biodiversity
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Our ecological footprint is pretty horrendous. Hint: it's not us...




