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3. Ellipsoidal Transformation

4. zout = Datumout(.geotiff)+ΔZ

* This includes the tidal datums (MLLW, MSL) and SGEOID2022 
transformations, which are all referenced to the Ellipsoid ITRF2020.

* This includes any conversion including NAVD88 (which is 
referenced to the NAD83 Ellipsoid) and xGeoid20b (which is 
referenced to the Ellipsoid ITRF 2014).

Kinds of Vertical Transformations



CMVD Architecture

1. The Geotiffs (datums) are declared in _path.py

2. All Proj-based Ellipsoid transformations are declared in _geoid_tr.py

3. The main script vdatum.py builds the entire pipeline calling the corresponding 

datums (geotiffs from _path.py) and ellipsoidal transformations (Proj 

commands in _geoid_tr.py). Once the pipeline is build, the entire 

transformation is carried by pyproj.Transformer.from_pipeline()

…



Commonly asked questions

❖ What is the goal with CMVD?
➢ This is a simple package that works as a wrapper for PyProj, intended as a temporary solution for the basic datum 

conversions needs of the OCS/Storm Surge Modeling Team. This not a comprehensive tool and we don’t have 
plans to develop it beyond the initial scope. This tool will be retired once the Modeling Team finds a better solution 
(e.g. python version of VDatum that is actively maintained, etc.).

❖ Why do I get inf values on my conversions?
➢ Datum conversions are only possible where the datum is available (see the extent of the geotiff files).

❖ But I get a result if I enter the same x,y,z on VDatum.
➢ But you shouldn’t.

❖ Why the z values I get are slightly different than the ones from VDatum?

➢ That is hard to tell, the VDatum pipeline is not publicly available, so it is hard to assess why. However, values 

should be relative close. Note CMVD is not “making the conversions”, it is just a wrapper for Proj. 

Uncertainties (and reasons why the values might be slightly different than VDatum) can be attributed to 

interpolation errors, slightly different reference frame (ellipsoid) conversion equations, different epochs, etc.

➢ If you find errors in the CMVD pipelines we welcome you to submit a PR!

 



How to we know the conversions are correct? How to add new Datums?

1. The approach we use is 100% based on PyProj and datum files (geotiffs) that are either part of the 

cdn.proj.org or experimental reference frames (xgeoid20b, SGeoid2022).

a. The experimental geotiffs are either made available online by NOAA, or shared with us by NOAA 

developers (i.e., they are not part of the Proj database cdn.proj.org yet)

2. One can create a new Proj pipeline (i.e., datum conversion) by using the projinfo command. This 

command provides the Proj string commands used to create a Proj pipeline. 

3. Next we show the step by step process to create a Proj pipeline for a NAVD88 to xgeoid20b 

conversion. Note you will need to know the EPSG codes for the datums you want to convert. You can 

search for the EPSG code at epsg.org/home. You also might need to know what reference frame your 

datums use (although projinfo can help you to figure that out). Here we will assume we know that 

NAVD88 is in NAD83 and xgeoid20b is in ITRF2014.

https://pyproj4.github.io/pyproj/stable/
http://cdn.proj.org
https://beta.ngs.noaa.gov/GEOID/xGEOID20/download.shtml
http://cdn.proj.org
https://epsg.org/home.html


1. Use projinfo  to help find which file to use for  NAVD88/NAD83

a. Note that you enter the respective EPSG codes as input and output (epsg.org/home)
b. Note that the projinfo gives you the proj step needed for the conversion (highlighted line)
c. Note that it also gives the link to the .tif file used

d. Alternatively you could also have manually looked for this file in the CDN website:

https://epsg.org/home.html


2. Use projinfo  to help find the NAD83 to ITRF ellipsoidal transformation

a. Note that you enter the respective EPSG codes as input and output (epsg.org/home)
b. Note that the projinfo gives you the proj step needed for the conversion (highlighted)
c. Note that in this case it is a mathematical conversion (not geotiffs):

http://epsg.org/home


3. Create a Proj string for the xgeoid20b/ITRF14

a. Note that the experimental xgeoid20b is not on CDN, and thus projinfo cannot help us.

b. However, we know from step 1 that all we need is the datum/ellipsoid geotiff, which in the case (xgeoid20b/ITRF2014) we 

get directly from NOAA (xgeoid20b).

c. Thus, we can just download and call this file using the same proj command from step1:

4. Concatenate all the Proj strings to build the Proj pipeline:

5. Make the transformation using pyproj:

https://beta.ngs.noaa.gov/GEOID/xGEOID20/download.shtml

