
Evolution of Lapse Rate, CAPE, and CIN

(Markowski and Richardson 2010, Fig. 7.3)

Source: https://www.weather.gov/ctp/TornadoOutbreak_May311985

“This image, courtesy Greg Forbes via 
Paul Markowski, is from the radar that 
was atop the Walker Building, home of 
Penn State Meteorology Department, 
around 8pm EST. It shows a 
pronounced hook echo (center of 
photo) within the storm moving 
through Moshannon State Forest 
about 20 miles north of State College, 
Centre County.”

Radar summary maps 
from WSR-74 at Erie, PA

What physical processes drive changes in lapse rate, CAPE, and CIN?



Lapse Rate Tendency
• What physical processes alter the environment lapse rate?

𝑞 = 𝐶!
𝑑𝑇
𝑑𝑡 − 𝛼

𝑑𝑝
𝑑𝑡

pressure

time

temperature

specific 
heat

heating 
rate

specific 
volume (!")

Start with 1st Law of Thermodynamics



Lapse Rate Tendency
• What physical processes alter the environment lapse rate?

𝑞 = 𝐶!
𝑑𝑇
𝑑𝑡 − 𝛼

𝑑𝑝
𝑑𝑡

pressure

time

temperature

specific 
heat

heating 
rate

specific 
volume (!")

Start with 1st Law of Thermodynamics

Expand full derivatives and assume hydrostatic conditions (OK for synoptic and mesoscale)

𝑞 = 𝐶!
𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 −

1
𝜌
𝜕𝑝
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑝 + 𝑤

𝜕𝑝
𝜕𝑧 = 𝐶!

𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 + 𝑔𝑤



Lapse Rate Tendency
• What physical processes alter the environment lapse rate?

𝑞 = 𝐶!
𝑑𝑇
𝑑𝑡 − 𝛼

𝑑𝑝
𝑑𝑡

pressure

time

temperature

specific 
heat

heating 
rate

specific 
volume (!")

Start with 1st Law of Thermodynamics

Expand full derivatives and assume hydrostatic conditions (OK for synoptic and mesoscale)

𝑞 = 𝐶!
𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 −

1
𝜌
𝜕𝑝
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑝 + 𝑤

𝜕𝑝
𝜕𝑧 = 𝐶!

𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 + 𝑔𝑤

= −𝜌𝑔Relatively small, 
assume hydrostatic



Lapse Rate Tendency
• What physical processes alter the environment lapse rate?

𝑞 = 𝐶!
𝑑𝑇
𝑑𝑡 − 𝛼

𝑑𝑝
𝑑𝑡

pressure

time

temperature

specific 
heat

heating 
rate

specific 
volume (!")

Start with 1st Law of Thermodynamics

Expand full derivatives and assume hydrostatic conditions (OK for synoptic and mesoscale)

𝑞 = 𝐶!
𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 −

1
𝜌
𝜕𝑝
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑝 + 𝑤

𝜕𝑝
𝜕𝑧 = 𝐶!

𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 + 𝑔𝑤

Differentiate with respect to −𝒛

−
𝜕𝑞
𝜕𝑧 = 𝐶!

𝜕
𝜕𝑡 −

𝜕𝑇
𝜕𝑧 + 𝒗𝒉 - 𝜵𝒉 −

𝜕𝑇
𝜕𝑧 + 𝑤

𝜕
𝜕𝑧 −

𝜕𝑇
𝜕𝑧 −

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 −

𝜕𝑤
𝜕𝑧

𝜕𝑇
𝜕𝑧 − 𝑔

𝜕𝑤
𝜕𝑧

= −𝜌𝑔Relatively small, 
assume hydrostatic



Lapse Rate Tendency
• What physical processes alter the environment lapse rate?

𝑞 = 𝐶!
𝑑𝑇
𝑑𝑡 − 𝛼

𝑑𝑝
𝑑𝑡

pressure

time

temperature

specific 
heat

heating 
rate

specific 
volume (!")

Start with 1st Law of Thermodynamics

Expand full derivatives and assume hydrostatic conditions (OK for synoptic and mesoscale)

𝑞 = 𝐶!
𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 −

1
𝜌
𝜕𝑝
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑝 + 𝑤

𝜕𝑝
𝜕𝑧 = 𝐶!

𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 + 𝑔𝑤

Differentiate with respect to −𝒛

−
𝜕𝑞
𝜕𝑧 = 𝐶!

𝜕
𝜕𝑡 −

𝜕𝑇
𝜕𝑧 + 𝒗𝒉 - 𝜵𝒉 −

𝜕𝑇
𝜕𝑧 + 𝑤

𝜕
𝜕𝑧 −

𝜕𝑇
𝜕𝑧 −

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 −

𝜕𝑤
𝜕𝑧

𝜕𝑇
𝜕𝑧 − 𝑔

𝜕𝑤
𝜕𝑧

Substitute in definition for environment lapse rate 𝜸 = − ⁄𝝏𝑻
𝝏𝒛 and dry adiabatic lapse rate 𝚪𝒅 = 8𝒈 𝑪𝒑

𝜕𝛾
𝜕𝑡 = −𝒗𝒉 - 𝜵𝒉𝛾 − 𝑤

𝜕𝛾
𝜕𝑧 +

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 +

𝜕𝑤
𝜕𝑧 Γ) − 𝛾 −

1
𝐶!
𝜕𝑞
𝜕𝑧

= −𝜌𝑔Relatively small, 
assume hydrostatic

We neglected
*"+
*,"

terms



Lapse Rate Tendency
• What physical processes alter the environment lapse rate?

𝑞 = 𝐶!
𝑑𝑇
𝑑𝑡 − 𝛼

𝑑𝑝
𝑑𝑡

pressure

time

temperature

specific 
heat

heating 
rate

specific 
volume (!")

Start with 1st Law of Thermodynamics

Expand full derivatives and assume hydrostatic conditions (OK for synoptic and mesoscale)

𝑞 = 𝐶!
𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 −

1
𝜌
𝜕𝑝
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑝 + 𝑤

𝜕𝑝
𝜕𝑧 = 𝐶!

𝜕𝑇
𝜕𝑡 + 𝒗𝒉 - 𝜵𝒉𝑇 + 𝑤

𝜕𝑇
𝜕𝑧 + 𝑔𝑤

Differentiate with respect to −𝒛

−
𝜕𝑞
𝜕𝑧 = 𝐶!

𝜕
𝜕𝑡 −

𝜕𝑇
𝜕𝑧 + 𝒗𝒉 - 𝜵𝒉 −

𝜕𝑇
𝜕𝑧 + 𝑤

𝜕
𝜕𝑧 −

𝜕𝑇
𝜕𝑧 −

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 −

𝜕𝑤
𝜕𝑧

𝜕𝑇
𝜕𝑧 − 𝑔

𝜕𝑤
𝜕𝑧

Substitute in definition for environment lapse rate 𝜸 = − ⁄𝝏𝑻
𝝏𝒛 and dry adiabatic lapse rate 𝚪𝒅 = 8𝒈 𝑪𝒑

𝜕𝛾
𝜕𝑡 = −𝒗𝒉 - 𝜵𝒉𝛾 − 𝑤

𝜕𝛾
𝜕𝑧 +

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 +

𝜕𝑤
𝜕𝑧 Γ) − 𝛾 −

1
𝐶!
𝜕𝑞
𝜕𝑧

= −𝜌𝑔Relatively small, 
assume hydrostatic

Lapse rate tendency equation



Lapse Rate Tendency Equation
𝜕𝛾
𝜕𝑡 = −𝒗𝒉 - 𝜵𝒉𝛾 − 𝑤

𝜕𝛾
𝜕𝑧 +

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 +

𝜕𝑤
𝜕𝑧 Γ) − 𝛾 −

1
𝐶!
𝜕𝑞
𝜕𝑧

A B C D E F



Lapse Rate Tendency Equation
𝜕𝛾
𝜕𝑡 = −𝒗𝒉 - 𝜵𝒉𝛾 − 𝑤

𝜕𝛾
𝜕𝑧 +

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 +

𝜕𝑤
𝜕𝑧 Γ) − 𝛾 −

1
𝐶!
𝜕𝑞
𝜕𝑧

A B C D E F

Term A: local time rate of change of environment lapse rate

(Markowski and Richardson 2010, Fig. 7.3)



Lapse Rate Tendency Equation
𝜕𝛾
𝜕𝑡 = −𝒗𝒉 - 𝜵𝒉𝛾 − 𝑤

𝜕𝛾
𝜕𝑧 +

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 +

𝜕𝑤
𝜕𝑧 Γ) − 𝛾 −

1
𝐶!
𝜕𝑞
𝜕𝑧

A B C D E F

Term A: local time rate of change of environment lapse rate

(Markowski and Richardson 2010, Fig. 7.3)

𝜸 > 𝟎 𝜸 >> 𝟎𝜕𝛾
𝜕𝑡

> 0 lapse rate increasing at PIT



Lapse Rate Tendency Equation
𝜕𝛾
𝜕𝑡 = −𝒗𝒉 - 𝜵𝒉𝛾 − 𝑤

𝜕𝛾
𝜕𝑧 +

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 +

𝜕𝑤
𝜕𝑧 Γ) − 𝛾 −

1
𝐶!
𝜕𝑞
𝜕𝑧

A B C D E F

Term B: horizontal lapse rate advection

(Markowski and Richardson 2010, Fig. 7.4)



Lapse Rate Tendency Equation
𝜕𝛾
𝜕𝑡 = −𝒗𝒉 - 𝜵𝒉𝛾 − 𝑤

𝜕𝛾
𝜕𝑧 +

𝜕𝒗𝒉
𝜕𝑧 - 𝜵𝒉𝑇 +

𝜕𝑤
𝜕𝑧 Γ) − 𝛾 −

1
𝐶!
𝜕𝑞
𝜕𝑧

A B C D E F

Term B: horizontal lapse rate advection

Positive lapse rate advection will contribute to 
increasing lapse rates

Typically the dominant term on synoptic scales

(Markowski and Richardson 2010, Fig. 7.4)



Surface and most 
unstable parcel are 
the same

Nearly neutral layer 
above boundary layer in 
Norman noon sounding –
The layer originated from 
New Mexico plateau
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Term C: vertical lapse rate advection
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Term C: vertical lapse rate advection

Positive lapse rate advection will contribute to 
increasing lapse rates

In this case, lapse rates at level z1 increase as 
steeper lapse rates from below are advected 
upward

(Markowski and Richardson 2010, Fig. 7.5)

Can be order of magnitude larger than term B 
on mesoscale
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Term D: when combined with term B, this term 
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Term D: when combined with term B, this term 
represents differential temperature advection

Lapse rates will increase in situations where cold 
advection is increasing with height or warm 
advection is decreasing with height

In this case, lapse rates at level z1 increase in 
response to cold air advection increasing with 
height
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Term E: stretching effect on lapse rate

Horizontal convergence increases lapse rate
Horizontal divergence decreases lapse rate
Term = 0 when environment lapse rate is dry 
adiabatic (𝛾 = Γ))

In this case, lapse rates at level z1 increase in 
response to convergence (*-

*,
> 0)

(Markowski and Richardson 2010, Fig. 7.7)

Can be order of magnitude larger than term B 
on mesoscale
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Term F: diabatic heating effect on lapse rate

In this case, in response to a diabatic heating 
maximum at level z1, lapse rates increase above 
and decrease below level z1.

(Markowski and Richardson 2010, Fig. 7.8)

Can be order of magnitude larger than term B 
on mesoscale



CAPE/CIN Changes Independent of 𝜸 Tendency
• CIN can be reduced and/or CAPE increased by:

(Markowski and Richardson 2010, Fig. 7.9)

Rising motion Low-Level Moistening Low-Level Warming



Shreveport 
soundings



Quality of Surface 
Observations?

Courtesy of Oklahoma Mesonet



Standard surface observations

Automated Surface/Weather Observing Systems (ASOS/AWOS)

https://www.ncei.noaa.gov/products/land-based-station/automated-surface-weather-observing-systems


OK mesonet observations at the same time



Dew point analysis for OK mesonet observations



What do these sites have in common?

68

73

6863



Quality of Observations 
Aloft?









Understand the Data and Processes!

• Understanding the processes gives you a sound way to interpret 
weather data, and recognize errors
• If you don’t know what you’re using, how do you know if you’re using 

it correctly?
• Must consider data quality

• Focus on observations!


