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The VGS and landshde-related
engagement

- Field -based evaluations
- Emergencyresponse &isolated
Inquires
Guide mitigation planning or support
governmentalassistance
applications

- Statewide mapping and modeling
- LiDAR-based mventory

- Slope failure susceptibility modeling

- Outreach and Education
- Plam-language resources
- Engagement with academic,state
and community partners
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What is a landslide?

The term “landslide”1s broad and
encompasses arange of slope failure
mechanisms and rates of movement

BUT..landslides can be complex and
there are a variety of mfluences
responsible forthe conditions needed
foralandslide to occur

 Topography
 Geology

* Hydrology/Hydrography
* Weather & Climate
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Translational
Movement

~

AGENCY OF NATURAL RESOURCES
Vermont Geological Survey




Rotational
Movement
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Earth/Debris Flows
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~1925 -
Present
- o

Smuggler’s Notch, Mt.
Mansfield/Cambridge, VT

2019

Cotton Brook Landslide,
Waterbury, VT

*Fullimage sources in
presentation notes

Extreme flooding event
triggered landslides
across VT

Tropical Storm Irene triggered

landslides throughout state

Extreme flooding event
triggered landslides across
centraland northeastern, VT
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Glacial Lake Coverage in the Headwaters
of the Lamoille River Watershed

“GLOVER
AR
?'J;O‘VHNSON

> - :,f
: WOODBURYf . is“t’ 7

_‘ \' A N\d 7 ¥ \’,‘ﬁ t‘l
\-\33’&: Rl

. LN o N

s ——— Kilometers D

Glacial 0 4 2

Lake Modified from Springston et al.
Boundari (2020)

es ) 44?\‘“\\/* CHQT1

AGENCY OF NATURAL RESOURCES
Vermont Geological Survey

Springston et al. (2020)




The influence of weather and
climate

« Data indicate a warmer and
wetter Vermont
e average annual
precipitation has
increased by 21% or 7.5
inches since 1900

2018 Vermont State Hazard Mitigation Plan - Approved 11/17/18

Vermont’s Annual Precipitation (1960-2015)

. Annual Precip. (Inches

(Galford et al.,2021)
Average annual
temperature has
increased by almost 2°F
since 1900 — winter

temperatures are
changing more rapidly
when compared with Source:

otherseasons (Galford et climatechange.vermont.gov
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Extreme precipitation and
landshde response — July 202

Country Storm Total Rainfall July 10-11, 2023
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Preliminary storm total precipitation data from
Nalional Weather Service Forecast Office,
Burlington, Vermont available at
hitps.Janmaps.vermont govAwebsites/publict
Flood23Rainfall zip Ease layers from Vermont
Genter for Geographic Information at

O nteps:iivegi vermont gew!

Raster rainfall sufage produced by inverse
distance weighing, 2nd order. 12 paints.
o maximum distance

Storm Total Precipitation
(Inches)

) o 0-3
InInches o 3.5

.: " .,f . 5 - ‘.
e o L ' G . . N | o,

[ ]oot1-009 ) . T 76,5 2410 i ® 7-92

l:l 010-024 3 Fiv) & (i 2H 4! 246 v - |:I Recent Slope Failures

I 025-049 ' a5 2. 651 g 46 .23 e ~1iz [] counries
B 050-074 143, Aldgnrsy 47510 S 3105 ; 2 b ] owme

! SiE) == 2 : Total Precipitation

[ ]o7s-099 ‘ ; |
[ ]100-199
[ z00-299

- 300-399 Sources: NWS obserers & spoliers, 3 f i ; :
- 4.00-499 MAHS pubtc, el & focel o 2 b ; _o° . y Precipitation in Vermont

; . . . ! . " From Rainstorm of July 9 to 11, 2023
[ ]500-599 This map is an interpolation of actual reported vy and Towns With Recent Slope Fallures
WG = <, values, but should be considered an ; oG g by George E. Springston
I Go0-699 estimation only. 2 oy R ap produced by Norwich Universty Depl,of Earth
2] 'l & Sciences in 1 with the
- T.00 + 20 40 atra, ; @\ (3.' En‘iﬁ’.f:?.."; ,ﬁ:.%?ﬂ:‘z’, ztllll’(‘::y Department of
fi e
e ! i )

1T Resources on Augu: O
~ VERMONT

AGENCY OF NATURAL RESOURCES
Vermont Geological Survey

-
-
3

Creaid by fie National Weather Sarvice Fores st O ice Burlington, Vermont L




Extreme precipitation and
landshide response — July 2024

Country Storm Total Rainfall Ending July 11,

Inlnches
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Hardwick Case Study

Significant earth flow and rotationallandslide
events between November2003 and April
2004

Slope materialis predominantly glacial till
with a silt-rich matrix containing clasts
ranging in size from pebbles to boulders

Site demonstrated a variety of mechanisms
of failure and risk factors at the time of
2003/2004 failure

Extensive mitigation work by VTrans
included the mmstallation soildrains and
removalofartificial fillobserved at the crest
ofthe slope

Photo by:George
Springston
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Photograph by: Vermont Photograph by:
AOT VGS
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Updates to landslide information
around Vermont

CURRENTLY...

* The VGS maintains a publicly available point-based
dataset which includes:

* LiDAR-based mapping in 4 counties (green)

* Mass failures recorded during stream
geomorphic assessments
Features identified during surficial geologic
mapping
Select reported features and storm response
locations

COMING SOON...

* We have expanded the spatialcoverage to include
10 counties lacking systematic mapping (blue)
* Funded by United States GeologicalSurvey
(USGS)Landslide Hazards Program
Leveraging 2023 statewide LiDAR

GRAND
ISLE

"FRANKLIN

Documented Landslides
~1990 - 2021

Mapped Landslides since
2025

Counties with LiDAR-Derived
Inventories by G. Springston
USGS-funded Inventory Study
Arca
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Landslide susceptibility
analyses

Funded by FEMA-BRIC Program in collaboration
with landslide experts at Norwich University, the
Vermont Center for Geographical Information and
Vermont Emergency Management

Informed by ongoing inventory mapping and
incorporates geologic,topographic,hydrologic,
and land use data as possible predictors of
landslide occurrence

Toolto inform 2028 State Hazard Mitigation Plan

o " i1y j : ' < ‘. g ’ i J;T.“
Provides opportunity to connect with mterested =~ = = @& it 14 Cd
parties about data accessibility and intended use gl YA i ,ﬁ?
Preliminary results of model o
developed by G. Springston and J. . B ONT
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Improving emergency preparedness & landslide
education

l A VERMONTER'’S GUIDE TO Signs of Landslide Activity 8

I_AN DS LI D E H AZAR DS Natural Influences Warning Signs in the Built Environment

¢s or bulges in floors or walls
Seasonal freeze/thaw :
cycles exacerbating
physical weathering

away Tr'_}r" the foundation
Rapid rainfall or DI EIC ORNES

s owmelt leading to
excessive water
content in soils.

Riverine erosion of
material from the
base of slopes.
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2022 NOAA Climate Summary for VT 7 MO
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Key Message 1:'Temps have risen 3 degrees F since the beginning of the
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Key Message 2: Annual average precip.has incre

KEY MESSAGE 3

Extreme weather events, particularly floods and severe storms, are having a stronger impact on Vermont. At the
] same time, multiyear meteorological and hydrological droughts continue to pose challenges for water-dependent
sectors. Extreme rainfall events are projected to become more frequent and intense in the future.
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