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Proposal:  ESTABLISHMENT AND OPERATION OF A HAMPTON ROADS 
BENCHMARK MONITORING NETWORK 

 
SUMMARY 
 
Cooperating Agency: Hampton Roads Planning District Commission 
Period of Project: July 2016 to July 2022 (FY2017-22) 
 
Problem:  The southern Chesapeake Bay region is experiencing land subsidence along with 
rising sea levels, both of which can contribute to coastal flooding. The rates at which these two 
processes are occurring are not exactly known. Mapping of land elevation change requires 
ground-truth survey data at multiple locations that are accurate and precise. With the exception 
of a few CORS sites that have continuous GNSS (Global Navigation Satellite System) antennae, 
existing benchmarks do not have the accuracy and precision required to quantify how elevation 
is changing over time. A baseline network of high-accuracy benchmarks is needed to assess 
relative land movement across the Hampton Roads region and to calibrate satellite data that will 
be used to map future land elevation changes. 
 
Objectives:  The objectives of this study are to:  

(1) Establish a network of Class B, or greater, survey benchmarks designed for GNSS 
occupation  

(2) Occupy the benchmarks with GNSS antennae and collect consistent long-term 
elevation data  

(3) Compute land surface motion velocities and relative differences in vertical land 
motion across the Hampton Roads region 

 
Science Plan:   The study approach will consist of six main elements:  (1) assess existing 
benchmarks to determine which marks would be acceptable for long-term observations; (2) 
install new benchmarks to fill gaps in existing network with focus on areas along the coast as 
well as areas of highest expected subsidence; (3) test equipment and techniques to determine best 
options for observation; (4) conduct initial survey of all benchmarks in the network; (5) publish 
description of network design and initial results; and (6) annual operation and maintenance of 
network, including data collection, analysis, publication, and equipment maintenance.  
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ESTABLISHMENT AND OPERATION OF A HAMPTON ROADS 
BENCHMARK MONITORING NETWORK 

 

Problem 

The southern Chesapeake Bay region is experiencing rising sea levels as well as changing 

ground elevations. While the rates at which these two processes are occurring are not exactly 

known, land subsidence has been observed since the 1940s in this region at rates of 1.1 to 4.8 

millimeters per year (mm/yr), and it continues today (Eggleston and Pope, 2013). A major cause 

of land subsidence is the extensive groundwater pumping from the region’s aquifer system 

causing compaction (Eggleston and Pope, 2013) and a contributing cause is bedrock uplift 

caused by glacial isostatic adjustment. 

Although a handful of continuous GNSS survey stations have been established, rates of 

vertical land surface motion are not yet adequately being monitored across the region and not 

enough stations are available to calibrate remote sensing data used to map subsidence. Regular 

and highly accurate measurements of land surface motion at multiple additional locations are 

needed to provide information critical for understanding coastal flooding, protecting water 

resources, natural habitat, and historic sites, and planning urban and coastal infrastructure in the 

region. 

Summary of Past Work 

Land subsidence in the southern Chesapeake Bay region was first documented by 

Holdahl and Morrison (1974). An average subsidence rate of 2.8 mm/yr was determined by 

comparing results of geodetic surveys completed between 1940 and 1971 (fig. 1). Figure 2 shows 

a map of the benchmark locations that were used in this study. 
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Figure 1. Map showing rates of subsidence in the Chesapeake Bay region (Holdahl and Morrison, 1974). 
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Figure 2. Map showing locations of Holdahl and Morrison (1974) benchmark locations. 

 

From 1979 to 1995, aquifer-system compaction was measured with extensometers at two 

locations in the region (fig. 3), Franklin and Suffolk (Pope and Burbey, 2004). Data from these 

sites showed an average compaction rate of 2.6 mm/yr during this period. 

We propose a program to further quantify these rates of movement and to prepare for 

long-term monitoring of land surface motions in this very vulnerable coastal region. The 

proposed work will complement other monitoring efforts in the region, such as tidal gaging 

stations, extensometers, and the existing small network of CORS continuous elevation stations 

(fig. 3).  
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Figure 3. Map showing locations of tide gages, extensometers and existing CORS stations in the Hampton Roads 
region. 

Objectives 

The objectives of this study are to: (1) establish a network of Class B, or greater, survey 

benchmarks designed for GNSS occupation with focus on areas along the coast as well as areas 

of highest expected subsidence, (2) occupy the benchmarks with GNSS antennae and collect 

consistent long-term elevation data, and (3) compute land surface motion velocities and relative 

differences in vertical land motion across the Hampton Roads region. 

Science Plan 

The study approach will consist of six main elements:  (1) assess existing benchmarks to 
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determine which marks would be acceptable for long-term observations; (2) install new 

benchmarks to fill gaps in existing network with focus on areas along the coast as well as areas 

of highest expected subsidence; (3) test equipment and techniques to determine best options for 

observation; (4) conduct an initial survey of all benchmarks in the network; (5) present network 

design and initial results at public meetings and in scientific publications; and (6) perform annual 

operation and maintenance of the network, including data collection, analysis, publication, and 

equipment maintenance.  

The network will consist of 15-20 periodic observation benchmarks (exact number to be 

determined in the first phase of work) distributed from the Fall Line near Richmond to Virginia 

Beach. All of the Holdahl and Morrison benchmarks that can be recovered and that are found 

acceptable for GNSS observations will be included in the network. This will add continuity 

between this effort and past surveys. However, it is anticipated that many of these marks will not 

be deemed useable, creating the need to install new benchmarks. It is estimated that about 10 

new benchmarks will need to be installed for this network (exact number to be determined in the 

first phase of work). 

Modern GNSS survey techniques will be used to determine elevations of the benchmarks. 

Benchmarks will meet National Geodetic Survey (NGS) Class B requirements and follow NGS 

guidelines (NGS CORS Guidelines, 2013; Floyd 1978). Collaboration with NGS is an integral 

part of the proposed program and NGS will be consulted throughout. 

While the exact number and location of benchmarks will not be known until the first 

phase of the project is completed, the majority of the network will be located close to shorelines 

and in areas of highest suspected subsidence. At least one benchmark station will be located 

above the fall line, probably in Richmond, to include a baseline location where land surface 

elevations are not affected by groundwater pumping in the coastal plain, but may be affected by 
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glacial isostatic adjustment. NGS and others with knowledge and expertise in geodetic science 

will be consulted during the selection of the final benchmark locations. The need for CORS sites, 

in addition to the extensometers in the region, to calibrate InSAR, or other remote sensing 

methodologies, will also be assessed during the first phase of the project and added as deemed 

necessary.  

Elevation data collected at the benchmark network locations will be analyzed in 

conjunction with elevation data being collected in other separately funded USGS projects.  These 

other data include tide elevations currently being collected in the region, annual surveys of 

benchmarks located at USGS tide gages, and continuous GNSS observations to be collected at 

three extensometers (fig. 3).  

Reports 

Elevation data collected in this project will be stored in USGS and NGS data archives 

and will be publicly available after being quality assured by USGS personnel. A USGS Open-

File Report will be published outlining the network design and survey results.  

Budget, Workplan, and Personnel 

Estimated costs by task for the duration of the project, using HRPDC fiscal years, are 

listed in Table 1. The funding for FY2017 will be used to evaluate the existing benchmark 

network and assess what is needed to establish final network design, install and survey network, 

and publish report to document methodology and initial results. These funds will cover salary 

and travel expenses for USGS personnel assigned to the project. They will also cover the cost for 

installation of new benchmarks and modifications to existing benchmarks. Funding for the 

following five years will be used to interact with other federal agencies conducting elevation 

monitoring in Hampton Roads, maintain the network, conduct repeated surveys, and publish 

results. The USGS will contribute $40,000 in Cooperative Matching Funds to the initial year of 
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the project to assist with benchmark network establishment. 

Equipment will be purchased by the USGS and considered in-kind funding for the 

project. Three GNSS antennae and associated components will be purchased for this project at a 

total estimated cost of $60,000. NOAA operates numerous tide gages in the region, but the 

operation and maintenance costs of the USGS tide gages and extensometers in the region are 

funded through cooperative funding agreements with the following partners: 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
Table 1. Table showing annual cost breakdown, in HRPDC fiscal years, for project. 

 

 

 

  

• Accomack County  • City of Suffolk 
• Northampton County • City of Virginia Beach 
• Gloucester County • NASA Langley Research Center 
• City of Chesapeake • VDOT 
• City of Franklin • DEQ (proposed) 
• City of Hampton • HRSD (proposed) 
• City of Portsmouth • Fort Monroe Authority 

Task FY2017 FY2018 FY2019 FY2020 FY2021 FY2022 

Network Design and Initial 
Survey 

• Benchmark recon 
• Benchmark installation 
• Initial survey 
• Report 

 
 

$10,000 
$25,000 
$35,000 
$5,000 

    

 

Operation and Maintenance of 
Network (Total) $75,000 $35,000 $35,000 $35,000 $35,000 $35,000 

USGS $40,000      
HRPDC $35,000 $35,000 $35,000 $35,000 $35,000 $35,000 
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