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1. Introduction and Nomenclature 
Standards and conventions are the basis for all geodetic 
products. In order to generate unambiguous and con-
sistent results, identical standards and conventions have 
to be used for parameter estimation and representation in 
all fields of geodesy, namely for point positions, surface 
shape, orientation in space, and gravity field. The 
denomination of standards and conventions is widely 
used in a broad sense. We shall distinguish standards, 
standardized units, fundamental physical constants, reso-
lutions, and conventions. 

1.1 Standards 

Standards are generally accepted specifications and 
measures for quantitative or qualitative values and their 
comparisons; they establish assessment, classification, 
and quality criteria. 

A standard defines, represents, or records under specified 
conditions the magnitude of a unit. A technical standard 
is an established norm or requirement. It is usually a 
formal document that establishes uniform engineering or 
technical criteria, methods, processes and practices. 

The primary types of technical standards are: 
 •  A standard specification is an explicit set of require-

ments for an item, material, component, system or 
service. It is often used to formalize technical perform-
ance. In geodesy there are standard specifications, e.g., 
for performance of measurements, installation of 
monuments, quality and contents of data, accuracy 
requirements of networks and reference frames, etc. 

 •  A standard test method describes a definitive proce-
dure which produces a test result. It may involve 
making a careful personal observation or a highly tech-
nical measurement. Standard methods are defined in 
geodesy for parameter estimation, statistical tests, 
quality control and integrity, error analysis, etc. It also 
includes the models used in data reduction and para-
meter realization in data processing. 

 •  A standard procedure gives a set of instructions for 
performing operations or functions. Standards proce-
dures in geodesy describe, e.g., the formal perform-
ance of measurements, collection and archiving of 
data, pre-processing of data, routine derivation of geo-
detic products, etc. 

 •  A standard definition is a formally established termi-
nology. Definitions in geodesy include primarily the 
geodetic datums (origin, orientation and scale of coor-
dinate systems, reference ellipsoid, reference potential, 
etc.) and reference systems (GRS80, WGS84, ITRS, 
IGSN71, Tide Gauge Network, etc.). 

International, regional and national organizations 
develop, coordinate, promulgate, revise, amend, reissue, 
interpret, or otherwise maintain standards of interests for 
a wide base of users. Most important for geodesy are the 
International Organization for Standardization (ISO, 
http://www.iso.org/), an international standard-setting 
body composed of representatives from various national 
standards organizations, and the Open Geospatial Con-
sortium, Inc.® (OGC, http://www.opengeospatial.org/), 
an international, voluntary consensus standards organiza-
tion that is leading the development of standards for geo-
spatial and location-based services.  

1.2 Standardized units 

The value of a quantity is generally expressed as the 
product of a number and a unit. The unit is simply a par-
ticular example of the quantity concerned which is used 
as a reference, and the number is the ratio of the value of 
the quantity to the unit. For a particular quantity, different 
units may be used. For example, the speed v of a particle 
may be expressed in the form v = 25 m/s = 90 km/h, 
where metre per second and kilometre per hour are alter-
native units for expressing the same value of the quantity 
speed. Because of the importance of a set of well defined 
and easily accessible units universally agreed for the 
multitude of measurements that support today’s complex 
society, units should be chosen so that they are readily 



 

available to all, constant throughout time and space, and 
easy to be realized with high accuracy. 

A system of units most relevant for geodesy is estab-
lished by the International System of Units (SI, 
www.bipm.org/en/si/si_brochure/). It was adopted by the 
11th General Conference on Weights and Measures 
(1960) and is hosted by the International Bureau of 
Weights and Measures (Bureau International des Poids 
et Mesures, BIPM). It establishes at first a system of 
quantities, including a set of equations defining the rela-
tions between them. This is necessary because the equa-
tions between the quantities determine the equations 
relating the units. Then, definitions for a small number of 
units are given (base units), and units for all other quan-
tities are defined as products of powers of the base units 
(derived units). In a similar way the corresponding quan-
tities are described as base quantities and derived quanti-
ties, and the equations giving the derived quantities in 
terms of the base quantities are used to determine the 
expression for the derived units in terms of the base units. 

Physical quantities are organized in a system of dimen-
sions by convention. There are seven base quantities used 
in the SI, regarded as having their own dimensions. Three 
of them are most relevant for geodesy: 
 •  Length (standardized unit metre, [m]), 
 •  Mass (standardized unit kilogram, [kg]), and  
 •  Time, duration (standardized unit second, [s]). 

All other quantities are derived quantities, which may be 
written in terms of the base quantities. 

1.3 Fundamental Physical Constants  

A physical constant is a physical quantity that is generally 
believed to be both universal in nature and constant in 
time. It can be contrasted with a mathematical constant, 
which is a fixed numerical value but does not directly 
involve any physical measurement. Among the many 
physical constants in science, the most widely recognized 
and important for geodesy are 
 •  the gravitational constant (G) and  
 •  the speed of light in vacuum (c0).  
Other constants with relevance to geodesy are  
 •  the standard acceleration of gravity (g) and  
 •  the standard pressure of the atmosphere (p).  

The Committee on Data for Science and Technology 
(CODATA, http://www.codata.org) of the International 
Council for Science (ICSU, http://www.icsu.org) has the 
mission to strengthen international science for the benefit 
of society by promoting improved scientific and technical 
data management and use. It recommends regularly a set 
of constants, which are published in http://www.physics-
today.org/guide/fundconst.pdf.  

1.4 Resolutions 

A resolution is a written motion adopted by a deliberating 
body. The substance of the resolution can be anything 
that can normally be proposed as a motion; in the present 
context we refer to the motion for adopting standards, 
constants or any parameters to be used by institutions and 
persons affiliated with the adopting body. Important 
resolutions are normally published. Most important 
resolutions for geodesy are those adopted by the Councils 
of the International Union of Geodesy and Geophysics 
(IUGG, http://www.iugg.org) and the International 
Association of Geodesy (IAG, http://www.iag-aig.org). 
They are regularly published in the IUGG Yearbook and 
the Geodesist’s Handbook, respectively. 

In a house of a legislature, the term non-binding resolu-
tion refers to measures that do not become laws. The 
resolution is often used to express the body’s approval of 
something which they cannot otherwise vote on, due to 
the matter being handled by another jurisdiction, or being 
protected by a constitution. Resolutions are not binding 
like laws of a legislature, but more binding than recom-
mendations. In non-legal bodies, such as IUGG and IAG, 
which cannot pass laws, they form the highest level of 
commitment. Resolutions shall be respected by all insti-
tutions and persons affiliated with the adopting body. 

Important resolutions of IUGG/IAG with respect to stan-
dards and conventions refer to, e.g., 
 •  the Geodetic Reference System 1980 (GRS80), 
 •  the tide system (permanent tides), 1983, 
 •  the group refraction index N for microwaves and 

refractive index of light, 1999, 
 •  the Celestial Reference System (IAU2000), 2003. 

1.5 Conventions 

A convention is a set of agreed, stipulated or generally 
accepted norms, standards or criteria. Certain types of 
rules or customs may become law, and regulatory legis-
lation may be introduced to formalize or enforce the con-
vention. In physical sciences, numerical values (such as 
constants, quantities, or scales of measurement) are called 
conventional if they do not represent a measured property 
of nature, but originate in a convention, for example an 
average of many measurements, agreed by the scientists 
working with these values. 

In IAG, conventions may be adopted by its components 
(Services, Commissions, and GGOS). Most established 
and common are the Conventions of the International 
Earth Rotation and Reference Systems Service (IERS, 
http://www.iers.org/MainDisp.csl?pid=46-25776). Equi-
valent conventions will have to be released by the Inter-
national Gravity Field Service (IGFS). The conventions 



 

shall be respected in all applications dealing with topics 
referred to. 

2. Standards and Conventions for Geodesy 
Standards and Conventions with general relevance for 
geodesy are regularly discussed and published in the 
Geodesist’s Handbook (e.g., Groten, 2004, Moritz 2000). 
They are based primarily on the decisions made by the 
 •  International Bureau of Weights and Measures 

(BIPM), 
 •  Committee on Data for Science and Technology 

(CODATA), 
 •  International Association of Geodesy (IAG), 
 •  International Earth Rotation and Reference Systems 

Service (IERS). 

Standardized units are released by the BIPM. The Time, 
Frequency and Gravimetry Section of BIPM is a Service 
of IAG. Fundamental physical constants are adopted by 
CODATA. Resolutions with respect to geodetic standards 
are adopted by the IAG Council. Specific conventions are 
published by the IERS. In the following we give an 
extract of these values. 

International Standards (SI) important for geodesy 
released by BIPM: 
 •  The second is the duration of 9 192 631 770 periods of 

the radiation corresponding to the transition between 
the two hyperfine levels of the ground state of the 
caesium 133 atom. 

 •  The metre is the length of the path travelled by light in 
vacuum during a time interval of 1/299 792 458 of a 
second. It follows that the speed of light in vacuum is 
299 792 458 metres per second (geocentric, TCG): c0 = 
299 792 458 [m/s]. 

 •  The kilogram is the unit of mass; it is equal to the mass 
of the international prototype of the kilogram. 

Fundamental physical constants important for geodesy 
recommended by CODATA (2006): 
 •  Constant of gravitation (G [m3 kg-1 s-2])   
  6.674 28 ⋅ 10-11 ± 0.67 ⋅ 10-14 
 •  Speed of light in vacuum (c0 [m s-1])   
  299 792 458  (exact) 
 •  Standard pressure of the atmosphere (p [Pa])   
  101 325  (exact)  

Geodetic Reference System 1980 (GRS80, Moritz 2000) 

 •  Geocentric gravitational constant (GM [m3 s-2])  
  3.986 005 ⋅ 1014  

 •  Equatorial radius, semi-major axis (a [m])   
  6 378 137 
 •  Dynamic form factor (J2, free of tides)   
  1.082 63 ⋅ 10-3  
 •  Angular velocity of rotation (ω [rad s-1])  
  7.292 115 ⋅ 10-5  

Derived numerical values 

 •  Reciprocal flattening (1/f)   
  298.257 222 101 
 •  Polar radius, semi-minor axis (b [m])   
  6 356 752.3141 
 •  Normal potential at the ellipsoid (U0 [m2 s-2])   
  62 636 860.850 
 •  Normal gravity at the equator (γe [m s-2])   
  9.780 326 7715 
 •  Normal gravity at the pole (γp [m s-2])   
  9.832 186 3685 

IERS Conventions 2003 (McCarthy 2004) 

 •  Constant of gravitation (G [m3 kg-1 s-2])   
  6.673 ⋅ 10-11 ± 0.01 ⋅ 10-11 
 •  Geocentric gravitational constant (GM [m3 s-2])   
  3.986 004 418 ⋅ 1014 ± 8 ⋅ 105  
 •  Equatorial radius (a [m])   
  6 378 136.6 ± 0.10 
 •  Flattening factor (1/f)   
  298.256 42 ± 0.000 01 
 •  Dynamical form factor (J2)   
  1.082 6359 ⋅ 10-3 ± 1 ⋅ 10-10 
 •  Nominal mean angular velocity (ω [rad s-1])   
  7.292 115 ⋅10-5 
 •  Mean equatorial gravity (ge [m s-2])   
  9.780 327 8 ± 1 ⋅ 10-6 
 •  Potential of the geoid (W0 [m2 s-2])  
  62 636 856.0 ± 0.5   
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