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ABSTRACT 

A CLIMATOLOGY OF ICE JAMS OVER THE NORTHEAST U.S. 

by 

Bryan T. Rand 

Plymouth State University, January, 2021 

 

Ice jams are phenomena that obstruct the downstream flow of water in a river 

during the cold season which can lead to flooding. They occur in settings that facilitate 

the accumulation of ice floes (e.g., in areas of low streamflow, river bends, near bridges) 

and are responsible for approximately $300 million (USD) in damage each year in North 

America (French 2018). Past studies have characterized different types of ice jams as 

freeze-up, floating, grounded, and break-up (FEMA 2018). Break-up ice jams are often 

the primary cause of ice jam-related flooding and usually occur in late winter or early 

spring when warm temperatures and rain cause snowmelt and increased streamflow that 

breaks existing river ice apart. Warm temperatures and rain that trigger these ice jams 

typically occur in the warm sector of mid-latitude cyclones that pass over the Northeast 

U.S. and are often accompanied by an atmospheric river (AR; e.g., Sanders et al. 2020). 

Break-up ice jams occur with some regularity on the Pemigewasset River in 

Plymouth, New Hampshire, where they often cause flooding in low-lying areas of 

neighboring Holderness and are of concern to Plymouth State University, which operates 

several buildings in the floodplain. Several recent ice jams in this area have motivated 

ongoing research on ice jams at the university (Sanders et al. 2020). This complementary 

study provides a climatological analysis of ice jams in the Northeast U.S. and contains 
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meteorological composite analyses that characterize the synoptic-scale environment prior 

to ice jam events in different states across the region in order to provide additional 

common-ingredient analyses and improve situational awareness in the ice jam formation 

process. 

The annual distribution of ice jams is bimodal with maxima in late January 

associated with a mid-winter thaw and in mid-March associated with spring warming. 

Freeze-up ice jams were observed with maxima in mid-December and late-January and 

break-up ice jams were observed with maxima in late-January and mid-March, consistent 

with past research. Rivers in the study area frequently observed ice jams in the same 

general area (e.g., 41 out of 53 jams on the Pemigewasset River occurred at Plymouth). 

Antecedent conditions associated with ice jam events typically consist of concurrent 

maxima in average daily maximum temperature of ~5–10°C and average daily 

precipitation accumulation of 5–15 mm near the start date of the event, with daily high 

temperatures that rise above freezing >2–4 days prior to the event and persist for >3–7 

days. During the event, temperatures stay above freezing for a total duration of ~24–36 h 

with average event precipitation totals of 15–25 mm. Ice jams frequently occurred in 

synoptic-scale environments featuring the characteristics described above that contained 

ARs with IVT magnitudes >500–600 kg m-1 s-1 in the pre-cold-frontal region of a mid-

latitude cyclone over New York. The majority of events in New York (88%), Vermont 

(88%), New Hampshire (97%), and Maine (78%) featured IVT magnitudes ≥250 kg m-1 

s-1, suggesting that they were associated with ARs. 
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CHAPTER 1 

1. Introduction 

 Ice jams are cold season phenomena that occur when ice obstructs the natural 

flow of water in a river. They are of primary concern in areas upstream of the jam that are 

prone to flooding as well as downstream locations in the event of a sudden breakup, 

releasing a large volume of water downstream. Jams typically occur where ice floes 

accumulate, such as areas of slow streamflow, in river bends, and at bridges. Because 

there is no systematic method to forecasting ice jams, variables used to predict their 

formation may rely on anecdotal evidence of forecasters, common-ingredient analyses, 

and situational awareness (e.g., Sanders et al. 2020). Damage due to the impact of ice 

jams each year in North America is estimated at $300 million (USD) (French 2018). One 

ice jam alone caused an estimated $5.1 million (1992 USD) in damage to Montpelier, 

Vermont and surrounding communities on 11 March 1992 when ice floes on the 

Winooski River jammed just downstream of the city, inundating the downtown under 2–5 

feet of water less than an hour after it formed (Denner and Brown 1998). Similar events 

have occurred on the Pemigewasset River in Ashland and Plymouth, New Hampshire, 

flooding low-lying areas of neighboring Holderness (Sanders et al. 2020). Ice jams are a 

concern to the Plymouth/Holderness communities and Plymouth State University which 

operates several buildings in the Pemigewasset River floodplain; recent ice jams in 2017, 

2018, and 2019 have motivated ongoing research on ice jams at the university (Sanders et 

al. 2020). This complementary study will provide a climatological analysis of ice jams in 

the Northeast U.S. (New England plus New York) in a record spanning 1780–2020 and 

contain meteorological composite analyses that characterize the synoptic-scale 
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environment prior to ice jam events in different states across the region in order to 

provide additional common-ingredient analyses and improve situational awareness in the 

ice jam forecast process. 

 Past studies provide insight on the formation of different types of ice jams, such 

as freeze-up, floating, grounded, and break-up ice jams (FEMA 2018). Freeze-up ice 

jams occur when frazil ice forms in supercooled, turbulent waters that accumulates on 

objects in the river until a continuous ice cover is formed. Floating ice jams occur in 

deeper rivers when the flow of water is obstructed and forced underneath ice cover that is 

not affixed to the riverbed and grounded ice jams occur in shallower rivers when the flow 

of water is obstructed and forced around the ice which is affixed to the riverbed. Finally, 

break-up ice jams occur when river ice breaks into large chunks and accumulates, 

obstructing the flow of water. Cross sectional schematics of freeze-up and break-up ice 

jams are illustrated in Figures 1a and 1b, respectively (USACE 2017). Break-up ice jams 

are often the primary cause of ice jam flooding and are typically caused by sharp 

increases in runoff (due to rain and/or melting snow) that break river ice apart (Sanders et 

al. 2020). They usually occur in late winter or early spring when warm temperatures and 

rain can cause snowmelt and increased streamflow. A common metric used in predicting 

the break-up of ice is that the river (stage) height needs to increase by 1.5–3 times the ice 

thickness for mechanical break-up to occur (UCAR 2020); thicker ice requires higher 

stage heights for break-up of ice (UCAR 2020). The aforementioned 10–11 March 1992 

ice jam event on the Winooski River in Vermont and 2017–2019 ice jam events on the 

Pemigewasset River in New Hampshire occurred after a period of rain and above 
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freezing temperatures that led to increases in river stage heights and break-up ice jam 

events (Denner and Brown 1998; Sanders et al. 2020).  

 Ice jam formation depends on several variables, or combinations of variables. The 

first requirement is for ice to form, which requires a prolonged period of below-freezing 

temperatures. Break-up jams also require enhanced streamflow, which may be caused by 

above-freezing temperatures that melt existing snow, rain-on-snow, or a combination of 

the two. Such combinations typically occur in the warm sector of mid-latitude cyclones 

that pass over the Northeast U.S. in an amplified synoptic flow pattern, often 

accompanied by an atmospheric river (AR; e.g., Sanders et al. 2020). ARs are narrow 

regions of enhanced integrated water vapor (IWV) and IWV transport (IVT) in the pre-

cold-frontal sector of a mid-latitude cyclone that can lead to enhanced precipitation, 

especially when mountain barriers encourage orographic ascent (e.g., Neiman et al. 2002; 

Ralph et al. 2005). Sanders et al. (2020) performed a study analyzing the antecedent 

hydrometeorological conditions that resulted in 20 ice jams on the Pemigewasset River in 

central New Hampshire during 1981–2019, including the role of ARs. Their study 

included two case studies of ice jams from 2017 and 2018 and a climatological analysis 

of these 20 ice jams that featured composite analyses of the common and variable 

hydrometeorological characteristics leading up to the ice jams. They illustrate that 95% 

(19 of 20) of these ice jam events on the Pemigewasset River occurred in association with 

ARs.  

This study serves as an extension of the Sanders et al. (2020) research both 

temporally and spatially. A climatological summary is performed on ice jams in New 

England and New York using an ice jam database discussed in the next section. A 
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synoptic analysis is performed using the NOAA 20th Century Reanalysis dataset to 

illustrate the synoptic-scale pattern associated with ice jams in four states: New York, 

Vermont, New Hampshire, and Maine. Chapter 2 describes the datasets used in this study 

as well as the methodology used. Chapter 3 consists of the results of the study, organized 

in three parts: climatology of the ice jams, synoptic analysis of the ice jams, and a case 

study of the 10–11 March 1992 ice jam event that affected parts of Vermont. Chapter 4 

draws conclusions and discusses the potential for future work.  
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Fig. 1. (a) Cross section of freeze-up ice jams, courtesy of USACE CRREL. (b) As in a, 
except for break-up ice jams. Images contained from 
[https://www.des.nh.gov/organization/commissioner/gsu/fegh/documents/201711-ice-
jam-presentation.pdf.]   
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CHAPTER 2 

2. Data & Methods 

 
 This study used an ice jam database maintained by the U.S. Army Corps of 

Engineers Cold Regions Research & Engineering Laboratory (CRREL). The database 

includes the date of occurrence, river, state, city/town, coordinates, and damage 

information of ice jams nationwide with records that date back to the 1700s. For the 

purpose of this study, New York and New England states were queried, returning 4,671 

ice jams occurring for 1780 through 2020. The data were manipulated using ArcGIS and 

Microsoft Excel to calculate several statistics. Daily high temperature and precipitation 

accumulation data were obtained from the National Centers for Environmental 

Information (NCEI) Global Historical Climate Network (GHCN-Daily) at the following 

sites: Auburn, New York; Tupper Lake, New York; Rutland, Vermont; First Connecticut 

Lake, New Hampshire; Farmington, Maine; and Fort Kent, Maine. The GHCN-Daily 

data were used in creating time-series of time-lagged daily high temperature and 

precipitation information relative to the start dates of ice jam events in each state for 

which data existed concurrently. The NOAA 20th Century Reanalysis version 2 dataset 

(Compo et al. 2011) was used to obtain or calculate gridded temperature, precipitation 

rate, and IVT magnitude information in order to create spatial composites and time series 

of meteorological conditions representative of ice jam events in each state.  

Ice jam data were quality controlled through visual inspection, resulting in several 

records that were adjusted or removed. Records in need of adjustment consisted of 

incorrect geolocation coordinates and incorrect/inconsistent spelling of river names. The 

geolocation coordinates were determined to be incorrect if the city, state, and river 
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geographically corresponded with one another while the latitude and longitude 

coordinates were geographically not consistent. These errors were likely caused by 

keystroke errors when recording the ice jam in the database given that many were easily 

corrected by adjusting the one’s digit of the latitude or longitude value to the correct 

location of the river reach and municipality. Inconsistent river names were also corrected 

(e.g., the St. John River was reported in multiple different forms such as “St. John River”, 

“Saint John River”, and “St. John”). Ice jams that were removed from the study included 

those which occurred during warm-season months and one event that occurred in 

Michigan whose state was incorrectly assigned NY in the database.  An ice jam that 

occurred during the month of September was also removed given that it occurred on the 

“CRREL River” in Hanover, Vermont, whose parent river does not exist and there is no 

Hanover, Vermont; it was determined that this entry was likely a manufactured event 

recorded by CRREL at their facility in Hanover, New Hampshire. We also removed an 

ice jam that occurred in June on Nubanusit Brook in Peterborough, New Hampshire and a 

jam in October on the Pawcatuck River in Westerly, Rhode Island, based on climate data. 

After removing these ice jam records, 4,667 ice jams remained in the dataset over the 

Northeast U.S.  

Separately, the damage column for ice jams was analyzed, and missing data and 

reports of no damage (e.g., missing data was reported as “?”, “-“, or “unknown”, and no 

damage was reported as “none” or “none reported”) were filtered out, yielding 592 jams 

with damage information. Occurrences of key words (e.g., flood, road, residential, 

agriculture, evacuation, death) were counted to categorize the type of damage or impact 

the ice jam had on the surrounding community. Of the 592 ice jams, 90 of them contained 
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a cost of the damage, which were separately filtered and converted to 2020 USD by 

correcting for inflation using yearly average consumer price index data from the U.S. 

Bureau of Labor Statistics. Statistics were calculated for these 90 ice jams, including the 

median, mean, and the number of jams responsible for 50%, 75%, and 90% of the 

damage total. 

The total number of ice jams for each state and each month were calculated, as 

well as each half-month (e.g. 1–14 January, 15–31 January, etc.). The frequency of ice 

jams on each river was also calculated. A GIS analysis of 25 rivers with the largest 

number of ice jams led to the discovery of several rivers that shared the same name. 

Three different rivers share the name Black River; one in New York, one in northern 

Vermont, and one in southern Vermont. In addition, two rivers share the name Moose 

River; one in New York and one in Vermont. Their names were slightly altered in this 

study in order to differentiate between the different rivers and yield a more accurate list 

of rivers with frequent ice jams. These 25 rivers resulted in an ice jam “hotspot” analysis 

that recorded a tally of city, state, and river name combinations. The full dataset was also 

used to identify ice jam events in New York, Vermont, New Hampshire, and Maine that 

occurred in the 20th Century Reanalysis period of record for 1871–2012; N=334. An 

event was defined as two or more consecutive days where ice jams of any type occurred 

anywhere in the state. The event start date, the length of the event (in days), and the 

number of jams that occurred were recorded for ice jam events in each state.  

Composite analyses of ice jam events were created for each state to illustrate the 

synoptic pattern and relationship of ice jams to environments characterized by ARs. The 

composites were constructed in a time-relative framework based on the time of maximum 
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IVT magnitude for each event (e.g., similar to the methodologies employed by Cordeira 

et al. 2019 for landslide events in California and by Sanders et al. 2020 for ice jams in 

New Hampshire). The IVT data (kg m-1 s-1) from the 2.0-degree latitude by 2.0-degree 

longitude grid spacing of NOAA 20th Century Reanalysis were calculated for several grid 

points across the Northeast U.S. and linearly interpolated via averaging to create values 

quasi-representative of each state every six hours from 0000 UTC 1 January 1871 to 1800 

UTC 31 December 2012: 

• The IVT magnitudes for the 218 New York events were an average of IVT 

magnitudes between data at grid points located at 42°N, 76°W in south-central 

New York and 44°N, 74°W in the Adirondacks.  

• The IVT magnitudes for 85 Vermont events were an average of IVT magnitudes 

between grid points located at 44°N, 74°W in the Adirondacks and 44°N, 72°W 

in west-central New Hampshire. 

• The IVT magnitudes for the 67 New Hampshire events were an average of IVT 

magnitudes between grid points located at 44°N, 72°W in west-central New 

Hampshire and 44°N, 70°W in southern Maine.  

• The IVT magnitudes for 73 Maine events were average of IVT magnitudes 

between 44°N, 70°W in southern Maine and 46°N, 68°W in northeastern Maine.  

The time of maximum IVT magnitude associated with each event was calculated in a 3-

day window that included the day of the ice jam and two days prior to the day of the ice 

jam (i.e., the start date). The 0.995 sigma-level air temperature (K) and surface 

precipitation rate (mm [3 h]-1) from the NOAA 20th Century Reanalysis at 6-hour and 3-

hour intervals, respectively, complemented the time-lagged composite analysis of IVT 
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magnitude. Temperature and precipitation rate data were calculated for each state using 

the same coordinates as the IVT magnitude data. Time series plots of temperature and 

precipitation rate were created for each state based on the time of maximum IVT 

magnitude associated with each event using the same methodology as above. Figure 2 

illustrates the locations of ice jams in the database, the 6 GHCN-Daily sites, and the 5 

20th Century Reanalysis grid points used in the analysis.  
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Fig. 2. Map of ice jam locations in New England and New York from 1780 to 2020 
according to the USACE CRREL Ice Jam database (grey circles), grid points used in this 
study to obtain temperature, precipitation rate, and integrated vapor transport from the 
NOAA 20th Century Reanalysis V2 dataset (red squares), and Global Historical 
Climatological Network Daily (GHCN-Daily) stations used to obtain in situ temperature 
and precipitation accumulation data (black triangles). Map created with ArcGIS using 
data manipulated with Microsoft Excel and Python. 
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CHAPTER 3 

3. Results 

a. Observations of ice jams in New England and New York 

Between 1780 and 2019, 4,667 ice jams occurred in New England and New York 

according to the CRREL database, which are summarized monthly and bi-monthly by 

state in Tables 1 and 2, respectively. Locations of these jams are illustrated in Figure 2, 

along with locations of the 20th Century Reanalysis grid points and GHCN-Daily sites. 

Ice jams during this period were most frequent in March (Table 1), particularly between 1 

March and 15 March (Table 2), and occurred most frequently in New York (N=1,721). 

Normalized by area, however, Vermont (N=1,016) has recorded more jams per square 

kilometer. The monthly frequency of ice jams is bimodal; with maxima in January 

(N=1,379; i.e., perhaps during a “January thaw”) and March (N=1,444; i.e., perhaps 

during spring warming). Table 2 shows a similar distribution, with peaks that occur 

during 15–31 January (N=829) and 1–15 March (N=858) while adjacent periods recorded 

500–600 ice jams. This bimodal frequency distribution is also evident in an analysis of 

ice jam frequencies fitted with a 10-day moving average (Fig. 3a). Of the 4,667 records in 

the CRREL database, 1,443 were reported as break-up ice jams while 145 were reported 

as freeze-up ice jams. The frequency of break-up ice jams also contains the bimodal 

distribution (Fig. 3b) with maxima in late January and mid-March, whereas the frequency 

of freeze-up ice jams contains a bimodal distribution with maxima in mid-December and 

late January (Fig. 3c). 



13 
 

The frequency of ice jams by river for the 25 rivers (of 465 total) with the highest 

number of jams is summarized in Table 3. The Connecticut River, which is the longest 

river in the study region, recorded 154 ice jams, followed closely by the St. John 

(N=123), Aroostook (N=115), Winooski (N=109), Missisquoi (N=98), and Lamoille 

(N=96) Rivers. For perspective, ~30 rivers in the database recorded 30 or more ice jams, 

~350 rivers recorded 1–10 ice jams, and ~100 rivers recorded only one ice jam. The 25 

highest frequencies of ice jams by river for clusters of ice jams are summarized by 

location (city, state, river) in Table 4 and Fig. 4. This cluster analysis essentially 

normalizes the frequency of ice jams by the length of the river. The Lamoille River at 

East Georgia in Vermont recorded 69 ice jams, which is the highest number of all the 

clusters, followed by the Great Chazy River at Perry Mills in New York (N=59), 

Winooski River at Montpelier in Vermont (N=55), St. John River at Dickey in Maine 

(N=54), and Mad River at Moretown in Vermont (N=51). Several of these clusters 

account for the majority of ice jams reported on the entire river (e.g., 69 out of 96 jams 

on the Lamoille River occurred at East Georgia; 41 out of 53 jams on the Pemigewasset 

River occurred at Plymouth).  

Out of the 4,667 ice jams in the CRREL database, 592 contained pertinent 

damage information identified in section 2. Counts were generated for unique damage-

related wording, then similar words were grouped together (e.g., residential was grouped 

with home(s) and house(s)) to provide insight into the number of ice jams with a certain 

type of impact. The most frequent types of impact-language reported was flooding 

(N=358) and roads (N=176). Impact counts are summarized in Table 5. Of the 592 

reports of damage, 90 of them reported associated costs, which were adjusted for 
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inflation to 2020 USD. The sum of the costs associated with the 90 ice jams was $239 

million USD when adjusted for inflation, and $100 million USD without inflation. Costs 

of individual jams ranged from $276 to $51 million, with a skewed average cost of $2.66 

million and median of $146,000. The top 5, 12, and 21 ice jams were responsible for 

~50%, ~75%, and ~90% of the total damage, respectively. In other words, a few ice jams 

were responsible for a majority of the damage and a majority of the ice jams were 

responsible for very little damage. It should be noted that ice jams that posed no threat to 

life or property, also likely occurring in the absence of significant flooding, presumably 

would not contain damage information. It is hypothesized then that the overwhelming 

majority of ice jams are not likely to produce significant or noteworthy (i.e., 

reported/recorded) damage. 

Time-lagged composite time series of GHCN-Daily-derived daily maximum 

temperature and daily precipitation related to the start date of ice jam events in each state 

illustrate maxima in both variables near the start date of ice jam events (Fig. 5) with 

average daily maximum temperatures between ~5–10°C and average daily precipitation 

between 5–15 mm across the region. For example, Auburn, New York had an average 

daily maximum temperature of 7.9°C and average daily precipitation of 6.9 mm occur on 

day 0 (Fig. 5a) and Rutland, Vermont had an average daily maximum temperature of 11.1 

°C and average daily precipitation of 10.2 mm (Fig. 5c). Concurrent maxima for both 

variables are suggestive of a frontal passage. A positive trend in average daily maximum 

temperatures during the three-week period centered on the ice jam start date suggestive of 

spring warming can be concluded from the time-lagged composite time series, with 

temperatures rising above freezing several days prior to the start of an ice jam event and 
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remaining above freezing for >3–7 days. In addition, average multi-day precipitation 

accumulates to 15–25 mm.  

The increase in daily maximum temperatures several days prior to a maximum at 

or near the start of an ice jam event is in general agreement with the results of Sanders et 

al. (2020), who identified a period of above normal temperatures associated with a thaw 

2–4 days prior to an ice jam that increases snowmelt and streamflow. The maximum in 

average daily precipitation on or near the start date of an event is also in general 

agreement with the results of Sanders et al. (2020), who identified a period of heavy 

precipitation 0–1 days prior to an ice jam that causes a further increase in streamflow. 

 

b. Synoptic analysis of ice jam events in New England and New York 

A total of 334 ice jam events were identified using the CRREL database during 

the period 1871–2012 (i.e., 20th Century Reanalysis domain), with some overlap in events 

across states. The number of ice jam events identified in each state discussed in this 

section include 218 events in New York, 85 events in Vermont, 67 events in New 

Hampshire, and 73 events in Maine. The ice jam start dates (i.e., T0) and surrounding 

synoptic times were used to create time-lagged composite time series of IVT magnitude, 

precipitation rate, and temperature (Fig. 6) and spatial maps of IWV, IVT, and sea-level 

pressure (Fig. 7) with 20th Century Reanalysis data. Features of the time-lagged 

composite time series include: 

• New York events occurred with an average IVT magnitude of 493 kg m-1 s-1 at T0 

that corresponded to a maximum in average temperature of 2.8 °C at T0+6 h, a 
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total duration of temperatures above freezing of ~24 h, and average precipitation 

rates that increased to 2–3 mm (3 h)–1 and integrate across the event to ~15 mm 

(Figs. 6a,b). Of the 218 events, 192 (88%) of them featured IVT magnitudes ≥250 

kg m-1 s-1, suggesting that a large majority were associated with ARs. 

• Vermont events occurred with an average IVT magnitude of 502 kg m-1 s-1 at T0 

that corresponded to a maximum in average temperature of 3.1°C at T0+6 h, a 

total duration of temperatures above freezing of ~24 h, and average precipitation 

rates that increased to ~3 mm (3 h)–1 and integrate across the event to ~20 mm 

(Figs. 6c,d). Of the 85 events, 75 (88%) of them featured IVT magnitudes ≥250 

kg m-1 s-1, suggesting that a large majority were associated with ARs. 

• New Hampshire events occurred with an average IVT magnitude of 635 kg m-1 s-1 

at T0 that corresponded to a maximum in average temperature of 4.6°C at T0+6 h, 

a total duration of temperatures above freezing of ~30–36 h, and average 

precipitation rates that increased to ~4 mm (3 h)–1 and integrate across the event 

to ~25 mm (Figs. 6e,f). Of the 67 events, 65 (97%) of them featured IVT 

magnitudes ≥250 kg m-1 s-1, suggesting that a large majority were associated with 

ARs. 

• Maine events occurred with an average IVT magnitude of 492 kg m-1 s-1 at T0 that 

corresponded to a maximum in average temperature of 3.9°C at T0, a total 

duration of temperatures above freezing of ~30–36 h, and average precipitation 

rates that increased to ~3 mm (3 h)–1 and integrate across the event to ~25 mm 

(Figs. 6g,h). Of the 73 events, 57 (78%) of them featured IVT magnitudes ≥250 

kg m-1 s-1, suggesting that a large majority were associated with ARs. 
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  The time-lagged maxima in IVT magnitude, temperature, and precipitation rate 

for ice jam events in each state in Fig. 6 correspond to the warm sector environment of 

mid-latitude cyclones over the Northeast U.S. characterized by ARs along the East Coast 

(Fig. 7). Each state’s composite features a region of low pressure (i.e., a cyclone) over the 

Northeast U.S. with composite mean closed SLP contours with values <1008 hPa, a 

poleward extension of IWV >24 mm, and IVT magnitudes >500 kg m-1 s-1 with little 

variation (Fig. 7). The composite analysis of New York and Vermont events illustrate the 

composite mean cyclone location over southeast Ontario (1008 hPa and 1006 hPa; Figs. 

7a,b), whereas the analysis of New Hampshire and Maine events illustrate composite 

mean cyclone location over eastern New York (1004 hPa; Figs. 7c.d). The locations of 

IWV and IVT magnitude maxima with the composite mean AR along the East Coast also 

vary with cyclone location. These maxima for New York and Vermont events are located 

along the Mid-Atlantic coastline, whereas these maxima for New Hampshire and Maine 

events are located farther offshore.  

The similarities shared by the time-lagged composite time series and spatial 

analyses of ice jam events across the four states suggest that ice jam events frequently 

occur within similar synoptic-scale environments characterized by an increase in 

temperatures to above freezing for ~24–30 h, average precipitation rates >3–4 mm (3 h)–

1, and maxima in IVT magnitudes >400–500 kg m-1 s-1 corresponding to ARs along the 

East Coast in the warm sector of a mid-latitude cyclone located over New York. The 

composite mean values of maximum temperature, precipitation, IVT magnitudes and 

synoptic-scale environments featuring an AR along the East Coast are all similar to the 
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composite analyses of 20 ice jam events on the Pemigewasset River in central New 

Hampshire by Sanders et al. (2020). 

 

c. Case study of the 10–11 March 1992 Vermont ice jam event   

The 10–11 March 1992 event contained 46 ice jams in Vermont according to the 

USACE CRREL database. Statewide, these ice jams were responsible for ~$6.1 million 

USD (~$11 million 2020 USD) in damage in Vermont according to reports from the 

database. One of the particularly highest impact ice jams occurred early on 11 March 

1992 on the Winooski River that led to flooding in Montpelier (discussed in section 1). 

This section will describe antecedent meteorological conditions prior to the event using 

hourly temperature and dewpoint temperature, daily high temperature, precipitation, and 

snow depth recorded at Barre/Montpelier Knapp State Airport (MPV) in Berlin, about 6 

km south of Montpelier, and daily high temperature, precipitation, and snow depth 

recorded at Marshfield, which is about 20 km northeast of Montpelier (Fig. 8). This 

section will also describe the meteorological conditions relative to the time of maximum 

IVT magnitude derived from the NOAA 20th Century Reanalysis dataset.  

The 11 March 1992 ice jam on the Winooski River was first reported at ~1150 

UTC near the Washington County Railroad Bridge, about 1.7 km upstream from the 

confluence of the Winooski River and North Branch Winooski River in downtown 

Montpelier. The jam released shortly after, and another jam was reported near the Baily 

Avenue Bridge at 1200 UTC, about 2.3 km downstream from the location reported 10 

minutes prior. Figure 9 illustrates the location of the jam and flooding in downtown 
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Montpelier. Daily high temperatures at both MPV and Marshfield were >2–3°C during 

the 5-day period preceding the event and increased to 5–10°C during the 2-day period 

preceding the event. Temperature and dewpoint temperature at MPV rose above freezing 

around 0000 UTC 8 March and remained above freezing for ~90–96 hours until the 

passage of a cold front around 0000 UTC 12 March except for a short period between 

0600 and 1200 UTC 9 March (Fig. 10a). The ~36 h between 1200 UTC 9 March and the 

time of maximum IVT magnitude featured above freezing temperatures and dewpoint 

temperatures. Precipitation during the 2-day period on 10–11 March totaled 26.9 mm at 

MPV and 11.1 mm at Marshfield, and 3-h precipitation rates were >5 mm (3 h)-1 during 

0600–1800 UTC 11 March, with a peak of 8.7 mm (3 h)-1 at 1800 UTC (Figs. 10b, c). 

Snow depth at MPV was 10–20 cm through most of February and peaked at 25.4 cm on 3 

March. Snow depth at Marshfield was 20–30 cm through most of February, peaking at 

38.1 cm on 2 March (not shown). During the 5-day period leading up to the event, snow 

depth at MPV decreased 100% from 12.7 cm on 6 March to 0 cm on 11 March, and snow 

depth at Marshfield decreased 80% from 25.4 cm on 6 March to 5.1 cm on 11 March 

(Fig. 10b). This decrease in snow depth occurred during the period with daily high 

temperatures above freezing for ~4 days and was aided by precipitation that occurred 10–

11 March, which is inferred as rain-on-snow based on hourly temperatures.  

The 11 March 1992 ice jam on the Winooski River was preceded by a maximum 

IVT magnitude of 547 kg m-1 s -1 at 0000 UTC 11 March (i.e. Tmax; Fig. 10c) suggestive 

of a large-scale environment that may have contained an AR. An antecedent IVT 

magnitude maximum of 306 kg m-1 s -1 also occurred at 1200 UTC 7 March and was 

associated with 3.3 mm of precipitation at MPV and 2.5 mm at Marshfield, all of which 
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fell as rain. Mean daily discharge on the Winooski River at Montpelier gradually rose 

from ~225 cfs on 6 March to ~700 cfs on 10 March associated with inferred snow melt 

from daily high temperatures above freezing (Fig. 10d). The daily average discharge then 

increased sharply to a peak of 4,700 cfs on 11 March associated with subsequent 

precipitation and inferred snow melt from rain-on-snow. The 15-minute maximum 

discharge during this event was 11,500 cfs and was the largest value at the site for the 

1992 water year (Fig. 11).  

An analysis of 20th Century Reanalysis data at the time of maximum IVT 

magnitude at 0000 UTC 11 March 1992 features a cyclone over northern Pennsylvania 

and southern New York with a minimum SLP of 996 hPa that contained a southwest-to-

northeast oriented corridor of enhanced IWV values >3 cm and IVT magnitudes >1000 

kg m-1 s -1 extending from northern Florida to the Adirondack Mountains and northern 

Vermont (Fig. 12). This ~2000 km long region of enhanced IWV and IVT spanning the 

U.S. East Coast is illustrative of an AR as defined by Rutz et al. (2014), among others. 

Additional synoptic-scale features at the time of maximum IVT magnitude include a 

trough over the upper Midwest and Great Lakes at 200 hPa and 500 hPa (Figs. 13a, b). A 

>65 m s–1 (~130-kt) jet streak at 200 hPa across the southern and southeastern US 

extends along the east coast, placing Pennsylvania and New York in the poleward exit 

region which is favorable for synoptic-scale forcing for ascent. Warm-air advection at 

850 hPa is also present over this region (Fig. 13c) and is illustrated by a veering wind 

profile in the 0000 UTC 11 March sounding from Albany (KALB), New York (Fig. 14). 

For reference, the aforementioned IWV (i.e., precipitable water) values over New York 

and Vermont were 3 standard deviations above climatology (Fig. 13d). 
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The aforementioned antecedent meteorological conditions and the subsequent 

hydrologic response on the Winooski River are consistent with one of the paradigms 

from Sanders et al. (2020), who described ice jam events as either “long melting period 

with low precipitation” or “short melting period with high precipitation” scenarios. The 

March 1992 event can be described as a “long melting period with low precipitation” 

event, featuring daily high temperatures above freezing for 4 days prior to the event that 

modified the snowpack via warming and melting that subsequently contributed to 

increased streamflow. Total precipitation accumulation for the 2-day period 10–11 March 

ranged from 11 mm at Marshfield to 27 mm at MPV and further contributed to increased 

streamflow. The magnitude and duration of these conditions are similar to those 

described for the “long melting period with low precipitation” scenario that preceded the 

26 February 2017 ice jam on the Pemigewasset River by Sanders et al. (2020). 
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Table 1. Monthly distribution of ice jams across New England and New York contained 
in the USACE CRREL Ice Jam database for 1780–2020. 
Month/State NH ME VT NY MA CT RI Total 
1 197 153 286 576 81 84 2 1379 
2 132 105 181 459 87 71 5 1040 
3 255 183 405 516 50 34 1 1444 
4 29 260 53 68 2 0 1 413 
5 0 4 1 0 0 0 0 5 
6 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 
11 4 2 1 5 0 0 0 12 
12 64 95 89 97 13 16 0 374 
Total 681 802 1016 1721 233 205 9 4667 

 

Table 2. Bi-monthly distribution of ice jams across New England and New York 
contained in the USACE CRREL Ice Jam database for 1780–2020.  
Dates/State NH ME VT NY MA CT RI Total 
1/1–1/15 68 74 121 222 29 34 2 550 
1/15–1/31 129 79 165 354 52 50 0 829 
2/1–2/14 84 51 90 198 60 42 2 527 
2/15–2/29 48 54 91 261 27 29 3 513 

3/1–3/15 157 86 248 300 33 33 1 858 
3/15–3/31 98 97 157 216 17 1 0 586 
4/1–4/15 27 177 53 65 2 0 1 325 

4/15–4/30 2 83 0 3 0 0 0 88 
5/1–5/15 0 4 1 0 0 0 0 5 
5/16–5/31 0 0 0 0 0 0 0 0 

6/1–10/31 omitted for brevity. No ice jams occurred in the study area between these 
dates. 

11/1–11/15 2 0 0 0 0 0 0 2 
11/16–
11/30 

2 2 1 5 0 0 0 10 

12/1–12/15 19 21 21 21 6 1 0 89 
12/16–
12/31 

45 74 68 76 7 15 0 285 

Total 681 802 1016 1721 233 205 9 4667 
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Table 3. Ice jam counts by river for the 25 rivers in New England and New York with the 
highest number of ice jams contained in the USACE CRREL Ice Jam database for 1780–
2020.  

River Number of Ice 
Jams 

River (cont.) Number of Ice 
Jams (cont.) 

Connecticut River 154 Pemigewasset 
River 

53 

St. John River 123 Contoocook River 48 

Aroostook River 115 Schoharie Creek 48 

Winooski River 109 Buffalo Creek 47 

Missisquoi River 98 White River 47 

Lamoille River 96 Jail Branch 46 

Cazenovia Creek 75 Passumpsic River 45 

Kennebec River 72 Ausable River 44 

Great Chazy River 71 Sugar River 43 

Genesee River 56 Hudson River 42 

Mad River (VT) 55 Israel River 39 

Mohawk River 54 Cayuga Creek 39 

Wallkill River 54   
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Table 4. Ice jam frequency for the 25 clusters in New England and New York with the 
highest number of ice jams contained in the USACE CRREL Ice Jam database for 1780–
2020.  

Location Number of Ice 
Jams 

Location (cont.) Number of Ice 
Jams (cont.) 

Lamoille River at 
East Georgia, VT 

69 Cayuga Creek at 
Lancaster, NY 

36 

Great Chazy River 
at Perry Mills, NY 

59 Aroostook River at 
Fort Fairfield, ME 

36 

Winooski River at 
Montpelier, VT 

55 Buffalo Creek at 
Gardenville, NY 

35 

St. John River at 
Dickey, ME 

54 Cazenovia Creek at 
West Seneca, NY 

33 

Mad River at 
Moretown, VT 

51 Ausable River at 
Au Sable Forks, 
NY 

33 

Connecticut River 
at North Stratford, 
NH 

48 Sugar River at West 
Claremont, NH 

31 

Jail Branch at East 
Barre, VT 

45 East Orange Branch 
Waits River at East 
Orange, VT 

30 

Aroostook River at 
Washburn, ME 

42 Cazenovia Creek at 
Ebenezer, NY 

29 

Pemigewasset 
River at Plymouth, 
NH 

41 Genesee River at 
Mount Morris, NY 

29 

Wallkill River at 
Gardiner, NY 

40 Allagash River at 
Allagash, ME 

27 

Israel River at 
Lancaster, NH 

38 Schoharie Creek at 
Prattsville, NY 

26 

Boquet River at 
Willsboro, NY 

37 Black River at 
Boonville, NY 

25 

Missisquoi River at 
Richford, VT 

36   
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Table 5. Number of 592 damage reports in the USACE CRREL Ice Jam database that 
contain certain types of impacts from ice jams in New England and New York.  

Type of Impact (and associated words) Number of jams (out of 592) 

Agriculture (farm(s), farmland) 26 

Bridge(s) 53 

Business 10 

Commercial 17 

Dam(s) 11 

Death (deaths, dead, drowned) 11 

Erosion (erode, eroded) 23 

Evacuation (evacuations, evac) 76 

Flood (floods, flooding, flooded) 358 

Land (property) 22 

Mill  10 

People (persons, families) 20 

Residential (home(s), house(s)) 131 

Road (roads, street(s)) 176 
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Fig. 3. (a) Daily frequency of all ice jams in New England and New York from 1780 to 
2020 according to the USACE CRREL Ice Jam database where blue columns represent 
the number of ice jams recorded on each day. Distribution is fitted with a 10-day moving 
average (black line). (b) As in a, except for freeze-up ice jams. (c) As in a, except for 
break-up ice jams.  
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Fig. 4. Locations of 25 spots with highest number of ice jams from 1780 to 2020 
according to the USACE CRREL Ice Jam database colored based on the number of ice 
jams (colored circles). Map created with ArcGIS using data manipulated with Microsoft 
Excel. (See Table 4 for specific ice jam location and count) 
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Fig. 5. (a) Time series of daily maximum temperature (°C; red line) and daily 
precipitation (mm; green bars) at Auburn, New York created using GHCN-Daily data 
from 10 days prior to 10 days after the start date of ice jam events (i.e., lag time of 0 
days) in New York. (b) As in a, except at Tupper Lake, New York. (c) As in a, except at 
Rutland, Vermont relative to start date of ice jam events in Vermont. (d) As in a, except 
at First Connecticut Lake, New Hampshire relative to start date of ice jam events in New 
Hampshire. (e) As in a, except at Farmington, Maine relative to start date of ice jam 
events in Maine. (f) As in e, except at Fort Kent, Maine.  
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Fig. 6. (a) Time series of 0.995 sigma-level air temperature (°C; red line) and IVT 
magnitude (kg m-1 s-1; blue line) representative of New York from the 20th Century 
Reanalysis at 6-hour intervals, from 2 days prior to 1 day after the time of maximum IVT 
(i.e., lag time of 0 days) associated with New York events. (b) Time series of surface 
precipitation rate (mm [3 h]-1; green bars) representative of New York from the 20th 
Century Reanalysis at 3-hour intervals, from 2 days prior to 1 day after the time of 
maximum IVT (i.e., lag time of 0 days) associated with New York events. (c) As in a, 
except representative of Vermont for Vermont events. (d) As in b, except representative 
of Vermont for Vermont events. 
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Fig. 6 continued. (e) As in a, except representative of New Hampshire for New 
Hampshire events. (f) As in b, except representative of New Hampshire for New 
Hampshire events. (g) As in a, except representative of Maine for Maine events. (h) As in 
b, except representative of Maine for Maine events. 
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Fig. 7. (a) Composite map of integrated water vapor (cm; shaded), integrated vapor 
transport (kg m-1 s-1; arrows), and sea-level pressure (hPa; contours) using the 20th 
Century Reanalysis dataset for the time of maximum IVT magnitude associated with 218 
ice jam events in New York from 1871 to 2012. (b) As in a, except for 85 events in 
Vermont. (c) As in a, except for 67 events in New Hampshire. (d) As in a, except for 73 
events in Maine. 
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Fig. 8. Map of ice jams in Vermont during the 10–11 March 1992 ice jam event 
according to records from the USACE CRREL ice jam database (red circles), the 
Barre/Montpelier Airport and Marshfield GHCN-Daily stations used to obtain in situ 
temperature and precipitation accumulation data (black triangle), the location of 
Montpelier (green star) and the Winooski River (blue line) plotted using data obtained 
from the USGS National Hydrography Dataset. Map created with ArcGIS using data 
manipulated with Microsoft Excel. 
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Fig. 9. Aerial image of downtown Montpelier, Vermont adapted to illustrate the location 
and extent of the ice jam (light gray) and flooding (light blue). Black arrows point 
towards downstream in the Winooski River and North Branch Winooski River. 
Background image obtained from Vermont Center for Geographic Information at 
[https://maps.vermont.gov/vcgi/html5viewer/?viewer=vtmapviewer.]   
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Fig. 10. Time series of surface observations and 20th Century Reanalysis-derived 
variables for the 11 March 1992 ice jam in Vermont plotted relative to a time of 
maximum IVT magnitude of 0000 UTC 11 March (black lines). (a) Hourly temperature 
(°C; red line) and dewpoint temperature (°C; green line) at KMPV from 0000 UTC 6 
March to 0000 UTC 13 March. (b) Daily precipitation (mm; solid lines) and snow depth 
(cm; bars) at MPV (red) and Marshfield (blue) according to GHCN-Daily reports from 6 
March to 12 March. (c) 20th Century Reanalysis-derived IVT magnitude (kg m−1 s−1; blue 
line) and precipitation rate [mm (3 h)-1; green bars] for the linearly interpolated average 
which is representative of Vermont from 0000 UTC 6 March to 0000 UTC 13 March. (d) 
Hydrograph of estimated daily mean discharge (cfs; red stars) and median daily mean 
discharge based on 100 years (cfs; yellow triangles) for the USGS gauge on the Winooski 
River at Montpelier from 6 March to 12 March. Figure d obtained from 
[https://nwis.waterdata.usgs.gov/nwis/dv?site_no=04286000.]  
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Fig. 11. Annual peak discharge (cfs; blue circles) for the USGS gauge on the Winooski 
River at Montpelier from 1990 to 1993. The 1992 peak discharge of 11,500 cfs occurred 
on 11 March in association with the ice jam. Figure obtained from 
[https://nwis.waterdata.usgs.gov/nwis/peak?site_no=04286000.] 
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Fig. 12. Map of integrated water vapor (cm; shaded), integrated vapor transport (kg m-1 s-

1; arrows), and sea-level pressure (hPa; contours) using the 20th Century Reanalysis 
dataset for the time of maximum IVT of 0000 UTC 11 March 1992 associated with the 
ice jam event in Vermont. 
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Fig. 13. NCEP Reanalysis valid 0000 UTC 11 March 1992 of (a) 200-hPa geopotential 
height (dam; white contours) and wind speed (kts; shaded), (b) 500-hPa geopotential 
height (dam; white contours) and standardized anomaly of geopotential height (dam; 
shaded), (c) 850-hPa geopotential height (m; white contours), temperature (°C; yellow 
(>0°C) and pink (≤0°C) contours), and standardized anomaly of temperature (°C; 
shaded), and (d) 1000-hPa geopotential height (m; white contours), precipitable water (in; 
yellow contours), and standardized anomaly of precipitable water (in; shaded). Figure 
obtained from [https://wpc.ncep.noaa.gov/ncepreanal.] 
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Fig. 14. The 0000 UTC 11 March 1992 sounding at Albany, New York with temperature 
(°C; black line) and wind profile (kt; barbs) obtained from the University of Wyoming 
Atmospheric Soundings at [https://weather.uwyo.edu/upperair/sounding.html.] 
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CHAPTER 4 

4. Concluding Discussion 

This study serves as a spatial and temporal expansion on the work of Sanders et 

al. (2020) which analyzed the antecedent hydrometeorological conditions that resulted in 

20 ice jams on the Pemigewasset River in New Hampshire during 1981–2019. We 

utilized the USACE CRREL ice jam database, long-term meteorological observations, 

and the NOAA 20th Century Reanalysis dataset to perform a climatological summary and 

synoptic-scale analysis of hydrometeorological characteristics of 4,667 ice jams in New 

England and New York from 1780 to 2020, which is supplemented by a case study of the 

10–11 March 1992 ice jam event in Vermont. The start dates of these ice jams were used 

to create time-lagged composite time series of daily maximum temperature and 

precipitation at six GHCN-Daily sites. A time-relative framework based on the time of 

maximum IVT magnitude for each event was also used to create composite analyses of 

(1) maps of IWV, IVT, and mean sea level pressure and (2) time series of 0.995 sigma-

level air temperature, surface precipitation rate, and IVT magnitude.  

 Composite time series of events across the four states at several climate stations 

illustrate maxima in daily maximum high temperature and daily precipitation near the 

start date of ice jam events. Average daily high temperatures above freezing suggest that 

precipitation on those days likely falls as rain. The composite time series illustrate: 

• Average daily maximum temperatures that increase above freezing >2–4 days 

prior to the start of an ice jam event 

• Average daily maximum temperatures that remain above freezing for >3–7 days 
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• Average daily maximum temperatures that contain a positive slope during the 

three-week period centered on the ice jam start date suggestive of spring warming 

• Concurrent maxima in average daily maximum temperature and average daily 

precipitation are suggestive of a frontal passage 

• Average multi-day precipitation totals of 15–25 mm 

Some of these features were noted in Sanders et al. (2020), who identified a thaw 2–4 

days prior to an ice jam with above freezing temperatures that leads to increased snow 

melt and streamflow. A maximum in average daily precipitation on or near the start date 

of an event is also in general agreement with the results of that study, which identified a 

period of heavy precipitation 0–1 days prior to an ice jam that causes a further increase in 

streamflow. Several of the time series illustrate daily maximum temperatures at or below 

freezing 7–10 days prior to the event, suggesting that any precipitation that occurs will 

help build the snowpack, also consistent with antecedent conditions described by Sanders 

et al. (2020) where periodic snow accumulation helps build snowpack and potentially 

increase river ice in the 1–2-week period prior to an ice jam. 

 The 11 March 1992 ice jam on the Winooski River in Montpelier, Vermont 

occurred in a synoptic-scale environment with characteristics of an AR that led to 

increased streamflow and ultimately an ice jam to form, which caused millions of dollars 

in damage to the downtown and surrounding communities. This event is best described as 

a “long melting period with low precipitation” scenario, as described by Sanders et al. 

(2020). Daily high temperatures at MPV and Marshfield were >2°C–10°C for the 4 days 

preceding the event, and MPV experienced temperatures and dewpoint temperatures 

continuously above freezing for ~36 h prior to the time of maximum IVT magnitude. The 
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high temperatures contributed to significant snowmelt at MPV and Marshfield, melting 

100% and 80% of the snowpack, respectively. The hydrologic response to this increased 

snowmelt is evident in elevated estimated daily mean discharge on the Winooski River, 

and was exacerbated by ~20–25 mm of precipitation that fell as rain on 10–11 March in 

association with IVT magnitudes over Vermont of ~500–550 kg m-1 s-1. This warm, 

moist airmass with enhanced poleward IVT in the pre-cold-frontal region of a cyclone 

centered over central Pennsylvania and New York provided the necessary ingredients for 

an ice jam to form and is consistent with the findings of composites for four states as 

described in Section 3. This study found that ice jam events over the Northeast U.S. are 

associated with a mid-latitude cyclone (SLP <1008 hPa) primarily centered over New 

York and are accompanied by an AR with poleward extensions of enhanced IWV and 

IVT. 

The results of this study analyzing 4,667 ice jams during 334 ice jam events were 

comparable to those of Sanders et al. (2020) in that events were accompanied by a period 

of above freezing average temperatures 3–4°C and precipitation totals of 15–25 mm 

integrated across the event in association with an AR associated with IVT magnitudes 

>500–600 kg m-1 s-1 in the pre-cold-frontal region of a mid-latitude cyclone over New 

York. Future studies perhaps beneficial to forecasters might include a case-by-case 

analysis of ice jams in several different river reaches across the region. Such analyses 

could include gathering data from multiple observing sites within a watershed, such as 

temperature, dewpoint, precipitation rate and accumulation, snow depth, and snow water 

equivalent. The GHCN-Daily dataset could be used in a wider expanse than simply one 

or two sites per area and could be combined with NOAA Cooperative Observer Network 
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site data to increase the resolution of temperature, precipitation, and snow observations in 

a watershed. Snow water equivalent was not a variable included in this study, however 

hourly measurements such as those from the National Resources Conservation Service 

Soil Climate Analysis Network snow-pillow site located in the Hubbard Brook 

Experimental Forest in New Hampshire (USDA 2019) would provide valuable insight 

into ice jams that occur downstream in the watershed. 
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