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City & County of San Francisco 
 
 

2013 Vertical Datum (SFVD13) 
and 

2013 Coordinate System (SFCS13) 
 

BSM/DPW Represented by Bruce Storrs, PLS, 

City & County Surveyor and Michael McGee, PLS 

michael.mcgee@sfdpw.org 
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RECORD of SURVEY #8080 
posted on the City Website (11 Pages ) 
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A comprehensive, accurate and cohesive 
horizontal and vertical coordinate system for the 

City of San Francisco 
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Bruce Storrs, City & County Surveyor 

A Vision for San Francisco for the next 150 Years 
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TERMINOLOGY 
 

Datum 
 

 A mathematical model with parameters that define its 
origin, scale, and orientation  
 

 Used to describe the spatial relationship of points.   
 

 A datum can be 1, 2, 3 or 4 dimensional.   
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TERMINOLOGY 

Reference Frame (Reference System) 
 

 A datum is realized by establishing coordinates on points 
(monuments) in the world which provides physical access 
to the datum.   
 

 The introduction of new measurements and adjustments 
is a new realization of the datum.   
 

 New adjustments are used to improve the accuracy of 
points in an absolute sense relative to the datum, and 
locally relative to other points.  

 



City Approved Acronyms 
 

     HPN  =  High Precision Network which  

     references the new coordinate systems 

 

 SFCS13 =  San Francisco Horizontal Coordinate  

                 System Established in 2013  

 

 SFVD13 =  San Francisco NAVD88 Vertical Datum  

                    as Recovered in 2013  
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SFVD13 High Precision Vertical Network 
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VERTICAL DATUMS in SF  

 Old “City Datum”: The SF legacy datum still in use today. 
 “Zero” is about 11.35 feet above zero on NAVD88  

 
 National Geodetic Vertical Datum of 1929 (NGVD29):  

National datum is use between about 1930 and 1991.  
  Zero is approximately mean sea level  

 
 The North American Vertical Datum of 1988 (NAVD88):  

 The current national datum superseded the NGVD29 in 1991.  
 Zero is approximately mean lower low water  
 Zero is about -11.35 feet on the Old City Datum.  
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Vertical Datum Relationships 

NAVD88, NGVD29 and old City Datum 
 

  ----- 0.00  old City Datum Zero  -------------------------- 

         |                                                         

         |                                                     

         |                                                        

         |                                                       

         |                                                       

         |                                                        

        8.6’ +/- (varies with location)                            

         |                                                         

         |                                                           

         |       

         |                                                           

         |                                                         

   ---- 0.00  National Geodetic Vertical Datum 1929 Zero      

         |                                                     

        2.7’ +/-(varies with location) 

         |                                                       

 ------ 0.00  North American Vertical Datum 1988 Zero -------- 
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North American Vertical Datum of 1988 
• NAVD88 network leveled 1977-1989, adj’d and published in 1991  
• Datum is realized by recovering NAVD88 Benchmarks  
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NAVD88 2013 DATUM RECOVERY:  
 NAVD88 Datum was recovered by including 35 NGS 

benchmarks in the in the City’s precise leveling network 

  



CCSF 2013 NAVD88 Vertical Datum 
(SFVD13) 

 “SFVD13” is a new realization of the NAVD88 Datum 
based on the 2013 leveling surveys 
 
• Based on the best fit of the published heights on 

35 NGS Benchmarks (fit +/- 0.06’) 
 

 Updates the published heights on NGS 
benchmarks  

5/1/2014 15 



CCSF 2013 NAVD88 Vertical Datum 
(SFVD13) 

 
 SFVD13 supersedes the old “City Datum”  

 

WHY? 
Not Maintained,  
Subsidence,  
Many are lost, most will be in a few years, 
Benchmarks in same intersection disagree 0.2’  
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Old City Datum  
Benchmark Sheet 
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Most will be lost or destroyed in the next few years 



Old City Datum Benchmarks 
Most do not fit in the same interesection 
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The differences across the City found to vary  from 10.9’ to 11.8’ 

< 0.06’+/- 

< 0.10’+/- 



CCSF 2013 NAVD88 Vertical Datum  
(SFVD13) 

 The City & County Surveyor has determined 
that the conversion from the SFVD13 to 
estimate elevations in the old City Datum 
henceforth shall be:   
 

SFVD13 - 11.35 feet = City Datum 
 

City Datum + 11.35 feet = SFVD13  
(cannot go from old City datum to SFVD13) 
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High Precision Leveling Network 
 

142 Miles of Leveling - Average Closures 0.01’ 
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1454 New Benchmarks 
(kmz file available for Google earth) 
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Zoom in to an area of interest in Google 
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Benchmarks, Routes & Photos available  
on CCSF Website (kmz files) 
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631 Benchmarks Established in 2013 
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2013 Benchmark Monument 



823 Benchmarks Established in 2014-15 
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2014-15 Benchmark Monument 



Benchmark Descriptions  
Available on the CCSF Website 
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SFVD13 Benchmark List 
(Blue Document) 

Available on the CCSF Web Site 
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City & County of San Francisco 
 
 

2013 High Precision Network (HPN) 
and 

2013 SF Coordinate System 
(SFCS13) 

 
BSM/DPW Represented by Bruce Storrs, PLS, 

City & County Surveyor and Michael McGee, PLS 

michael.mcgee@sfdpw.org 



GNSS Regional 
& City Control 

Network  
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HORIZONTAL DATUMS in SF  

North American Datum of 1927 (NAD27) 
 

• The old national datum in use since about 1930 
 

• North American Datum of 1983 (NAD83) 
 

• The current national datum superseded NAD27 in 
1986 

 
  NAD83 is realized by the  
 1986 Adjustment 1984.0 Epoch (Triangulation Sta’s) 
 1992 Adjustment 1991.35 Epoch (CA GPS/ellipsoid hts) 
 2007 Adjustment 2007.00 Epoch, (National Adj) 
 2011 Adjustment 2010.00 Epoch (Comprehensive Adj) 
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HORIZONTAL DATUMS in SF  
North American Datum of 1983 (NAD83) 

 The 1992, 2007 and 2011 Adjustments are realizations 
that improved the accuracy and precision of the 
NAD83 Datum reference frame 
 

 NAD83 is fixed to the North American Plate; however, 
much of California sits on the Pacific Plate and is 
moving 2-4 centimeters (0.06’- 0.13’) per year  
 

 Thus, the necessity for assigning epochs to surveys 
to determine a points position in time relative to the 
N. American Plate  



  32 

HORIZONTAL DATUMS in SF  
 

North American Datum of 1983 (NAD83) 

 San Francisco is moving north-northwesterly about 
0.12’ per year and the horizontal coordinates are 
constantly changing relative to NAD83  
 

 The difference in the position of a point published on 
the 1991.35 Epoch and the current 2010.00 Epoch is 
about 2.2’. (18.65 yrs x 0.12’ per HTDP) 
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HORIZONTAL DATUMS in SF  
North American Datum of 1983 (NAD83) 

 
 Prior to the creation of the San Francisco High 

Precision Network and Coordinate System in 2013, 
many BSM surveys were based on the State Plane 
Coordinates on the 1991.35 Epoch (+/-5’) 
 

 Since late 2013, City & County Surveyor has 
mandated that all projects are to be referenced to the 
2013 City Coordinate System with a few exceptions 
for legacy projects. 
 
 
 



Regional Control 
Network  

 
Connected the City  

to the National 
Spatial Reference 

System (NSRS) 
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REGIONAL NETWORK 

Four NGS CORS stations 
provided the basis for 
recovering the NAD83 
Datum and establishing 
coordinates on the City’s 
High Precision Network. 
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CCSF High Precision Network (HPN) 
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HPN Monuments 

  37 

New Monument 

Existing Monument 



HPN Monuments Set in Stable Structures 
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HPN-116 at San Francisco City College 

HPN-103 at Lands End 



Station Recovery & Obstruction Diagram, Photos 
and KMZ Files are available on the Website 
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Densification of the HPN (Ongoing) 
HPND Points (purple) Set in Support of Projects 
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2013 City Coordinate System 

City & County of San Francisco  

 Coordinate System of 2013 (SFCS13) 
 
 SFCS13 is a “low distortion projection” 

designed for and centered on the City & 
County of San Francisco 
 

 SFCS13 (like SPC) projects a latitude and 
longitude coordinate onto grid surface 
resulting in grid or plane coordinate 
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City & County of San Francisco  
 Low Distortion Projection 

 The height of the projection surface was set at 
the most common ground height in the City  
 

 A grid distance is the same as a ground 
distance when surveying at the height of the 
projection surface 

  
 The projection surface was set at 253 feet 

(SFVD13) shown as the purple contour on 
next slide 

 



SFCS13: PPM Scale Change Contours  
Purple= 0 PPM, Yellow= -10 PPM, Green= +10 PPM 

  44 Twin Peaks= +20 PPM (1/50,000) 
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SFCS13 Coordinate System 
 

Designed to Minimize the Difference  

in Grid verses Ground Distances 
 

 

 SFCS13 provides a scale distortion of less than 
1:100,000 (10 ppm) in most parts of CCSF 
 

 For the average of the 20 HPN points across the 
City, a ground distance of 1000 feet is equal to: 

 

 1000.003 feet in the SFCS13 
 Verses 

   999.925 feet in State Plane Coordinates Zone 3  
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City & County of San Francisco  
 Low Distortion Projection 

 SFCS13 is referenced to the NAD83 (2011) 2010.00 
Epoch reference frame.  
 

 Therefore: Coordinates are referred to as 
    NAD83 (2011) Epoch 2010.00 SFCS13 (see HO) 

 
 North coincides with NAD83 Geodetic North at the 

Central Meridian through the Origin near the center of 
the City 
 

 Convergence Angle from North varies +/- two minutes 
east-west across the City  
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City & County of San Francisco  
 Low Distortion Projection 

 
 SFCS13 Projection specifications for user’s software:  

 

Projection: Transverse Mercator 
Ellipsoid: GRS-80 
Scale: 1.000007 
Latitude of Origin: 37º45’00” (37.75º) 
Central Meridian: -122º27’00” (-122.45º) 
False Northing: 24,000 meters (78,740 feet) 
False Easting: 48,000 meters (157,480 feet) 
 

(same idea as State Plane Coordinates  
- much less local distortion) 



2D Transformation:  
NAD83 1991.35 Epoch SPC to 2010.00 Epoch SFCS13 

                      INPUT COORDINATES (Feet) 

      1999 NAD83(1991) 1991.35 SPC         NAD83( 2011) 2010.00 SFCS13 

  PT#         North(1)      East(1)         PT#   North(2)    East(2)       

 CANDLESTICK 2085128.546  6013911.480       107  62778.214  173801.613   

 TIDAL       2121772.462  5993470.060       201  98991.152  152599.533   

 SLOAT       2095678.561  5984226.406       202  72708.341  143900.815   

 ARMY        2100667.364  6012652.104       203  78288.679  172218.652  

   

                 TRANSFORMATION SOLUTION RESIDUALS (Feet) 

     1999           2013      North     East    N.Azim & Dist     

     CANDLESTICK     107     -0.020    +0.016     140° 0.026     

     TIDAL           201     -0.032    -0.009     195° 0.033     

     SLOAT           202     +0.034    -0.012     340° 0.036     

     ARMY            203     +0.018    +0.004      13° 0.018     

   

 Root Mean Square of the North and East Residuals   =  0.02 

 Scale Factor =  1.00007856      Standard Deviation =  0.00000079 

 Rotation     = -1° 11' 37.4"    Standard Deviation =  0° 00' 00.2" 

 TRANSFORMATION EQUATIONS   N2=A1*N1-A2*E1+A4   E2=A2*N1+A1*E1+A3 

 A1= 0.9998615081 A2= -0.0208347280 A3= -5795833.91914 A4= -2147359.74825 
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2D Transformation Spreadsheet 
 

TRANSFORMATION EQUATIONS: N2=A1*N1-A2*E1+A4   E2=A2*N1+A1*E1+A3 

TRANSFORMATION CONSTANTS: A1= 0.9998615081    A2= -0.0208347280  

                           A3= -5795833.91914  A4= -2147359.74825 
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REFERENCES 

Documentation of the High Precision  
Leveling Network and GNSS Network Surveys 

 

Available At 

http://www.sfdpw.org/index.aspx?page=1781 
(Google “HPN Survey”) 

 



CCSF Web Site 
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CCSF Web Site 
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General Survey Notes for Mapping 

 See the Datums Simplified document (HO) for  
examples of the proper terminology for 
describing the basis for surveys on maps 
referencing CCSF horizontal & vertical coordinate 
systems.   
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CCSF Datums, Coordinates Systems, Reference Frames and Acronyms 
09/22/15 Version 3.4 

 
City Approved Acronyms: 
 
For consistency use the following acronyms when referring to these systems.  
 
              CCSF-HPN  =  City & County of San Francisco 2013 High Precision Network 
                         HPN  =  High Precision Network 
                    SFCS13 =  City & County of San Francisco 2013 Coordinate System 
                    SFVD13 =  City & County of San Francisco 2013 NAVD88 Vertical Datum 
 
 
Geometric & Horizontal Datums: 
The City & County of San Francisco (the City) geometric and horizontal datum is the North American 
Datum of 1983, 2011 Adjustment at the 2010.00 Epoch and referred to as “NAD83 (2011) 2010.00 
Epoch”. This datum realization is referenced by the published latitudes, longitudes and ellipsoid 
heights on the 2013 High Precision Network (HPN). A near ground system of plane coordinates was 
created for the City in 2013 similar to the California State Plane Coordinate System. The System is 
referred to as the “2013 City & County of San Francisco Coordinate System” (SFCS13). This System 
is used for coordinating surveying and mapping projects and GIS. The coordinate system is a low 
distortion mercator projection designed such that the combined scale factor is generally less than 
1/100,000. The projection origin (Projection North = Geodetic North) is located near the center of the 
City which minimizes the convergence of meridians to +/-3 minutes at the east and west edges of the 
City. This projection is applied to NAD83 (2011) 2010.00 Epoch latitudes and longitudes to obtain 
plane or grid coordinates which are properly referred to as “NAD83 (2011) 2010.00 Epoch City & 
County of San Francisco Coordinates”. See Record of Survey #8080 and web site at 
http://sfdpw.org/index.aspx?page=1781). 
 
Vertical Datum: 
The City vertical datum is the “CCSF 2013 NAVD88 Vertical Datum” (SFVD13) based on NAVD88 as 
recovered and modeled in the 2013 City high precision leveling surveys. This datum realization is 
referenced by benchmarks in the “CCSF 2013 High Precision Leveling Network”.  
 
Reference Networks: 
The geometric datum “NAD83 (2011) 2010.00 Epoch” and the “2013 City & County of San Francisco 
Coordinate System” (SFCS13) are referenced by the “CCSF 2013 High Precision Network” (HPN). 
The “CCSF 2013 NAVD88 Vertical Datum” (SFVD13) is referenced by the benchmarks in the “CCSF 
2013 High Precision Leveling Network”. A reference to the “HPN” is to the physical monuments 
constituting the network not to the SFCS13 coordinate system.  
 
 
(Summary of the above statements) 
 
PROJECT DATUMS & REFERENCE SYSTEM  
Geometric Datum: North American Datum of 1983: NAD83 (2011) 2010.00 Epoch  
Reference Network: “CCSF-2013 HPN” (High Precision Network) (Record of Survey #8080) 
Vertical Datum: “CCSF 2013 NAVD88 Vertical Datum” (SFVD13) 
Projection: The plane coordinates are in a local custom coordinate system referred to as the City & 
County of San Francisco Coordinate System (SFCS13). The SFCS13 is a low distortion grid 
projection designed for CCSF to be a ground coordinate system with the origin near the center of the 
City. See Record of Survey #8080 in Book EE at Page 147-157 SFCR.  
 
 



 Example Survey Notes for Mapping 
   
  Basis of Survey - Horizontal Datum & Reference System 
  The horizontal datum is the North American Datum of 1983: NAD83 

(2011) 2010.00 Epoch referenced by the CCSF-2013 High Precision 
Network (HPN) points 101 and 102 shown hereon. Grid coordinates 
are based on the “City & County of San Francisco 2013 Coordinate 
System” (SFCS13). See Record of Survey #8080 in Book EE of 
Survey Maps, 147-157 SFCR and the CCSF DPW Web Site.  

   
 Basis of Elevations - Vertical Datum & Reference System 
  The vertical datum is “CCSF 2013 NAVD88 Vertical Datum” 

(SFVD13) as referenced by SFVD13 Benchmarks 10001, 10002 
and 10003 shown hereon and described on the CCSF DPW Web 
Site.  
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