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Abstract:  This internal report summarizes procedures for properly referencing and time tagging 
orthometric and ellipsoidal heights in Canada.   The heights can be either measured by spirit 
levelling technique or Global Navigation Satellite Systems (GNSS) such as the Global Positioning 
System (GPS).   

 
 
1- Introduction 
  
The Earth is a living planet that is in continuous deformation.  The ground is uplifting and subsiding 
at local, regional and national scales.  The elevation of a point P on the Earth’s surface will change 
ever slightly to suddenly due to land slides, earthquakes, mining, gas extractions, construction of 
hydro-electric dams, sea level rise, glacial isostatic adjustment (GIA, also known as post-glacial 
rebound), etc.  As the masses are being re-distributed, the Earth potential changes too, affecting 
the shape of the vertical reference surface (datum).  Thus, it becomes important to time tag 
elevations with an epoch.   
 
As North America makes use of different vertical datums, it is also important to identify properly 
heights in their proper vertical reference system and frame. The Canadian Geodetic Survey (CGS) 
interprets the system as being the definition and adopted conventions, i.e., what we wish to 
accomplish as a vertical datum.  On the other hand, the vertical reference frame is its physical 
realization.  Therefore, a reference system may have several reference frames as new theory, 
computational process and data are available.  Generally, each new vertical reference frame is a 
better (more accurate) realization of the vertical reference system.  Furthermore, as the Earth has 
a dynamic surface, the height tied to a vertical reference frame will change in time. 
 
Surveyors have generally neglected the small changes happening at the regional and national 
scales, as these changes were generally not noticeable in local spirit levelling surveys.  However, 
space-based positioning through Global Navigation Satellite Systems (GNSS) such as the Global 
Positioning System (GPS) allow today’s surveyors to measure these changes.  When repeating 
measurements at a same benchmark over time using absolute positioning, e.g., Precise Point 
Positioning (PPP), users can observe that the land rises by about 1 cm /year around the Hudson 
Bay or subsides by a few mm/year in Nova Scotia.  Figure 1 shows the vertical velocity of the 
terrain with respect to the geoid in Canada, which is due primarily to GIA.  Relative changes can 
also be observed when measuring long baselines by GNSS over several years. 
 
An equipotential surface (W0 = 62,636,856 m2s-2) is now defining the vertical reference system for 
Canada as Canada adopted a geoid-based vertical datum in 2013 (CGVD2013).  This surface will 
change in shape with the Earth crustal motion, but generally at an order of magnitude less than 
the terrain.  The 1-cm/year uplift around the Hudson Bay includes approximately a 1-mm/year 
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increase in the geoid height.  Landslides and earthquakes can produce significant change in 
elevations, but they do not disturb significantly the geoid as their effects are local and regional, 
respectively.  For example, the massive 2004 Sumatra earthquake produced an almost 
instantaneous uplift and subsistence with an offset of about 6 metre within a region of 1000 km 
long and 90 km wide; however, it produced only local relative geoid change of roughly 2 cm. 
 
 

 
Figure 1: National vertical velocity grid (v.7.0) for the CGVD2013 orthometric heights in Canada (Unit: 

mm/yr).  CGS calculated this model from the combination of geophysical GIA models, GPS data, and 

GRACE data. The minimum and maximum velocities are -7.07 and 29.26 mm/yr, respectively.  The mean is 

1.92 mm/yr and the standard deviation is 4.81 mm/yr. 

 

 
The current velocity model for the terrain is calculated with respect to the ellipsoid using a hybrid 
approach that combines GIA geophysical models and GNSS measurements.  The latter includes 
stations forming the Canadian Active Control System (CACS) and Canadian Base Network (CBN).  
The vertical velocity of the geoid with respect to the ellipsoid is calculated from the gravity-
dedicated GRACE satellite mission that orbited the Earth between 2002 and 2017.  This gravity 
activity is now resuming under the successful launch of the GRACE Follow On mission (GRACE-FO) 

in May 2018.  Thus, the velocity of the orthometric height (�̇�) in CGVD2013 (or heights above the 
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geoid) can be determined by combining the terrain (ℎ̇) and geoid (�̇�) velocity with respect to the 
ellipsoid: 
 

�̇� = ℎ̇ − �̇�               (1.1) 
 
In appendix, Figures A.1 and A.2 show the velocity of the terrain and geoid with respect to the 
ellipsoid in the NAD83(CSRS) reference frame. 
 
This document will provide a tool to manage properly the reference system, reference frame, 
vertical velocity and tagging heights in Canada. 
 
 
2- Velocity models 
 

The vertical velocity of the terrain (�̇�) with respect to the vertical datum (geoid) is not calculated 

directly.  It is determined by the combination of the velocities of the terrain (ℎ̇) and geoid (�̇�) with 
respect to the ellipsoid (see Eq. 1.1).  Furthermore, the velocity differs between geometric 
reference frames because the 14-parameter transformation includes a drift, which is related to 
the translation (TX, TY, TZ), rotation (RX, RY, RZ) and scale factor (S).  The drift come from the fact 

that the geometric reference frames represent four dimensions (4D): latitude (), longitude (), 
ellipsoidal height (h) and time (t).   For example, we have: 
 

ℎ̇𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆) ≠ ℎ̇𝐼𝑇𝑅𝐹2014             (2.1) 

 

Thus, the vertical velocity of the orthometric height (�̇�) in CGVD2013 can be determined as: 
 

�̇�𝐶𝐺𝑉𝐷2013 =  ℎ̇𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆) − �̇�𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆)           (2.2) 

or 

�̇�𝐶𝐺𝑉𝐷2013 =  ℎ̇𝐼𝑇𝑅𝐹2014 − �̇�𝐼𝑇𝑅𝐹2014            (2.3) 
 
In equations (2.1) and (2.3), the geometric reference frame is ITRF2014, but it could be any ITRF 
realizations.  The key component is that the velocities of the terrain and geoid with respect to the 
ellipsoid must be in the same geometric reference frame.  This assures that the velocity of the 
orthometric heights with respect to the geoid remains the same for all geometric reference 
frames. 
 

This is an example for a station in Churchill, Manitoba (�̇� = ℎ̇ − �̇�): 
 

Ref. Frame �̇� ℎ̇ �̇� 
(mm/y) (mm/y) (mm/y) 

NAD83(CSRS) 9.87 9.47 0.4 

ITRF2014 9.87 10.87 1.0 

 
Currently, CGS considers the vertical datum as static, i.e., neglecting the geoid velocity, following 
recommendations from the Canadian Geodetic Reference System Committee (CGRSC), which 
includes representatives from federal and provincial agencies.  Since the velocity of the geoid with 
respect to the ellipsoid differs between geometric reference frames, it means that it cannot be 
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zero (0) for all the geometric reference frames.  It was agreed that the geoid velocity should be 
null for NAD83(CSRS) as it is the formal geometric reference frame for Canada.  Thus, the geoid 
velocity will not be zero for the ITRF realizations: 
 

�̇�𝐶𝐺𝑉𝐷2013 = ℎ̇𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆) = ℎ̇𝐼𝑇𝑅𝐹2014 − �̇�𝐼𝑇𝑅𝐹2014
∗           (2.4) 

 

where �̇�𝐼𝑇𝑅𝐹2014
∗  is the geoid velocity with respect to the ellipsoid in the ITRF2014, assuming that 

the geoid has no velocity in NAD83(CSRS).  Thus, �̇�𝐼𝑇𝑅𝐹2014
∗  does not represent the absolute 

velocity of the geoid in ITRF2014, but rather the drift between the NAD83(CSRS) and ITRF2014 
geometric reference frames. 
 
The situation is different for CGVD28.  Heights in CGVD28 do not change or barely change in time.  
Several benchmarks have the same published elevations since 1928.  Since heights do not change 
significantly in CGVD28 and we know that the terrain is moving vertically, this means that the 
CGVD28 vertical datum is moving at the same velocity as the terrain.  In this case, heights in 
CGVD28 cannot be referenced to a specific epoch.  However, it does not mean that the velocity 
of the terrain can be neglected for CGVD28.  When working with GNSS positioning, the epoch of 
the ellipsoidal heights must be taken into consideration for CGVD28 because CGS built the Height 
Transformations (HT) using GNSS constraints for a specific epoch.  HTv2.0 and HTv2.1 are built for 
epochs 1997.0 and 2010.0, respectively.  Thus, it is important to convert ellipsoidal heights to 
either epoch 1997.0 or 2010.0 before applying a height transformation in order to recover 
correctly heights in CGVD28. 
 
A Height Transformation (HT) is a hybrid geoid model allowing the direct transformation of 
ellipsoidal heights to heights in CGVD28.  As CGVD28 is a levelling-construct vertical datum and 
includes systematic errors, a gravimetric geoid model cannot represent it precisely.  The 
gravimetric geoid model needs to be distorted using GPS ellipsoidal heights as constraints at a 
series of benchmarks across Canada.  The constraints (𝑁𝐶), which represent the separation 
between the ellipsoid and CGVD28, can be expressed by: 
 

𝑁𝐶 = ℎ𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆)(1997.0) −  𝐻𝐶𝐺𝑉𝐷28(𝑃𝑢𝑏𝑙𝑖𝑠ℎ𝑒𝑑)         (2.5) 

 
Figure 2 depicts heights with respect to CGVD28 and CGVD2013.  Orthometric heights in 
CGVD2013 changes in time as the vertical datum is “static” while the normal-orthometric heights 
in CGVD28 remain the same because the vertical datum is moving at the same velocity as the 
terrain.  This means that the separation between the ellipsoid and CGVD28 is changing in time.  
HTv2.0 and HTv2.1 represent the separation for epoch 1997.0 and 2010.0, respectively.  CGS 
developed HTv2.1 because most provinces adopted epoch 2010.0 for their NAD83(CSRS) 
coordinates.  The new Height Transformation (𝑁𝐻𝑇𝑣2.1) is simply built upon 𝑁𝐻𝑇𝑣2.0 by adding a 

velocity (ℎ̇𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆)) of the terrain with respect to the ellipsoid in the NAD83(CSRS) over a 13-

year period: 
 

𝑁𝐻𝑇𝑣2.1 =  𝑁𝐻𝑇𝑣2.0 + ℎ̇𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆) ∗ (2010.0 − 1997.0)         (2.6) 
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3- Epoch determination for heights 
 
Spirit levelling and Global Navigation Satellite Systems (GNSS) such as the Global Positioning 
System (GPS) can best determine heights and height differences.  The spirit levelling approach 
provides heights with respect to benchmarks having published heights, i.e., relative 
measurements, while GNSS can provide either relative or absolute heights.  
 
This section will present a series of equations for determining heights and incorporating properly 
the vertical crustal motion by levelling and GNSS techniques.  For the equations in this Section, 
station 1 indicates a control station (benchmark) where a geodetic agency established an official 
height while station 2 is a new station.  The time tag t indicates the epoch of the control station 
(t0), the epoch of the observation (tobs) or the epoch of requirement for the project (t1).  For 
example, a control station can have an elevation representing t0 = 2010.0 (decimal year), an 
observation is conducted in tobs = 2018.5 and the project requires that all elevations be projected 
to epoch t1 = 2018.0.  
 
 
3.1- Spirit levelling technique 
 
For the spirit levelling technique, the height of a new station can be determined as follows: 
 

𝐻2 = 𝐻1 + ∆𝐻12          (3.1.1) 
 
where H1 is the height of the control station (benchmark), H2 is the height of the new station and 

H12 is the height difference between stations 1 and 2 measured by spirit levelling. 
 
For local levelling surveys, we can generally consider that the relative vertical crustal motion is 
negligible.  Thus, the height of the new station will be in the same reference frame (Frame) and 
at the same epoch (t0) as the control station.  This can be expressed as:  
 

Figure 2: Sketch depicting terrain and vertical datums at different epochs. 
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𝐻2
𝐷𝑎𝑡𝑢𝑚(𝑡0) = 𝐻1

𝐷𝑎𝑡𝑢𝑚(𝑡0) +  ∆𝐻12(𝑡𝑜𝑏𝑠)        (3.1.2) 
 
where Datum is a vertical datum (e.g., CGVD2013, CGVD28). 
 

The height of station 2 can be converted to epoch t1 by applying the vertical velocity (�̇�) as derived 
from a model at location of station 2: 
 

𝐻2
𝐷𝑎𝑡𝑢𝑚(𝑡1) =  𝐻2

𝐷𝑎𝑡𝑢𝑚(𝑡0) +  �̇�2
𝐷𝑎𝑡𝑢𝑚 ∗ (𝑡1 − 𝑡0)       (3.1.3) 

 
The Datum can only be for CGVD2013 as heights in CGVD28 does not change in time. 
 

The vertical velocity can also be estimated from the velocity model (ℎ̇) with respect to the 
ellipsoid.  As indicated in Section 2, CGS considers currently the vertical datum (geoid) as static, 
even though it is changing approximately between -2 mm/yr and 1 mm/yr due to glacial melting 
and glacial isostatic adjustment.  Thus, we have: 
 

𝐻2
𝐷𝑎𝑡𝑢𝑚(𝑡1) =  𝐻2

𝐷𝑎𝑡𝑢𝑚(𝑡0) +  ℎ̇2
𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆)

∗ (𝑡1 − 𝑡0)       (3.1.4) 
or 

𝐻2
𝐷𝑎𝑡𝑢𝑚(𝑡1) = 𝐻2

𝐷𝑎𝑡𝑢𝑚(𝑡0) +  ℎ̇2
𝐼𝑇𝑅𝐹 ∗ (𝑡1 − 𝑡0) −  �̇�𝐼𝑇𝑅𝐹

∗ ∗ (𝑡1 −  𝑡0)    (3.1.5) 
 

 

For regional levelling surveys (large region), where the vertical crustal motion should be taken into 

consideration, we get: 

 

𝐻2
𝐷𝑎𝑡𝑢𝑚(𝑡?) = 𝐻1

𝐷𝑎𝑡𝑢𝑚(𝑡0) +  ∆𝐻12(𝑡𝑜𝑏𝑠)        (3.1.6) 
 

where t? indicates that the epoch at station 2 is unknown.  
The epoch t? is neither t0 nor tobs.  The figure to the right 
shows in black the terrain profile at epochs t0 and tobs.  
The red line illustrates the height of station 2 if the 
control station 1 is not projected in time.  Thus, the 
proper correction must be applied to determine the 
epoch of station 2.   
 
In this case, the control station should be converted to the observation epoch (tobs) in order to 
determine the epoch of station 2: 
 

𝐻2
𝐷𝑎𝑡𝑢𝑚 (𝑡𝑜𝑏𝑠) =  𝐻1

𝐷𝑎𝑡𝑢𝑚(𝑡0) +  �̇�1
𝐷𝑎𝑡𝑢𝑚 ∗ (𝑡𝑜𝑏𝑠 −  𝑡0) + ∆𝐻12(𝑡𝑜𝑏𝑠)    (3.1.7) 

 
The height at station 2 can then be determined to any specific epoch t1 using Eq. 3.1.3 when 
replacing t0 by tobs.  
 
 
3.2- GNSS technique 
 
GNSS allows the determination of heights in two modes: absolute and relative.   
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Absolute ellipsoidal heights (h) can be determined by GNSS using on-line software such as Precise 
Point Positioning (PPP): 
 

ℎ2
𝐹𝑟𝑎𝑚𝑒(𝑡𝑜𝑏𝑠)           (3.2.1) 

 
The epoch of the absolute ellipsoidal height is the observation epoch tobs. 

 
This observation can be converted to any specific epoch t1 by applying a vertical velocity model 

(ℎ̇) with respect to the ellipsoid:   
 

ℎ2
𝐹𝑟𝑎𝑚𝑒(𝑡1) =  ℎ2

𝐹𝑟𝑎𝑚𝑒(𝑡𝑜𝑏𝑠) +  ℎ̇2
𝐹𝑟𝑎𝑚𝑒 ∗ (𝑡1 − 𝑡𝑜𝑏𝑠)      (3.2.2) 

 
where the Frame is either NAD83(CSRS) or a realization of ITRF. 
  
The orthometric height of a station observed by GNSS would be:  
 

𝐻2
𝐷𝑎𝑡𝑢𝑚(𝑡𝑜𝑏𝑠) =  ℎ2

𝐹𝑟𝑎𝑚𝑒(𝑡𝑜𝑏𝑠) − 𝑁2
𝐹𝑟𝑎𝑚𝑒(𝑡𝑁) − �̇�2

𝐹𝑟𝑎𝑚𝑒 ∗ (𝑡𝑜𝑏𝑠 − 𝑡𝑁)    (3.2.3) 
 

where 𝑡𝑁 is the epoch of the geoid model.  Since the geoid velocity (�̇�) is neglected in the 
NAD83(CSRS) reference frame, we have: 
 

𝐻2
𝐷𝑎𝑡𝑢𝑚(𝑡𝑜𝑏𝑠) =  ℎ2

𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆)(𝑡𝑜𝑏𝑠) − 𝑁2
𝑁𝐴𝐷83(𝐶𝑆𝑅𝑆)(𝑡𝑁)      (3.2.4) 

 

 

For differential GNSS, the ellipsoidal height of a new station can be determined as follows: 
 

ℎ2
𝐹𝑟𝑎𝑚𝑒(𝑡𝑜𝑏𝑠) =  ℎ1

𝐹𝑟𝑎𝑚𝑒(𝑡0) + ℎ̇1
𝐹𝑟𝑎𝑚𝑒 ∗ (𝑡𝑜𝑏𝑠 − 𝑡0) + ∆ℎ12

𝐹𝑟𝑎𝑚𝑒(𝑡𝑜𝑏𝑠)    (3.2.5) 
 
The ellipsoidal heights can be converted to any epochs using Eq. 3.2.2 and to orthometric height 
using Eq. 3.2.3 or Eq. 3.2.4 if neglecting the geoid velocity in the NAD83(CSRS) reference frame. 
 
 
4- Tagging a reference frame and epoch to a height 
 
In general, when working in a relative mode, the new heights are in the same reference frame 
and the same epoch as the control station.   This is mostly true for short baselines, but it is not 
necessarily the case for long baselines.  However, it is difficult to evaluate what constitutes a short 
or long baseline, as the distortion in the vertical frames and relative crustal motion will change 
depending of the geographical area. 
 
The labelling of a height should include a minimum of four components when possible:  
 

1- Vertical reference system (system), 
2- Vertical reference frame (frame), 
3- Epoch of the height (epoch), and 
4- Accuracy of the height (± error). 
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However, the metadata can include several other information such as the observation method 
(e.g., levelling, differential GNSS), observation date and time, observation length if it was a GNSS 
survey, instrument used, etc.  Technically, it should not make a difference if measuring heights 
using levelling or GNSS technique, but the method of observation should preferably be a key 
component to add to the tag.  Thus, depending on the method and vertical reference frame, a 
height can have from one to five components for the tag. 
 
Let us repeat again the same process as in Section 3 for levelling and GNSS observations, but this 
time we refer the control stations (benchmarks) to a reference system (e.g., NAD83(CSRS), 
CGVD2013, CGVD28, IGLD85). 
 
 
4.1- Spirit levelling observations from a benchmark established by levelling  
 
When conducting a levelling survey with respect to a benchmark having a published height in a 
vertical datum, the new observed heights will be in the same vertical datum.  Generally, the 
accuracy and epoch of the heights at control stations (benchmarks) established by spirit levelling 
are not indicated in the published data from a geodetic agency.  Furthermore, these agencies have 
re-adjusted regularly (mostly locally and regionally) the levelling networks without identifying 
each realization.  For these reasons, a new height derived by levelling from a benchmark 
established by levelling can only be identified by the vertical datum:   
 

H = 1.23 m system. 
 
where system is the abbreviation of the vertical datum for the control station.  Table 1 gives a 
few examples. 
 
Table 4.1: Examples of height labelling when heights are established by spirit levelling with 
respect to a benchmark. 
 

Type Height Error System Frame Epoch Method 

H 1.234 m  CGVD2013  ~2010.0 Levelling 

Hno 1.234 m  CGVD28   Levelling 

Hd 1.234 m  IGLD85   Levelling 

HH 1.234 m  NAVD 88   Levelling 

 
A relative precision could be provided to the new heights, but not an absolute accuracy because 
benchmarks established by spirit levelling do not have generally a published accuracy.  
 
For CGVD2013, CGS re-adjusted the first-order levelling network with a series of constraints 
(hNAD83(CSRS)2010.0 – NCGG2013) to represent as close as possible the new geoid-based vertical 
reference system.  Since the GPS constraints used epoch 2010.0, the published heights at the 
benchmarks represent loosely epoch 2010.0.  The term loosely is used because the levelling data 
corresponds to a mixture of epochs. 
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4.2- Spirit levelling observation from a benchmark established by GNSS  
 
Even though the approach is similar to the Section 4.1, the new observed heights will include 
generally a complete label because the control station is established by GNSS.  This implicates 
that the control station will have a known accuracy, reference system (e.g., NAD83(CSRS)), and 
epoch.  Since the survey is conducted by levelling, the ellipsoidal height of the control station 
needs to be transformed to a height with respect to a vertical datum using a geoid model or height 
transformation.  Thus, a height can be labelled in its general form as follows: 
 

H = 1.234 m ± error system(frame) epoch. 
 
where frame is the name of geoid model or height transformation, system is the abbreviation of 
vertical reference system of the geoid model or height transformation, epoch is determined as 
explained in Section 2 and error is the estimated propagated error.  Table 4.2 shows some 
examples of some tags for different reference systems and frames. 
 
Table 4.2: Examples of height labelling for heights established by levelling with respect to a GNSS 
benchmark  
 

Type Height Error System Frame Epoch Method 

H 1.234 m +/- 0.004 CGVD2013 CGG2013A 2010.0 Levelling 

Hno 1.234 m +/- 0.004 CGVD28 HTv2.0  Levelling 

HH 1.234 m +/- 0.004 NAVD 88 Geoid12B  Levelling 

H 1.234 m +/- 0.004 GSD95  2010.0 Levelling 

 
In Table 4.2, we can notice a few empty cells.  The frame is empty when it is the same as the 
system.  It is the case for GSD91, GSD95, CGG2000 and CGG2005, which are they own vertical 
reference system.  Even though the GNSS station will have an epoch, no epochs can be given to 
heights with respect to a vertical datum realized by levelling (e.g., CGVD28, NAVD 88, IGLD85).  
However, it is important to convert the epoch of the GNSS station to 1997.0 when using HTv2.0 
and 2010.0 when using HTv2.1.  It is good practice to include the method of observation in this 
case because the labelling is the same as when conducting the survey by GNSS. 
 
 
4.3- Absolute GNSS observation 
 
Ellipsoidal height can be determined by absolute GNSS measurements and expressed as follows:  
 

h = 9.876 m ± error frame epoch 
 
where frame is the geometric reference frame and epoch is the observation date.  Table 4.3 gives 
two examples. 
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Table 4.3: Examples of height labelling for absolute ellipsoidal heights. 
 

Type Height Error Frame Epoch 

h 9.876 m +/- 0.004 NAD83(CSRS) 2010.0 

h 9.876 m +/- 0.004 ITRF2014 2010.0 

 
Ellipsoidal heights can be easily transformed between different geometric reference frames using 
a 14-parameter transformation (translation (TX, TY, TZ) Rotation (RX, RY, RZ), scale factor and their 
respective drift terms).  Software TRX (desktop and online versions)) provides this transformation. 
 
The absolute ellipsoidal heights can be converted to heights with respect to a vertical datum using 
a geoid model or height transformation.  The derived heights can be labelled as per Section 4.2 
with the exception of the method, which would be GNSS. 
 
 
4.4- GNSS observations from a benchmark established by GNSS  
 
The determination of heights from GNSS technique from a benchmark established by GNSS can 
be simply expressed as: 
 

𝐻2 = ℎ1 + ∆ℎ12 − 𝑁2          (4.4.1) 
 
If working in CGVD28, it is important to convert the ellipsoidal height to epoch 1997.0 before 
applying the geoid height from HTv2.0 or to epoch 2010.0 before applying the geoid height from 
HTv2.1. 
 
The tagging is identical to Section 3.2 with the exception of the method, which would be GNSS. 
 
 
4.5- GNSS observation from a benchmark established by levelling  
 
The determination of heights from GNSS technique from a benchmark established by levelling can 
be simply expressed as: 
 

𝐻2 = (𝐻1 + 𝑁1) + ∆ℎ12 − 𝑁2         (4.5.1) 
 

where h12 is the observed ellipsoidal height difference.  However, CGS does not recommend this 
approach.  It is much more preferable to work from a marker with a known ellipsoidal height when 
using GNSS technique. 
 
The general tagging for such an approach would be: 
 

H = 1.23 m system(frame), 
 
The measurement heights are in the same reference system as the benchmarks.  The benchmarks 
can be in a local system, CGVD28 or CGVD2013.  Since heights are determined by differential 
GNSS, this procedure should not be followed for CGVD2013 as it is a geoid-based vertical datum.  
Users should not make use of published heights in CGVD2013 that are derived from the national 
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first-order levelling network.  Generally, this approach would be more often used for CGVD28.  
Table 4.3 shows a few example on how to label such heights. 
 
Table 4.3: Examples of labelling for heights established by GNSS with respect to a benchmark a 
published height from a levelling-construct vertical datum 
 

Type Height Error System Frame Epoch Method 

Hno 1.234 m  CGVD28 HTv2.0  GNSS 

Hno 1.234 m  CGVD28 CGG2000  GNSS 

Hno 1.234 m  CGVD28 GSD95  GNSS 

  
When conducting a GNSS project in CGVD28, CGS recommends using CGVD28 benchmarks as 
reference stations in combination with a Height Transformation because CGVD28 has distortions 
at the regional level with respect to a geoid model.  More recent geoid models will provide more 
accurate height differences, but these height differences might not be represent the existing 
distortion in CGVD28. 
 
 
Conclusion 
 
As a position changes according to the reference system, reference frame and time, it is important 
to label heights properly.  The label should also include an accuracy based on the measurement 
procedure and accuracy of the control stations.  Preferably, a height should have as many as five 
identifiers: error estimates, reference system, reference frame, epoch and method.  However, 
depending on the field procedure and control stations, a single label may identify a new station.  
This is generally the case when the control station is a levelled benchmark, which does not have 
an error estimate, reference frame identification and epoch tag.   On the other hand, all new 
surveys derived from a control station established by GNSS should include all five labels. 
 
Generally, crustal motion can be neglected for short baselines.  This leaves the surveyed stations 
in the same reference frame and epoch as the control stations.  For precise surveys covering a 
large region, it is important to take into consideration the vertical velocity of the terrain and to 
apply the proper corrections.  In addition, the new stations may not be necessarily in the same 
reference frame, as today’s procedures are more precise and may not coincide with older 
distorted reference frames. 
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Appendix A 
 
 
 

 
Figure A.1: NAD83(CSRS) v7 Vertical Velocity Grid of the terrain with respect to the ellipsoid.  Thus, 
this model is used to correct time dependence for NAD83(CSRS) ellipsoidal heights.  The model 
depicts mainly GIA.  
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Figure A.2: NAD83(CSRS) v1.0 vertical velocity grid of the geoid with respect to the ellipsoid.  Thus, 
this model is used to correct time dependence for geoid heights (e.g., CGG2013A).  The model 
depicts mainly mass redistribution due to melting of ice sheets and GIA. 
 

 

 

 

 

 

 

 


