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White board terms / definitions

ÅLapse Rates C/km: ELR Environmental ςlapse rate of the atmosphere

Parcel lapse rates ςDALR ςDry Adiabatic Lapse Rate; MALR ς
Moist Adiabatic Lapse Rate; DPLR - Dew Point Lapse Rate.

ÅLCL Lifting Condensation Level: ςaltitude where a cloud starts to form 
and parcel then rises @ MALR ςMoist Adiabatic Lapse Rate

ÅLatent Heat: heat required to effect a phase change: melting or 
freezing of ice (80 Cal/gm); evaporation or condensation of liquid 
water (~ 540 Cal/gm)



Air Parcel

ÅELR ςEnvironmental lapse rate  ~6.5C/km 

ÅDALR ςdry adiabatic: ~10C/km

ÅMALR ςMoist adiabatic: variable but ~5C/km



Å5Ǌȅ Ƙƻǘ ŀƛǊ ǊƛǎŜǎ ǉǳƛŎƪƭȅ ōǳǘ ǿƻƴΩǘ ǊƛǎŜ 
very far ςǿƻƴΩǘ ǎǘŀȅ Ƙƻǘ ςcools rapidly 
at the DALR rate of ~10C/km

ÅSaturated hot air on other hand rises 
quickly but cools at MALR rate of 
~5C/km BECAUSE water condenses (a 
cloud forms) it releases heat and thus 
cools at a lower rate than if it were dry  
(i.e. at the DALR rate of ~10C/km)

ÅLeads to conditional instability ςwhere 
the air becomes warmer & less dense 
than its surroundings and tends to rise.



Å{ƻ ǿƘȅ ŘƻŜǎƴΩǘ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǘǳǊƴ 
over all the time?
Å.ŜŎŀǳǎŜ ǿŜ ŘƻƴΩǘ ŦƛƴŘ ǎŀǘǳǊŀǘŜŘ ŀƛǊ 

parcels very often

ÅRaise a sub-saturated air parcel ςit 
has a T and Td (dew point) with a 
certain vapor capacity VC and vapor 
supply VC. We lift it:
ÅStarts at DALR, expands and cools @ 

~10C/km. Dew point drops at the dew 
point lapse rate ~2C/km

ÅWhen parcel reaches dew point, cloud 
forms (condensation) and parcel cools at 
moist adiabatic lapse rate, MALR ~5C/km



Summary - example

ÅParcel starts @ DALR (Dry adiabatic 
Lapse Rate) ~ 10C/km, and DPLR 
(Dew Point Lapse rate) ~ 2 C/km

ÅProceeds upwards until they cross ς
called the LCL (Lifting Condensation 
Level) ςLCL ςi.e. the CLOUD BASE

ÅParcel then continues upward at the 
somewhat variable MALR ~ 5C/km

MALR

DALCR



Parcel rises on windward 
side, becomes saturated,  
descends on lee side, 
cloud evaporates





Did it precipitate or not?
1.All cloud no rain

ÅIf it loses no precipςgoes 
down the same path as it 
went up

MALR

DALR



All rain and no cloud

ÅWhat if parcel lost the moisture

ÅThen it descends at DALR and 
gets a LOT warmer ςSanta 
Ana/Chinook winds

ÅAnd lower dew point as well, 
due to loss of moisture



See net sequence of images:

ÅAt point of LFC it does not need to be pushed anymore ςƛǘΩǎ ƳƻǊŜ 
ōǳƻȅŀƴǘ ŀƴŘ ǊƛǎŜǎ ƻƴ ƛǘΩǎ ƻǿƴ

ÅEQL it stops = CLOUD TOP but momentum may cause overshoot

ÅLFC = Level of free convection

ÅEQL = listen for it in the video

ÅCAPE = Convective Available Potential Energy ςenergy available to 
cause parcel to rise.





CAPE



ÅмΦ YL/Y{ ŀƛǊ ǇŀǊŎŜƭ ōǳǘ ŘƻŜǎƴΩǘ 
reach LCL

Å2. kicks above LCL but not 
enough  = it forms a cloud but 
no drizzle

Å3. super kicks above EQL level 
causes precipitation





Fronts:

ÅSea breeze fronts

ÅCold fronts

ÅWarm fronts

ÅOccluded fronts





Å9:45 EST/1345Z

Å1 hour later: 10:45 EST/1445Z with closeup view

ÅThen 4 hours later: 13:45 
EST/1745Z



ÅEarlier to later ςmore heating





Horizontal wind ςour back to the wind

ÅNature air from high to low 
pressure (IMPORTANT ROLE OF 
MOISTURE)

ÅNATURE NORTH TO SOUTH

ÅA 5thςa curvature due to earth 
sphericity ςimportant with 
rockets

real

real

apparent

Some of both



PGF ςPressure Gradient Force

ÅDetermines wind speed

Å10% of sea level pressure - 100 mb

ÅDistance important to determine gradient ςpressure difference/ 
distance - the longer the distance the less the gradient: 

100 mb/100km little gradient, little force

100mb/5km large gradient, large force



Coriolis Force ςan apparent force
phenomena is real, the explanation is self-serving

ÅRight in Northern 
hemisphere

ÅLeft in Southern hemisphere

ÅbŜǿǘƻƴΩǎ нƴŘ [ŀǿ

https://www.google.com/search?q=coriolis+force+northern+hemi
sphere&oq=coriolis+force&aqs=chrome.4.69i57j0l5.11239j0j9&so
urceid=chrome&ie=UTF-8

https://en.wikipedia.org/wiki/Coriolis_force

https://www.google.com/search?q=coriolis+force+northern+hemisphere&oq=coriolis+force&aqs=chrome.4.69i57j0l5.11239j0j9&sourceid=chrome&ie=UTF-8
https://en.wikipedia.org/wiki/Coriolis_force




Curvature effect

ÅImportant for high accuracy rockets & airplane routes



Coriolis force

ÅVanishes at the equator ς
ÅNeed vectors to explain
ÅSpherical ςright hand rule

ÅRight to North, Left to South

ÅEasiest way to understand: rocket 
or parcel at equator is moving 
east@ 25,000miles/day = 1040 
miles/hour. It retains this eastern 
velocity when moving north.See: 

https://www.nationalgeographic.org/encycl
opedia/coriolis-effect/

https://www.nationalgeographic.org/encyclopedia/coriolis-effect/


Large scale wind - distance

Å1. Pressure Gradient Force ςdriving force of horizontal wind

Å2. CORIOLIS ςIMPORTANT WITH:

ÅVelocity

ÅLength and 

ÅTimescale

Å3. Centripetal /Centrifugal Force

Å4. Friction



Geostrophic wind

Links:

Å https://en.wikipedia.org/wiki/Geostrophic_wind

Å https://www.google.com/search?q=geostrophic+wind&oq=ge
ostrophi&aqs=chrome.0.0j69i57j0l4.3802j0j7&sourceid=chro
me&ie=UTF-8

https://en.wikipedia.org/wiki/Geostrophic_wind

https://en.wikipedia.org/wiki/Geostrophic_wind
https://www.google.com/search?q=geostrophic+wind&oq=geostrophi&aqs=chrome.0.0j69i57j0l4.3802j0j7&sourceid=chrome&ie=UTF-8

