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Welcome
• Steve Bateman, CFI, AOPA Director of Flying Clubs

• Our monthly 30-minute in-and-out safety meeting loosely based 

on the FAASTeam Topic of the Month

• WINGS Credit: Yes…but give me a day…

• Probably no time for questions, but please send me email:

steve.bateman@aopa.org
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So…

• Is there a recoding of this 

webinar somewhere?

– No – I do not record these webinars

• Can I get a copy of the slides?

– Yes!  

– This and earlier ToM presentations 

are available…

– Sign up tonight!

– Next edition 12/18
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Aircraft Performance Calculations

• Why

• What

• How
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Why…

Accidents occurring hot, high, humid and heavy situations led 

The General Aviation Joint Safety Committee (GAJSC) to 

study this in more detail and concluded that many of these 

accidents were caused by inaccurate and/or unreasonable 

expectations about aircraft performance
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Accidents Involving Performance
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High DA accounts for 7.3% of all general aviation weather related accidents

Take off and landing

Fuel management (cruise performance)

Descent and approach…too slow due to higher TAS and GS?
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Types of Take Off Accidents
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Types Descent and Approach Accidents
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What:  The Aviation 4-H Club
• Hot

– Field temperature (take off and landing performance)

– Temp at altitude (cruise performance)

• High
– Altitude = lower air density

– Low pressure day = lower air density

• Humid
– Relative humidity

– T & DP

– Hot air can hold more water vapor = lower air density. (Clouds “float”)

• Heavy
– More W means more L to get up and stay airborne

– Where does “more L” come from?

– Lift comes from V2 and/or CL (airspeed and/or AoA)
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How often have you heard….
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• She’ll haul anything you can fit in the door

• Relax - I flew it in here – I’ll fly it out

• We’ve got plenty of fuel…(umm…perhaps too much?)
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Pilots need to know – performance calculations

• Weight and balance
• Don’t guess it—weigh it!

• Location, location, location

• Objects may shift in flight…
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Pilots need to know – performance calculations
• DA and weight impacts:

– Take off distance

– Landing distance

– Climb performance & obstacle clearance

– Cruise performance

• Runway length, composition, condition and slope

– Take off distance

– Landing distance

• Aircraft configuration

– Normal, short field, soft field

– Flap settings
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Take off calculations
– It’s all about DA and weight

– Stated conditions…

– Need to know DA and weight for this 

Piper table
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Take off calculations
– It’s all about DA and weight

– Need to know PA, temp & weight for this 

Cessna table

– Read the conditions and notes!
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Same aircraft…different conditions
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Impact of weight

Impact of DA

(PA and Temp)
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Recommendations:
• Brief each takeoff, approach, and landing

– Helps reduce impact of startle

– Performance expectations

– Runway and available distance for takeoff or 

landing

– Aircraft configuration and target airspeeds

– Rejected takeoff or landing decision point

– Departure/approach path

– Obstacles and terrain

– Return to airport altitude

– Forced landing prospects
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Recommendations:

• Brief each takeoff, approach, and landing

• Take off and landing data (TOLD Card):
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Take off rule of thumb

• Rejected take off decision point

– 70/50 rule

– By 50% (distance) be at 70% (speed)

– Say VR = 60 kts (indicated)

– If take off distance available = 2,500’

– Be at 42 kts by 1,250 feet 
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Pilots need to know

• Terrain and obstructions 

• Forced landing 

challenges and 

opportunities

• Even if VFR, know the 

ODPs…
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Take off and obstacle procedures are in the TPP

• TPP:  Terminal Procedures Publication

• Online
– Search for Digital TPP

– https://www.faa.gov/air_traffic/flight_info/aeronav/digital_products/dtpp/ 

• Paper version

• A sort of Chart Supplement for instrument 

pilots

• Approach plates, STAR, SID…and more…
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Departure Procedures
• Even if VFR, know the (IFR) take off 

minimums

• Here, runway 12 requires a minimum 
climb of 410’ per NM to 800’

• Feet per NM? 
– Yes - this is climb gradient (not rate)

• We use this for instrument departures 
as we don’t want to hit things

• FPM = FPNM * GS/60

• At 90 knots, requires 615 FPM

• Can Betsy do it this, today?

• How do you know?
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Departure Procedures
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Departure Procedures
• Even if VFR, know the 

obstacle departure 

procedures

• Here, runway 12:

– Climb heading 124o to 900’ 

before proceeding westbound

– Lots of notes to help you avoid 

hitting things…

• So…we need to know take-

off performance AND climb 

performance
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Climb performance – DA and Weight

Notes:

• VY reduces with DA

• Rate of climb changes 
are significant
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Climb performance - leaning

Note the note!

Lean above 

3,000’ (DA)

Some planes have a 

climb leaning table
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Weight, DA, Transition Training, Configuration
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Field at 981’, 28C, 30.17”

DA = 2,500’
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Time, Fuel and Distance to Climb

• Read the notes!

• To determine values when 
climbing from say 3,000’ to 
say 8,000’

– Get the 8,000’ values

– Subtract the 3,000’ values

Example
• Climbing from an airport at 3,000’ 

to 8,000’ in standard conditions:

(2.8 – 1.0) + 1.5 = 3.3 gallons

11-4 = 7 minutes

17-5 = 12NM

RoC ~ 650 FPM

IAS ~ 80 knots
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Koch Chart
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Example:
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• For example, the diagonal line shows that 230 percent 

must be added for a temperature of 100F and a 

pressure altitude of 6,000 feet. 

• Therefore, if your standard temperature sea level takeoff 

distance normally requires 1,000 feet of runway to climb 

to 50 feet, it would become 3,300 feet under the 

conditions shown in the chart. 

• In addition, the rate of climb would be decreased by 76 

percent. Also, if your normal sea level rate of climb is 

500 FPM, it would become 120 FPM. 
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Cruise performance
• Power setting & fuel consumption

• Altitude, wind, & ground speed

• En-route fuel usage and availability

– Confirm “time in your tanks” hourly

– How much are we using?

– Fuel management (both? L&R?)

• Don’t wait to land & refuel

– Too easy to press on

• Don’t land with less than one hour of fuel
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Cruise performance

• Relative to std temp, not actual temp 

at altitude

• Standard temp at x feet

15 – (x/1000 * 2)

At 4,000’ std temp = 7C

If temps aloft = 27C, use last set of columns

• Lots of interpolation?  Be sensible!
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Cruise performance
• Have TAS from cruise table

• At what IAS do we fly to get this TAS?

• How do you fly the actual TAS?

– Use your EFIS!

– E6B - from DA and TAS, can get CAS 

– Rule of thumb: 

– For each 1,000’ of density altitude, add 2% to 

CAS to get TAS

– TAS ~ CAS*(1+0.02*DA/1000) 

– CAS ~ TAS/(1+0.02*DA/1000) 

• Some ASIs have a TAS scale
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Set PA and Temp
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So…we need to know…DA (PA and Temp)

• DA = PA corrected for non-standard temperature

• DA is equivalent altitude in the ISA that results in same air density

• Air density is the “amount” of air per unit volume

• Dense = more air per unit volume

• Less dense = less air per unit volume

• Air density deceases with altitude:

– Lower density occurs at higher altitudes

• So, high DA means lower air density
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We need to know…DA (or PA and Temp)
• So, high DA means lower air density, which means:

– Lower engine power (normally aspirated)

– Longer ground tale off roll
• Need to go faster for the same amount of air to go into the pitot tube to get to VR

• Ground speed on take off will be higher than in low DA conditions

– Lower climb rate
• Less engine power

• Less lift at given airspeed (lift equation)

– Different cruise
• Low density reduces drag (drag equation)

• Higher true airspeed, even at lower power

• Via the wind triangle, higher TAS means faster ground speed, means less fuel

– Longer ground landing roll
• Higher TAS = higher GS = “looks faster” (it is!)

• Fly using the IAS!
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Determining DA

• DA = PA corrected for non-standard temperature

• So, first find PA!
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Determining PA - 1

• Find PA (altitude relative to pressure datum of 29.92”)

– Set “the knob” to 29.92”

– PA = attitude reading

– PA = 920’ here
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Determining PA - 2

• DA = PA corrected for non-standard 

temperature

• Use the approximate pressure lapse rate of 

1,000’ per inch of Hg

• Say recorded altimeter setting is 30.1”

– This is the pressure at sea level at that place and time

• You are flying at 5,000’ MSL

• PA = 5,000 + (29.92 - 30.1) * 1000 = 4,820’

38

Sea Level 30.15” 

5,000’

29.92” Level

4,820’
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Determining PA - 3

• DA = PA corrected for non-standard 

temperature

• Use a PA table
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• Uses a more accurate lapse rate

• Add the correction factor to the known MSL

• At 5,000’, when reported pressure is 30.1”

• PA = 5,000-165 = 4,835’

• At KFDK, when reported pressure is 28.9”

• PA = 320+975 = 1,295’
• Note that a low ambient pressure increases PA (and so DA)
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Either way…
• Some performance graphs require DA

• Some tables need PA and Temp

• Either way, we need to know DA for other things like TAS to 

CAS conversions 

• So…we need to know how to determine DA!
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Determining DA-1

• E6B (or another calculator)

• Get PA by setting 29.92” in the 

altimeter window (set it back 

after!)

• Get outside temperature = Temp

• Set PA and Temp on the small 

right-hand scale.  Watch the 

pos(+) and neg(-)  directions!

• Read DA
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Determining DA-2a

•Safer Skies Through Education and Training                           42

• Use the PA-Temp chart

• Get PA

– Set  “the knob” to 29.92” and read-off PA

– Don’t forget to set it back to QNH 

• Knowing PA and Temp, find DA
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Determining DA-2b

•Safer Skies Through Education and Training                           43

• Use the PA-Temp chart

• Get PA

– Use QNH (altimeter setting) 

– Determine the PA fiddle factor from the table

– Add the fiddle factor to elevation or altitude

• Knowing PA and Temp, find DA
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Example

•Safer Skies Through Education and Training                           44

• At FDK, elevation = 320’

• If QNH = 29.00”; fiddle factor is 

+893

• PA = 320 + 893 = 1,313’

• If T = 32oC

• DA = Approx. 3,600’
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Determining DA-3

• Listen to the AWOS…!

• Use an online calculator

• Use your fav EFB

• Airport elevation = 13’

• Temp = 21C: DP = 19C

• Alt = 29.91”

• DA = 1,028’
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DA Poster from AOPA
• https://www.aopa.org/training-and-safety/air-safety-

institute/safety-publications/density-altitude
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https://www.aopa.org/training-and-safety/air-safety-institute/safety-publications/density-altitude
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Learning Points

• General aviation accidents continue to be associated with 
inaccurate or unreasonable expectations with regard to 
aircraft performance

• Accidents occurring in the takeoff and initial climb phases of 
flight are likely to be fatal

• Accurate prediction of aircraft performance is essential to 
dealing with power loss—especially during the takeoff and 
climb phases of flight

• Running the numbers isn’t that difficult and a “take-off and 
landing card”, whether manual or electronic, should be part 
of every pre-flight action plan
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Proficiency and Peace of Mind
• Fly regularly with your CFI

• “Revert to training”…only works if…?

a) You've seen it before

b) You’ve done it recently

• Practice, practice…

– Get in your head

– …and keep it there…

• Document in WINGS
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Next Month’s TOM…
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Thank You For Attending!

You are vital members of 

our GA safety community!
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