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Overview

Barometric Heighting

Low cost, simple way to determine height 
differences

Not very accurate
B i P i i lBasics Principle:

- as air pressure decreases with altitude, height 
differences can be derived from pressure differences

Air pressure is measured by the barometer
Problems:

- air pressure is a non-linear function of height
pressure depends on temperature humidity
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- pressure depends on temperature, humidity, 
geographic location, meteorological conditions, etc.

(Dare, 2007)
Visit our website, http://kepler.gge.unb.ca

Barometric Height Formula

Barometric Heighting

If one imagines a vertical cylinder with its base as unit area cut out of the 
atmosphere, the pressure at the base of the cylinder is equal to the weight of the 
column of air. At a point h + dh above the base of the cylinder the pressure is lower 
than for h by an amount equal to the weight of the column of air of height dh:y q g g

 -gdp dhρ=
where:                        is the acceleration due to gravity,       = the density of air.29.81 /g m s= ρ

M
V

ρ =Introducing the volume V of the gas, we obtain:
where M is the mass of the gas and, using the equation of state:

mgpV nRT nLkT dp p dh= = = −
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where n is the number of moles, T is the temperature in Kelvin, 
R=                       , universal gas constant, L=                               
Loschmidt  number, k=                        , Boltzman constant, m=mass of 
molecule

1 18.31JK mol− −

,         pV nRT nLkT dp p dh
kt

= = = −

23 16.02 10 mol− −⋅
23 11.38 10 JK− −⋅
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Barometric Height Formula

Barometric Heighting

If the equation is solved for p for

,     where 0op p h= =

Then we obtain:

mgh
kT

o
o o

mgh
kT

o

pp p e
p

e

ρ
ρ

ρ ρ

−

−

∴ = → =

∴ =
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oρ ρ

So, the pressure is the non-linear function of height, and the barometric height 
h is dependent on: vapor pressure, temperature, surface pressure.

http://www.fizika.org/skripte/of-prakt/1_4_07.pdf

Accuracy of Barometric Heighting

Barometric Heighting

Accuracy of ΔH depends mainly on:
- accuracy of barometer readings, e.g. B1 and B2
- accuracy of meteorological data, 

M l i d d h i h ll k lMean altitude        and mean height      are usually known accurately 
(i.e. they do not contribute to errors in ΔH)

Applying law of error propagation, we get

mΦ

2 2
1 2

1 118,400logH Be
B B

σ σΔ ≈ +

Hm
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If                                                             accuracy of a height 
difference of 1.2m is obtained.

For best result, one or more control barometers are to be used.

1 2

1 2 BB B 1,000 ,  0.1 ,mbar mbarσ= ≈ =

(Dare, 2007)
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Formula

Trigonometric Heighting

cot
cos

H D Z I T
H S Z I T

Δ = ⋅ + −
Δ = ⋅ + −

Assumption:
- No ray bending due to 
refraction

- Negligible effect of earth 
curvature
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Assumptions limit the above 
equations to short distances (e.g. 
a few hundred metres for cm-
level accuracy)

[Fig.1]

(Kavanagh, 2006)

cont’

Trigonometric Heighting

refraction effect

slant range reading=AF

horizontal reading

curvature effect

r
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Note: 
must be different each 
day and condition

1 2,  and Z ZΔ Δ

r

[Fig.2]
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Formula for refraction

cf. Effect of Refraction

As density of air decreases with altitude, optical rays get refracted 
towards the higher density layers, forming curved lines

A refracted line can be approximated as a circular arc
Experience has shown that the radius of the circular arc is about 

Eight times the radius of the earth, i.e.

Where,                            is called the refraction coefficient, 

2 2 2 2

2 2
S S D D8     c  c (  Fig.1)
2r 2R 2r 2R

r R k k from≈ → ≅ ≅ → ≅ ≅

1/ 8 0.13k = ≈

© Yong-Won Ahn • Department of Geodesy and Geomatics Engineering • University of New Brunswick9/00

W e e, s ca ed t e e act o coe c e t,
whose actual value may vary by as much as             depending on 
the meteorological conditions

1/ 8 0.13k
0.04±

(Dare, 2007)

Formula for curvature

cf. Effect of Curvature

Leveling error due to the curvature:

( ) ( )
2 41/222 2 2 2 T TR +T = R+e e = R +T -R = R+ -R→ −

is to be added or subtracted from the basic           
equation which lead to:

1 2c , and c HΔ

( ) ( )p p 3

2

p

R T R e        e R T R  R R
2R 8R

Te      (T R)          
2R

→

→
2

1 1
Dc      (c ,T D)
2R pe≡ ≡
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equation, which lead to: 

( )
2Dcot 1

2R
H D Z I T kΔ = ⋅ + − + −

(final formula for trigonometric height corrected for refraction and curvature)
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Examples

Trigonometric Heighting

1) A person stands on a point at a beach. When he is 1.7m tall and the 
elevation of the point is 45.2m, how much of the distance can he see 
to the horizon (Assumption: R=6370km, k=0.14, refraction coeff.)?

( )
2 2D D1   (45.2+1.7)= (1 0.14)  26359m 26.4

2R 2 6,370,000
k km− → − → ≅

×

2) You’re supposed to determine the height difference between A and B 
using trigonometric heighting. The distance between A and B is 5 km. 
How much do you have to adjust the errors due to the curvature and 

Ans.)
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y j
refraction in this case (Assumption: R=6370km, k=0.14, refraction coeff.)?

( )
2 2D 5,0001  = (1 0.14)  1.688

2R 2 6,370,000
k m− − →

×

Ans.)

Examples

Trigonometric Heighting

3) Due to the obstacle as shown in the 
figure, the distance between P and Q is 
supposed to be determined based on 
angular measurement only, e.g. using 
reflectless EDM. When the distance 
between A and B is 216.90m, what is 
the distance between P and Q?

Ans.)
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( ) ( ) ( )( )2 2 2 cos

    173.39

PQ AP AQ AP AQ PAQ

m

= + − ∠

=
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River or valley crossing where BS and FS distances can not be 
balanced, e.g. using Level

Simultaneous Reciprocal Heighting

reduce the collimation error and the errors due to the curvature and

1)
2)
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reduce the collimation error, and the errors due to the curvature and 
refraction

( ) ( )1 1 2 2

2
a b a b

H
− + −

=

River or valley crossing where BS and FS distances can not be 
balanced, e.g. using EDM

Simultaneous Reciprocal Heighting

( ){ }
( )

2 1 2 12 1
2 1

tan / 2
2 1

2 cot / 2

z z z zH H
H H R

R γ

− + Δ −Δ+⎛ ⎞− = +⎜ ⎟
⎝ ⎠

Writing the terms:

( ) ( ) ( )1 2
2 2 tan / 2 ,   and   / 2

cot / 2
H

m
R R S H H Hγ
γ

= ≈ + =

Assuming symmetric ray path, i.e.,                     , we get1 2z zΔ = Δ
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2 11 tan
2

H mH z z
H S

R
−⎛ ⎞ ⎛ ⎞Δ = +⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠

[Q] Fundamental difficulties in solving the above equation?

From [Fig.2]
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Example

1) Based on the simultaneous reciprocal heighting, the following 
values are achieved. When the elevation of the point A is 
120.564m, what is the elevation of the point B?

Simultaneous Reciprocal Heighting

Ans )
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( ) ( ) ( ) ( )1 1 2 2 0.223 0.454 0.413 0.654
0.236

2 2
0.236 120.328B A

a b a b
H m

H H m

− + − − + −
= = =

∴ = − =

Ans.)

- Geoid ellipsoidal separation (N): 
: Is the distance between the ellipsoid and geoid at a specific 

point and is also known as the Geoid Undulation. The 
separation added to the orthometric (sea level) height (H), 
results in the ellipsoid height (h)  The following formulae is of 

GPS Height

GPS Heighting

results in the ellipsoid height (h). The following formulae is of 
particular importance with the use of GPS.

h = H + N
where

h = is the ellipsoidal height 
(height usually obtained with GPS)

H = is the orthometric height (sea-level) 
N = is the geoid ellipsoidal separation

(courtesy from NRCan)

© Yong-Won Ahn • Department of Geodesy and Geomatics Engineering • University of New Brunswick16/00

Spherical harmonic representation
(courtesy from wikipedia, units of 

gravity)

(courtesy from NRCan)
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For height, how do we get N?

GPS Heighting

Global geoidal map (accuracy a few metres).
National geoidal map (accuracy a few cms-dms).
Establish local geoid model (accuracy a few cms).
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(Red: 85.4m or higher, Magenta: -107.0 meter or lower, from 15’ x 15’ undulation)
Based on NIMA/GSFC WGS-84 EGM96 15' Geoid Height File

(http://164.214.2.59/geospatial/products/GandG/wgs-84/geos.html )

Geoid Height N

GPS Heighting

( )( )* *

2 0

sin cos sin
n

E nm nm nm
n m

N r P C m S mφ λ λ
∞

= =

= +∑∑
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(http://cddis.gsfc.nasa.gov)
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: A new and enhanced gravimetric geoid model for Canada

: Replaced the GSD95 geoid model made by NRCan, UNB, and UofCalgary.

: Follows the Helmert-Stokes scheme, i.e., the gravity measurements are 
reduced in terms of Helmert’s second condensation method and the geoid 

CGG2000 Model

GPS Heighting

g
heights are determined using the Stokes integral. 

: All related reductions to the gravity measurements are determined using the 
spherical approximation. 

: The under-laying global geopotential model is EGM96 (degree and order 360)
and it contributes its long wavelengths up to degree and order 30 through the 
modified spheroidal Stokes kernel. 

: The 1D-FFT procedure solves the Stokes integral. CGG2000 model is validated 
against GPS/Levelling across Canada. 
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against GPS/Levelling across Canada. 

: For 1090 benchmarks distributed across Canada, the mean and standard 
deviation is –0.260 m and 0.179 m, respectively. Part of the misfit is 
probably due to a systematic error in the Canadian primary levelling network.

: the height represents the separation between geocentric reference ellipsoid of 
GRS80 and the equipotent surface.

(The Canadian Gravimetric Geoid Model of 2000 (CGG2000) by Marc Veronneau, NRCan)

GPS-H:

• GPS Height Transformation Packages.

GPS Height

GPS Heighting

•http://www.geod.nrcan.gc.ca/tools-
outils/gpsh_e.php

• Online or Offline programs are provided. Offline 
program, called “gpsh-e.zip” released on Nov. 2001, 
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is Win16 environment. Please check your computer 
to install it.
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Geoid Model:

CGG2000 – Canadian 
Gravimetric Geoid 
model 2000 is a 

GPS Height

GPS Heighting

model 2000 is a 
scientific model of the 
geoid for North 
America from gravity 
data up to 2000.
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Online Service (from NRCan website)

http://www.geod.nrcan.gc.ca/apps/gpsh/gpsh_e.php

GPS Height

GPS Heighting

Input coordinates 
manually
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Online Service (from NRCan website)

http://www.geod.nrcan.gc.ca/apps/gpsh/gpsh_e.php

GPS Height

GPS Heighting

This is an example 
result from the 
previous page.

Please check your 
results.
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