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Concepts in Atmospheric Science

Atmospheric science across the disciplines
The basics

Why atmospheric measurements?
Platforms for atmospheric measurements
What you might consider for your rocket



Atmospheric Science across the disciplines
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" Space Shuttle

~ Structure of the Atmosphere

Exosphere

Pressure Temperature
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Image credit: agci.org



PBL vs the free troposphere

Depiction of vanous surfaces and PBIL, processes

op of the planetary boundary layer

Image credit: esrl.noaa.gov



What’s going on in the troposphere?

Nearly all weather (clouds, rain, tornados,
hurricanes, snow)

Nearly all anthropogenic (human-caused)
pollution

Nearly all transport of anthropogenic and natural
chemicals (think dust storms, wildfires)

Warfare related emissions (weaponized aerosols)

Most of the molecules relevant to climate change
(because most of the mass is here).



However....
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Outliers: How NASA “missed” the
ozone hole
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Practical uses for atmospheric
measurements

Air quality control and monitoring (including
airborne pathogens)

Better prediction of tornadoes and hurricanes
(improve early warning)

Changes in patterns (rain, storm tracks) due to
changing climate

Monitoring greenhouse gases and short-lived
climate forcers.

Cross border pollution issues



Introduction to Atmospheric Aerosols:
Particle Sources
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Introduction to Atmospheric Aerosols:
Organic Components are Substantial

Submicron particle composition from an aerosol mass spectrometer:
organic and inorganic (sulfate, nitrate, and ammonium) components
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Where are measurements made? And
how?

Jason-2 Satellte
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One of the most important atmospheric
measurements of our time

\

Atmospheric (02
January 1959 - January 2012

January CO, | Year Over Year | Mauna Loa Observatory
Data: NOAA-ESRL

jan.2012 393.09
Jan. 2011 391.19
Jan.2010 388.45

data posted Feb. 6, 2012




Importance of collaboration

Calnex Field Study

MILAGRO, Mexico City




VAMOS Ocean-Cloud-Atmosphere Land-
Study Regional Experiment (VOCALS-

REX)

The Southeast Pacific Climate System
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Calcareous Phytoplankton Fragments:
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Can these phytoplankton keep up with
our changing planet?
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NASA’s A-Train

* Crosses the equator around
1:30 pm daily.

 Together they measure
water vapor, temperature,
rainfall, clouds, aerosols,
greenhouse gases and more.

What is the overall affect of aerosols and clouds on climate? How much
carbon is absorbed by forests? How will the monsoon cycle react to a
warming world? To what extent will a changing climate change the size and
strength of hurricanes? And what feedback cycles will encourage or
discourage climate change?




A great place to know about: NCAR

e Models




What might rockets add?

Climate model “ground truthing”
Repeatable, local measurements

Very high altitude studies (not yours!), most useful
above altitude for balloons (40 km) and below
satellites (recall collaboration!).

Lower cost than a fully instrumented aircraft
Can be launched from remote locations (ships etc).

Vertical profiles help meteorologists understand
weather

Complement ground based measurements
Can be launched at short notice of phenomena



What I'd find interesting to measure
by rocket

Temperature, pressure, , relative
humidity, and average wind speed.

Trace gas concentration and

Could you collect a sample of particulates?

Can you think of anything to add?



