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Jet pilots quickly learn that when it 
comes to cruise planning, higher is 
almost always better. Ignoring a very 

small increase in engine efficiency at 
high altitude, jets cruise at an indicated 
airspeed that is solely a function of fuel 
flow. That is, for given factors the pilot 
cannot control—such as temperature 
and weight—the airplane will essentially 
fly at the same indicated airspeed for a 
given fuel burn, whether down low or 

up high. What does change with altitude, however, is the true 
airspeed that will result from that “fixed” indicated airspeed.

So although a popular light jet with engines set to burn 600 
total pounds of fuel per hour may indicate 190 knots regard-
less of altitude, at 26,000 feet the corresponding true airspeed 
(TAS) will be 280 knots, while at 39,000 feet the TAS will be 
350. What this means is the aircraft at 39,000 feet is flying 
25 percent farther for every gallon of fuel burned. Seem like 
something for nothing? Most of the time, it is. With the excep-
tion of flight in strong winds that vary greatly with altitude, it 
is always more fuel efficient to fly higher than lower.
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Given these facts, it’s understandable 
that most pilots flying a trip of any sub-
stantial distance will flight plan based on 
climbing to the airplane’s ceiling. Most of 
the time this works well, and the pilot can 
be lulled into a sense that a direct climb to 
the aircraft’s ceiling will always be practi-
cal. A trap lurks, however, in the form of 
nonstandard temperatures aloft.

The international standard atmo-
sphere (ISA) is a model of temperature and 
pressure across altitude. It was created to 
provide a baseline reference, and is used 
as the basis for performance calculations. 
Every pilot is familiar with the concept 
that as temperature rises, aircraft perfor-
mance decreases. Jets are not immune 
to this basic fact, but the issue can be 
clouded to jet pilots by two facts: The 
first is the fact that even a warmer-than-
standard temperature at high altitude still 
seems pretty cold. It usually isn’t intuitive 
to a new jet pilot that a temperature of 
minus 40 degrees Celsius is actually quite 
warm if encountered at 34,000 feet. The 
second trap is that when speaking of high 
altitudes, the outside temperature can be 
decoupled from geography and season in 
a way that seems illogical. For example, 
on a chilly winter day in New England, a 
pilot may climb to 40,000 feet to find tem-
peratures are 10 degrees C warmer than 
standard, or ISA+10. At that same moment 
the temperature over Florida at the same 
altitude could well be ISA minus 5.

For these reasons, a careful jet pilot 
needs to always be aware of the forecast 
deviation from ISA at high altitudes. This 
information should be applied when 
selecting, or accepting from ATC, a 
cruise altitude. For example, most mod-
ern light jets are capable of taking off at 
maximum takeoff weight (MTOW) and 
climbing directly to 41,000 feet, as long 
as the temperature aloft does not exceed 
ISA. But if the temperature at 41,000 feet 
is forecast to be minus 47 degrees C, or 
ISA+10, those same airplanes would 
need to burn off well more than 1,000 
pounds of fuel before they will be capa-
ble of sustaining cruise flight that high.

A pilot who ignores these limits risks 
a high-altitude stall. The same airplane 
that may be climbing more than 2,000 
fpm at 5,000 feet msl will barely be mak-
ing 200 fpm if it climbs through 40,000 feet 
at ISA+10. The temptation may be great 
for the pilot to raise the nose and climb 
at a lower speed to get up that last 1,000 
feet. As the airplane slows, it crosses onto 
the back side of the power curve, where it 

will now climb at a lower rate with a speed 
decrease. If the pilot fails to recognize 
the situation, the end result could be an 
aerodynamic stall. Given that the aircraft 
is already putting out maximum power, 
recovery from such a stall will require a 
dramatic pitch-down input from the pilot, 
an action the pilot may not anticipate—or 
perform adequately.

The good news is that this situation 
is completely preventable with basic 
preflight preparation. The cruise perfor-
mance charts published in the aircraft 
flight manual (AFM) or pilot’s operating 
handbook (POH) show very clearly what 
the weight, altitude, and temperature 
limits are for cruise. If a given set of param-
eters isn’t published in the cruise tables, it 
simply isn’t possible.

Looking at the cruise performance 
table for the Cessna Citation Mustang, 
for example, we see that after a MTOW 
takeoff, cruise flight at 41,000 feet is 
only possible if the temperature is ISA 
or colder. Data for ISA+10 isn’t published 
until weight drops to 7,500 pounds; for 
ISA+20, the weight must get down to 6,500 
pounds. It will take nearly two hours of fly-
ing for the weight to reach 7,500 pounds 
after a MTOW departure.

The Mustang isn’t at all unique in 
this; the similarly sized Phenom 100 
would experience the same require-
ment for fuel burn prior to being able 
to reach 41,000 feet with temperature 
aloft at ISA+10. Even aircraft with much 
higher thrust-to-weight ratios, such as 
a Citation CJ4 or Phenom 300, may be 
unable to climb directly to their ceil-
ings at some combinations of weight 
and temperature.

While the aircraft, after enough time, 
may reach a weight where it is able to 
climb up a few more thousand feet, doing 
so may not be the most efficient choice. 
Looking at the cruise chart for the Phenom 
100 for ISA+10 conditions, we see that 
once weight has been reduced to 8,800 
pounds, the airplane is capable of flight 
at 41,000 feet. However, after limping up 
from 40,000 feet, the low thrust output of 
the airplane will result in a 30-knot-lower 
cruise speed, combined with a slight drop 
in per-gallon efficiency. Slower speed for 
more fuel? Clearly the prudent pilot would 
recognize that, in this case, higher is not at 
all better.  

Neil Singer is a Master CFI and a mentor 
pilot in Cessna and Embraer jets.

The Cessna mustang
cruise table (left) for
its ceiling of 41,000 
shows that at isa+10 
cruise flight is impos-
sible unless weight is  
at or below 7,500 
pounds. at isa+20 
weight must be at or 
below 6,500 pounds.  
a Phenom 100 flying 
at 41,000 feet (below), 
and weighing 8,800 
pounds is capable of 
cruise at 41,000 feet, 
but it will fly 30 knots 
faster—and achieve 
better mile per pound 
efficiency—at 40,000 
feet.




