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Historical Records

• Temperature:

+0.19 oC/decade

• Precipitation:

+0.12 mm/dy/decade



Limited GCM use for extremes analysis without 
additional steps: results from delta method for statistical 
downscaling



Use of extreme value statistics.

𝑃𝑡~𝐺𝑃 𝜇 𝑡, 𝑎, 𝑏 , 𝜎 𝑡, 𝑎, 𝑏 , 𝜉

Peak over 
threshold 
precipitation

Location parameter
Covariates:
t: time (for trend)
a, b: climate indices 
e.g. NAO, AO

Scale parameter
Covariates:
t: time (for variability)
a, b: climate indices 
e.g. NAO, AO

Shape parameter



• Fitting the Pareto distribution to extreme values
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Seasonality of Generalized Pareto Distribution parameters, and 
percentiles: higher extreme daily precipitation in summer



Seasonality of Markov chain parameters: increased persistence in spring?



Spring precipitation is becoming more persistent, and 
summer precipitation is becoming more intense

Percentage increases since 1948 at Burlington Airport
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Precipitation trends over all Northeast meteorological stations (USHCN)



Trends in Markov Chain parameters show increased precipitation 
persistence in Northeastern US





Spatial View



A paleoclimate perspective: lake sediment cores from Ritterbush Pond, 
Vermont. No clear connection of extremes with Little Ice Age, Medieval 
Warm Period, or 8200 cal BP drying event from Greenland cores.

From: Brown S, Bierman P, Lini A, Davis PT, and Southon J (2002) Reconstructing lake and drainage basin 
history using terrestrial sediment layers: analysis of cores from a post-glacial lake in New England, USA. 
Journal of Paleolimnology 28:219-236.



And from the 
Adirondacks, a more 
recent study

From: Stager JC, Cumming BF, Laird KR, 
Garrigan-Piela A, Pedersen N, Wiltse B, 
Lane CS, Nester J, and Ruzmaikin A 
(2016) A 1600-year diatom record from 
Wolf Lake, New York. The Holocene 

Regional rainfall index

Deduced annual 
precipitation



Site: Mad River Watershed, Vermont





Results from weather generator applied to Mad River, central Vermont.
100-year flows at Moretown gauge for year 2050:



Future Streamflows



Flow Distributions



Change Factor



(2012) State of the Lake Report, Lake 
Champlain Basin Program.

Sediment is one of primary ways 
nutrients are transported to 
receiving waters

Large amounts of sediment 
mobilized by

• Overland erosion
• Road erosion
• Streambank erosion/failure



Distributed Hydrology Soil Vegetation Model (DHSVM)



BSTEM: Geotechnical Analysis

Factor of Safety (𝑭𝒔) = 
𝑹𝒆𝒔𝒊𝒔𝒕𝒊𝒏𝒈 𝑭𝒐𝒓𝒄𝒆𝒔

𝑫𝒓𝒊𝒗𝒊𝒏𝒈 𝑭𝒐𝒓𝒄𝒆𝒔

Resisting Forces
Soil strength
Vegetation
Reinforcement
Matric suction

Driving Forces
Bank angle
Weight of bank
Water in bank



BSTEM: Toe Erosion
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Climate change, hydrology, new challenges
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