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Point 1: Science fiction 
inspires complex 
research goals 

“Atmosphaera Incognita”  
by Neal Stephenson

Class Question:
What do you want to know
about this tower’s
ascending altitudes
from 0 to 20 km? 
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Class Questions About 20-km Tower
Particulates gradients? Jeffrey
When does oxygen stop? Elizabeth
Vertigo experienced? Richard
What do I (feel) upon ascending? Diane
Can I see incoming weather systems? Laurie
What is likely to hit tower? Jim
What happens to bird flight, migration? Helen
What is the temperature gradient? Janet
What is combustion particulate gradient? Mark
Solar radiation? Anita
Visual gradient changes from ground up? Joey
Insect life gradient? Kathy
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Scientific Inquiry vs Experiential Learning

Human Respiratory System
Lungs = organ exposed to external 
environment
Breathe 2000 to 3000 gallons of air per day
Air has 1,000 to 10,000 microbes per m^-3
Air has 10-50 ug fine, ultrafine dust per m^-3
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Lecture 2 Atmospheric Layers 

Troposphere: layering heights upwards depends on latitude

Layer 1-Planetary boundary layer (PBL) rises & falls every 24h 
Rise & fall due to daytime solar heating, cooling earth’s surface
PBL itself is turbulent as most biologically active layer
PBL concentrates water heat + atmospheric biota
PBL is also an “elevator” or one particle uplifting mechanism
Another mechanism is cumulus cloud formation

Layer 2-Surface inversion “blanket” of warm air above PBL 

Layer 3-Clouds  “Cloud Appreciation Society” 
Cloud altitudes vary with cloud type, season, latitude 
Lower altitudes for cumulus, high for cirrus clouds 

Layer 4-Tropopause = troposphere ends & stratosphere starts 
Layer 5-Stratosphere is the beginning of outer space 



Weather 
Balloon
(a radiosonde) 

Stratosphere

Troposphere
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Lecture 2: Air We Breathe
Experiential, deductive, empirical, scientific methods

Story 1: Falling out of a plane thru stratosphere. What 
lifeforms here? Not humans. Two people lived to tell.

Story 2: Lucretius 50 B.C. deduced clouds + storms 
“The Nature of Things”

Story 3: Citizen science in the “Cloud Appreciation 
Society” book. Rise of a rainstorm: how cumulus clouds 
grow into cumulonimbus clouds, lifting particles upward, 
downward

Story 4: Atmospheric sciences textbook 
Water vapor and particle sizes



Planetary 
Boundary 
Layer (PBL)
1.9 km
daylight

Tropopause
11.3 km

Inversion 2.9 km

Clear, sunny day
Surface winds W WSW 29-37 km h-1 
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Ocracoke Island NC lidar image from CALIPSO satellite 700 km above earth 
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Weather balloon (radiosonde) reading April 2009  Ocracoke Island NC
Williams C.G. 2019. Grana 

Lecture 2 Vertical Atmospheric Gradients
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Lecture 2 Atmospheric Layers + Globally Transported Particles

Example: Ocracoke Island NC (Williams 2019)

PBL? 2 km daylight hours, shrinks to 0.7 km night hours in spring
Surface inversion? 2.0 to 3.0 km 
Cloud base? 5.6 km
> Below the 20-km tower

Aircraft altitudes? 10-15 km for jets  17km for high-altitude aircraft
> Below the 20-km tower

Jet stream? 8 km at the poles  18 km at the equator
> Below the 20-km tower

Tropopause? Altitude 11 km at Ocracoke Island NC in spring 
> Below the 20-km tower
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Lecture 2 Air We Breathe
Global particles: single-cell thunderstorm genesis: 
cumulus to cumulonimbus



Isard SA and SH Gage 2001.  Flow of Life in the Atmosphere.  Mich State Press. p. 117.
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Lecture 2  Air We Breathe
How rainstorm formation affects particle load
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Long-range 
transport
Coarse bioaerosols
Raynor & Hayes 
(1983)

Cedar fever 

Lecture 2: Global Particles & Long-Range Transport



Particle Sizes for A Dust Storm’s Contents
Spatial Scales of Inquiry 

10 5  m    Dust storm April 13 2011  774,000 km2  

10-3  m    Raindrop, small (2 mm) to large (6 mm)
10-4  m    Middle East dust particle (2 to 20 um, 85% PM10)    
10-5  m    Bacteria (0.5 to 4 um) 
10-5  m    Thickness of a human hair (0.08 nm) 
10-6  m    One cloud condensation nucleus (<1 micron) 
10-10 m    One water molecule  3 x 10-10

________________________________
Sources: Ledari et al. 2020; Middleton et al. 2017; Rosinski 1966; 
Griffiths et al. 2012; Després et al. 2012; Jaenicke 2005; Mandrioli et 
al. 1973; DeMott et al. 2010.
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Troposphere: mostly nitrogen with oxygen
water vapor “we live in the bottom of an ocean of air”
carbon dioxide + other greenhouse gases
ozone 
volatile organic compounds 
biogeochemical cycle compounds
dust 
sea salt
smoke
volcanic ash
micro-organisms, protein molecules, allergens, adjuvants
biological debris: hair, dead skin cells, cellulose, insect 
parts
industrial & manufacturing waste
transport’s combustion engine emissions
tire wear particles

What is in the air we breathe?
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