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The (Chmates Syste

Cryosphere
Now COVer
Ice cover

Atmosphere
Temperature
Humidity, clouds, and winds
Precipitation
Atmospheric trace gas
and aerosol distribution

Volcanoes

Oceans
Temperature
Currents
Salinity
Marine biota

The climate systentonsists
of the atmosphere,
cryosphere, land, and
oceans, each of which can be
characterized by a set of
state variables. Climate
change is said to occur when
aforcing generates an
intercomponent flux of
energy, mass, or momentum
that inflicts prolonged
changes to one or more state
variables. The forcing may
originate from within the
climate system itself or from
a source such as solar,
volcanic, or human activity.
(Adapted from ref. .)
Citation: Phys. Todag9, 11,
40 (2016)



http://scitation.aip.org/content/aip/magazine/physicstoday/article/69/11/10.1063/PT.3.3364;jsessionid=engTOa5bmrNBQbeezQJ4Oq6W.x-aip-live-02#c4

Earth’s Landmasses

Present-day Earth topography [m]
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Terrestrial Processes of Carbon Flow

run-off
0.6 Gt C/yr




|. Open ocean

[1. Bare ice
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Towering
cumulus

Cumulonimbus

Towering

( / cumulus

Simulations of atmospheric conditiongver
a 7000 kmswath of the US Great Plains on
15 May 1991 demonstraténe intimate link
between the landscape and weather
patterns. (a) A simulation of the terrain in

its actual state covered with a mix of
shortgrass, farmland, and bruslpredicts
the formation of raingenerating
cumulonimbus clouds. (That model
prediction bore out in real life.) The dryline
marks the boundary between the moist
eastern air (green) and the dry desert air
(brown) to the west(b) In an alternate
scenario where the land is covered entirely
by dry shortgrass, towering cumulus clouds
form but no storms develop. (Courtesy of
Conrad Ziegler, NOAA.)

Citation: Phys. Todag9, 11, 40(2016)
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increasingly converted to cropland
and pasture over the past 500
years. The color key gives the local
relative fraction of land converted
to agricultural use. The analysis
techniques used to create the map
continue to undergo refinement.
For example, in Australia too much
landscape is shown as pasture.
(Adapted from ref5 .)
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The urban heat

Island effect driven
largely by the replacement
of forests with roads and
buildings, gives rise to
temperatures in London
that are as much as®
warmer than those in the
surrounding open country.
Shown here are the low
temperatures on a typical
day in May. (Adapted from
ref. 18.)

Citation: Phys. Todag9,
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Volcanoes anc Glosal Warming

Heterogeneous
Chemistry

STRATOSPHERE
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Figure 8.13 | (Top) Monthly mean extinction ratio (525 nm) profile evelution in the tropics [20°N to 20°5] from January 1985 through December 2012 derived from Stratospheric
Aerosol and Gas Experiment (SAGE) Il extinction in 1985—2005 and Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) scattering ratio in 2006-2012,
after removing clouds below 18 km based on their wavelength dependence (SAGE II) and depolarization properties (CALIPSO) compared to aerosols. Black contours represent the
extinction ratio in log-scale from 0.1 to 100. The position of each volcanic eruption occurring during the period is displayed with its first two letters on the horizontal axis, where
tropical eruptions are noted in red. The eruptions were Nevado del Ruiz (Ne), Augustine {Au), Chikurachki {Ch), Kliuchevskoi (K1), Kelut (Ke), Pinatubo (Pi), Cerro Hudson (Ce), Spur
(Sp), Lascar (La), Rabaul (Ra), Ulawun (U, Shiveluch (Sh), Ruang (Ru), Reventador (Re), Manam (Ma}, Soufriére Hills {5}, Tavurvur (Ta), Okmok (Ok), Kasatochi (Ka), Victoria (Vi*—
forest fires with stratospheric asrosol injection), Sarychev (5a), Merapi (Me), Nabro (Ma). (Updated from Figure 1 from Vernier et al, 2011.) (Bottom) Mean stratospheric zerosol
optical depth (AOD) in the tropics [20°N to 20°5] between the tropopause and 40 km since 1985 from the SAGE Il (black ling), the Global Ozone Monitoring by Occultation of Stars

28 years of Stratospheric Aerosol from Satellites [20N—-20S]
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CO2 Levels vs Volcanic Activity
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Figure 1: Atmospheric CO2 levels measured at Mauna Loa, Hawaii (NOAA)

and Stratospheric Aerosol Optical Thickness at 50nm (NASA GISS).

The Mount Pinatubo eruption emitted 42 million tonnes of CO2 (Gerlach et

al 1996). Compare this to human emissions in 1991: 23 billion tonnes

of CO2 (CDIAC). The strongest eruption over the last half-century

amounted to 0.2% of human CO2 emissions in that year.
https://www.skepticalscience.com/volcanoesd-globalwarmingintermediate.htm



http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://data.giss.nasa.gov/modelforce/strataer/
http://vulcan.wr.usgs.gov/Projects/Emissions/Reports/Pinatubo/pinatubo_abs.html
http://cdiac.ornl.gov/trends/emis/overview_2006.html
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The global ocean overturning circulation, shown here in a simplified illustration, distributes heat
through the oceans. In the Atlantic Ocean, the circulation carries warm water (red arrows)
northward near the surface and cold deep water (blue arrows) southvétdlit: NASA/JPL

Read more athttp://phys.org/news/201606-oceancirculationimplicatedabrupt-climate.html#Cp



http://phys.org/news/2016-06-ocean-circulation-implicated-abrupt-climate.html#jCp

X a you want to measure the temp of the
surface of the planethow to do

this? Oceanglominate, are more
homogeneoussomewhat mixed
(equilibrated), high specific heat, etc.

So use

old bucket data
ship intake data,
newerbuoy datg
add satellite data,
andthen Argodata.....



Advanced very-high-resolution
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http://www.ospo.noaa.gov/Products/ocean/sst/anomaly/anim 2mw.html



http://www.ospo.noaa.gov/Products/ocean/sst/anomaly/anim_2mw.html
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Difference from 1961-1990 average (°C)
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Sea Surface Temperatures (Deg. C)
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Buoy and Satellite Data Agree With the New NOAA Record

| | | |
2000 2005 2010 2015
New NOAA — Buoys —— GSatellite
Old NOAA  ——------- Linear Trends

12-month lagging mean shown
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https://skepticalsci Year
ence.com/Industri Figure 1- TheCMIP5 multimodel mean oceaheatcontent change from 1865 to 2015 expressed as a

atera-oceanheat percentage for 3 ocean depth layers. The gray bars indicate-stentiard deviationuncertaintyand
uptake-has

doubledsince the black triangles along the bottom denote simulated large volcanic eruptions (which disperse light
1997 html scattering sulfate particles). Gray triangles shibw manyunsimulatedsmall & moderate volcanic
eruptions after 2000. Image fro@lecklert al (2016).



https://skepticalscience.com/Industrial-era-ocean-heat-uptake-has-doubled-since-1997.html
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- Recent Sea Level Rise

23 Annual Tide Gauge Records

= Three Year Average
= Satellite Altimetry
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4 MSL (mm)

TOPEX
= Jason-1
= Jason-2

60-day smoothed
—— Trend: 3.4 + 0.4 mmfyr




Sea Level Rise




Ocean acidification




OCEAN ACIDIFICATION
More CO, = More Acidic
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OCEAN ACIDIFICATION
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A sea—surface pH [—]

=0.12 —0.1 —0.08 —0.06 —0.04 —0.02 0

Estimated change in sea water pH caused by human created CO2 between the
1700s and the 1990s, from the Global Ocean Data Analysis Project(GLODAP)
and the World Ocean Atlas



https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Global_Ocean_Data_Analysis_Project
https://en.wikipedia.org/wiki/World_Ocean_Atlas




Greenland calving fronts
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Glaciers
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Cumulative mass balance
(meters of water equivalent)

Average Cumulative Mass Balance of “Reference” Glaciers Worldwide, 1945-2015
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https://www.epa.gov/climate-indicators/climate-change-indicators-glaciers
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Sample from the Taylor Dome core in Antarctica. The depths are indicated, and scale is shown.
Credit: Alley, R.B. and J.J. Fitzpatrick. Conditions for bubble elongation in-sblekicee. Journal of Glaciology 45(149)7-154
(1999).
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