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Abstract— Barometric altimeters compute indicated altitude under standard atmospheric assumptions (ICAO Doc 7488/3). Under
sub-zero conditions where the air column is colder than standard (T(z) < T

ISA
(z)), air density increases, causing vertical isobaric surfaces

to contract toward the ground. An altimeter referencing this contracted air column registers an indicated altitude higher than true physical
altitude (z

true
 < z

ind
), systematically reducing obstacle clearance. This monograph derives the hypsometric altimetry error integral from the

hydrostatic equation and ideal gas law. We evaluate three operational frameworks across a 5,425-vector computational benchmark matrix:
(1) the continuous ICAO Doc 8168 (PANS-OPS) Vol II layer formulation, (2) the discrete FAA AIM Table 7-3-1 lookup grid, and (3) the
flight-training 4 ft/°C/1,000 ft linear rule. We prove the Taylor-series basis of the linear rule, quantify its under-correction at severe sub-zero
temperatures (105.1 ft divergence at −40°C across 5,000 ft HAA), model synthetic boundary-layer surface inversions, and analyze
Baro-VNAV glidepath compression (where a 3.00° indicated path compresses to 2.42° true under −40°C ISA deviation).

1. Fundamental Thermodynamics & The Hydrostatic Equation

A static atmospheric column in hydrostatic equilibrium balances gravitational attraction with vertical pressure gradient force: dp/dz =

−ρ(z)·g■. Applying the Ideal Gas Law for dry air (p = ρ R
d
 T, with R

d
 = 287.05287 J/(kg·K)) yields the differential barometric

relationship: dp/p = −[g■ / (R
d
 T(z))] dz.

2. The Generalized Hypsometric Integral & Height Ratio

Integrating between reference station pressure datum p■ and flight pressure p establishes the fundamental ratio between true

geometric height displacement (H
true

) and standard indicated displacement (H
ind

):

H
true

 = H
ind

 · [ T■
actual

 / T■
ISA

 ]      |      ∆h
corr

 = H
true

 · [ −∆T■ / T■
actual

 ]

3. ICAO Doc 8168 Analytical Layer Formulation

ICAO Doc 8168 (PANS-OPS) Volume I Part VI § 1.4.1 & Volume II establishes the operational layer correction equation: ∆h = H · [
(15 − t■) / (273.15 + t■ − 0.5·L■·(H + H

ss
)) ], where t■ = t

aerodrome
 + L■ H

ss
 is aerodrome temperature reduced to sea level at

standard lapse rate (L■ = 0.0019812 °C/ft).

4. Quantitative Model Divergence (5,425-Vector Benchmark Matrix)

Evaluating DATASET-2026-02 across 5 elevations, 31 temperatures, and 35 HAA levels at sea level datum (H
ss

 = 0 ft):

Surface Temp HAA (H) ICAO Layer Model FAA Table 7-3-1 Linear 4% Rule Model vs. Linear Model vs. Table

0°C 1,000 ft 55.1 ft 60 ft 60.0 ft −4.9 ft −4.9 ft

0°C 5,000 ft 279.6 ft 290 ft 300.0 ft −20.4 ft −10.4 ft

−20°C 3,000 ft 419.7 ft 430 ft 420.0 ft −0.3 ft −10.3 ft

−20°C 5,000 ft 705.1 ft 710 ft 700.0 ft +5.1 ft −4.9 ft

−40°C 4,000 ft 959.9 ft 970 ft 880.0 ft +79.9 ft −10.1 ft

−40°C 5,000 ft 1,205.1 ft 1,210 ft 1,100.0 ft +105.1 ft −4.9 ft

Aeroway Computational Reference Platform — aeroway.org | Archive: DATASET-2026-02 | CC BY 4.0 Page 1 of 2



−50°C 5,000 ft 1,489.5 ft 1,500 ft 1,300.0 ft +189.5 ft −10.5 ft

5. Synthetic Inversions & Baro-VNAV Glidepath Compression

Surface Inversions: Under a synthetic surface radiative inversion (−35°C warming at +8.33°C/1,000 ft to −10°C at 3,000 ft AGL),

the physical average column temperature is 250.6 K versus the 235.2 K assumed by surface-extrapolated linear models.

Surface-based calculations overestimate corrections by 60 to 110 ft in strong inversions.

Baro-VNAV Compression: The true vertical descent angle compresses according to γ
true

 = arctan[(T■
actual

 / T■
ISA

) · tan(γ
ind

)]. At

−40°C across 5,000 ft HAA, a nominal 3.00° indicated glidepath flattens to 2.42° true, reducing intermediate fix obstacle clearance

margins.
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