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N E W S L E T T E R 

Same Aircraft, Different Airport: Why Certified MTOW Is Not 
Always Usable 
September 2026 | Shannon Ackert 

The last newsletter examined what MTOW, MZFW, and MLW certify an aircraft to do. This issue asks the next 
question: how much of that capability can you actually use on a particular departure? 

Move the same aircraft from a cool sea-level airport to a hot or high airport. Its certified limits do not change, 
but the takeoff weight it can actually use may change substantially. 

Certified MTOW is only one ceiling. Field length, climb, obstacles, minimum control speed, brake energy, tire 
speed, weather, and other limits can impose a lower one - turning performance into a payload, fuel, and revenue 
issue. 

 

KEY TAKEAWAYS 
• Certified MTOW is not necessarily usable takeoff weight. The lowest applicable performance limit sets 

the departure. 
• Hotter, higher, and more demanding airports can convert performance margin into a weight restriction. 

More runway helps, but climb, obstacles, and other limits may still bind. 
• A takeoff-weight restriction becomes a commercial restriction. It ultimately affects payload, fuel, or both - 

and therefore range. 

From Certified MTOW to the Weight the Departure Will Allow 
MTOW remains the departure-weight ceiling, but on each flight it competes with performance limits created by 
the airport, weather, aircraft configuration, and operating assumptions. 

Suppose, purely for illustration, an aircraft is certified at 180,000 lb but departure conditions restrict takeoff 
weight to 165,000 lb. The 15,000-lb gap is not a certification change; it is a flight-specific performance restriction. 

Regulated Takeoff Weight (RTOW) is the performance-limited takeoff weight for a specific departure - the 
maximum weight permitted by the applicable runway, climb, obstacle, brake, tire, and other performance 
constraints. This newsletter uses RTOW as the shorthand for that usable departure-weight ceiling. Figure 1 
illustrates this relationship, showing how a lower RTOW creates a second ceiling below certified MTOW. 

 

The Departure Creates a Second Ceiling 
Maximum Allowable Takeoff Weight = lower of Certified MTOW and RTOW 

 

  



 
Airliner Performance Series   

 

Page 2 

Figure 1. Certified MTOW Versus RTOW 
Maximum Allowable Takeoff Weight = Lower of Certified MTOW and RTOW 

 
Source: Author analysis. 
Note: Values shown are illustrative and are not published manufacturer performance data. 

Why Thin Air Hurts Twice 
Aircraft perform better in dense air. Altitude and heat reduce air density; humidity does too, though usually less 
dramatically. 

Thin air hurts twice. The engine has less mass airflow and less performance margin, while the wing needs a 
higher true airspeed to generate the same lift at a given weight. 

The result is more runway required and less climb capability. A runway that is generous at sea level can become 
much less so as the airport gets hotter or higher. Figure 2 summarizes the two effects of lower-density air: less 
available engine performance and a higher true airspeed requirement for the wing. 

 
Figure 2. Thin Air Hurts Twice – Less Thrust, More Speed 
In lower-density air, the engine produces less thrust, and the wing needs a higher true airspeed to generate the same lift. 
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The Runway Penalty Comes First 
Worse takeoff conditions do not automatically mean payload comes off. The first penalty is usually more runway 
required. 

If enough pavement is available, the aircraft may still depart at the planned weight; the penalty is being absorbed 
by runway. 

For example, an aircraft that needs 7,000 ft under favorable conditions might need 9,500 ft as elevation or 
temperature rises. On a 12,000-ft runway, the planned weight may still work. 

When field length becomes the binding constraint, the operator must recover performance through an available 
configuration or procedure - or reduce takeoff weight. 

At Chicago Midway, Boeing's 737-700W study shows the trade-off clearly. With about 6,522 ft of field length on 
Runway 31C, RTOW is about 142,453 lb versus a 154,500-lb certified MTOW under the stated study conditions. 

Worsening conditions first consume field-length margin. Once that margin is exhausted, RTOW falls unless 
another mitigation is available. Figure 3 illustrates this transition, showing runway margin being consumed first 
and maximum allowable takeoff weight falling only after field length becomes limiting. 

 
Figure 3. From Runway Penalty to Weight Penalty 
As conditions get hotter or the airport gets higher, the aircraft needs more runway.  If enough runway is available, the planned 
weight may still be usable.  Once field length becomes limiting, the operator may need to recover performance through operational 
or configuration changes – or reduce takeoff weight. 
 

 
 

Source: Author analysis.  
Note: The illustration isolates the field-length effect.  Values are illustrative and are not published aircraft performance data.  On actual departure, 
second-segment climb, obstacle clearance, minimum control speed, brake energy, tire speed, or another applicable limit may produce a lower 
allowable takeoff weight. 

Temperature Can Matter Even at Sea Level 
It is easy to associate this issue only with high-altitude airports, but heat can create a meaningful penalty even 
near sea level. 
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Using an approximately 8,000-ft takeoff field-length constraint, a separate 737-700W analysis shows an RTOW 
of about 150,000 lb on a standard day at sea level. At ISA+22°C - roughly 37°C / 99°F at sea level - RTOW falls 
to approximately 140,000 lb. At 8,000 ft pressure altitude on a standard day, it falls to about 125,000 lb. 

The pattern matters more than the exact values: heat alone can reduce RTOW, and altitude compounds the 
effect. 

High-elevation hubs such as Denver, Mexico City, Bogotá, Addis Ababa, and Johannesburg live with reduced 
density by design. Hot lower-elevation airports such as Phoenix - or Delhi during peak May heat - can face a 
similar commercial question: how much certified weight remains usable today? 

The Weight Penalty Has to Come From Somewhere 
Once RTOW falls below planned TOW, the arithmetic becomes commercial. With operating empty weight 
largely fixed, the adjustment comes from payload, takeoff fuel, or both. 

On a short mission, discretionary fuel may absorb the restriction. On a long mission, fuel may already be close 
to route-and-reserve needs, pushing more of the penalty into payload. 

Boeing's 737-8 case study shows the leverage. Reducing takeoff weight from about 181,200 lb (82,191 kg) to 
172,000 lb (78,000 kg) - roughly 5% - reduces full-passenger range from about 3,530 nm (6,534 km) to 3,015 
nm (5,581 km), nearly 15%. With OEW and passenger payload held constant in that study, the weight reduction 
comes largely out of fuel, a much smaller base. 

RTOW is therefore not just a performance number; it can directly constrain payload, fuel, and route economics. 

Where the Weight Comes From 
Actual TOW = Operating Empty Weight + Payload + Takeoff Fuel 
If RTOW falls below planned TOW, the practical adjustment is payload, fuel, or both. 

A Long Runway Does Not Solve the Climb Problem 
A longer runway can remove the field-length restriction, but climb, obstacle clearance, minimum control speed, 
tire speed, brake energy, or another requirement may still bind. Runway slope, wind, runway condition, obstacle 
geometry, and departure routing can also affect RTOW. 

For twin-engine transports, a key requirement is the one-engine-inoperative second-segment climb. Under 14 
CFR 25.121(b), a twin must demonstrate at least a 2.4% climb gradient under specified takeoff conditions; 
hotter, higher air and greater weight can make this the binding limit even with runway remaining. 

Denver shows why long runways still matter. In Boeing's 737-700W study, Runway 34L combines 5,324-ft 
pressure altitude with 16,000 ft of runway, allowing full 154,500-lb MTOW at the stated 17.9°C study 
temperature. That result is specific to those conditions; at substantially hotter summer temperatures, the same 
aircraft and runway may have less performance margin. 

Brake energy and tire speed remain part of the constraint stack. A rejected takeoff loads the brakes with kinetic 
energy, while higher ground speeds in thin air can reduce tire-speed margin. 

Takeoff weight is ultimately set by the most restrictive applicable limit: certified MTOW, field length, second-
segment climb, minimum control speed, tire speed, brake energy, obstacle clearance, or another requirement. 
The lowest applicable limit wins. Figure 4 brings these competing limits together and shows how the lowest 
applicable constraint becomes the RTOW. 
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Figure 4. The Lowest Limit Wins: When Runway Is Not the Limiting Factor 
Field length is only one takeoff constraint.  Even with enough runway, another limit may become binding. 

 

Source: Author analysis. 
Note: Conceptual illustration only.  The binding limit depends on aircraft, airport, configuration, operating assumptions, and departure conditions. 

Operators Are Not Always Passive 

Airport conditions are only part of the equation; aircraft configuration and operating technique can also change 
available takeoff capability. 

Depending on the aircraft and airport, operators may use runway direction and time of day, higher thrust ratings, 
optimum flap selection, air-conditioning off, improved-climb procedures, or optimized departure routing to 
recover performance. 

When full capability is not needed, reduced-thrust takeoffs can lower takeoff EGT and engine maintenance 
exposure. At demanding airports, less margin may be available for those derates. 

Usable takeoff weight therefore reflects the aircraft, airport, configuration, and mission together. 

Some Aircraft Give Up Less Weight Than Others 
This matters for aircraft selection because types and variants do not give up usable weight at the same rate as 
conditions deteriorate. 

Engine thrust, wing loading, high-lift systems, and targeted options such as higher takeoff-thrust ratings or short-
field packages can change the outcome. Boeing, for example, identifies specific 787-8 engine ratings as 
"High/Hot" options. The commercial question is how much capability survives where the network needs it. 

Routinely using higher takeoff thrust can accelerate EGT-margin deterioration and increase engine 
maintenance exposure. For an owner, the question is whether the added airport capability creates enough 
commercial value to justify that maintenance consumption. 
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A Simple Commercial Metric 

MTOW Retention = RTOW ÷ Certified MTOW 

Use 1 - Network exposure: for the same aircraft, compare retention across conditions. In the 737-700W 
study with an approximately 8,000-ft field-length constraint, retention is about 97% at sea-level standard 
day, 91% at sea-level ISA+22°C, and 81% at 8,000-ft pressure altitude on a standard day. 

Use 2 - Aircraft comparison: hold airport, runway, weather, configuration, and performance assumptions 
constant, then pair the percentage with an absolute payload/range check. A lower-MTOW variant can show 
higher retention while carrying less absolute payload. 

Difficult Airports Turn Performance Into Asset Utility 
For airlines, better airport performance can mean fewer payload restrictions, stronger schedule reliability, and 
more cargo carried during difficult seasons or times of day. 

For owners, it can broaden mission fit and placement flexibility because the next operator may fly a very different 
network. 

That does not automatically create a residual-value premium. The capability matters only where operators can 
monetize it. 

The Commercial Configuration Decision 
The previous newsletter concluded that certified weight selection should be mission-led, not maximum-led. 
Airport performance adds a second test: can the aircraft use that purchased capability where the network needs 
it? 
A higher MTOW has limited value if key departures are routinely constrained below it. A lower brochure MTOW 
can still be commercially stronger if the aircraft delivers more usable payload or range under the same 
conditions. Table 1 translates these concepts into a practical screening framework for fleet selection, asset 
placement, and transferability. 
 
Table 1. Airport Performance as a Commercial Screening Framework 
 
Question What it tells us 
What is the certified MTOW? The aircraft's certified maximum takeoff weight limit 
What is the RTOW? How much of the certified capability is usable under the applicable departure 

constraints. 

What causes the restriction? Field length, second-segment climb, obstacle clearance, minimum control speed, 
brake/tire, or another applicable limit. 

What weight must be removed? Payload, fuel, or both. 
How often does the restriction occur? Whether it is an occasional inconvenience or a structural network problem. 
Is another aircraft better suited to this 
airport environment? 

Whether another type or variant retains more usable takeoff weight, payload, or 
range under the same conditions. 

 

For airlines, that is a fleet-selection question. For lessors and investors, it is a transferability question. 
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The Commercial Takeaway 
Certified MTOW defines the aircraft's certified departure-weight ceiling. RTOW reflects how much of that 
capability survives the actual departure conditions. 

When RTOW falls below planned TOW, the difference ultimately comes from payload, fuel, or both. For airlines, 
that is a route-economics issue; for aircraft owners, it is a question of mission fit and transferability. 

Same aircraft. Same certified MTOW. Different airport. Different usable aircraft. 

Source and Method Notes 
• Manufacturer data and examples: Boeing, 737 Airplane Characteristics for Airport Planning, D6-58325-7, 

Rev. A, Mar. 2023; Boeing, Airplane Performance: Airplane Characteristics, Airport Analysis, Study Flight 
Rules, 2014; and Boeing, Airplane Performance, Airline Planning Seminar, July 2024. The Midway, Denver, 
takeoff-limit, payload-range, 787-8 configuration, and takeoff-technique examples are manufacturer study 
cases and are aircraft-, configuration-, and condition-specific. 

• Regulatory and airport references: 14 CFR §25.121(b) for the two-engine, one-engine-inoperative second-
segment climb requirement; Denver International Airport, “Airport Facilities and Grounds,” for runway 
lengths and the effect of elevation and summer heat. 

• Method: Figures 1-4 are author-developed conceptual illustrations. Illustrative figure values are not 
manufacturer performance data unless specifically identified as a manufacturer study case. MTOW 
Retention is an author-defined screening metric. Commercial conclusions are author analysis. Manufacturer 
examples show how airport characteristics, aircraft specifications, operating technique, and mission 
assumptions interact; they should not be read as universal performance guarantees. 


