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Overview

1) Climate change includes unpredictable,
natural components, and until we
understand those, we will have difficulty
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2) There is little to no evidence that severe
weather events (e.g. lightning,
windstorms, tornadoes, floods) have
worsened, despite modest warming.



Understanding Climate Change Starts with
Conservation of Energy

A Temperature change in anything is almost always caused by
animbalancebetweenenergy gairandenerqgy loss
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Earth’s Energy Balance
Absorbed Sunlight = Emitted Infrared Radiation

The global average energy flows in and out are estimated t"o"l24OWatts per sq. meter
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a change in any one of these will change the temperature!
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The Earth’s energy budget describes the
various kinds and amounts of energy that
enter and leave the Earth system. It includes
both radiative components (light and heat),
that can be measured by CERES, and other
components like conduction, convection,
and evaporation which also transport heat
from Earth’s surface. On average, and over
the long term, there is a balance at the top
of the atmosphere. The amount of energy
coming in (from the sun) is the same as the
amount going out (from reflection of sunlight
and from emission of infrared radiation).
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(1 Watt = 1 Joule per second of energy transfer; a 2,000 calorie daily diet contains 8,373, 600 Joules)

surface surface
163.3 398.2

40.1

emitted by
r clouds
29.9
atmosphere
358.2 greenhouse gases

radiation

340.3

net absorbed

All values are fluxes in Wnr?
and are average values based on ten years of data

latent heat
(change of state)

thermals ‘
(conduction/

convection)

T

evapotranspiration

Loeb et al., J. Clim. 2009
Trenberth et al., BAMS, 2009

NP-2010-05-265-LaRC

All energy fluxes (transfers) are in Watts per sq. meter.
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Affects the Rate of Global Infrared Energy LOSS
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A Any planetary atmosphere with greenhouse
gases will bgvarmer in the lower layersand

colder in the upper layerthan without those
gases (e.gManabe& Strickler 1964).
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Radiative Forcing Caused by Human Activities Since 1750
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Data source: IPCC (Intergovernmental Panel onClimate Change). 2013. Climate change 2013: The physical science basis. Working
Group | contribution to the IPCC Fifth Assessment Report. Cambridge, United Kingdom: Cambridge University Press.
www.ipcc.ch/report/ars/wgl.
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Humanity lives in aelatively thin zone of warmthbetween the cold upper

atmosphere and the cold depths of the global ocean {38 deg. F average §
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FACT. Ocean Heat Content has been increasing:
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- Scattered measurements ofOmM layer
from the 1950s to 2000

- Good global coverage with Argo floats
since about 2005, to a depth of 2,000 m



