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• What are temperature inversions?

• What weather conditions can lead to off-
target drift?

• What are the common weather scenarios 
associated with inversions?
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Part I: The Atmosphere & Temperature Inversions
• How is the atmosphere is structured?
• What are the basic forms of heat transfer?
• What are temperature inversions?
• Central Ohio Experiment

Part II: Historical Wind and Temperature Conditions Across Ohio
• What are the typical wind and temperature conditions across Ohio 

that may help advise management?

Part III: Review Conditions and Weather Scenarios to Keep in Mind

Outline & Objectives
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The Atmosphere 
& Temperature 
Inversions
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Earth’s Atmosphere
• Thin-gaseous layer of  air

• Protects us from the sun’s heat and radiation

• All the energy exchanges that occur between 
the atmosphere and space/Earth’s surface 
produce the effects we call WEATHER!

• Multiple levels

• Half  of  the atmosphere lies below 3.5 
miles

• Typically, temperatures cool with height 
to the stratosphere then warm due to 
higher concentrations of  ozone (large-
scale inversion)
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Heat: Total kinetic energy (energy of  motion) of  
all the atoms and molecules that make up a 
substance.

Temperature: Measure of  the average kinetic 
energy of  the individual atoms or molecules in a 
substance 

Heat always moves from a high-temperature 
body to a cooler one!

Heat, Temperature, and Transfer

Conduction: Transfer of  heat through matter by molecular activity

Convection: Transfer of  heat by mass movement or circulation
• Warm air is less dense, moves upward transferring heat

Radiation: Transfer of  heat electromagnetic waves or as moving subatomic particles – readily 
travels through vacuum
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Figure 2-14 p47

Heat Transfer in the Atmosphere
• Solar radiation hits the 

surface; surface absorbs the 
energy and warms

• Air near the ground is then 
warmed by conduction, 
convection, and infrared 
radiation.

• Hotter the surface –
shorter wavelengths – more 
energy lost from surface

Microclimate – climate near the ground
• Rapid changes in air temperature, wind, and humidity over short 

distances and time
• Air temperatures are dependent on surface conditions
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How do temperatures (air and surface) change? 
Daytime: Clear Skies With Little or No Wind

Typical air temperature profile on a calm, clear morning for 
three, four or five hours after sunrise on a nearly calm, clear 
morning

• Solar radiation is absorbed by the Earth’s surface after 
sunrise.  

• Surface temperature increases, energy conducted into 
the cooler soil below and air molecules above, and 
this activity intensifies as the sun gets higher.  

• Heated air expands, becomes less dense and rises. 
Cooler, denser air sinks. Creates tiny circulation cells 
that slowly warm a thin layer of  air near the surface.

• Sun increases intensity and circulation cells grow.

• Air temperature profile– greatest near the surface, 
decreases with increasing height, and largest temperature changes occur closest to surface. 

• Continues as energy is transferred to greater heights and cooler air descends toward the surface 
– convection.

Enz et al. 2017

A few hours 
after sunrise



Weather Conditions: Puffy cumulus clouds form at the top of  the 
columns of  warm air. 
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So Let’s Talk About the Atmosphere’s Role 
Daytime: Clear Skies

• Solar radiation is shortwave, high frequency energy 
- mostly visible light 

• As we demonstrated, solar radiation is absorbed by 
the Earth’s surface, then emitted as longwave 
(infrared) radiation

• Greenhouse gases (GHGs), namely water vapor 
and carbon dioxide absorb the infrared radiation, 
and some is emitted back toward the Earth’s 
surface

• This keeps the atmosphere ~60°F warmer than it 
would be without the GHGs

• Max surface temperature occurs when solar + 
atmospheric radiation = terrestrial loss; 2-4 hours 
after solar noon; max air temperature soon after
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How do temperatures (air and surface) change? 
Late Afternoon-Evening: Clear Skies

• Earth’s surface temperature (at top of  soil) decreases as the sun begins to descend

• Solar radiation is decreasing and the surface is emitting more terrestrial radiation 
energy than it is receiving from the sun or atmosphere; the surface will be cooler 
than the adjacent air. 

• Heat from the warmer air will be conducted to the cooler soil surface but surface 
will continue to cool because it is giving off  more terrestrial radiation that it receives 
from atmospheric radiation and conduction from deeper soil. 

• Surface temperature continues to decrease and more heat from the adjacent warmer 
air will be conducted to the cooler surface.

• Air next to the Earth’s surface will be soon be colder and denser than the air above 
it. This is the beginning of  an air temperature inversion.
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How do temperatures (air and surface) change? 
Late Afternoon-Evening: Clear Skies

• More heat energy is conducted from the 
nearby air and soil to the Earth’s surface, 
where it continues to be lost by terrestrial 
radiation

• As long as skies remain clear, the surface 
temperature continues to cool the overlying air.

• During a clear night, air temperature nearest 
the surface is always the coldest.

• The Earth’s surface continues to cool as long as skies remain clear - more radiation energy is 
emitted from the surface than it receives from atmospheric radiation and heat energy 
conducted to the surface from deeper soil. 

• Air will continue cooling because more and more heat is conducted to the colder surface, and 
the total height of  the cooled air layer will increase. 

Typical air temperature profile when an inversion begins 
developing before sunset on a calm, clear evening
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Basic Characteristics of Inversions
• Dense/Cooler (Less 

Dense/Warmer) air near the 
surface (aloft; top of  inversion)

• Air can only move horizontally

• Air with the inversion is stable –
resists vertical motion

• Intensity is defined by the 
difference in temperature at two 
heights (near the surface minus 
height aloft e.g., 8-10’)

• Height is the thickness of  the 
inversion or level throughout which 
the temperatures are increasing 
with height. On clear nights, inversions are most intense just after

sunrise – a lag in surface heating
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How do temperatures (air and surface) change? 
Daytime: What if it is windy?

• Clear mornings with little or no wind - convection 
cells gradually grow larger and larger throughout 
the morning (fig-green curve).

• By late morning, mixing and air turbulence between 
the warmer air and the cooler air often causes 
light, but gusty, variable-direction winds near the 
surface. 

• In mid to late afternoon when the sun is going 
down, convection cells weaken, those puffy 
cumulus clouds slowly evaporate and wind speeds 
decrease.

• During windy conditions (fig-blue curve), changes 
in topography or obstructions cause random, 
chaotic, swirling motions called turbulent flow in 
which wind speed and direction change rapidly.

• Wind speed is zero at the Earth’s 
surface and increases exponentially with 
increasing height. 
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How do temperatures (air and surface) change? 
Nighttime: What if it is windy?

• During an inversion, eddies cause air from 
greater heights, where wind speeds and 
temperatures are greater, to mix with and/or 
replace slower-moving, colder air near the 
surface. 

• Can be stable enough to resist mixing up to 
about 4-5 mph.

• As wind speed increases, inversions steadily are 
weakened and only weak ones will form.

• However, even in the windiest cases, surface 
temperatures are still cooler than air 
temperature because the surface is cooling 
continually on a clear night 
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Clouds and Impacts on Radiation and Temperatures
• Water droplets/ice crystals that absorb, 

reflect, and emit radiation. 

• Greater the cloud cover = greater solar 
radiation is reflected back to space or 
absorbed by the clouds. 

• Absorb nearly all terrestrial radiation 
emitted from the Earth’s surface and emit 
longwave cloud radiation back toward 
surface

• Greater cloud cover causes slower surface 
cooling and slower inversion formation in 
late afternoon or evening. 

• Weather Conditions: 
• Overcast = inversions not likely
• Partly to mostly cloudy = need temperature 

measurements
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Relative Humidity vs Dew point Temperature
• Dew point – the temperature to which 

air must be cooled in order for 
saturation to occur

• Relative Humidity – ratio (%) 
depicting the amount of  
atmospheric moisture present 
relative to the amount that would be 
present if  the air were saturated

• Dependent upon the 
temperature and pressure of  
the system 

• Requires less water vapor to 
attain high relative humidity at 
low temperatures; more water 
vapor is required to attain high 
relative humidity in warm or 
hot air.
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Why is Dew point Important for Inversions?
• The lower the dew point, the less water 

vapor in the air to absorb terrestrial 
radiation emitted from the surface and 
emit atmospheric radiation back toward 
the surface.

• Relatively dry air means more terrestrial 
radiation is lost to space, the surface 
cools rapidly, and inversions form 
quickly and are often more intense.

• Upper canopy leaves cool to the dew 
point temperature during a clear, calm 
night, water vapor condenses on the leaf  
surface as dew, or as frost if  the surface 
temperature is below freezing. 

Dew or frost deposition is a warning that an inversion may exist!



OHIO STATE UNIVERSITY EXTENSION

Why is Dew point Important for Inversions?
• As the surface cools, overlying air also cools by conduction. Condensation occurs and fog appears 

when the air temperature cools to the dew point temperature. Dew or frost will appear before fog. 

The presence of  fog nearly always indicates that an inversion condition existed 
PRIOR to fog formation and that it has intensified! 

• If  you have fog, the inversion has already formed and pesticide droplets will not evaporate but 
could be moved horizontally by light winds. 
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Central Ohio Field 
Experiment
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Turfgrass @ OSU (September 12-13, 2016)

Inversion

September 12 September 13

8 m wind speed at end 
of inversion = 0 mph

*Thanks to Jim DeGrand – Assistant State Climatologist
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Inversion No Inversion

9/13/2016 @ 12am 9/12/2016 @ 2pm• Inversions are basically 
nocturnal – form around sunset 
or just prior and break up soon 
after sunrise

• Windy or cloudy conditions 
inhibit inversion development

• Only a small amount of  solar 
heating of  the surface and 
mechanical mixing will 
shutdown inversions. 

Turfgrass @ OSU (September 12-13, 2016)
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Historical Wind 
& Temperature 
Conditions 
Across Ohio
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Hourly Climatology (1988-2017)

NW

Defiance
Findlay
Lima
Toledo

NE

Akron
Cleveland
Harry-Clever-Field
Mansfield
Wayne-County
Youngstown

CT
Columbus-JG
Columbus-RB
Fairfield-County

SW
Cincinnati
Dayton
Wilmington

SE
Mid-Ohio
OU-Snyder
Zanesville *Data from NCEI Climate Data Online
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Northwest Northeast

Historical Wind Speeds

May Window = ~3 hours May Window = ~4.5 hours

Possible Inversion Possible Inversion
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Southwest Central

Possible Inversion Possible Inversion

May Window = ~3.5 hours May Window = ~8 hours

Historical Wind Speeds
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Urban vs Rural Setting
Columbus Fairfield-County

Possible Inversion Possible Inversion
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Lakeside vs Inland
Cleveland Harry Clever Field (Tuscarawas)

Possible Inversion Possible Inversion



OHIO STATE UNIVERSITY EXTENSION

What Wind Really Looks Like

May 1 May 2 May 3 May 4 May 5 May 6 May 7

1-Minute Averages
Hourly Averages
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Findlay, Ohio
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Findlay, Ohio: May 2017• For the month of  May 2017, there 
were 744 hourly observations

• Of  the 744, 389 or ~52% of  the 
hourly winds are above 10 mph.

• Of  the 744, 29 or ~4% of  the hourly 
winds were below 3 mph.

• Measurable precipitation fell on 14 of  
31 days (not counting trace), meaning 
18 days were not available

• Of  the remaining 326 hourly wind 
observations within 3-10 mph, 173 or 
~23% (of  total) were not available due 
to precipitation.

• Out of  the remaining 153 hours, only 
54 or ~7% (of  the total 744) occur 
between 7am-7pm    
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Historical Temperatures
CentralNorthwest
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Station 
(Region) Temperature March April May June July August

Findlay 
(NW)

80 < 90 0.7 7.1 40.2 98.6 131.4 108.3
90 < 100 0.0 0.0 0.8 9.3 12.4 6.2

100 < 110 0.0 0.0 0.0 0.4 0.1 0.0
Station 

(Region) Temperature March April May June July August

Columbus 
(CT)

80 < 90 1.1 9.1 59.4 146.2 201.2 176.2
90 < 100 0.0 0.0 1.0 10.3 20.9 12.0

100 < 110 0.0 0.0 0.0 0.1 0.4 0.0
Station 

(Region) Temperature March April May June July August

Wilmington 
(SW)

80 < 90 0.6 3.5 31.3 79.9 103.4 87.7
90 < 100 0.0 0.0 0.1 2.2 7.5 4.9

100 < 110 0.0 0.0 0.0 0.1 0.1 0.0

Volatility Concerns
Average Number of Hours Per Month 
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Review and 
Weather Patterns 
to Keep In Mind
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Clues to Temperature Inversion Identification
• Clear Skies

• Calm Wind (Generally 
< 3mph)

• Dew Present

• Fog Present 
• Inversion typically 

most intense low-
lying terrain due 
Cold Air Drainage 
(cold air settles 
into lowest terrain)

• Horizontal Smoke 
Patterns

Other things to keep in mind
• Closed-crop canopies (dense) – inversions form sooner 

in the evening and are more intense than bare soil

• Areas behind shelter or wind breaks will lead to longer 
inversions as well
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Common Weather Scenario For Inversions
June 2, 2017• On Weather Map: High 

Pressure positioned 
over the Ohio Valley

• “Large-scale 
subsidence” leads to 
clear skies and typically 
light winds

• At night, surface cools 
rapidly leading to the 
development of  an 
inversion Columbus: High: 82°F, Low: 53°F 

Dew point/RH% @ 3pm: 41°F/23%  
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September 12, 2016

Common Weather Scenario For Inversions

• Light Winds

• Lack of  Clouds

• No Precipitation

Turfgrass @ OSU: High: 80°F, Low: 56°F 
Dew point/RH% @ 3pm: 53°F/40%  
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May 17, 2017

• High pressure located 
in the Atlantic Ocean

• Fronts located well to 
the west

• Isobars (line of  equal 
pressure) spaced fairly 
far apart = light winds

Common Weather Scenario For Inversions

Findlay: High: 88°F, Low: 74°F 
Dew point/RH% @ 5pm: 54°F/31%  
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