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Figure 2. Composite time series plotted from 120 h prior to through 48 h after tmax. (a)
Mean valley temperatures (T; °C; solid black line) and dewpoint temperatures (Td; °C;
dashed gray line), and mountain temperatures (T; °C; solid red line) and dewpoint
temperatures (Td; °C; dashed pink line). The background shading indicate the periods
when valley (gray) and mountain (pink) elevations experienced above freezing
temperatures. (c) Boxplot distributions and mean values (gray lines) of IVT magnitude
(kg m−1 s−1). (d) CFS-derived average precipitation rate [mm (6 h)−1; green bars].

Figure 1. Aerial photograph of the February 2017 ice jam event looking south 
indicating flooding in Holderness, NH.

• Ice jams and associated flooding occur regularly in 
midlatitude regions during the winter/spring season 
and can have locally high societal and economic 
impacts 

• Three ice jam floods formed on Pemigewasset (Pemi) 
River in Plymouth during the past three winters:
 25 January 2019 (max stage height 15.88 ft)
 13 January 2018 (max stage height 16.03 ft)
 26 February 2017 (max stage height 15.01; see Fig. 

1 below)
• Impacts of 26 February 2017 event include closure of 

exit 25 off Interstate 93, inundation of two gas 
stations, evacuation of local student housing, and 
submerged student vehicles

• What are the hydrometeorological conditions 
associated with ice jams on the Pemi River that may 
provide situational awareness for future events?

Dates of ice jam events sourced from USACE Cold Regions 
Research and Engineering Laboratory (CRREL) Ice Jam 
Database cross referenced with various meteorological 
data from observations to gridded reanalyses:
• Valley-elevation analyses based on observations from 

Plymouth, Laconia, and Concord 
• Mountain-elevation analyses based on observations 

from Mount Washington
• NCEP Climate Forecast System (CFS)

Key Results:
• Northeast U.S. under amplified synoptic-scale flow in a regime favorable for 

quasigeostrophic forcing for ascent
• Dual-jet configuration at 300-hPa
• Inferred positive vorticity advection by the geostrophic wind at 500-hPa
• In warm sector of 850-hPa trough

• New Hampshire located in region of IVT magnitudes ~600 kg m−1 s−1 and IWV values >25 
mm (on average)

• Large-scale regime transition from typical winter conditions to a mid-winter thaw occurs in days 
immediately prior to ice jam 
• Low-level temperatures are >7°C above normal during thaw (on average)
• Valley and mountain elevations experienced above freezing T/Td (on average)

• Highly amplified flow pattern over eastern North America resulting in enhanced moisture 
transport into Northeast U.S.
• Characteristics similar to atmospheric rivers
• Increased moisture transport helped to melt snowpack, and often associated with orographic 

precipitation
• Antecedent cold/snow necessary to produce river ice and snowpack, but does not appear 

necessary to be anomalously cold

Figure 3. Plan-view plots of CFS-derived variables at composite tmax. (a) 300-hPa geopotential height (dam; black contour),
isotach (m s−1; color) and wind velocities (m s−1). (b) 500-hPa geopotential height (dam; black contours), absolute vorticity
(1×10−4 s−1; color fill), and wind velocities (m s−1). (c) 850-hPa geopotential height (dam; black contours), temperature (°C;
color fill), wind velocities as in (m s−1). (d) mean sea-level pressure (hPa; black contours), integrated water vapor (mm;
color), and integrated vapor transport (vectors; kg m−1 s−1).

Key Results:
• At valley elevations, ~46 hours of T>0°C (~20 hours of 

Td>0°C) with maximum T=7.4°C (Td=5.9°C) (on average)
• At mountain elevations, ~13 hours of T>0°C (~8 hours of 

Td>0°C), with maximum T=1.7°C (Td=1.5°C) (on average) 
• Maximum IVT magnitudes ranged from 290 kg m−1 s−1 to 

1141 kg m−1 s−1
• Maximum precipitation rates of ~10 mm (6 h)−1 at tmax (on 

average)

Key Results:
• On average 30–50 mm of 

precipitation over Pemi. watershed
• Composite orographic enhancement 

signature, with high variability

General phases of ice jam formation
1. 1–2 weeks before the ice jam: Typical winter conditions associated serve to increase river ice 

and build the regional snowpack.
2. 2–4 days before the ice jam: Mid-winter thaw associated with above normal temperatures 

modifies the snowpack. Streamflow begins to rise as snow melt enters the stream network. 
3. 0–1 days before the ice jam: A mid-latitude cyclone moves into Northeast U.S. and transports 

warm, humid air poleward along the U.S. East Coast. A period of heavy precipitation occurs 
coincident with enhanced IWV and IVT magnitudes over the region. Streams in the watershed 
become swollen, and river ice begins to flow downstream.

4. Day of the ice jam: Ice floes aggregate at a constriction or obstruction in the river. River channel 
becomes completely blocked, and a sharp increase in stage height occurs upstream of the jam, 
possibly resulting in flooding of the local area.

5. After the ice jam: The jam and associated flooding may freeze in place if a cold front passes and 
temperatures drop below freezing for an extended period. 

Figure 4. (a) Plan view of composite mean 48-h
precipitation accumulation for the 20 events. The
extent of the study region is outlined in black. (b)
Precipitation accumulation as a function of elevation
for all 20 events, with the composite mean trend
highlighted in black.

FUTURE WORK
• Explore variability in precipitation and  synoptic-scale 

flow regimes associated with ice jam events
• Investigate role of moisture and heat fluxes into the 

Northeast U.S.
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