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Topo2000 Elevation Update 
MEMORANDUM

TO: Ken Tarboton, Supervising Engineer, HSM

FROM: Matthew Hinton, Senior Geographer, TRT

DATE: November 21, 2001

SUBJECT: Topo2000 Elevation Update (SFWMM2000)

The combined TRT/HSM topography evaluation team has completed the review of new
elevation datasets to update the South Florida Water Management Model (SFWMM). In
conjunction with this memo, you are receiving an electronic document which contains
complete details of the process of arriving at the new elevation values. Also, a new statdta
file for elevation (AEL) is included. A total of 671 cells received new values.

Of the 671 new values, 570 of the 671 (35 percent) were within .5 feet of SFWMMV3.7
value, and 653 of the 671 (97 percent) were within 1 foot of SFWMMV3.7 value. The
largest difference was -1.64 feet.

This dataset will be referred to as the NOVEMBER2001 values.

cc:       J Obeysekera

K Saari

S Senarath

C Neidrauer

D Vogler, USACE
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Topo2000 Elevation Update Introduction
INTRODUCTION
The combined Technology Resource Team (TRT) and Hydrologic Systems

Modeling (HSM) topography evaluation team has completed the review of new elevation
datasets to update the South Florida Water Management Model (SFWMM). In
conjunction with this memo, you are receiving a new statdta file containing updated
elevation values for the SFWMM (Figure 1). The purpose of this memo is to document
the process used to create this new information. A total of 671 cells in the SFWMM
received new elevation values (Figure 2). 

After considering existing documentation, spatial location, and quality of several
new topography datasets identified by the RECOVER (Restoration, Coordination, and
Verification) Model Refinement Team, five datasets were selected for incorporation into
this update (Figure 3). Additionally, it was decided to uniformly lower the elevation of the
Everglades Agricultural Area (EAA) based on a uniform subsidence rate. The EAA has
several factors which cause rapid subsidence, most importantly aerobic microbiological
decomposition (oxidation). Measured rates of subsidence (Shih et al., 1997) were used to
determine a rate of subsidence in the EAA for the last decade. The Holeyland and
Rotenberger Water Management areas were excluded from this subsidence adjustment.

The new datasets are:

1. High-Accuracy Elevation Data collection from the United
States Geological Survey (USGS) retrieved from their website
at http://sofia.usgs.gov/exchange/desmond/desmondelev.html in
October 2001. This data consists of elevation values on a
regular grid of 400 meters, throughout the Everglades National
Park (ENP) and portions of southern Miami-Dade County. The
western limits of the ENP have not been collected/finalized.
The data was collected in the North American Datum 1983
(1990) NAD83(90) horizontal datum and the North American
Vertical Datum 1988 (NAVD88) vertical datum. The stated
vertical accuracy is 0.5 feet.

2. LIDAR (Light Detection and Ranging) elevation data collected
for Water Conservation Area (WCA) 3A, north of Interstate 75
(I-75). This data was contracted by the USGS to EarthData
International, Inc., and acquired for SFWMD by Ken Rutchey.
The data collection was flown in May 1999. At that time, the
area was experiencing a drought, so the water table was very
low. In addition, the area had caught fire and burned, so the bare
surface was highly exposed. This created very good conditions
for LIDAR collection in South Florida. The raw data was resa-
mpled to 5-meter pixels and was then processed by the contrac-
tor, using proprietary algorithms, to represent bare-surface
elevation. The stated vertical accuracy is 15 centimeters.

3. The Rotenberger Wildlife Management Area Survey, 1999. This
survey was conducted by Lindahl, Browning, Ferrari, and Hell-
1
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strom, Inc. Using Global Positioning Survey (GPS) technology
and airboats, six east-west cross-sections were traversed, with
elevations collected at approximately .25 mile spacing. The
reported vertical accuracy of this data is .2 feet.

4. The Stormwater Treatment Areas (STAs) 1990s. These eleva-
tions were compiled by the Everglades Construction Project
(ECP) and are based upon the best available data. The only data
available are mean elevations for the STA cells.

5. The 8.5 Square-Mile Area Survey, 1986. This area was surveyed
by Aero-metric Corporation under contract to the United States
Army Corps of Engineers (USACE), from January to April
1986. Elevations were collected on a 300-foot grid using con-
ventional methods. The purpose of the survey was to produce
cross-sections for hydrologic modeling. The vertical accuracy is
reported to be .1 meter, or ~ 4 inches.

Other sources of data that were not used fell into two categories: not within the
model domain, or not appropriate to natural surface elevation modeling. The first category
is clear, examples of the second category are as follows: 

• The LIDAR data collected by the USACE along and to the east of
the levee separating the urban area of South Florida from the
Everglades. This data covered a relatively small area in
comparison to the voluminous amount of data it contained. Also,
it was not collected with regional-scale hydrology in mind, which
seeks to represent the elevation of the natural terrain as opposed
to man-made features such as roads and levees. Consequently,
this data was not incorporated into the current elevation update.

• The Truck Survey and the Airboat Survey conducted as part of
the USGS High-Accuracy Elevation Data Collection. These
surveys were conducted differently from the more
comprehensive Helicopter Survey (which represents the bulk of
the collection). The documentation on these sets is sparse, and
they were conducted in the urban portion of Miami-Dade County.
An analysis of the data shows that the Truck Survey in particular
did not target natural ground elevation specifically. For these
reasons, the datasets were excluded.

PROCESSING STEPS BY TRT
The High-Accuracy Elevation Data (2001) collection was created using GPS

technology in conjunction with numerous vehicles, including helicopter, truck, and airboat
platforms. The portions of this dataset east of the levee were excluded. The eastern area
was collected primarily by airboat and truck platform, while the helicopter technique was
used almost exclusively west of the levee (Figure 4). After examining the data, we
decided that the data east of the levee was inconsistent with other data sources and would
2



Topo2000 Elevation Update Processing Steps by TRT
not be used. The data west of the levee was determined to be of good quality because it
was consistent with existing knowledge and used a logical and defensible collection
technique, albeit new, and unusual.

The processing of this dataset involved the following:

• Projecting the horizontal data from Universal Transverse
Mercator (UTM) to Geographic (Lat-Long) using the Arc/Info
'project' command (VERTCON 2.0 requires Lat-Long
coordinates).

• Converting the vertical datum from NAVD88 to National
Geodetic Vertical Datum 1929 (NGVD29) using the VERTCON
2.0 program provided by the National Geodetic Survey (NGS)
(Appendix C).

• Projecting to Florida State-Plane East feet using Arc/Info

• Masking out the roads and canals using the SFWMD major
canals coverage buffered 50 feet, and the ETAK major roads
(1994) buffered by 50 feet. The ETAK roads were chosen
because of the higher locational accuracy of the linework. The
SFWMD has newer road coverages which I consider better in
attribution.

• Aggregating the remaining data to the SFWMM cells by
averaging the points that fell within each cell. The process
produced an average of 61 points per cell, ranging from 9 to 98
points with a standard deviation of 9. The SFWMM cells
containing relatively few points were located on the fringe of the
model and were excluded from the final values provided.

• Calculating and removing outlier data points per SFWMM cell
based on a value being ~2 standard deviations from the mean
value for the cell. These values are man-made features or
localized features not representative of natural ground elevation.

• Updating 356 cells in the SFWMM (Figure 5).

 The WCA-3A LIDAR Data (1999) was masked to exclude areas outside of the
natural internal portion of WCA-3 north of I-75. An analysis of the data showed some
abnormal variance in the data moving north-south, but the HSM team determined that for
regional-scale modeling, this variance would be aggregated out of the data. In the majority
of SFWMM cells, over 400,000 points of LIDAR elevation data were aggregated to one
value (Figure 6).

The processing of this dataset involved the following:

• Masking out the roads and canals using the SFWMD major
canals coverage buffered 50 feet, and the ETAK major roads
buffered by 100 feet, except for I-75 which was buffered 150
3
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feet. The final mask eliminated all data outside of the internal
buffer distance, although some data points had been collected
outside of the conservation area.

• Aggregating   the  data  to  100-meter  pixels  from  the  original
5-meter pixels that were received.

• Projecting the data from UTM to Geographic (Lat-Long)
projection.

• Converting the vertical datum from NAVD88 to NGVD29 using
the VERTCON 2.0 program released by the National Geodetic
Survey (Appendix C).

• Projecting the horizontal data from Geographic to Florida State-
Plane East feet using the Arc/Info 'project' command.

• Converting the elevation from meters to feet (meters * 3.2808).

• Aggregating the remaining data per SFWMM cell by averaging
the values that fell within each cell. The process produced an
average of 730 points per cell, ranging from 23 to 1,055 points
with a standard deviation of 371. Some SFWMM cells along the
fringe of the dataset were excluded from the final values
provided.

• Calculating and removing outlier data points per SFWMM cell
based on a value being ~2 standard deviations from the mean
value for the cell. These values are man-made features or
localized features not representative of natural ground elevation.
For the WCA-3A LIDAR, a manual approach was taken to retain
"patches" of outlier points that could represent a large-scale
natural feature. Only points which were randomly spaced were
removed.

• Updating 68 cells in the SFWMM (Figure 7).

 The EAA was determined to be subsiding at a long-term average rate of between 1
and 1.2 inches per year (Ingebritsen et al., 1999). These rates of subsidence have been
corroborated by Stephens and Johnson (1951), Shih et al. (1979), and Stephens et al.
(1984). In the previous revision of elevation data for the SFWMM, a rate of .1 foot per
year was applied to the 1960 USACE 1-foot contour map data for 28 years (1960-1988) to
achieve what became the 1990 updated SFWMM topography (Gove, 1993). According to
Shih et al. (1997) subsidence since 1978 has occurred at an average rate of .57 inches per
year. Measured rates ranged from .31 to .77 inches per year. In spite of the limited area
from which subsidence measurements were taken, and the lack of a clear pattern of
subsidence, the average rate of .57 inches per year was applied to all EAA cells (123
SFWMM cells) for ten years (1990-2000) to arrive at a current elevation value (Figure 8).
Note that the Holeyland and Rotenberger Wildlife Management areas were excluded from
this update. Both of these areas are managed differently from the rest of the EAA and each
4
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other (Smith, 2001). Both areas were surveyed with conventional methods in 1992 by the
Florida Game and Freshwater Fish Commission (FWC) and updated in the SFWMM.

For the Rotenberger Wildlife Management Area Survey (1999), Lehar Brion
(HSM) updated the corresponding SFWMM cells based on the surveyed data and a
weighting mechanism he manually devised (Brion, 2001). TRT applied the new values to
the appropriate cells. Thirteen SFWMM cells were updated.

The STA elevations were drawn from design dots and/or construction plans. The
current information available consists of mean elevations for the cells of each STA,
provided by Tracey Piccone, ECP. TRT used the coverage sorbnd_1000 from /vol/
pcovs83/publands/sorbnd, and STA levee coverages from
\\DROUGHT\oprgis\gisdata83\stas\data, to create a coverage representing the STAs. The
mean elevations were then applied to the appropriate STA cells. TRT created a weighted
average elevation per SFWMM cell using the elevations from the STA cells and SFWMM
V3.7 elevations for portions of SFWMM cells not covered by an STA. Seventeen cells in
the SFWMM were updated.

For the 8.5 Square Mile Area Survey (1999), remaining elevations were averaged
for one SFWMM cell, Rowco 1826. Elevation points collected along the L-31 Levee were
manually removed. These values were approximately 6 feet higher than the rest of the data
(55 of 1,371 data points removed).

Figure 9 displays the final proposed elevations for the SFWMM.

COMMENT ON VERTCON 2.0
The VERTCON 2.0 Vertical Datum Conversion (NGVD29/NAVD88) program

was developed by the NGS for converting vertical datums, and is not recommended for
use in South Florida. This is due to the lack of control points used in the NGVD29 datum.
A test of the VERTCON program against measured elevation differences between the two
datums for selected locations showed that VERTCON returned values  generally  within
1/10 of a foot from measured differences. The NGS is working on the creation of a new
model for converting between these datums in South Florida, but is not expected to be
completed until 2003 (Appendix C).
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Figure 1. Current (SFWMM V3.7) Elevation Values and Proposed NOVEMBER2001
Values.
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Figure 5. Difference Map of SFWMM V3.7 Elevation Values to the High-Accuracy Data
Collection.
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Figure 7. Difference Map of SFWMM V3.7 Elevation Values to the USGS LIDAR Data in
WCA-3A (North). 
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Outliers were idenitified in the USGS High-Accuracy data and the WCA-3A
LIDAR data using the following formula for each SFWMM cell:

1. Find mean (MU) and standard deviation (SD) of all data points

2. Find the first quartile (Q1) using the following formula

Q1 = MU + SD * (-0.6745)

3. Find third quartile (Q3) using the following formula:

Q3 = MU + SD * (+0.6745)

4. Find the Inter Quartile Range (IQR):

IQR = Q3 – Q1

5. Find the lower threshold for identifying outliers:

LT = Q1 – 1.5*IQR

6. Find the upper threshold for identifying outliers:

UT = Q3 + 1.5*IQR

7. Flag all values smaller than LT

8. Flag all values larger than UT

9. Do this for all SFWMM cells with USGS (approx. 64 points per
cell) and LIDAR (approx. 1,024 per cell) data.

Example:
For Cell R17C11:

MU = 1.33; SD = 0.23; Q1 = 1.17; Q3 = 1.49; IQR = 0.32; LT = 0.69; UT = 1.81

Any data-point having a value larger than 1.81 or smaller than 0.69 would be considered 
an outlier.

As stated, all outliers were removed from the High-Accuracy Data collection, while only 
the outliers in the WCA-3A LIDAR that were determined to be random and not part of a 
“patch” were removed. The map identifying these patches is included in the hard copy 
deliverable of this memo to Ken Tarboton.
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README file   18-aug-94   RJF/dgm

PURPOSE:  Program VERTCON computes the modeled difference in orthometric
          height between the North American Vertical Datum of 1988 (NAVD 88)
          and the National Geodetic Vertical Datum of 1929 (NGVD 29) for a
          given location specified by latitude and longitude.

A partial list of contents of the floppies are:

   VERTCON.EXE    VERTical datum CONversion program
                  (compiled from VERTCON.FOR, a FORTRAN source code)

   VERTCONE.94    VERTCON datum transformation grid file;  eastern USA
                  (non-readable, i.e., binary, file)

   VERTCONC.94    VERTCON datum transformation grid file;  central USA
                  (non-readable, i.e., binary, file)

   VERTCONW.94    VERTCON datum transformation grid file;  western USA
                  (non-readable, i.e., binary, file)

   README.TXT     User’s instruction file

A number of sample output and batch files are included as examples, in 
addition to some utility routines described later in this document.

To install:
   1) Make sure the original diskettes are write-protected!
   2) Make a subdirectory on hard disk; 
        for example:  mkdir NGVDCONV
   3) Go into subdirectory; 
        for example:  cd NGVDCONV
   4) Copy the diskettes into the subdirectory; for example:
                      copy B:*.* *.* /v
   5) Put the original diskettes in a safe place!

To execute:
   Type     VERTCON           and follow the prompts.

To terminate:
   VERTCON computations can be stopped at any time by the Control-C
   (i.e., <ctrl-c>) key combination.  Interactive processing
   can also be terminated by entering 0. (i.e., zero WITH DECIMAL POINT)

BUT PLEASE DON’T START YET;  KEEP READING THIS DOCUMENT.

How program VERTCON works:
   The software and three files of datum transformation grids for the
conterminous United States (CONUS) are provided on the diskettes.  VERTCON
returns the orthometric height difference between NAVD 88 and NGVD 29 at the
geodetic position specified by the user.  VERTCON interpolates the datum
transformation at a point from the appropriate grid in your subdirectory.
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Data Input:
   The user can key in latitude and longitude on a point-by-point basis or can
create an input file using a text editor.  Several file formats are provided,
including the internal bench mark file record format of the Vertical Network
Branch, NGS.  These formats are detailed in a "Help" menu option which appears
when the input filename is specified.

   Most horizontal positions of the bench marks used to generate VERTCON were
scaled from USGS topographic maps.  The estimated uncertainty of the scaled
positions, 6", is greater than the differences between NAD 27 and NAD 83.
Therefore, the latitude and longitude provided to VERTCON can be on either
the NAD 27 or NAD 83 datum.

Data Output:
   Results are collected into an output file.  The default name of this file 
is
VERTCON.OUT, but the user can choose any legal filename.  (A word of advice:
don’t use misleading extensions such as .EXE, .BAT, etc.).  The format
of the output file is linked to the format of the input file to maintain
consistency.
 
------------------------>  THE SENSE OF THE SIGNS  <--------------------------

  The grids contain a model of (NAVD 88 - NGVD 29) height differences.

                   ---------------------------------- 
                  | from    NGVD 29  ---->   NAVD 88 |
                   ----------------------------------

  If a NAVD 88 height is desired when a NGVD 29 height is given, 
       ADD the model value ALGEBRAICALLY to the NGVD 29 height.

        FORMULA:   height (NAVD 88) =  height (NGVD 29) + correction

Examples:

  1.  the NGVD 29 height is 65.532 meters (215 feet) at

                         35  10  35.0  latitude
                        110  40  10.0  longitude

       after keying this position to VERTCON the returned 
       (NAVD 88 - NGVD 29) datum shift (correction) value is

                         + 0.019 meter

    -----                            -----------------
   | ADD | this value ALGEBRAICALLY | keep the + sign | to the NGVD 29 height:
    -----                            -----------------
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                                  65.532
                                 + 0.019
                                ---------
       the NAVD 88 height is      65.551  meters

  2.  the NGVD 29 height is 117.348 meters (385 feet) at

                         36  10  35.0  latitude
                        078  40  10.0  longitude

       after keying this position to VERTCON the returned 
       (NAVD 88 - NGVD 29) datum shift (correction) value is

                         - 0.267 meter

    -----                            -----------------
   | ADD | this value ALGEBRAICALLY | keep the - sign | to the NGVD 29 height:
    -----                            -----------------

                                 117.348
                                -  0.267
                                ---------
       the NAVD 88 height is     117.081  meters

     -    -    -    -    -    -    -    -    -    -    -   -   -   -    -

  
                   ---------------------------------- 
                  | from    NAVD 88  ---->   NGVD 29 |
                   ----------------------------------

  If a NGVD 29 height is desired when a NAVD 88 height is given, 
       SUBTRACT the model value ALGEBRAICALLY from the NAVD 88 height.

        FORMULA:   height (NGVD 29) =  height (NAVD 88) - correction

Examples:

  1.  the NAVD 88 height is 65.551 meters (215.062 feet) at

                         35  10  35.0  latitude
                        110  40  10.0  longitude

       after keying this position to VERTCON the returned 
       (NAVD 88 - NGVD 29) datum shift (correction) value is

                         + 0.019 meter

  --------                            -----------------
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 |SUBTRACT| this value ALGEBRAICALLY | flip the + sign | to the NGVD 29 
height:
  --------                            -----------------

                                  65.551
                                 - 0.019
                                ---------
       the NGVD 29 height is      65.532  meters

  2.  the NAVD 88 height is 117.081 meters (384.124 feet) at

                         36  10  35.0  latitude
                        078  40  10.0  longitude

       after keying this position to VERTCON the returned 
       (NAVD 88 - NGVD 29) datum shift (correction) value is

                         - 0.267 meter

  --------                            -----------------
 |SUBTRACT| this value ALGEBRAICALLY | flip the - sign | to the NGVD 29 
height:
  --------                            -----------------

                                 117.081
                                +  0.267
                                ---------
       the NGVD 29 height is     117.348  meters

     -    -    -    -    -    -    -    -    -    -    -   -   -   -    -

The VERTCON 2.0 Model
  The VERTCON 2.0 model was computed on May 5, 1994 using 381,833 datum
difference values.  A key part of the computation procedure was the
development of the predictable, physical components of the differences 
between the NAVD 88 and NGVD 29 datums.  This included models of refraction
effects on geodetic leveling, and gravity and elevation influences on the
new NAVD 88 datum.  Tests of the predictive capability of the physical
model show a 2.0 cm RMS agreement at our 381,833 data points.  For this 
reason, the VERTCON 2.0 model can be considered accurate at the 2 cm
(one sigma) level.  Since 381,833 data values were used to develop the
corrections to the physical model, VERTCON 2.0 will display even better 
overall accuracy than that displayed by the uncorrected physical model.  This 
higher accuracy will be particularly noticable in the eastern United States.  

Using VERTCON 2.0
  It should be emphasized that VERTCON 2.0 is a datum transformation model,
and can not maintain the full vertical control accuracy of geodetic leveling.
Ideally, one should process level data using the latest reduction software
and adjust it to established NAVD 88 control.  However, VERTCON 2.0 accuracy
is suitable for a variety of mapping and charting purposes.
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  The VERTCON 2.0 model expresses datum differences between NAVD 88 and NGVD
29 due to removal of distortions in the level data, as well as due to the
physical differences in the height systems.  In some rare cases, these local
NGVD 29 distortions could be 20 cm or more.  If both ends of your old
vertical survey were tied to one of these "problem" lines, then the datum
difference of the problem line is appropriate to use to transform the survey
data.  If both ends of a vertical survey are tied to "undistorted lines",
then it is appropriate to use a slightly distant point to compute the 
transformation, no matter how close your survey data may approach a given
problem line.  The possible presense of a problem NGVD 29 line in the
vicinity of your survey will become evident if dramatically different datum
transformation values are computed within a small area.

  It must also be emphasized that VERTCON 2.0 is not to be considered
reliable beyond the boundaries of the lower 48 United States.  The VERTCON 
program will interpolate values in Canada, Mexico, or in the ocean, due
to the grid structure of the model.  Those values do not contain important
model components present in the conterminous U.S. model.  Future versions 
of VERTCON may be extended into neighboring countries.

The Defense Mapping Agency:
   The Defense Mapping Agency (DMA) has been of immense help in this
endeavor.  DMA has provided a major portion of the NGS land gravity data
set.  DMA has also been instrumental in the creation of the various 30"
elevation grids in existence.  Although the work of the DMA generally
precludes public recognition, their cooperation in this work is gratefully
acknowledged.
 
Other Programs:
   The datum shift grids and VERTCON software are provided on standard disc
operating system (DOS) controlled (IBM-compatible) personal computers (PC).
In support of other computer systems, the following utility software is 
included:

CONVASCI  --  copy unformatted (binary) grid files into ASCII files for
              transfer to other systems

CONVBIN   --  will restore the ASCII files into binary grid files on the new
              system.

Other Future Plans:
   A continuing development effort is underway to improve VERTCON results.
NGVD 29 normal orthometric heights are being analyzed for localized monument
and/or crustal motion effects, for inconsistent adjustments, and other 
effects.

Computed height differences which are significantly influenced by such effects
will be flagged and rated for reliability in future versions.

For More Information
 
    For Products Available From the National Geodetic Survey:
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                     National Geodetic Information Center
                     N/CG174, SSMC3-9450
                     National Geodetic Survey, NOAA
                     1315 East-West Highway
                     Silver Spring, MD 20910-3282
                     Telephone: 301-713-3242
 
    For Information on VERTCON 2.0, and Future Research:
 
                     Dr. Dennis G. Milbert
                     NOAA, National Geodetic Survey, N/CG18
                     1315 East-West Hwy., SSMC3-8113
                     Silver Spring, MD  20910-3282
                     phone: 301-713-3202
                     fax:   301-713-4322
                     internet:    dennis@ngs.noaa.gov
               or
                     David B. Zilkoski
                     Vertical Network Branch
                     N/CG13, SSMC3-8752
                     Telephone: 301-713-3191
                     Fax: 301-713-4324

A special word of thanks goes to our colleague, Sandford R. Holdahl, who has
recently retired.  Sandy made the first predictions of the vertical datum
differences in 1983, and is a co-author of the VERTCON 2.0 model.

README file   18-aug-94   RJF/dgm
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