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PROJECT OBJECTIVE
Soil erosion and landslides are a major concern for New England state Departments of Transportation (DOT), roadway
planners, and designers, impacting the cost to maintain transportation networks and other critical infrastructure.
Effective screening tools used for modeling, monitoring, and forecasting erosion can aid in assessing erosion (washout)
and landslide susceptibility, which is critical for regional operations and planning.
GZA is developing a screening-level tool to identify roadways vulnerable to erosion and landslides. The work is being
performed in collaboration with the New England Transportation Consortium (NETC). The project objective is to
develop a multi-scale, multi-season land-based erosion and landslide modeling and monitoring toolkit for
infrastructure management for all the New England states (including Maine, New Hampshire, Vermont,
Massachusetts, Rhode Island and Connecticut).
The model and toolkit development will support a process of:

Screening

Verification

Planning

Prevention

Response

LITERATURE REVIEW
A first step in the development of the model and toolkit is a literature review to collect and complies available
information regarding: 1) slope instability susceptibility; and 2) modeling capabilities suitable for the New England
region, including means and methods used by others.
Previous studies from New England and other parts of the country were identified, summarized, and cataloged. We
also identified information and causative factors that appear to be relevant for this project. GZA focused on studies
that appeared to have application to the New England states (i.e., studies done in areas with similar geography,
landscapes and climate), and that were conducted by government agencies such as state departments of
transportation (DOT), the US Geologic Survey (USGS) and U.S. Army Corps of Engineers (USACE).
We also identified studies that used a GIS-based approach for spatial hazard analysis for slope stability (landslide
and/or erosion). We also researched available datasets that could be used for the toolkit development.
Tables 1 through 3 (below) summarizes GZA’s key references and findings. Three major categories of literature
sources were identified and reviewed:




Slope stability design standards and guidance documents (Table 1);
GIS-based modeling publications on approaches and case studies for slope stability, landslide and/or erosion
(Table 2); and
Available datasets including GIS format and other traditional datasets (Table 3).

A summary of each reference is provided in the tables. Key findings of the overall Literature Search are summarized
below:
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At the national level, U.S. Geological Survey has compiled a landslide inventory and made it available through
an ESRI web-based interactive map product (USGS, 2019).
Three New England states have landslide inventory or geodatabase. There is existing state-wide landslide
inventory in the States of Maine, being presented and accessible as a web-based GIS portal. Data is compiled
and managed by the Maine Geological Survey (MGS, 2020). The Vermont Geological Survey compiled a
preliminary landslide inventory based on historical landslide locations, accessible via a web-based online
portal (VGS, 2019). New Hampshire Geological Survey (NHGS) has also compiled a landslide geodatabase
(currently not available online for public access; information provided by NHDOT).
State-wide Landslide Hazard Mapping was developed by University of Massachusetts (UMass) in 2013 (UMass,
2013). The underlying computing engine, SINMAP, is a deterministic model for Stability Index Mapping, which
was used to identify areas that may be prone to shallow, translational landslides, assuming an infinite slope
geometry. Certain parameters within the model can be assigned with uniform probability distributions, to
account for uncertainty and allow model calibration.
There are a number of research or mapping projects in the New England area focusing on landslides
susceptibility based on a set of input parameters such as terrain information, groundwater conditions, land
cover type and precipitation (e.g., Tufts, 2013; VGS, 2012). These studies are often for a specific area with
unique site characteristics and the results were developed with specific objectives. For example, the Tufts
2013 study was to assess risk imposed by slope failure on transportation network.
Most of these studies largely rely on GIS spatial datasets such as digital elevation/terrain model (DEM/DTM),
surficial geology and land cover data, with the transportation network included as shapefiles.
Most studies apply decision-based deterministic models to analyze and compute key risk factors such as factor
of safety for slope stability, using simplified physics-based methods (e.g., USGS, 2001; NCGS, 2011; Barr, 2017).
Some studies use a collation of risk factors to determine composite susceptibility factors (MGS, 2009a and
MGS, 2009b).
Final mapping products are often presented spatially in terms of categorized risk/susceptibility levels, typically
using a risk factor approach.
Currently no online GIS portal (in the New England state or at the national level) provides interactive slope
stability assessment based on user input. Nor does any site or product provide real-time predictions.
There is no state-wide or regional erosion/landslide GIS mapping application dedicated to the transportation
system in New England, which was also confirmed by the survey results (Section 3.0).
USGS 3D provides a nation-wide repository of topographic data and some related layers developed using
spatial analytics (e.g., slope).
Most of the existing applications utilize Esri GIS web mapping platforms.

References presented in Table 2 mostly rely on deterministic approaches to calculate and/or quantify landslide and
erosion susceptibility/vulnerability. We also reviewed published references using heuristic or probabilistic/statistical
approaches (see
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Additional References at the end of this document). Previous research demonstrated that it is possible to improve
landslide prediction accuracy by using regression and machine learning models with refined input data. We will likely
explore and potentially incorporate some of the applicable approaches (heuristic and/or statistical) when developing
the toolkit for this project.
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Table 1: Summary of Literature Search on Design Guidance Documents
Category
Guidance
Document

Content Summary
This circular outlines the key elements of a comprehensive
and effective national strategy for reducing losses from
landslides nationwide and provides an assessment of the
status, needs, and associated costs of this strategy. The
framework envisions a society that is fully aware of landslide
hazards and routinely takes action to reduce both the risks
and costs associated with those hazards. The strategy
envisions bringing together relevant scientific, engineering,
construction, planning, and policy capabilities of the Nation
to eliminate losses from landslides and other ground-failure
hazards nationwide.

Reference
USGS, 2003. Circular 1244
“National Landslide Hazards
Mitigation Strategy—
A Framework for Loss
Reduction”.

Guidance
Document

This handbook gives a brief overview of precautions and
actions that can be adopted to at least ensure an individual’s
immediate safety. We strongly suggest that, where possible,
the assistance of professional engineers/geologists or those
experienced in the successful mitigation of unstable slopes
be consulted before actions are taken. This handbook helps
home-owners, community and emergency managers, and
decisionmakers to take the positive step of encouraging
awareness of available options and recourse in regard to
landslide hazard.

USGS, 2008. Circular 1325
“The Landslide Handbook—
A Guide to Understanding
Landslides”.

Design Guide

Slope Stability – Engineer Manual provides guidance for
analyzing the static stability of slopes of earth and rock-fill
dams, slopes of other types of embankments, excavated
slopes, and natural slopes in soil and soft rock. The criteria in
this EM are to be used with methods of stability analysis that
satisfy all conditions of equilibrium.

USACE Engineering and Design
EM 1110-2-1920, October
2003.

Design Guide

New England State DOT Highway Design Manuals/Standards

CTDOT, MaineDOT, MassDOT,
RIDOT, NHDOT, and VTrans;
dates vary.
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Table 2: Summary of Literature Search on Examples and Modeling Approaches
Category

Content Summary

Reference

Example

This online ESRI web-based interactive map provides landslide sites
at the national scale. The database provides centralized access to
information about landslide occurrence and a starting point for the
public, land managers, emergency planners and researchers
interested in landslide hazards.
The Story Map is a website dedicated for providing information on
historical landslides, causes of landslides in Maine, and other
related information on landslides in Maine.
Vermont Landslides Inventory compiles various datasets including
existing county-wide landslide inventories, Vermont Geological
Survey surficial geologic maps and publications, and sites from
Vermont Agency of Natural Resources Stream Geomorphic
Assessment.
This is the companion document for the story map (above). The
purpose of this guide is to provide introductory information about
the types of mass wasting that may occur in Maine and their
causative factors.
This map product presents landslide susceptibility/vulnerability
based on terrain information, such as slope, curvature (shape) and
local relief (slope height), and surficial material type (e.g., fine
grained versus coarse grained soils).

USGS, 2019. U.S. Landslide
Inventory

Example
Example

Modeling
Approach
Modeling
Approach

MGS, 2020. Landslides in
Maine – An Introductory
Guide.
State of Vermont, 2020.
“Vermont Open Geodata
Portal”
MGS, 2020. “Maine Landslide
Guide” by L. J. Spigel, Open file
No. 20-9, March 2020
MGS, 2009a. “Landslide Sites
and Areas of Landslide
Susceptibility, Town of
Kennebunk, Maine”, by Maine
Geological Survey, Open File
No. 09-28.
MGS, 2009b. “Landslide Sites
and Areas of Landslide
Susceptibility, Town of Kittery,
Maine”, by Maine Geological
Survey, Open File No. 09-30.

Modeling
Approach

The New Hampshire Department of Transportation (NHDOT) now
incorporates 380 rock cuts and four different Rock Fall Hazard
Rating Systems, through Rock Cut Hazard Survey since 1975. This
research project was initiated to investigate combining new rock
cut data with pre-existing data into a Geographical Information
System (GIS). Rock cut point features were collected for every rock
cut with a Global Positioning System (GPS) and were added as a
data layer on top of existing data coverage available through the
Department’s GIS server. A relational database was developed
which would store all the rock cut data and be linked to the GIS
through a structured query language (SQL) connect statement.

NHDOT, 2002. “GIS and the
New Hampshire Rock Cut
Management System” Final
Report, New Hampshire DOT
Research Record.
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Category

Content Summary
Collected data included rock cut structural data, photographs, and
two-dimensional profiles.

Reference

Modeling
Approach

This study developed and tested a protocol to map potential hazard
areas to advance the state of landslide mapping and landslide
hazard assessment in Vermont. Used seven site areas in an
attempt to represent conditions throughout Vermont. As a bareearth lidar digital elevation model (DEM) was envisioned as being a
key part of any resulting protocol (and the distribution of lidar data
in Vermont was more limited when this study was conceived) the
study sites are mostly within Chittenden County. Other
considerations in site area selection included map coverage,
geology, elevation, types of terrain, urban disturbance, and types
of landslides expected. Fourteen potential parameters were
considered as to their effect on landslide hazard, including: location
with respect to the marine limit of the Champlain Sea, aspect,
distance to stream, elevation, hydrologic group, NDVI, profile
curvature, roughness, slope angle, slope height, soil type, stream
power index, surficial geology, and topographic wetness index.

Vermont Geological Survey,
2012. “Protocol for
Identification of Areas
Sensitive
to Landslide Hazards in
Vermont” prepared by Clift
and Springton, University of
Norwich.

Modeling
Approach

The purpose of this project is to prepare an updated map of
potential landslide hazards for the Commonwealth of
Massachusetts. The intent is to provide the public, local
government and local and state emergency management agencies
with a map showing the location of areas where slope movements
have occurred or may possibly occur in the future under the right
conditions of prolonged antecedent moisture and high intensity
rainfall. The information is useful for planning upgrades and
improvements to culverts and drainage along roadways in the
future. In additional to printable maps, data are also available as
ESRI ArcGIS data files.

MEMA, 2013. “Slope Stability
Map of Massachusetts” by
UMass Geosciences.

Modeling
Approach

This study is to develop an assessment of the risk posed to
transportation networks in southern New Hampshire by slope
failure, including parameters to assess slope failure risk; GIS raster
calculations to assess slope failure risk for the area of interests, GIS
raster calculations to assess slope failure hazard risk in regards to
the transportation networks in the area of interest. Parameters
include slope of the land surface; surficial geology characteristics,
soil drainage and land cover.
Washington Department of Natural Resource GIS Open Data –
Slope Stability – provides a predictive data layer of shallow-rapid
slope stability using one or more calibrated GIS-based models and
covers all forested watersheds of western Washington State, to be
a screening tool for determining shallow-rapid landslide potential.
It is intended to be used for pre-classification screening of forest

Tufts, 2013. “Slope Failure
Hazard Risk Assessment – An
Analysis of the Hazard Risk
Posed by Slope Failure to
Transportation Networks in
Southern New Hampshire” by
Tufts University.

Modeling
Approach

Washington DOT, 2018.
“Washington Department of
Natural Resource GIS Open
Data – Slope Stability”
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Category

Content Summary
Reference
practices applications and screening for slope stability concerns on
managed timberlands. This data layer is derived from calibrated
algorithms (models) that use DEMs to generate slope and curvature
information.

Modeling
Approach

The intent is to provide the public, local government, and local and
state emergency agencies with a description and location of areas
where slope movements have occurred, or are likely to occur, and
the general areas at risk from these slope movements. The map
was produced using SINMAP (Stability Index MAPping) software, an
ArcViewTM 3.x extension developed by Pack and others (1998) for
use in a GIS. SINMAP then assigns a stability index based on
computed factors of safety. The six stability zones are assigned
relative hazard rankings (high, moderate, and low) based on the
calculated stability index ranges and known slope movement
occurrences.
Model input parameters include upper and lower bounded values
for recharge to the shallow groundwater system, soil transmissivity
(soil permeability or hydraulic conductivity multiplied by soil
thickness), and other soil properties (i.e., unit weight, thickness,
effective internal friction angle, and effective cohesion). To
account for the variability and uncertainty inherent within the
natural system, SINMAP randomly samples the bounded input
parameter values using a uniform probability distribution.
This paper evaluated and compared the approaches of SINMAP,
LISA, and Iverson’s (2000) transient response model for slope
stability analysis by applying each model to a historical landslide
incident in Madison County, Virginia. Of these three stability
models, Iverson’s model would be the preferred method of the
three models to evaluate landslide hazards on a regional scale in
areas prone to rain-induced landslides as it considers both the
transient and spatial response of pore pressure in its calculation of
slope stability. The stability calculation used in SINMAP and LISA is
similar and utilizes probability distribution functions for certain
parameters. SINMAP only considers soil cohesion, internal friction
angle and rainfall-rate distributions. LISA allows the use of
distributed data for all parameters.
Landslide responses to rainfall involve transient processes with
different intrinsic timescales. A new model of these transient
processes links slope failure and landslide motion to groundwater
pressure heads that change in response to rainfall.

Modeling
Approach

Model

This paper tries to examine relationships between these timescales
to develop a mathematical model that uses reduced forms of
Richards equation to evaluate effects of rainfall infiltration on
landslide occurrence, timing, depth, and acceleration in diverse

NCGS, 2011. “Stability Index
Map of Henderson County,
North Carolina for Shallow
Translational Slope Movement
Susceptibility during a 5-inch
Recharge Event” by North
Carolina Geological Survey.

USGS, 2001. “A Comparative
Analysis of Hazard Models for
Predicting Debris Flows in
Madison County, Virginia”, by
Meghan M. Morrissey, Gerald
F. Wieczorek, and Benjamin A.
Morgan, Open-File Report 010067, 2001.

Iverson, 2000. “Landslide
Triggering by Infiltration”, R.
M. Iverson, Water Resources
Research, Vol. 36, No. 7, 18971910, July 2000
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Category

Content Summary
situations. The model adds realism to current models that predict
landsliding as a function of steady state hydrology with a minimum
of added data requirements. The model also provides information
for assessing rates of postfailure landslide motion, thereby refining
hazard forecasts. The model neglects important factors such as soil
strength evolution (contractile strain weakening, dilatant strain
hardening, and fabric development). It also neglects mechanical
effects of three-dimensional landslide geometries.

Reference

Model

SINMAP 2.0 (Stability Index MAPping) is an ArcGIS (9+) plug-in that
implements the computation and mapping of a slope stability index
based upon geographic information, primarily digital elevation
data. SINMAP assumes an infinite plane slope stability model with
wetness (pore pressures) obtained from a topographically based
steady state model of hydrology. Digital elevation model (DEM)
methods are used to obtain the necessary input information (slope
and specific catchment area). Parameters are allowed to be
uncertain following uniform distributions between specified limits.
These may be adjusted (and calibrated) for geographic “calibration
regions” based upon soil, vegetation or geologic data. The
methodology includes an interactive visual calibration that adjusts
parameters while referring to observed landslides. The calibration
involves adjustment of parameters so that the stability map
“captures” a high proportion of observed landslides in regions
with low stability index, while minimizing the extent of low stability
regions and consequent alienation of terrain to regions where
landslides have not been observed. This calibration is done while
simultaneously referring to the stability index map, a specific
catchment area and slope plot (of landslide and non landslide
points) where lines distinguish the zones categorized into the
different stability classes and a table giving summary statistics.
SINMAP is grid based, requiring ArcGIS version 9.0 or higher.
Slope stability studies in the USDA Forest Service in accordance
with a three-level concept:
 Leve 1 – generally for watershed analysis, ecosystem
management support, etc.;
 Level 2 – intermediate level for evaluation of slope stability
along road corridors and other routes;
 Leve 3 – detailed (site-specific) level for design of
stabilization measures. Use XSTABL interactive program for
soil and Federal Highway Administration’s rock slope
stability analysis method for rock slopes.
Physics-based combined with GIS-based approach for slope failure
modeling; identified the following major causative factors: slope
angle, soil type and geology; vegetation; land use and drainage
density; antecedent precipitation/soil moisture; rainfall intensity

Pack et al., 2005. SINMAP
User’s Manual “SINMAP 2, A
Stability Index Approach to
Terrain Stability Hazard
Mapping”, R.T. Pack, D.G.,
Tarboton, C.N. Goodwin and A.
Prasad (Utah State University).

Modeling
Approach

Modeling
Approach

USDA, 1994. “Slope Stability
Reference Guide for national
Forests in the United States”.

Barr, 2017. “Slope-Failure Risk
Analysis Mapping | Pilot
Project” for Minnesota’s Local
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Category

Modeling
Approach

Modeling
Approach

Modeling
Approach

Modeling
Approach

Content Summary
and duration. Infinite slope approach used for simplicity for
application in conjunction with GIS source data.
Developed a GIS-based computer program (in ESRI’s ArcGIS
platform) for spatial infinite slope landslide hazard analysis, based
on calculated factors of safety. Used an underlying probabilistic
infinite slope analysis model which processes normally-distributed
soil properties.
Presented a landslides case study in Nepal. Developed a GIS tool
which is able to calculate safety factor of the slopes within ArcGIS.
Input included soil test data, geological distribution, hydrological
information and topographical information with automated
algorithm to estimate realistic slope instability coefficient. Prepared
roadside maintenance priority map.
Developed and tested a GIS-based 3-D slope stability model in
terms of computing time and model results. The model was
developed as a C- and Python-based raster module of the open
source software GRASS GIS and considers the 3-D geometry of the
sliding surface. The model is able to calculate factor of safety and
probability of slope failure for a number of randomly selected
potential slip surfaces, ellipsoidal or truncated in shape. This is a
deterministic-probabilistic model.
Presented an early warning system developed for Maryland, using
a GIS database and a collective overlay of maps that highlight
highway slopes susceptible to soil slides or slope failures in advance
through spatial and statistical analysis. Considered six major
factors, including event precipitation, geological formation, land
cover, slope history, slope angle, and elevation. Precipitation and
poor surface or subsurface drainage conditions are principal factors
causing slope failures.

Reference
Road Research Board (LRRB) in
2017.
J. Sanders, 2017. “Developing
a GIS Tool for Infinite Slope
Stability Analysis (GIS-TISSA),
Michigan Technological
University MS Thesis.
Bhattarai, et al. “Quantitative
Slope Stability Mapping With
ArcGIS: Prioritize Highway
Maintenance”, ESRI User
Conference.
Mergili et al., 2014. “A
strategy for GIS-based 3-D
slope stability modelling
over large areas”, Geoscientific
Model Development
conference proceedings.
Ramandathan, et al., 2015.
“Development of a GIS-based
failure investigation system for
highway soil slopes”, Frontiers
of Earth Science.
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Table 3: Summary of Available GIS Data Inventory
Category
Inventory

Reference / Source
USGS landslide hazards

Inventory

Content Summary
Landslide Hazards Program:
- Debris flow hazards;
- U.S. Landslide Inventory – web-based interactive
map with landslide data. The searchable map
includes contributions from many local, state, and
federal agencies and provides links to the original
digital inventory files for further information.
- Earthquake-triggered ground failure
Maine Landslide – landslide inventory

Inventory

New Hampshire Landslide Geodatabase

New Hampshire Geological Survey

Inventory

Vermont Landslides Inventory

Source Data

National Flood Hazard Layer

Source Data

National 3D Elevation Program

State of Vermont, 2020. “Vermont
Open Geodata Portal” with
downloadable attribute data
FEMA “Flood Insurance Rate Maps”,
date varies.
3DEP Data

Source Data

State-wide DOT Roadway Inventory (Maine, NH, VT, MA,
RI and CT)

Available online (mostly through
state GIS office); date varies;

Source Data

State-wide LiDAR (Maine, NH, VT, MA, RI and CT)

Available online (mostly through
state GIS office); date varies;

Source Data

National precipitation frequency data

National Oceanic and Atmospheric
Administration (NOAA) Atlas 14

Source Data

National soil information database

SSURGO data provided/served by
the USDA-NRCS:

Maine Geological Survey

1. Vermont Center for
Geographic Information
(VCGI)
2. USDA / NRCS
Source Data
Source Data

Global Landslide Catalog including (point data, polygons
and csv files associated with the map data)
Connecticut Erosion Susceptibility

NASA provides collated
downloadable data
Connecticut Department of Energy
and Environmental Protection

Note: Table 3 lists key datasets that the model development likely requires. Additional data source will be identified and obtained during the
modeling development process.
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PRE-STUDY SURVEY
GZA collated a list of contacts with the help of the NETC 19-2 committee, including New England state’s DOTs and
other state agencies. We developed a list of questions, which were provided to the project technical committee for
approval prior to the solicitation of responses. Once the list of questions was approved the internet-based survey was
developed in Google Forms and was available online during the Task 1 phase of this project in May 2020.
The primary goal of the survey was to identify the current GIS practice, GIS modeling capability, toolkit expectation
and available datasets within the State DOTs and GIS offices in New England. The survey consisted four sections:
-

Needs assessment;
Model use and expectations;
Policies and procedures (related to GIS); and
Available datasets

The online survey was distributed to the New England state transportation agencies (CT, MA, ME, NH, RI, VT) in May
2020 for responses. Objective of the survey was stated at the beginning of the questionnaire (below).
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A total of 27 responses were received. All six New England states responded to the survey (below), with particularly
good turnouts in Maine and Massachusetts. No federal agency participated in the survey.

The respondents appear to come from a wide variety of practices, as shown in the chart below.

Key findings from the survey are summarized below:








Respondents of this survey cover a wide range of technical backgrounds, including geology, geotechnical,
hydrology, CAD, GIS and management. Approximately 80% are engineers, scientists and geologists.
All the respondents (except for one) are from three state offices/departments, namely, DOT, Geological
Survey and State GIS.
Majority of the participants indicate that their work requires the use of GIS and they are familiar with online
applications and/or desktop GIS.
There is a strong preference for using GIS-based technology within the New England state DOTs and ESRI
(ArcGIS and ArcMap) appears to be the predominant software package used by the state government
agencies.
Microsoft Office Suite and AutoDesk are also widely used for daily job functions.
Google products are being widely used, in particular Google Earth/Google Earth Pro.
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Sharepoint, FTP and MS Teams are widely used for data sharing. One respondent indicated that only secure
Mobile electronic devices are widely used for field data collection, in addition to the traditional hand-written
method.
Two thirds of the respondents think that this toolkit will be useful.
Most respondents agreed that we need to collaborate with state GIS, state Geological Survey, USGS and
USACE. Half of the responses also indicate that some collaboration is needed with National Park Services and
Federal Highway Administration.
The proposed toolkit is expected to be used for emergency response, engineering, maintenance and planning.
Expectant users largely prefer electronic format of maps that can customized via a web-based portal. Paper
format is still being used but not preferred or required. Approximately half of the respondents indicate that
smaller sizes (11”x17” and below) of maps are more likely being used and the other half would like to have
the option available for large prints (36”x24” and above) as well.
More than half of the respondents expect to use the toolkit both on computer and mobile device. None
expects to use the toolkit solely on a mobile device.
Required dataset as input for the toolkit are topography, surficial geology, groundwater conditions/soil
moisture, precipitation, hydrologic information and existing roadway structures (bridges and culverts), per
survey responses.
Respondents provided names and/or hyperlinks to datasets that may be used for the toolkit development
including asset database and transportation feature classes.
Less than 50% of the respondents have knowledge on policy and/or procedure related to GIS standard and
protocols existent within each state. This could be due to the fact that most participants are not from the
state GIS.
Most of the respondents are aware that there is some sort of online GIS mapping application developed by
their states but there is no application dedicated to erosion and landslide monitoring and modeling.

The full survey output is included as Appendix A.
CONCLUSIONS
The results of both the literature review and project survey indicate that a web-based viewer and a
heuristic/deterministic model for slope stability and erosion has been the dominant approach used by others. The
models developed by others predominantly analyzed topography as the primary variable, with additional variables of
surface cover, geology and precipitation-driven change to soil moisture.
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ACRONYMS
DEM - Digital elevation model
DTM - Digital terrain model
DOT – Department of Transportation
FEMA – Federal Emergency Management Agency
GIS – Geographic Information System
FIRM – Flood Insurance Rate Map
MGS – Maine Geological Survey
NASA – National Aeronautical and Space Administration
NOAA – National Oceanic and Atmospheric Administration
NRCS – Natural Resources Conservation Service
USACE – United States Army Corps of Engineers
USDA – United States Department of Agriculture
USGS – Unite States Geological Survey
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NETC 19-2 Multi-Scale Multi-Season
Erosion Modeling/Mapping - Pre-Study
Survey
27 responses

Untitled Title

Your Name
27 responses

O

G

Names
Printed
KeremNot
Gungor
Mary K. Baier
Neil Olson
Frederick H. Chormann, Jr.
Sara Ghatee
Steve Mabee
Alex Mann
Callie Ewald
kC

i h

l
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Phone Number
27 responses

5088359084
Phone
Numbers Not Printed
6038624698
8026618281
2075571052
8025226948
8572022487
5082949534
6032712679
4136375735

Affiliation of Agency (you work for)
27 responses

Maine
New Hampshire

29.6%

Vermont
Massachusetts

14.8%

Rhode Island
Connecticut

11.1%

Federal
14.8%

25.9%

Agency Name
27 responses
3
3 (11.1%)
3 (11.1%)
2 (7.4%)

2 (7.4%)

2
1 (3.7%) 1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)

1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%

1

0
Agency of Tran… Department of… Maine Geologi… Massachusetts…
NHDOT
m…
CT Geological… MA DCR Water…
MassDOT
NH GRANIT
Vermont Agenc…

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Technical Background/Discipline
27 responses

ACAD Designer
Administrative / Program Man…
11.1%

Coastal Engineer
Environmental Engineer
Geotechnical Engineer

22.2%

7.4%

Geologist
GIS Specialist
Construction Engineer

22.2%
1/2

Section 1 - Needs Assessment
Q1.1 A geographic information system (GIS) is a framework for gathering,
managing, and analyzing data. Does your office (or the agency you’re
affiliated with) use GIS?
27 responses

Yes
No
Not Sure

100%

Q1.2 Have you visited and/or used any online GIS mapping portals?
27 responses

Yes
No
Not Sure
I know what they can do- but
have not used them personally
85.2%

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q1.3 Does your normal work function require use of desktop GIS regularly?
27 responses

Yes
37%

No
Not Sure
No, but my teams use it on a
regular basis.
not regularly but as needed to
review statewide highway
construction impacts related to
work zone safety

55.6%

Q1.4 Do you know which GIS platform your office is currently using?
27 responses

AutoDesk
ESRI ArcGIS, ArcMap, etc.
Hexagon
MDA
Not sure
Don't know

92.6%

Q1.5 Does your office/agency use any of the following geographic or
design software packages? (choose all that apply)
27 responses
18 (66.7%)

GIS desktop

15 (55.6%)
16 (59.3%)

GIS web mapping
CADD

24 (88.9%)
unsure

1 (3.7%)

Don't know

1 (3.7%)
1 (3.7%)

GlobalMapper
Adobe Illustrator
Esri
0

1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
10

20

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q1.6 Do you use software tools such as Google, GoogleEarth. Please
check all applicable items and/or specify.
27 responses

Google (Google Doc,
Google Sheet, etc.)

15 (55.6%)

Google Map

24 (88.9%)

Google Earth/Pro

23 (85.2%)

0

10

20

30

Q1.7 Does your office/agency use Sharepoint, MS Teams, or other Apps for
data sharing, collaboration, etc. ?
27 responses
Sharepoint
ShareFile
FTP Site
Google Drive
MS Teams
local shared drive
MS One Drive
Smart File
MS OneDrive
webex
gotomeeting, zoom
0

18 (66.7%)
0 (0%)
13 (48.1%)
2 (7.4%)
19 (70.4%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
5

10

15

20

Q1.8 How would describe yourself and most of your colleagues in terms of
GIS users?
27 responses

Very limited experience
Beginners (able to navigate
through exi…

4 (14.8%)
10 (37%)
8 (29.6%)

Advanced (proficient with
various advan…

9 (33.3%)
5 (18.5%)

We have a wide variety of
users and abi…
never as a primary user
This is varied across
various RIDOT se…

1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)

0.0

2.5

5.0

7.5

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q1.9 How often/regularly do you use GIS (including online mapping portals)
when performing your daily work?
27 responses

Daily. Almost all projects I’m
involved with use GIS.

11.1%

Sometimes. There have been…
Rarely. I/my colleagues don’t…
Never

29.6%

Daily in one form or another,…
I do not use GIS but my colle…
More than sometimes, often

33.3%

Many projects require accessi…
it is becoming more regular b…

Q1.10 How is geospatial information communicated or disseminated in
your office/agency? (choose all that apply)
27 responses

Ready-to-use maps
(hardcopy including P…

18 (66.7%)

GIS data layers hosted on
a server;

19 (70.4%)

Online GIS portals with
downloadable da…

18 (66.7%)

GIS specialist provides
upon request; a…
0

15 (55.6%)
5

10

15

20

Q1.11 Along with geospatial information, what other types of information are
being disseminated? For example, archived boring logs, soil test data, inspection
reports, design drawings, etc.
24 responses

design drawings, stream mapping, drainage mapping info
GIS Standards
Department level- many databases with various natural resource and or permitting
information (soils, water resources, waste water facilities, etc.) plus the private well
database containing many fields such as well depth, lithologic log, overburden
thickness, etc. Geology division- we produce and publish geologic mapping (bedrock,
surficial, landslide hazard maps) and various derivative maps such as overburden
thickness (isopach) and groundwater resource maps.
We have all of this, but not through GIS. Accessed as individual files.
Bridge Inspection Reports, Project Information Sheets, Dates of Last Work, Existing
and Past Condition Levels, Construction Projects in current Capital Program....see
https://vtrans.vermont.gov/vtransparency
MassDOT's GeoDOT portal provides a variety of transportation related geospatial
i f
ti
A id t hi t
l ti
hi l h i
t ti
t
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Q1.12 Do you know if your agency currently owns and operates a GISbased toolkit which collects and provides information on erosion modeling
and monitoring?
27 responses

Yes, there is one.
No, there is none per my
knowledge.

29.6%

Not sure.
See above
7.4%
59.3%

Q1.13 Do you know if your agency currently owns and operates a GISbased toolkit which collects and provides information on landslide?
27 responses

Yes, there is one.
25.9%

No, there is none per my
knowledge.
Not sure.
We produce county-wide
landslide hazard/slope stabilit…
I know we desire to have this,
not sure of current status

55.6%

The Maine Geological Survey…
No toolkit but we did a static p…

Q1.14 If you answered "Yes" to one of the two previous question, please specify.
7 responses

N/A
Yes erosion is modeled, but it may not be an exact fit as it relates to the scope of this
effort: https://vtrans.vermont.gov/planning/transportation-resilience
We have coastal bluff datasets and a landslide inventory with geologic carbon dating age
data.
NA
NO
foo
The Maine Geologic Survey and the DOT have spacial data on the marine clay that is
associated with most of Maines landslides

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q1.15 How does your agency collect field data?
27 responses

Paper (hand-written notes/
sketches, etc.)
Electronic (e.g., using a tablet
with geospatial references);
Combination of both A and B

77.8%

not sure

7.4%

Don't know

Q1.16 The objective of this research project is to develop a slope stability
model that will be used to create an effective multi-scale assessment
toolkit that aids in monitoring, forecasting, and prioritizing areas of erosion
and slope instability. Do you think such a GIS-based toolkit will be proved
to be useful for the state DOT? Please rate.
27 responses
8
8 (29.6%)
7 (25.9%)

6
4 (14.8%)

4 (14.8%)

4
2 (7.4%)
2

1 (3.7%) 1 (3.7%)
0 (0%)

0 (0%)

0 (0%)

1

2

3

0
4

5

6

7

8

9

10

Q1.17 Which state/federal agencies do you think DOT should include as a
resource for this toolkit development project?
27 responses
State GIS;
State Geological Survey;
State Parks;
U.S. Geological Survey;

24 (88.9%)
24 (88.9%)
8 (29.6%)
19 (70.4%)
20 (74.1%)
10 (37%)
10 (37%)

National Park Services;
National Forest
EPA
FHWA
AASHTO
USDA
0

4 (14.8%)
8 (29.6%)
12 (44.4%)
16 (59.3%)
8 (29.6%)
1 (3.7%)
1 (3.7%)
10

20

30

Section 2 - Model Use and Expectations

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q2.1 Which best characterize your job classification?
27 responses

Engineer
CAD specialist;

11.1%
18.5%

GIS specialist;
Manager;
Environmental scientist

11.1%

Geologist/manager
Geologist
State Geologist
44.4%

Hydrologist

Q2.2 Do you expect that you will use the erosion modeling toolkit when
available ?
27 responses

Yes, I wll definitely be using it.
No, probably not.
33.3%

Not sure - I will know better
when I see the toolkit.
Erosion models could be used
by Design, Construction( SW…
Staff at the Maine Geological…
I may not use it directly but I…
I will be retiring before it is av…

40.7%

Not Sure. It may be useful in…

Q2.3 Assuming that you are going to use the toolkit, what do you expect to
use it for? (choose all that apply)
27 responses
Engineering
Project management
Operational management
Emergency responses;
Maintenance / repair work;
Long term monitoring;
Budget planning;
?
Geological mapping
Assett Management
not expecting to use it
Communicating about
erosion issues
0

11 (40.7%)
12 (44.4%)
8 (29.6%)
13 (48.1%)
11 (40.7%)
11 (40.7%)
11 (40.7%)
7 (25.9%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
5

10

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q2.4 Based on your current understanding, which type/format of maps is
preferred in your office/agency?
27 responses

Hardcopy / printed maps;
37%

Online portal that allows mapmaking with certain features
included (such as a
customizable title block or
layout)
Both of the above
Not sure
Downloadable data

59.3%

Q2.5 If maps can be made and customized by users from the web mapping
toolkit, which paper/PDF page size format is preferred?
27 responses

Letter (8.5”x11”)
Tabloid (11”x17”)

63%

Large format (e.g., Arch D and
above)
All of the above
7.4%

25.9%

Q2.6 When the toolkit becomes available, do you expect to use it more
often on a mobile device (i.e., smart phone or tablet) or computer?
27 responses

Mobile devices
51.9%

Computers
Combination of both, probably
not expecting to use it

44.4%

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q2.7 Any other specific expectation(s) you can think of at this moment?
10 responses

no
No
NO
Very successful examples we use: MaineDOT Map Viewer; USGS StreamStats
The tool would have increased value as a risk assessment tool that could also provide
some legitimate countermeasures.
current infrastructure ( maintenance-)-potential for erosion and mitigation. new
projects- design , construction W mitigation measures.
Development of Erosion and Sedimentation Control Plans for Construction Projects
Data on stream channel degradation rates and knick point development & associated
slope failure

Section 3.0 - Procedures and Policies
Q3.1 To the best of your knowledge, do best practices and standards
(related to GIS mapping) exist in your office/agency ?
27 responses

Yes
No

51.9%

Not sure
IT folks

40.7%

Q3.2 To the best of your knowledge, does data governance (related to GIS
mapping) exist in your office/agency ?
27 responses

Yes
No

48.1%

Not sure
No, but Data Governance is a
top priority future activity.
IT folks

37%

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q3.3 To the best of your knowledge, do security protocols and
requirements (related to GIS mapping) exist in your office/agency ?
27 responses

Yes
37%

No
Not sure
Would need to talk to my Data
Services Manager for policy and
security answers.

7.4%

IT folks

48.1%

Q3.4 To the best of your knowledge and current understanding, will various
datasets (such as erosion modeling and monitoring data, landslide data,
and/or rock slope instability information) hosted by the toolkit be centrally
managed or co-managed by different departments within DOT ?
27 responses

Centrally managed by the GIS
department within the State D…
Centrally managed by the Sta…

22.2%

Co-managed by various depa…
Co-managed by various state…
7.4%

don't know
Not my decision
presumably will be dependent…
44.4%

No idea. It's up to MaineDOT
Don't know

Q3.5 Any specific procedure / policy you are aware of that may be applicable for
this project from your office/agency? Please specify.
8 responses

No
None that I am aware of
not sure
We always suggest that data consumers link to our GIS services rather than take copies.
This insures that they will always get the latest information. However, this isn't
enforceable.
check out https://massdot.maps.arcgis.com/home/index.html
Most of these Questions would be best answered by tothe IT/GIS folks in the department
no

Section 4.0 – Existing Model Input Information

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q4.1 What agency do you work for?
27 responses

DOT
State GIS;
22.2%

Geological Survey;
National/State Parks;
USACE;
Universities/Research Institute
MA Water Supply Protection for
Wachusett Reservoir
watersheds

66.7%

Q4.2 Are you aware that a number of New England State DOTs have
developed an online GIS mapping tool of their own, which includes
geospatial information such as roadway alignment, bridge crossings,
culverts, etc.
27 responses

Yes
No
22.2%

Not sure

70.4%

Q4.3 Are you aware of other agencies such as Geological Survey (G.S.)
that have landslides database ?
27 responses

Yes
No
22.2%

Not sure
Premlinary landslide
geodatabase initiated by NHGS

48.1%

25.9%

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q4.4 If yes, please list agency and geographic area.
27 responses

N/A
none
Vermont Geological Survey
Not sure
not sure
Maine Geological Survey
I selected NO
MaineDOT Mao Viewer
Not aware

Q4.5 What types of key geospatial information you think will be required
for the toolkit development? (choose all apply)
27 responses
25 (92.6%)

Topography (e.g., LiDAR)

24 (88.9%)

Hydrogeologic information
(e.g., ground…

22 (81.5%)
21 (77.8%)

Meteorological information
(e.g., rainf…
don't know

21 (77.8%)
22 (81.5%)
1 (3.7%)
1 (3.7%)

Seismicity

1 (3.7%)
1 (3.7%)

0

10

20

https://docs.google.com/forms/d/15OuTM7_CLkeccWXLN4q5MBTHCBT6GYQPbx7Vjdsicnk/viewanalytics
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Q4.6 Are you aware of any specific dataset(s) your office/agency will be able to
share for the modeling toolkit development?
18 responses

Partial hydrologic and pipe network information in Wachusett Reservoir watershed
Statewide LiDAR, transportation feature classes, NHHD
VCGI- Lidar; Vtrans- existing structures, borehole data/subsurface data(?); DECsubsurface (private well database), Vermont Geological Survey- surficial/bedrock
mapping, landslide hazard/slope stability maps
MaineDOT Asset data base
VTrans can provide link to state lidar data
not sure
Yes
https://massdot.maps.arcgis.com/home/index.html

Q4.7 What other comment or general thoughts do you have on the modeling
toolkit development?
7 responses

Could be a great resource. I think the basic info is out there to make a use tool.
This sounds somewhat similar to an INSAR project a few years back that Ed Hoppe was
working on.
None
Erosion and landslides should be approached as two distinct bad actors with totally
differing distress mechanisms.
None at this time
I strongly support the toolkit development which can be really useful for selecting the
most effective measures for temporary/permanent slope and construction site
stabilization.
none

Thank you for taking time to complete the survey!
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