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ABSTRACT 
 

Snow Depth and Snow Water Equivalent: A 30-Year New Hampshire Climatology and 
Analysis of Spatial Variability Underneath the Canopy of the White Mountain National 

Forest  
 

by 
 

Stephen L. Baron 
 

Plymouth State University, May, 2021 
 
 

Snow water equivalent (SWE) measurements are critical for creating flood and 

drought outlooks in the spring. These data are abundantly collected throughout the winter 

and spring months and reported to organizations like the National Weather Service to use 

in their products. Organizations such as the National Weather Service use snow data to 

look at how it has behaved in the past in order to predict how it might look in the future. 

Unfortunately, the current collection and archival of snow data by the National Weather 

Service from numerous organizations in New Hampshire is not streamlined. Various file 

formats and delivery methods are used, which is no conducive to archive and perform 

data analyses useful for operational flood-related products. Furthermore, metadata for 

snow sites is neither complete nor all in one file. This project took historical data from 

the New England division of the U.S. Army Corps of Engineers and New Hampshire 

Department of Environmental Services, and systematically organized, quality assured, 

and conglomerated them. Thirty-five high-fidelity snow sites were identified that can be 

used to create 30-year climatological products. A subset of products, such as yearly max 

SWE and snow depth within the climatological period were also created.  

In a second snowpack research project, field operations were preformed to 

attempt to analyze the variability of SWE and snow depth underneath canopy covers of 



 xvii 

varying closure values during the 2019-2020 snow season. Six snowboards were placed 

in areas that were visually deemed to fall into three categories of overhead canopy cover: 

Full Cover, Partial Cover, and No Cover. The canopy closure values were quantified by 

using image analysis software on photographs of the overhead canopy. Initial analyses of 

the data showed that snow depth behaved inversely with canopy closure with the boards 

under full canopy receiving less snow depth on average than the other boards. The SWE, 

however, behaved close to a direct relationship with canopy closure. The boards in areas 

under full canopy recorded more SWE on average than the other boards. Snow depth 

behaved anomalously during periods of high wind suggesting wind drifting is a 

significant factor on snow depth. The SWE is most affected by wind in the early season 

and largely driven by temperature and/or increased solar radiation in the late season as 

meltwater from intercepted snow can easily drip down to the surface.  
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CHAPTER 1: INTRODUCTION 
 
1. Introduction 
 
 A majority of the United States population relies directly on seasonal snow for 

many reasons that range from using snow melt for agricultural purposes to providing a 

source of tourism that may be a significant chunk of the region’s economy (Hagenstad et 

al. 2018). It is estimated that 75% of all snow melt in California is used for agricultural 

purposes (Kinar et al. 2015). The snow water equivalent (SWE) in the snowpack is also 

critical for predicting spring flooding and drought outlooks. Spring floods can be 

devastating if certain factors are not taken into account. One spring flooding event in 

British Columbia in 19-22 June 2013, brought on by an intense rain-on-snow event at 

higher elevations, caused mass evacuations and over 6 billion Canadian dollars to critical 

infrastructure (Vionnet et al. 2020). From a climatological context it would be extremely 

valuable to be able to investigate these events with a particular focus on what the 

snowpack looked like at the time. Vionnet et al. (2020) found that the initial conditionals 

(IC) of the snowpack at higher elevations is extremely important to hydrological 

modeling of spring flooding. Underestimating the snowpack ICs at those higher 

elevations causes a significant and systematic underestimation of flood volume and peak 

flow (Vionnet et al. 2020). For the National Weather Service, the sole authority in issuing 

flood advisories and warnings ahead of devastating floods in the U.S., having a quality-

controlled list of these conditions that goes as far back in time as possible, would be an 

incredible resource to better predict events such as the one mentioned.    

For these reasons, it becomes extremely important that past and current trends in 

snowfall are well known. One of the areas where these trends have been studied is the 



 2 

Northeastern United States. Burakowski et. al. (2008) took data, collected from 

December to March, from over 300 National Weather Service and Co-op observer run 

sites to observe trends in daily snowfall and snow depth, among other variables, over the 

period from 1965-2005. They concluded that snow cover days and snowfall trends were 

decreasing on the Northeastern United States, but these trends were statistically 

insignificant. Burakowski et al. (2008) then concluded that missing data and incomplete 

documentation of the stations’ metadata, further complicated the analysis and certainty of 

these trends that were trying to be understood. Burakowski et al. (2008) goes on to say 

that there is a need for stringent and consistent operational practices among stations in 

order to improve the certainty of trends derived from the observational record. 

Burakowski et al. (2008) discovered an underlying issue with the snow data that is 

collected in the Northeast and potentially across the United States. Data relating to snow 

is collected in abundance, however not much care is taken in properly recording metadata 

about the area in which the data is collected, or if it is, it is not properly disseminated in a 

way that is conducive to those that wish to use it for research purposes.  

 In this study, three very detailed snow datasets for sites in New Hampshire are 

conglomerated into a singular, quality-controlled dataset. Two of the datasets are used to 

demonstrate the climatologically important products this singular datasheet can produce, 

a 30-year climatology, as well as additional subproducts, were created. The intention is 

that the organized data sheet and derived statistical products will be used primarily as a 

resource for the NWS to understand the current state of snowpack in a climatological 

context and improve flood risk forecasts, and secondarily as an example of the 

effectiveness of standardizing the data conglomeration process as it pertains to snow data 
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and pave the way for this to be done for the purpose of improving the certainty of 

climatological trends in snow variables and to improve snow research. 
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CHAPTER 2: 30-YEAR NEW HAMPSHIRE SNOW CLIMATOLOGY 
 

1. Data and Methods 
 
 Data from the New England division of the U.S. Army Corps of Engineers, New 

Hampshire Department of Environmental Services (NHDES), and Great River Hydro 

were received. Data from the NHDES began in 1951, data from Great River Hydro began 

in 1971, and the U.S. Army Corps of Engineers data began in 1991. All of these 

organizations still collect snowpack data to the present. Each of the site’s metadata was 

quality assured by confirming the latitude, longitude, and elevation were correct and that 

each site was issued a National Weather Service Location Indicator (NWSLI) (Appendix 

1). This is a unique 5-character indicator where the first three characters resemble the 

name or approximate location of the site and the last two characters represent the state in 

which the sites are located. For the state of New Hampshire all NWSLI’s end with the 

characters “N3”. All the data was first quality controlled for simple errors such as a zero 

SWE value where there was a non-zero measurement of snow depth or the two 

measurements being equal for any given survey date. Sites’ snow depth and SWE were 

plotted based on their proximity to one another, in 5- or 6-year increments, to determine 

if the values recorded were representative and reasonable with respect to elevation and 

geographic location (Fig. 2.1). The U.S. Army Corps of Engineers site’s data are 

organized based on the watershed they shared. This allowed for plots of the sites to be 

easily compared. It was found that one survey, date 13 January 2003, had to be discarded 

due to a data entry error that made SWE and snow depth equal in value. This method of 

quality control was not performed on the NHDES data.   
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 Once the data and metadata were determined to be correct, they were organized 

into singular data sheets for each variable, snow depth and SWE. The new metadata sheet 

contained the site’s NWSLI, common site name, elevation, Latitude, and Longitude, and 

was saved as both an .xlsx and .csv file so it could be used for mapping in Geographic 

Information System (GIS) software. The new data sheets contained the site’s survey data, 

NWSLI, common site name, Snow Depth (in), and SWE (in). A value of “-999” was 

assigned to cells that had missing or erroneous data. These were also saved in both an 

.xlsx and .csv file. It was then decided that this newly organized data would be tested by 

using it to create a 30-year climatology for the years 1991-2020. Thirty-five sites were 

identified to have a sufficient amount of data for creating a 30-year climatology (Fig. 

2.2). Some sites had a full 30-year record while some sites had fewer. The fewest number 

of years considered for inclusion in this climatology was 28 years. The Great River 

Hydro dataset was determined to not include enough years where a zero was recorded to 

denote the end of the season. There were many years where the snowpack was recorded 

to be >24 inches deep at the last measurement of the season. Because it was important for 

the quality of the data for a majority of the years to end in a zero, and because Great 

River Hydro only services two sites in New Hampshire, the decision was made to 

exclude those sites from the climatology.  

 The standard procedures for snow surveys say that measurements taken at any 

given site should start in January and end when the site has melted out. Surveyors take 

measurements at least once every 2 weeks, as safe weather conditions allow, in the 

months of January and February and switch to once a week beginning in March and 

continuing through melt out. This change in frequency is to capture the high variability of 
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the snowpack during the spring months. All of the snow depth and SWE measurements 

are recorded in units of inches. Therefore, all of the products and data sheets produced in 

this project observed inches as the unit of measurement for the aforementioned reason 

that they will primarily be used by the National Weather Service and other U.S. 

institutions that disseminate their information in imperial units.  

When the climatological data for each site was plotted, it was discovered that the 

number of surveys conducted during each snow season was highly variable and that sites 

were much more consistently surveyed in January and February compared to in April. It 

is suggested that this difference is caused by an observer’s knowledge that a site presents 

a lower flood risk and decides a survey is not necessary if the snow on the ground is 

believed to be zero. 

 In order to better understand the behavior of SWE and snow depth over time, a 

daily average climatology was developed. This aided in assessing the sites where the 

record did not terminate with a zero value. To produce the daily climatology, a scatter 

plot of the raw un-averaged data was used to retrieve daily average values by ways of a 

polynomial regression. Each site’s plot was found to be best represented by a 4th degree 

polynomial (Appendix 2 & 3) because this captured the beginning of the measurements 

most accurately as well as not following the natural variability of the measurements to an 

unreasonable degree. The best fit polynomial regression curves did not always intercept 

zero. This is suggested to be a result of the lack of completed surveys in April. The 

polynomial-fits were made to intercept zero by adding zeros to days immediately 

following a non-zero measurement that were blank because a survey had not been 

conducted on that day. During this time of year, it is not unreasonable to assume that 
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there are days where there is no snow on the ground, in April, at a point in history.  In a 

few cases, this had to be extended into May for sites where a large amount of snow was 

still present at the last measurement of the season. This was done using the exact 

methodology and assumptions used for April. Because of the assumptions made, the end 

point of the regression is not considered to be the snow out date as this would be 

unrealistic. Determination of the average snow out dates is discussed later in this chapter. 

Each polynomial’s equation and R2 value were recorded for snow depth (Appendix 4) 

and SWE (Appendix 5). The daily values of snow depth and SWE form each site’s 

polynomial equations were extracted as the daily climatological values. The 30-year 

climatology of snow depth and SWE over the half month periods were produced as maps 

in QGIS.  

Additional, to the 30-year climatology of snow depth and SWE, a subset of 

products was also produced. Maximum average snow depth was calculated over half-

month and yearly periods, as well as being calculated over each site’s entire record (Fig. 

2.3). Maximum average SWE was also calculated over half-month and yearly periods, as 

well as each site’s entire record (Fig. 2.4). Graphs showing the max seasonal snow depth 

(Fig. 2.5) and SWE (Fig. 2.6) versus elevation were produced. Average climatological 

snow out dates were produced by averaging all the days where a zero was recorded as the 

last measurement of the season (Fig. 2.7, Appendix 6). If a zero measurement was not 

recorded for a particular season, the assumption was made that it would have been zero 

the following week. Therefore, the date used in the average was exactly 7 days from the 

last measurement. This was based on the assumption that if an observer believed that 

there was no snow remaining at a given site, a trip may not be made to record an official 
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observation. This method produced more realistic values for the average melt out dates 

than the method using the end point of the polynomial regressions. The former method 

produced melt out dates beginning in late April for all of the sites. This was immediately 

dismissed as the geographical location of most of those sites, such as the ones in 

Southeastern New Hampshire, do not support snow into late April on average. The latter 

method followed more closely what the average melt out date would be based on 

geographic location and elevation. All of the products and data sheets produced in this 

project observed inches as the unit of measurement for the aforementioned reason that 

they will primarily be used by the National Weather Service and other U.S. institutions 

that disseminate their information in imperial units.  

 

2. Results 
 

All of the climatological maps show that higher snow depth values are 

consistently recorded at the higher elevation, and latitude sites, in Northern and 

Southwestern New Hampshire. This is further supported by the maps showing the 

distribution of maximum SWE and snow depth throughout the climatological period. 

When looking at seasonal depth versus site elevation, Breezy Point records the highest 

seasonal snow depth. This is suggested to be largely because it also has the highest 

elevation of all the sites. The second highest snow depth is seen at The Flume, which 

elevation wise, is average compared to the other sites. This evidence suggests that this 

occurs based on the site’s latitude, which is one of the furthest north, only surpassed by 

Cannon Mountain Base.  
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The results, when the same comparison is done for SWE, are similar. The highest 

elevation site, Breezy Point records the highest SWE value. Again, The Flume records a 

higher value than Cannon Mountain Base. This reinforces that latitude is just as important 

a factor to consider as elevation when determining which areas could have the densest 

snowpack. It is important to keep in mind that the surrounding high elevations of 

Franconia Notch orographically enhance snowfall in the area of The Flume.    

These high elevation and high latitude sites also seem to hold their snow the latest. 

Breezy Point and The Flume both have a climatological snow out date of 1 May, with 

Cannon Mountain Base’s snow out occurring on 30 April, the second latest snow out 

date. The most common snow out date, with 8 sites, is 17 April. These higher elevation 

and latitude sites hold their snow 2 weeks longer than the average site.  

This evidence suggests that the higher latitude and elevation sites consistently have the 

most SWE and latest lying snowpack in New Hampshire. Based on the event studied by 

Vionnet et al. (2020), these can be the most valuable to have sufficient data on as they 

can be the cause of the most significant flooding events in the event of rapid melt.  
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Figure 2.1. Comparison of snow sites that are a part of the Pemigewasset watershed. Each 
colored marker is a time series of a sites snow depth over the period from 2000 to 2005. 
The survey dates are shown on the x-axis. Snow depth in inches is displayed on the y-
axis. The breaks in the lines designate the separation of snow seasons. 
 
 

 
Figure 2.2. A map of the distribution of the 35 sites used in the 30-year climatology 
developed by this study. The colored shading is elevation in feet. Dark greens represent 
lower elevations and graduate to light blues which represent higher elevations. Each site 
is identified by its NWSLI.     
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Figure 2.3. Maximum observed snow depth shaded every 6 inches for the site’s entire 
record. White colors indicate lower snow depth values graduating to dark purples which 
represent the higher snow depths. Sites are identified by their NWSLI.  
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Figure 2.4. Maximum observed SWE shaded every 1 inch for the site’s entire record. 
White colors indicate lower SWE values and graduate to darker blues which indicate 
higher SWE values. Sites are identified by their NWSLI. 
 

 
Figure 2.5. Maximum recorded snow depth versus site elevation using the years 1991-
2020. Elevation is plotted on the x-axis in feet. Snow depth is plotted on the y-axis in 
inches.  
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Figure 2.6. Maximum recorded SWE versus site elevation using the years 1991-2020. 
Elevation is plotted on the x-axis in feet. SWE is plotted on the y-axis in inches.  
 
 

 

Figure 2.7. Average climatological melt out dates using the data from 1991-2020. Melt 
dates are shaded from earliest instance (blue) to latest instance (red). 
 
 

0

2

4

6

8

10

12

14

16

0 500 1000 1500 2000 2500

Sn
ow

 W
at

er
 E

le
va

tio
n 

(in
)

Elevation (ft)

Maximum Seasonal SWE Versus Elevation
(1991-2020)



 14 

CHAPTER 3: SNOWBOARD STUDY 
 
1. Introduction 
 

The snow depth and resulting SWE received by a given area is critical when 

predicting flood potential and the hydrological budget for surrounding areas. The areal 

extent of an area’s snowpack and its SWE are of hydrological importance (Dingman 

2002). Multiple organizations across the country record these values throughout the 

winter and spring months at dedicated snow measurements sites to assist with 

hydrological forecasts.  

Snow depth and SWE can have significant variability over small spatial scales (Dingman 

2002; Pohl et al.2013). A study of canopy cover and elevations effect on snow depth and 

SWE distribution, concluded that spatial variability during snow accumulation can 

mainly be attributed to three processes: snow-canopy interactions, snow drifting as a 

result of wind, and orographic influences (Pohl et al. 2013).  

The most common snow-canopy interaction is interception. Interception is the 

process by which precipitation falls on to forest canopies, where it is then subject to 

evaporation or sublimation (Dingman 2002). In the case of solid precipitation like snow, 

the process it would be subject to is sublimation. A study done in Germany, placed 

snowboards under varying degrees of canopy cover at different elevations and found 

significant differences in snow depth and SWE across their sites (Pohl et al. 2013). This 

study was performed in a climate with average winter temperatures that range from 4.1oC 

to -2.1oC and sites that ranged in elevation from 400 m to 1500 m. The study concluded 

that the recorded changes in snow depth and SWE across their sites were significant 

enough that they should be considered in hydrologic and climate models. This was 
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determined by a multiple linear regression model that showed between 70% and 80% 

variability between sites. Pomeroy et al. (1998) quantified the cumulative snow load that 

the average forest canopy can intercept and store, stating it can be as much as 60 percent 

of the annual snowfall. For coniferous forest environments, that could amount to a 30-40 

percent annual sublimation loss (Pomeroy et al. 1998). The percentages for warmer and 

more humid environments are likely lower (Pohl et al. 2013).   

The other factors that affect that the amount of SWE and snow that can reach the ground 

are density of the overhead canopy, canopy gap size and distribution, geographical 

location, and meteorological conditions (Pomeroy et al. 2002).   

 Wind is another variable that effects the distribution of the snowpack. Snow is 

eroded from areas of high wind and deposited in areas of low wind (Pohl et al. 2013). 

While Pohl et al. (2013) applied this to large scale topographical features such as cirques, 

this may be seen on a small scale with slightly higher winds overtop of the forest canopy 

allowing for the distribution of snow beneath the forest canopy where observed wind 

speed would be slightly less due to interactions with forest features. 

 Few studies have been performed that look specifically at snow depth and SWE 

variability with forest canopy. Common studies tend to use remote sensing stations that 

include optical sensors one might not want to be blocked by overhead canopy 

(Dickerson-Lange 2015). Therefore, there ends up being a gap in knowledge about the 

magnitude of the factors that contribute to the variability of SWE and snow depth in a 

densely forested environment that this study aims to fill.  

This study investigates the variability of snow depth and SWE in areas underneath 

canopy covers of varying densities in the White Mountain National Forest of New 
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Hampshire. Relationships between snow depth, SWE and meteorological variables, such 

as temperature, relative humidity, and wind speed are evaluated. It is hypothesized that 

snow depth and SWE will be lower under denser forest canopies, similar to the findings 

of Pohl et al. (2013).  

2. Data and Methods 
 

An area of varying canopies on Mt. Washington, just off the Tuckerman’s Ravine 

Trail (Latitude: 44.2620545, Longitude: -71.2799896) was identified to place six snow 

measurement boards that each had an area of 990 cm2. This was chosen because it is a 

mid-elevation (1115 m) site representative of a large area of mid-elevation forests in the 

White Mountains. The area was kept small, approximately 90 meters between the first 

and last boards, in order for spatial variability from topography to be minimized. The 

difference in elevation between the highest and lowest boards was also minimized, less 

than 3 meters, to the point where it can be considered a constant. The selected canopies 

fell under three broad categories: full cover, partial cover, no cover. The qualification for 

full cover canopy was as close to 100% cover as possible (sky barely visible), the 

qualification for partial cover was anything that didn’t look like full or no cover (sky 

easily visible), and no cover was as close to zero as possible (sky mostly visible or 

completely open). These canopy classifications were visually estimated for the area of 

canopy directly above the snowboard. Photographs of the canopies above each 

snowboard were taken at the time of the snowboard installation on 12 December 2019. 

The photographs were taken with a Cannon Rebel T-3 camera which shoots at a 

resolution of 12.2 megapixels. Additionally, the camera was using a RF50mm F1.8STM 

lens attachment. Photographs of the overhead canopy were also taken in December 2020; 



 17 

no significant changes in canopy were observed compared to the 2019-2020 winter 

during which the measurements were made. The boards were also placed in such a way 

that observers taking the measurements could follow a semi-straight path from board to 

board. The boards were numbered in the order they were measured from following this 

path. The number labels were taped to 1.2-meter fiberglass stakes and placed through the 

handles of the boards. This ensured that an observer could find the snowboards when 

they were covered in snow.  

The canopy pictures were then analyzed using a MATLAB program 

(matlab_cc.m, Korhonen 2020) to get a percentage of the canopy closure. This program 

identifies a brightness threshold value, in bits, using binarization, based on the brightness 

and resolution of the photographs, that distinguishes the sky from the canopy. The 

program then converts all of the pixels that fall below that brightness threshold to a black 

color and all the pixels above that threshold to a white color. It produces an image where 

gaps in the overall canopy can be easily identified. Canopy cover is defined as the 

proportion of the forest floor covered by the vertical projection of the tree crowns. 

Measurements of canopy cover assess the presence or absence of canopy vertically above 

a sample of points across an area of forest (Jennings 1999). Canopy closure is defined as 

the proportion of the sky hemisphere obscured by vegetation when viewed by a single 

point (Battles et. al. 2015). In other words, canopy closure would be the amount of sky 

obscured from the “view” of the snowboard whereas canopy cover represents the canopy 

as a whole. The reason these values differ is because the canopy closure value takes into 

account all the sky pixels in the image and only paints the physical attributes of the trees. 

The canopy cover value would identify a branch and paint the whole thing black because, 
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per the definition of this value, it is just the percentage of trees in the area. This 

distinction is highly important in this study because the canopy in question is made up of 

firs meaning sky is visible between the needles on the trees when they are not covered by 

snow and this would be represented in the canopy closure value. Canopy closure is a key 

variable when thinking about the magnitude of solar radiation reaching the board and the 

magnitude of canopy interception that might occur.  

Measurements were taken on a weekly basis from 29 December 2019 until 23 

May 2020, the “melt out” day – the day that all snow in the snowboard area has melted. 

Only 3 weekly measurements were not taken due to logistical reasons (16 January, 7 

March, 11 April 2020). Two measurements of depth and SWE measurements were taken 

on each board to calculate an average for each board. Cores for SWE measurements were 

taken using a 122 cm long aluminum tube with a diameter of 4.6 cm. The cores were then 

transferred into a plastic bag for weighing in the field as the cores were often small 

enough that they would not stay in the tube. The cores were then weighed using a csi H-6 

hanging scale to get a mass in grams. The scale resolution is 2 grams. SWE was 

calculated by taking the mass in grams and dividing it by the area of the coring tube. 

Snow depth, to the nearest tenth of a centimeter, was measured in each of the holes left 

by the coring tube using a meter stick. After all measurements were taken, the boards 

were cleared of all snow and ice to ensure that only new snowfall would be recorded at 

the next site visit. Temperature and relative humidity were measured on site by an Onset 

HOBO U23-001 sensor in a radiation shield attached to a tree trunk with a 15 cm 

standoff. This HOBO sensor’s height above the snow surface was adjusted throughout 

the season to ensure it was always 1.5-2.0 meters above the surface. Wind was measured 
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by an RM Young anemometer (owned and operated by Mount Washington Observatory) 

affixed on a pole above the Appalachian Mountain Club’s Hermit Lake Cabin at an 

elevation of 1158.2 meters, located approximately 402 meters up-trail from our site. The 

difference in elevation between our site and the Hermit Lake Cabin is approximately 43 

meters (Fig. 3.1). Days with measurable snowfall at the snowboards were identified using 

daily observations at the Hermit Lake and Harvard Cabin snow course sites, taken at 

1100 UTC, and reported by the Mount Washington Avalanche Center, which are at 

elevations of 1158 and 1073 meters respectively.   

To assess the most likely factors that caused the weekly observations of SWE and 

snow depth to deviate from what is to be expected (i.e., highest with no canopy and 

lowest with near-full canopy closure), the 24-hr maximum temperature data from the 

HOBO sensor was plotted along with dewpoint (derived from the temperature and 

relative humidity observations) in order to identify times when the daytime conditions 

would be right for melting and/or sublimation. The 24-hr maximum sustained winds 

(hereafter called maximum wind) from the RM Young anemometer was also plotted to 

identify times when snow may have been redistributed during and after precipitation 

events. Specifically, the maximum wind was plotted to get an idea of what the largest 

magnitude of redistribution was on any given day.  

 
3. Results  
 

The canopy above Snowboard 1 had a closure value of 82 percent (Fig. 3.2) and 

the canopy above snowboard 2 had a closure value of 84 percent (Fig. 3.3). The canopy 

above snowboard 3 had a closure value of 61 percent (Fig. 3.4) and the canopy above 

snowboard 5 had a closure value of 68 percent (Fig. 3.5). Snowboard 4 was placed under 
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canopy cover with a closure value of 35 percent (Fig. 3.6). Snowboard 6 was placed in an 

area with a closure value of 7 percent (Fig. 3.7). 

When averaged across the entire season, the snowboards under denser canopy cover 

received less snow depth than the boards under little to no canopy, which received the 

most (Fig. 3.8). Snowboard 6, a board under near zero canopy received the most and was 

nearly double that of Snowboards 1 and 2, the snowboards under the densest canopy. 

SWE however did not follow the same pattern as depth (Fig. 3.9). Snowboards 1 and 2 

recorded the highest season-average SWE despite recording the least amount of season-

average snow depth. A quick calculation of the snow to liquid ratio shows Snowboards 1 

and 2 at 2:1 and Snowboard 6 at 4:1. This would make Snowboard 1 approximately twice 

as dense as Snowboard 6. To investigate the possible causes of this relationship, 

temperature, relative humidity, and wind speed were analyzed during individual periods 

where snow depth and SWE did not follow expected seasonal-average ranking. 

3.1 Snow Depth Analysis  
 

The weekly-average snowfall snow depth (Fig. 3.10) reveals four periods where snow 

depth did not follow the seasonal-average ranking: 10 Jan – 25, 12 Feb -16 Feb, 24 Feb - 

29 Feb, and 27 Apr – 2 May 2020.  

a. 10 January – 25 January 2020 
 

The measurements taken on 25 Jan 2020 showed that Snowboard 1 received 

nearly as much snow as Snowboard 6 making them the two boards with the highest depth 

values (Fig. 3.11). 24-hr maximum wind values during this period were consistently in 

excess of 15 m/s, only slowing down in the 24 hours before the snow depth 

measurements were taken (Fig. 3.12). 24-hr maximum temperatures during this period 
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were above freezing in the 24 hours before the snow depth measurements were taken 

(Fig. 3.13) High winds (> 15 m/s) were observed during the periods of snowfall which 

then decreased in the days after. This suggests that drifting could be a factor in 

snowboard 1 receiving a snowfall total comparable to what snowboard 6 received. It is 

unlikely that melt was a factor because temperatures remained below freezing during the 

days immediately following the snowfall. The low angle of the sun this time of year also 

that direct solar radiation did not contributed to the observed distribution.  

b. 12 February – 16 February 2020  
 

The measurements taken on 16 February showed a near uniform snow depth 

across all Snowboards with 1,2,3 and 4 being equal. Snowboard 6 was the highest, but 

Snowboard 5 was the lowest and differed from 6 by 3.5 cm (37%). (Fig. 3.14). 24-hr max 

wind values during this period were in excess of 15 m/s for the majority of the time (Fig. 

3.15). Temperatures stayed below freezing the entire period (Fig. 3.16) Again, it is 

observed that high winds were present during the time precipitation was occurring and, in 

this case, the winds persisted up until the time of the measurements. Even though relative 

humidity decreased in the days following the snowfall events, temperatures remained 

below freezing. This observed distribution of snowfall where all the boards under some 

degree of canopy have a uniform snow depth, suggest that drifting may have been the 

cause.  

c. 24 February – 29 February 2020  
 

This is a similar case where Snowboards 1 and 2 were higher than 3 and 5 while 

also being comparable to Snowboard 6 (Fig. 3.17). Winds were going calm during the 

first half of the period and then increased to around 20 m/s in the second half of the 
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period (Fig. 3.18). Temperatures were above freezing for the first half of the period and 

then decreased to well below freezing for the second half of the period (Fig. 3.19) There 

was measurable snow during the last three days of this period when wind speeds were 

very high. Drifting was the main factor in the cause of this distribution pattern because 

temperatures remained below freezing after the snow events. 

d. 27 April – 2 May 2020 
 

Snowboard 3 snow depth was much higher than 1,2, and 5, and slightly higher 

than board 4 (Fig. 3.20). Maximum wind speeds were less than 15 m/s for the majority of 

the period and then increased to greater than 15 m/s in the two days leading up to the 

measurement (Fig. 3.21). Temperature was only below freezing for approximately 24 

hours at the beginning of the period and then rose above freezing for the remainder of the 

period (Fig. 3.22). Precipitation occurred at the beginning of this period and at this same 

time, winds increased to near 20 m/s.  

The ratio between highest and lowest depths is the highest of all the cases. This 

suggests the influence of other factors, such as the possibility that a moister sticky snow 

occurred that would have increased canopy interception. The intercepted snow than could 

have fallen onto board 3 and with the wind being light it may have allowed the snow to 

stay compact rather than be distributed as flakes. Uneven melting from direct sunlight 

may have also been the cause of this distribution. The sun angle this time of year is much 

higher than in January so the sites are more apt to feel the effects of direct solar radiation. 

It should be noted that it is unknown exactly how much sunlight reaches the ground 

through gaps in the canopy, or where, as it was not measured in this study.  

3.2 Snow Water Equivalent Analysis 
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When average SWE measurements were divided up into individual periods between 

measurements (Fig. 3.23) seven periods were identified where this variable did not follow 

expectations: 26 Jan – 2 Feb 2020, 3 Feb – 11 Feb 2020, 17 Feb – 23 Feb 2020, 24 Feb – 

29 Feb 2020, 1 Mar – 14 Mar 2020, 5 Apr – 18 Apr 2020, and 3 May – 10 May 2020.  

a. 26 January – 2 February 2020 
 

Snowboard 1 was within 0.1 cm (10%) and 0.3 cm (11%) of boards 4 and 6 

respectively, and higher than Snowboard 3 by 0.3 cm (7%) (Fig. 3.24). Winds were 

around 15 m/s for the first half of the period and decreased to 10 m/s during the second 

half of the period (Fig. 3.25). Temperatures remained below freezing (Fig. 3.26).  

This nearly uniform distribution of SWE across the snowboards suggests that the high 

winds during the period of snowfall led to some redistribution of snow by way of drifting. 

This allowed for Snowboard 1 to become comparable to those boards that were under 

little to no canopy.   

b. 3 February – 11 February 2020 
 

Snowboards 1 only differed from Snowboard 4 by 0.1 cm (2%) and from 

Snowboard 6 by 0.3 cm (6%) (Fig. 3.27). Maximum wind speeds were around 15 m/s for 

the first half of the period then decreased to 10 m/s for the second half of the period (Fig. 

3.28). Temperatures were below freezing the entire period (Fig. 3.29).  

This is a case similar to the one above where a nearly uniform SWE distribution was 

observed across all of the boards. Similar conditions were also observed where high 

winds were persistent throughout the period. The notable difference is that relative 

humidity remained very low during the first period of snowfall. This would have resulted 

in a lighter, drier snow, that would have been easily been blown around by the observed 
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high winds. Again, high winds may have caused drifting on to Snowboard 1 making it 

anomalously high.  

c. 17 February – 23 February 2020 
 

Snowboard 5 had 1 cm (26%) more SWE than boards 1,2, and 3 (Fig. 3.30). It 

also had more SWE than boards 4 and 6 by 0.4 (13 %) and 0.2 cm (6%) respectively. 

Winds were well above 15 m/s for the majority of the period, only decreasing to less than 

15 m/s in the few hours before the measurement on 23 February was taken (Fig. 3.31). 

Temperatures remained below freezing for the entire period, save for 23 Feb when the 

measurement was taken (Fig. 3.32). This is more suggestive of drifting causing a nearly 

homogenous snowpack. 

d. 24 February – 29 February 2020 
 

The SWE measured on 29 February showed that Snowboards 1 and 2 had higher 

SWE values than boards 3,4, and 5 and were just 0.7 cm shy of board 6 (Fig. 3.33).  

Maximum winds calmed to 5 m/s over the first three days before increasing to 20 m/s 

where it persisted for the last three days of the period (Fig. 3.18). Temperatures during 

this period were above freezing for the first half of the period and then remained below 

freezing for the second half of the period (Fig. 3.19). Based on the previous cases, it 

seems that wind redistribution allows the boards under canopy to receive more SWE 

while receiving less direct snow, by way of snow interception.  

e. 1 March – 14 March 2020 
 

The measurements on 14 March showed that Snowboards 2 and 5 had SWE 

values higher than all the other boards with values of 3.1 and 3.4 cm respectively (Fig. 

3.34). Max wind values during this period show a fluctuating wind pattern (Fig. 3.35). 
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The wind values were over 15 m/s for most of the period with only two days having 

values near 10 m/s. On the day the snow measurements were taken the wind increased to 

25 m/s. Max temperatures during this period show a similarly fluctuating temperature 

pattern with values above freezing for a majority of the period save for four days in the 

middle when temperatures stayed below freezing (Fig. 3.36).  

These weather conditions suggest melting of intercepted snow added to SWE 

values. Again, this would have likely occurred with light subcanopy winds that allow for 

the compacted snow to accumulate directly on the board without being distributed. 

During the period following the snowfall events, temperatures warmed well above 

freezing, reaching 8.2oC for two consecutive days. The observed SWE distribution may 

suggest that melting of intercepted snow from the prior snowfall event may have 

contributed to the higher values measured on those boards under dense canopy. If the 

amount of snow intercepted during this event is significant enough, and all of it is melted 

down to the snowpack, it is not unreasonable to suggest that this would have amounted to 

an additional centimeter of SWE when compared to what board 6 received. However, this 

event is unique, and the true answer may be in factors that were not measured in this 

study, such as effect of solar radiation in melting snow on the ground and moisture 

content of the falling snow during the time it was falling (i.e., meteorological conditions 

suggest the snow may have been moister and stickier).  

f. 5 April – 18 April 2020 
 

This is another case where a board under partial cover, in this case Snowboard 3, 

recorded the highest SWE values (Fig. 3.37). Max wind values during this period were 

fluctuating, with the majority of values being below 15 m/s (Fig. 3.38). Max temperatures 
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also fluctuated throughout the period, spending a similar amount of time above and below 

freezing (Fig. 3.39). There are measurable snow events before a period of temperatures 

warming above freezing, and again it is observed that a board under partial canopy 

records the highest SWE value. This might suggest that SWE was added to Snowboards 1 

and 3 by way of melt-down from snow intercepted by the canopy. Additionally, there are 

snowfall events in the days prior to the measurements being taken on 18 April when 

winds were still in excess of 10 m/s, that may have redistributed some snow by way of 

drifting.  

g. 3 May – 10 May 2020  
 

The measurements taken on 10 May 2020 show that snowboard 2 had an average 

SWE higher than boards 1, 3, 4, 5, and just 0.1 cm less then snowboard 6 (Fig. 3.40). 

Max wind values were below 15 m/s for a majority of the period (Fig. 3.41). From 5 May 

to 6 May values were near and at 5 m/s. The wind values then steadily climb to their peak 

of 20 m/s on 9 March. Max temperatures were well above freezing for the majority of the 

period (Fig. 3.42). The day before, and the day of the measurements, values remained 

below freezing. 

A significant snow event occurred the day before these measurements were taken 

not only in the mountains, but also in the surrounding valley locations of the White 

Mountains. Despite this snow event not being recorded at either Harvard Cabin or Hermit 

Lake due to COVID restrictions shutting down the Tuckerman Ravine Trail, this 

exceptionally late-season snowfall in the valleys makes this event memorable and 

therefore, the timing of the snowfall during this week is known. Due to the above 

freezing maximum temperatures that persisted before the snow event, it cannot be 
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assumed that there was any snow on the boards prior. If this is the case, then it is 

suggested that drifting was the main factor behind this distribution, as there was little 

time for sunlight to have caused the differences. This is similar to the 14 March 

measurement period.  
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Figure 3.1. Map displaying the location of the snow course site (blue pin) in respect to 
Harvard Cabin (green triangle) and Hermit Lake Cabin (blue triangle). The red oval is the 
approximate location of the Hermit Lake snow course site. The red square is the 
approximate location of the Harvard Cabin snow course site. Screenshot of a map 
generated on latlong.net. 
 

 
Figure 3.2. Canopy closure analysis for snowboard 1. Both the x and y-axis on the two 
images on the left, is the number of pixels. Top left: Photograph of the canopy above 
snowboard 1. Top Right: Threshold value, in bits, used by the program to separate the 
canopy cover from the sky. Bottom Left: Canopy closure value and threshold image.  
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Figure 3.3. Canopy closure analysis for snowboard 2. Both the x and y-axis on the two 
images on the left, is the number of pixels. Top left: Photograph of the canopy above 
snowboard 2. Top Right: Threshold value, in bits, used by the program to separate the 
canopy cover from the sky. Bottom Left: Canopy closure value and threshold image. 
 

 
Figure 3.4. Canopy closure analysis for snowboard 3. Both the x and y-axis on the two 
images on the left, is the number of pixels. Top left: Photograph of the canopy above 
snowboard 3. Top Right: Threshold value, in bits, used by the program to separate the 
canopy cover from the sky. Bottom Left: Canopy closure value and threshold image. 
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Figure 3.5. Canopy closure analysis for snowboard 5. Both the x and y-axis on the two 
images on the left, is the number of pixels. Top left: Photograph of the canopy above 
snowboard 5. Top Right: Threshold value, in bits, used by the program to separate the 
canopy cover from the sky. Bottom Left: Canopy closure value and threshold image. 
 

 
Figure 3.6. Canopy closure analysis for snowboard 4. Both the x and y-axis on the two 
images on the left, is the number of pixels. Top left: Photograph of the canopy above 
snowboard 4. Top Right: Threshold value, in bits, used by the program to separate the 
canopy cover from the sky. Bottom Left: Canopy closure value and threshold image. 
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Figure 3.7. Canopy closure analysis for snowboard 6. Both the x and y-axis on the two 
images on the left, is the number of pixels. Top left: Photograph of the canopy above 
snowboard 6. Top Right: Threshold value, in bits, used by the program to separate the 
canopy cover from the sky. Bottom Left: Canopy closure value and threshold image. 
 

 
Figure 3.8. Average seasonal snowfall depth for the 2019-2020 snow season, which 
started on 29 December 2019 and ended on 23 May 2020. Snow depth in centimeters is 
shown on the y-axis. Board number and canopy cover classification are shown on the x-
axis with the closure values as percentages in parentheses.  
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Figure 3.9. Average Seasonal Snowfall Snow Water Equivalent for the 2019-2020 snow 
season which started on 29 December 2019 and ended on 23 May 2020. Snow Water 
Equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the closure values as percentages in 
parentheses. 
 
 
 
 
 
 
 

 
Figure 3.10. Average seasonal snowfall depth for each snowboard for the 2019-2020 
snow season which started on 29 December 2019 and ended on 23 May 2020. Snowfall 
depth in centimeters is shown on the y-axis. Date the measurements were taken is shown 
on the x-axis. The legend shows the colors associated with each board number and 
canopy classification with canopy closure values shown as a percentage in the 
parentheses.  
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Figure 3.11. Measured snowfall depth on 25 January 2020. Snowfall depth in centimeters 
is shown on the y-axis. Board number and canopy cover classification are shown on the 
x-axis with the canopy closure values as percentages in parentheses.  
 

 
Figure 3.12. Observed 24-hr max wind values over the period of 10 January to 25 
January 2020. Observed wind speed in meters per second is shown on the y-axis. This 
data was received in miles per hour and converted. The date of observation is shown on 
the x-axis. The black line on the x-axis designates days when precipitation fell. 
 

NO DATA 
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Figure 3.13. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 10 January to 25 January 2020. Observed temperature in degrees 
Celsius is shown on the y-axis. The date of the observation is shown on the x-axis. The 
black line on the x-axis designates days when precipitation fell. Freezing is shown as an 
orange dashed line.  
 

 
Figure 3.14. Measured snowfall depth on 16 February 2020. Snowfall depth in 
centimeters is shown on the y-axis. Board number and canopy cover classification are 
shown on the x-axis with the canopy closure values as percentages in parentheses. 
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Figure 3.15. Observed 24-hr max wind values over the period of 12 February to 16 
February 2020. Observed wind speed in meters per second is shown on the y-axis. The 
date of observation is shown on the x-axis. The black line on the x-axis designates days 
when precipitation fell.   
 

 
Figure 3.16. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 12 February to 16 February 2020. Observed temperature in degrees 
Celsius is shown on the y-axis. The black line on the x-axis designates days when 
precipitation fell. Freezing is shown as an orange dashed line.  
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Figure 3.17. Measured snowfall depth on 29 February 2020. Snowfall depth in 
centimeters is shown on the y-axis. Board number and canopy cover classification are 
shown on the x-axis with the canopy closure values as percentages in parentheses. 
 

 
Figure 3.18. Observed 24-hr max wind values over the period of 24 February to 29 
February 2020. Observed wind speed in meters per second is shown on the y-axis. The 
date of observation is shown on the x-axis. The black line on the x-axis designates days 
when precipitation fell.   
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Figure 3.19. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 24 February to 29 February 2020. Observed temperature in degrees 
Celsius is shown on the y-axis. The date of the observation is shown on the x-axis. The 
black line on the x-axis designates days when precipitation fell. Freezing is shown as an 
orange dashed line.  
 

 
Figure 3.20. Measured snowfall depth on 2 May 2020. Snowfall depth in centimeters is 
shown on the y-axis. Board number and canopy cover classification are shown on the x-
axis with the canopy closure values as percentages in parentheses. 
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Figure 3.21. Observed 24-hr max wind values over the period of 27 April to 2 May 2020. 
Observed wind speed in meters per second is shown on the y-axis. The date of 
observation is shown on the x-axis. The black line on the x-axis designates days when 
precipitation fell. 
 

 
Figure 3.22. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 27 April to 2 May 2020. Observed temperature in degrees Celsius 
is shown on the y-axis. The date of the observation is shown on the x-axis. The black line 
on the x-axis designates days when precipitation fell. Freezing is shown as an orange 
dashed line.  
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Figure 3.23. Average seasonal snowfall snow water equivalent for each snowboard for 
the 2019-2020 snow season which started on 29 December 2019 and ended on 23 May 
2020. Snowfall depth in centimeters is shown on the y-axis. Date the measurements were 
taken is shown on the x-axis. The legend is showing the colors associated with each 
board number and canopy classification with canopy closure values shown as a 
percentage in the parentheses.  
 

 
Figure 3.24. Measured snowfall snow water equivalent on 2 February 2020. Snow water 
equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the canopy closure values as percentages in 
parentheses. 
 



 40 

 
Figure 3.25. Observed 24-hr max wind values over the period of 26 January to 2 
February 2020. Observed wind speed in meters per second is shown on the y-axis. The 
date of observation is shown on the x-axis. The black line on the x-axis designates days 
when precipitation fell. 
 

 
Figure 3.26. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 26 January to 2 February 2020. Observed temperature in degrees 
Celsius is shown on the y-axis. The date of the observation is shown on the x-axis. The 
black line on the x-axis designates days when precipitation fell. Freezing is shown as an 
orange dashed line. 
 



 41 

 
Figure 3.27. Measured snowfall snow water equivalent on 11 February 2020. Snow water 
equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the canopy closure values as percentages in 
parentheses. 
 

 
Figure 3.28. Observed 24-hr max wind values over the period of 3 February to 11 
February 2020. Observed wind speed in meters per second is shown on the y-axis. The 
date of observation is shown on the x-axis. The black line on the x-axis designates days 
when precipitation fell. 
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Figure 3.29. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 3 February to 11 February 2020. Observed temperature in degrees 
Celsius is shown on the y-axis. The date of the observation is shown on the x-axis. The 
black line on the x-axis designates days when precipitation fell. Freezing is shown as an 
orange dashed line. 
 

 
Figure 3.30. Measured snowfall snow water equivalent on 23 February 2020. Snow water 
equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the canopy closure values as percentages in 
parentheses. 
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Figure 3.31. Observed 24-hr max wind values over the period of 17 February to 23 
February 2020. Observed wind speed in meters per second is shown on the y-axis. The 
date of observation is shown on the x-axis. The black line on the x-axis designates days 
when precipitation fell. 
 

 
Figure 3.32. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 17 February to 23 February 2020. Observed temperature in degrees 
Celsius is shown on the y-axis. The date of the observation is shown on the x-axis. The 
black line on the x-axis designates days when precipitation fell. Freezing is shown as an 
orange dashed line.  
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Figure 3.33. Measured snowfall snow water equivalent on 29 February 2020. Snow water 
equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the canopy closure values as percentages in 
parentheses. 
 

 
Figure 3.34. Measured snowfall snow water equivalent on 14 March 2020. Snow water 
equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the canopy closure values as percentages in 
parentheses.  
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Figure 3.35. Observed 24-hr max wind values over the period of 1 March to 14 March 
2020. Observed wind speed in meters per second is shown on the y-axis. The date of 
observation is shown on the x-axis. The black line on the x-axis designates days when 
precipitation fell. 
 

 
Figure 3.36. Observed 24-hr max temperature (blue line) and calculated dewpoint (green 
line) for the period of 1 March to 14 March 2020. Observed temperature in degrees 
Celsius is shown on the y-axis. The date of the observation is shown on the x-axis. The 
black line on the x-axis designates days when precipitation fell. Freezing is shown as an 
orange dashed line.  
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Figure 3.37. Measured snowfall snow water equivalent on 18 April 2020. Snow water 
equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the canopy closure values as percentages in 
parentheses. 
 

 
Figure 3.38. Observed 24-hr max wind values over the period of 5 April to 18 April 
2020. Observed wind speed in meters per second is shown on the y-axis. The date of 
observation is shown on the x-axis. The black line on the x-axis designates days when 
precipitation fell. 
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Figure 3.39. Observed 24-hr max temperature (blue line) and calculated dew point (green 
line) for the period of 5 April to 18 April 2020. Observed temperature in degrees Celsius 
is shown on the y-axis. The black line on the x-axis designates days when precipitation 
fell. Freezing is shown as an orange dashed line.  
 
 

 
Figure 3.40. Measured snowfall snow water equivalent on 10 May 2020. Snow water 
equivalent in centimeters is shown on the y-axis. Board number and canopy cover 
classification are shown on the x-axis with the canopy closure values as percentages in 
parentheses. 
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Figure 3.41. Observed 24-hr max wind values over the period of 3 May to 10 May 2020. 
Observed wind speed in meters per second is shown on the y-axis. The black line on the 
x-axis designates the snow event on 9 May. The date of observation is shown on the x-
axis. Data provided by the Mt. Washington Observatory. 
 

 
Figure 3.42. Observed 24-hr max temperature (blue line) and calculated dew point (green 
line) for the period of 3 May to 10 May 2020. Observed temperature in degrees Celsius is 
shown on the y-axis. The black line on the x-axis designates the snow event on 9 May. 
The date of the observation is shown on the x-axis. Freezing is shown as an orange 
dashed line.  
 
 
 
 
 
 
 
 



 49 

CHAPTER 4: CONCLUSIONS AND FUTURE WORK 
 
1. 30- year Climatology and Subproducts  
 
  For the purpose of consolidating data and metadata from multiple 

organizations, that usually all have different practices, it was clearly displayed that this 

organizational method works. For research purposes it is much easier to reference and 

work with data that is all in the same format. The results were a master data and metadata 

sheet that can be used analyze historical snow data and create products such as daily 

climatological snow depth and snow water equivalent values and their departures from 

normal. These products are critical to the understanding of how the seasonal snowpack 

evolves over the course of the season. The hope is that this project has paved the way for 

this method to be used to bring in snow data from other sources, including those in other 

states, to expand this climatology, develop similar and new products, and produce 

research similar to Burakowki et al. 2018 that can be based on better quality snow data.  

New Hampshire can further be improved by filling in spatial and temporal gaps in the 

currently available data. Northern New Hampshire is noticeably left out of this 

climatology due to insufficient data from Great River Hydro’s sites at First and Second 

Connecticut Lake. This would be important in confirming that latitude is just as 

significant as elevation in determining areas where the densest snowpack can be observed 

in New Hampshire. The New England Army Corps of Engineers does have data before 

the year 1991, however it is currently still only in paper records. If missing data can be 

recovered or digitized it could vastly improve this climatology. Data from Co-op and 

CoCoRaHS observers might also be able to be integrated for those that practice good 

record keeping. In order to incorporate these data, it would have to be of a similar quality 
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to what the larger organizations produce, meaning there must be at least 30 years of data 

and sufficient metadata, that is metadata and methods. Because snow data comes from so 

many different sources, each with their own practices for collecting and recording data 

and metadata, more efforts must be made to conglomerate these into a singular 

standardized data source. It may also be beneficial to begin seasonal observations in 

December or even November in order to capture rain on snow events or other periods 

where snow may have melted. This would also open the door to further improve 

colloquial products that predict probabilities of White Christmases or Thanksgivings.   

A combination of the products produced in this study as well as a variety of others 

including time lag of peak SWE versus peak stream flow of major rivers, can become 

critical resources for avoiding disastrous floods that occur without warning. On the 

opposite side of the argument, they would also help predict drought conditions for the 

state of New Hampshire. If it is known that higher elevations and latitudes should record 

higher values of SWE and snow depth, a year of lackluster snow at these sites might raise 

a red flag. Future work should also be done on refining the polynomial regressions so that 

they accurately reflect realistic snow out dates to improve that product.  

2. Snowboard Analysis 
 

Snow depth acted according to convention based on canopy cover and most 

events of anomalous depth and SWE distributions are suggested to be a result of drifting 

by high winds. Drifting largely happens at the surface level but is caused by strong winds 

mixing down through the gaps in the canopy. Because the boards were all in relatively 

the same flat area, it would not be unreasonable to suggest that days where SWE and 

snow depth gradients were homogenized across a majority, if not all of the boards, that 
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drifting was the main contributing factor. Due to the low sun angle that is common in the 

winter months it is unlikely that solar radiation played much of a role during the winter 

months. Solar radiation likely played an increasing role with those anomalous 

distributions staring in March and continuing throughout the remainder of the season, but 

even then, the sun is never directly overhead. The canopy closure value is the 

determining factor in what degree of sun exposure any given snowboard would 

experience. However, because this study did not measure solar radiation, any conclusions 

related to how much solar radiation a particular board received are purely speculative.  

  The anomalous distribution of SWE were also suggested to be largely a result of 

drifting, however there were days where the weather conditions suggested that melt from 

intercepted snow could have contributed. Using the observations from Hermit Lake and 

Harvard Cabin snow course sites, it can be seen that measurable snowfall occurred in the 

days prior to temperatures warming above freezing, and studies like Pomeroy et al. 

(1998) say that snow will be intercepted in these coniferous forest environments. A future 

rendition of this study would benefit greatly from plotting hourly winds and wind 

direction to see if there is any correlation between wind direction and magnitude, and 

location, of drifting (i.e., does a certain wind direction always cause higher snow depth 

values on Snowboard 1). If possible, it would also be beneficial to have local 

anemometers measuring wind above and below the canopy.  

 This project was done in a mid-elevation area that experiences high winds on a 

near daily basis in the winter. There are very few snow survey sites in New Hampshire 

that are at a similar elevation or experience the meteorological conditions that these 

snowboards experienced. It would be extremely valuable to recreate this study in areas of 
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lower elevation and less extreme weather conditions in order to be more representative of 

the dozens of snow survey sites in New Hampshire. With that being said, there would be 

some value in recreating this study on mountain slopes as well. This may advance our 

knowledge on the magnitude of drifting that occurs in a forest environment. While snow 

survey sites are usually established in areas that are moderately forested, it is important to 

consider the effects of forest canopies because the state of New Hampshire as a whole is 

densely forested and the behavior of the snowpack in forests carries significant weight 

from a hydrological standpoint. 

 Solar radiation and sublimation rate would be valuable variables to measure in a 

recreation of this study. Again, the effects of solar radiation would be very minimal in the 

winter months due to the low sun angle. It is even further minimized in mountainous 

areas similar to where this study took place, due to orthographic features, such as higher 

peaks, blocking direct sunlight in some areas during most parts of the day. Solar radiation 

becomes much more significant in March, April and May as the sun angle increases. It 

would be beneficial to know what the average amount of solar radiation the forest floors 

of New Hampshire receive. It would also be beneficial to know at what rate sublimation 

occurs in New Hampshire. The studies by Pomeroy et. al. that quantified sublimation 

rates for coniferous forest environments to be approximately 30-40% of the intercepted 

snow were done in colder and drier climates. Pohl et al. (2013) acknowledged this and 

stated that those numbers would be much lower in warmer, more humid climates. The 

sublimation rate for coniferous forests in a humid continental climate would be an 

extremely beneficial statistic to have when considering what the behavior of the 

snowpack might be for any given winter.  
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 While Pohl et al. (2013) had a hundred more sites measuring more variables and 

took hundreds of more snow depth and SWE measurements over a longer duration, this 

study found similar results and expose a gap in knowledge about behavior of these 

variables in dense forests where these measurements are not usually taken. Again, this 

was a short duration, small scale study, however it supports the statement of Pohl et al. 

(2013) that these anomalous behaviors are significant enough to be taken into account 

when running hydrological models.  
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APPENDIX 1 
 

Climatology Site Metadata Table 
 
 

This table shows the metadata for each site used in the climatological products as it 
appears in the master metadata sheet.  

 
 

NWSLI Site Name Latitude Longitude Elevation 
(ft) 

ALSN3 ALSTEAD 43.1167 -72.2667 1407 
BRRN3 AYERS LAKE 43.2653 -71.0353 318 
BKRN3 BAKER 43.78 -71.68 617 
BEEN3 BEECH HILL 42.93 -72.07 1411 
BLKN3 BLACKWATER 43.32 -71.73 541 
BLRN3 BLAIR 43.82 -71.67 738 
BRZN3 BREEZY POINT 43.98 -71.8 2329 
CANN3 CANNON 

MOUNTAIN BASE 
44.17 -71.68 2251 

CTRN3 CENTER HARBOR 43.7097 -71.4778 968 

CHIN3 CHILDS BOG 42.97 -72.12 1581 
EDWN3 EDWARD 

MACDOWELL LAKE 
42.9 -71.98 1037 

WERN3 EVERETT LAKE 43.0931 -71.66 423 
FZWN3 FITZWILLIAM 42.78 -72.13 1093 
FFMN3 FRANKLIN FALLS 

DAM 
43.47 -71.67 518 

GLFN3 GILFORD 43.5486 -71.3619 938 
GOON3 GOOSE POND 43.7172 -72.0964 860 
NELN3 GRANITE LAKE 43.02 -72.15 1434 
GNLN3 GRANLIDEN 43.4017 -72.0797 1227 
HYTN3 HOYT HILL 43.73 -71.77 1056 
LTLN3 LITTLE SUNAPEE 43.4453 -72.0247 1460 

MARN3 MARLOW 43.1 -72.2 1152 
MNDN3 MENDUMS POND 43.165 -71.0572 344 

MRDN3 MEREDITH 43.6306 -71.5206 902 
MRYN3 MERRYMEETING 43.4728 -71.1803 643 
NLSN3 NELSON BROOK 43.4778 -71.3611 814 
NHNN3 NEW HAMPTON 43.63 -71.65 518 



 58 

NEBN3 NEWBURY 43.3431 -72.035 1345 
NWBN3 NORTH WOLFEBORO 43.6561 -71.1428 1001 

OBRN3 OTTER BROOK LAKE 42.95 -72.2333 810 

SNPN3 SAND POND 43.17 -72.18 1476 
SQLN3 SQUAM LAKE AT 

OWL BROOK 
43.7311 -71.5874 570 

SURN3 SURRY MOUNTAIN 
LAKE 

43 -72.32 600 

TMPN3 TEMPLE MOUNTAIN 42.85 -71.88 1519 

FLUN3 THE FLUME 44.1 -71.68 1427 
WTVN3 WATERVILLE VALLEY 43.97 -71.52 1680 
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APPENDIX 2 
 

Snow Depth Polynomial Fit Graphs  

All graphs in this appendix are fitted with 4th degree polynomials. Day of year is 
displayed on the x-axis ranging from 1-130. Snow depth in inches is displayed on the y-
axis ranging from 0 to 60 in. Data is from the New England Army Corps of Engineers 
and the New Hampshire Department of Environmental Services. 
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APPENDIX 3 
 

SWE Polynomial Fit Graphs 

All graphs in this appendix are fitted with 4th degree polynomials. Day of year is 
displayed on the x-axis ranging from 1-130. Snow water equivalent in inches is displayed 
on the y-axis ranging from 0 to 16 in. Data is from the New England Army Corps of 
Engineers and the New Hampshire Department of Environmental Services.  
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APPENDIX 4 
 

Snow Depth Polynomial Fit Equations and Determination Coefficients 

This table shows the best fit polynomial equation and Determination Coefficient for each 
site. These are the equations of the 4th degree best fit polynomials applied to the scatter 

plots of snow depth.   
 

Site Name Best Fit Polynomial Equation Determination Coefficient 

ALSTEAD 

y = 0.0000000989x4 - 
0.0000366071x3 + 
0.0019884197x2 + 
0.0471888868x + 
6.6283110099 

R² = 0.0664382388 

AYERS LAKE 

y = 0.0000000782x4 - 
0.0000513861x3 + 
0.0040875879x2 - 
0.0159465012x + 
5.7285204201 

R² = 0.0833922545 

BAKER 

y = -0.0000001287x4 + 
0.0000031382x3 - 
0.0010049873x2 + 
0.1857412312x + 
5.9436248238 

R² = 0.1586710062 

BEECH HILL 

y = -0.0000002263x4 + 
0.0000276439x3 - 
0.0021842080x2 + 
0.1826092199x + 
7.3060835390 

R² = 0.0748029365 

BLACKWATER 

y = -0.0000000269x4 + 
0.0000043197x3 - 
0.0019486445x2 + 
0.1702913217x + 
4.8410873681 

R² = 0.0892349936 

BLAIR 

y = -0.0000001234x4 - 
0.0000000716x3 - 
0.0010301782x2 + 
0.2091816503x + 
6.6662305754 

R² = 0.1896830258 

BREEZY POINT 

y = -0.0000012217x4 + 
0.0002249787x3 - 
0.0148130207x2 + 
0.6131957967x + 
10.7360189099 

R² = 0.3146096997 

CANNON MOUNTAIN BASE 

y = -0.0000005677x4 + 
0.0000838249x3 - 
0.0052352157x2 + 
0.3366998192x + 
11.0198826875 

R² = 0.2157807287 

CENTER HARBOR 

y = -0.0000001521x4 + 
0.0000042964x3 + 
0.0004417769x2 + 
0.0773306669x + 
4.7133824844 

R² = 0.0929139336 
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CHILDS BOG 

y = -0.0000001464x4 + 
0.0000126511x3 - 
0.0011959482x2 + 
0.1470959377x + 
6.5700544170 

R² = 0.0682144628 

EDWARD MACDOWELL 
LAKE 

y = -0.0000002233x4 + 
0.0000217982x3 - 
0.0015153989x2 + 
0.1477282696x + 
5.7522477663 

R² = 0.0788060376 

EVERETT LAKE 

y = 0.0000002367x4 - 
0.0000605133x3 + 
0.0025181939x2 + 
0.0845523513x + 
6.6978418890 

R² = 0.1076944727 

FITZWILLIAM 

y = -0.0000000255x4 - 
0.0000073113x3 - 
0.0008068534x2 + 
0.1724913417x + 
5.5408310559 

R² = 0.0715525470 

FRANKLIN FALLS DAM 

y = 0.0000000306x4 - 
0.0000237097x3 + 
0.0002784461x2 + 
0.1578592783x + 
7.1329166316 

R² = 0.1194498406 

GILFORD 

y = 0.0000001206x4 - 
0.0000572374x3 + 
0.0049980077x2 - 
0.0493434355x + 
5.5329057713 

R² = 0.0789041546 

GOOSE POND 

y = -0.0000001790x4 + 
0.0000012660x3 + 
0.0013336585x2 + 
0.0295505274x + 
6.9485967234 

R² = 0.0842087422 

GRANITE LAKE 

y = -0.0000003687x4 + 
0.0000573742x3 - 
0.0034366592x2 + 
0.1448093327x + 
6.6745260524 

R² = 0.0575869988 

GRANLIDEN 

y = -0.0000000909x4 - 
0.0000240404x3 + 
0.0034047060x2 - 
0.0114859725x + 
7.5517903812 

R² = 0.0979655639 

HOYT HILL 

y = -0.0000000938x4 - 
0.0000164677x3 + 
0.0003803719x2 + 
0.2036611655x + 
7.9321694361 

R² = 0.1927948076 

LITTLE SUNAPEE 

y = 0.0000001252x4 - 
0.0000689804x3 + 
0.0062562736x2 - 
0.0779363960x + 
8.7372261164 

R² = 0.0855592248 
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MARLOW 

y = -0.0000003256x4 + 
0.0000556497x3 - 
0.0042877830x2 + 
0.2156168271x + 
6.2599341018 

R² = 0.0805056036 

MENDUMS POND 

y = -0.0000002045x4 + 
0.0000075541x3 + 
0.0003201658x2 + 
0.0563893787x + 
4.1986820290 

R² = 0.0699754544 

MEREDITH 

y = -0.0000002608x4 + 
0.0000164712x3 - 
0.0000533917x2 + 
0.1169294649x + 
6.6728143739 

R² = 0.1175665753 

MERRYMEETING 

y = -0.0000000260x4 - 
0.0000330804x3 + 
0.0036042564x2 - 
0.0435149283x + 
5.7400378621 

R² = 0.0656652093 

NELSON BROOK 

y = 0.0000002454x4 - 
0.0000910480x3 + 
0.0072594304x2 - 
0.0793606286x + 
7.0144103266 

R² = 0.1113876075 

NEW HAMPTON 

y = -0.0000002746x4 + 
0.0000304793x3 - 
0.0024549023x2 + 
0.2096617072x + 
8.2380689154 

R² = 0.1097246404 

NEWBURY 

y = -0.0000000803x4 - 
0.0000336839x3 + 
0.0046740244x2 - 
0.0322533298x + 
8.6344345276 

R² = 0.1253788970 

NORTH WOLFEBORO 

y = -0.0000004129x4 + 
0.0000407415x3 - 
0.0002900984x2 + 
0.0694631130x + 
7.9098698836 

R² = 0.1323029069 

OTTER BROOK LAKE 

y = -0.0000003172x4 + 
0.0000497138x3 - 
0.0037419880x2 + 
0.1685274878x + 
4.9300209726 

R² = 0.0576191125 

SAND POND 

y = 0.0000001296x4 - 
0.0000546827x3 + 
0.0037247022x2 + 
0.0274716494x + 
7.8646218787 

R² = 0.0969522703 

SQUAM LAKE AT OWL 
BROOK 

y = -0.0000005216x4 + 
0.0000691186x3 - 
0.0039187775x2 + 
0.2479666055x + 
7.1787666252 

R² = 0.1564979197 
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SURRY MOUNTAIN LAKE 

y = -0.0000002390x4 + 
0.0000437562x3 - 
0.0041841805x2 + 
0.2047200939x + 
4.1237050927 

R² = 0.0731951527 

TEMPLE MOUNTAIN 

y = -0.0000002643x4 + 
0.0000319279x3 - 
0.0024036124x2 + 
0.1753770106x + 
5.7969879267 

R² = 0.0757029574 

THE FLUME 

y = -0.0000007269x4 + 
0.0001209654x3 - 
0.0079668073x2 + 
0.4264994419x + 
10.5762412116 

R² = 0.2873101194 

WATERVILLE VALLEY 

y = -0.0000007482x4 + 
0.0001234425x3 - 
0.0070153220x2 + 
0.2921499081x + 
9.6022523996 

R² = 0.2000684681 
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APPENDIX 5 
 

SWE Polynomial Fit Equations and Determination Coefficients  

This table shows the best fit polynomial equation and Determination Coefficient for each 
site. These are the equations of the 4th degree best fit polynomials applied to the scatter 
plots of snow water equivalent.   
 

Site Name Best Fit Polynomial 
Equation 

Determination Coefficient 

ALSTEAD 

y = -0.0000001006x4 + 
0.0000145876x3 - 
0.0008182795x2 + 
0.0419912004x + 
1.0643444157 

R² = 0.0629650415 

AYERS LAKE 

y = -0.0000000958x4 + 
0.0000060224x3 + 
0.0002206764x2 + 
0.0085343194x + 
1.0402439765 

R² = 0.1088251577 

BAKER 

y = -0.0000001624x4 + 
0.0000231739x3 - 
0.0012178729x2 + 
0.0572266612x + 
1.0950034658 

R² = 0.1449936951 

BEECH HILL 

y = -0.0000001537x4 + 
0.0000275005x3 - 
0.0018540006x2 + 
0.0775731278x + 
1.3870855911 

R² = 0.0795248990 

BLACKWATER 

y = 0.0000000002x4 - 
0.0000037729x3 + 
0.0001383456x2 + 
0.0265195686x + 
1.1216583211 

R² = 0.0825119923 

BLAIR 

y = -0.0000001864x4 + 
0.0000269003x3 - 
0.0013370910x2 + 
0.0550885806x + 
1.2469025956 

R² = 0.1555613488 

BREEZY POINT 

y = -0.0000005255x4 + 
0.0001020307x3 - 
0.0063186524x2 + 
0.1972923788x + 
2.2268809283 

R² = 0.3473159524 

CANNON MOUNTAIN 
BASE 

y = -0.0000003860x4 + 
0.0000706629x3 - 
0.0041612271x2 + 
0.1386171740x + 
2.2200370126 

R² = 0.2573354039 

CENTER HARBOR 

y = -0.0000002143x4 + 
0.0000359353x3 - 
0.0019654698x2 + 

R² = 0.1325733759 
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0.0640779549x + 
0.6269610084 

CHILDS BOG 

y = -0.0000001651x4 + 
0.0000325394x3 - 
0.0023217725x2 + 
0.0835203256x + 
1.2062810186 

R² = 0.0572974282 

EDWARD MACDOWELL 
LAKE 

y = -0.0000001807x4 + 
0.0000313802x3 - 
0.0019334930x2 + 
0.0644764403x + 
1.2830344019 

R² = 0.0504707005 

EVERETT LAKE 

y = -0.0000000105x4 - 
0.0000044542x3 + 
0.0002380229x2 + 
0.0295800937x + 
1.5267174962 

R² = 0.0945630338 

FITZWILLIAM 

y = -0.0000000391x4 + 
0.0000003267x3 + 
0.0002008714x2 + 
0.0219174585x + 
0.9814947908 

R² = 0.0805874920 

FRANKLIN FALLS DAM 

y = -0.0000001706x4 + 
0.0000268023x3 - 
0.0016573538x2 + 
0.0757579633x + 
1.0997999711 

R² = 0.1115592986 

GILFORD 

y = -0.0000000966x4 + 
0.0000112137x3 - 
0.0002724396x2 + 
0.0210183634x + 
0.7791064060 

R² = 0.1146824776 

GOOSE POND 

y = -0.0000002484x4 + 
0.0000405665x3 - 
0.0020249370x2 + 
0.0561484712x + 
1.2025355009 

R² = 0.1508744831 

GRANITE LAKE 

y = -0.0000001457x4 + 
0.0000241302x3 - 
0.0013261577x2 + 
0.0485106151x + 
1.1251328189 

R² = 0.0850577258 

GRANLIDEN 

y = -0.0000001033x4 + 
0.0000080869x3 + 
0.0002287619x2 + 
0.0104121199x + 
1.5207569429 

R² = 0.1645422060 

HOYT HILL 

y = -0.0000000501x4 - 
0.0000041916x3 + 
0.0007474316x2 + 
0.0176055049x + 
1.9321613093 

R² = 0.1624784973 

LITTLE SUNAPEE 

y = -0.0000001570x4 + 
0.0000210113x3 - 
0.0008735377x2 + 

R² = 0.1495648859 
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0.0460328186x + 
1.3556749713 

MARLOW 

y = -0.0000001606x4 + 
0.0000275813x3 - 
0.0015895730x2 + 
0.0606880528x + 
1.0081376161 

R² = 0.1147971180 

MENDUMS POND 

y = -0.0000000760x4 + 
0.0000011462x3 + 
0.0006622321x2 - 
0.0113472984x + 
1.0323310075 

R² = 0.0876094926 

MEREDITH 

y = -0.0000002028x4 + 
0.0000310921x3 - 
0.0015784472x2 + 
0.0647875931x + 
1.0406422836 

R² = 0.1627555361 

MERRYMEETING 

y = -0.0000001336x4 + 
0.0000155941x3 - 
0.0004123418x2 + 
0.0152949851x + 
0.9026086803 

R² = 0.0804137238 

NELSON BROOK 

y = -0.0000000598x4 - 
0.0000008148x3 + 
0.0007658722x2 - 
0.0039553306x + 
1.4035009964 

R² = 0.1339249815 

NEW HAMPTON 

y = -0.0000002374x4 + 
0.0000382157x3 - 
0.0020339938x2 + 
0.0677724552x + 
1.6569638300 

R² = 0.1089300095 

NEWBURY 

y = -0.0000002601x4 + 
0.0000409376x3 - 
0.0019479758x2 + 
0.0682011532x + 
1.4744897976 

R² = 0.1946339457 

NORTH WOLFEBORO 

y = -0.0000002756x4 + 
0.0000480175x3 - 
0.0026196969x2 + 
0.0833268192x + 
1.0519000216 

R² = 0.2219327124 

OTTER BROOK LAKE 

y = 0.0000000314x4 - 
0.0000136892x3 + 
0.0012154326x2 - 
0.0163032462x + 
1.0361668899 

R² = 0.0925873885 

SAND POND 

y = 0.0000000067x4 - 
0.0000119929x3 + 
0.0012027646x2 + 
0.0009932849x + 
1.3920021668 

R² = 0.1429071120 

SQUAM LAKE AT OWL 
BROOK 

y = -0.0000003429x4 + 
0.0000617839x3 - 
0.0037987117x2 + 

R² = 0.2000313843 
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0.1275522136x + 
0.9739234335 

SURRY MOUNTAIN 
LAKE 

y = -0.0000000785x4 + 
0.0000094832x3 - 
0.0004191742x2 + 
0.0253389392x + 
0.8564539383 

R² = 0.0730066083 

TEMPLE MOUNTAIN 

y = -0.0000001495x4 + 
0.0000219137x3 - 
0.0010695435x2 + 
0.0394737806x + 
1.4271967476 

R² = 0.0648039426 

THE FLUME 

y = -0.0000003601x4 + 
0.0000678039x3 - 
0.0041730840x2 + 
0.1451489257x + 
2.2085938901 

R² = 0.3261707461 

WATERVILLE VALLEY 

y = -0.0000002809x4 + 
0.0000451846x3 - 
0.0019070123x2 + 
0.0485439149x + 
2.5085631349 

R² = 0.2381602020 
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APPENDIX 6 
 

Climatological Snow Out Dates 
 

This table shows each site’s climatological snow out date based on the derived daily 
climatological values. Also listed is each sites NWSLI and name. The figure shows each 
sites’ melt out date shaded from earliest (blues) to latest (reds).  

 
NWSLI Site Name Snow Out Date 

ALSN3 ALSTEAD 28-March 
BRRN3 AYERS LAKE 24-March 
BKRN3 BAKER 31-March 
BEEN3 BEECH HILL 2-April 
BLKN3 BLACKWATER 1-April 
BLRN3 BLAIR 30-March 
BRZN3 BREEZY POINT 11-April 

CANN3 CANNON MOUNTAIN BASE 7-April 

CTRN3 CENTER HARBOR 1-April 
CHIN3 CHILDS BOG 30-March 

EDWN3 
EDWARD MACDOWELL 

LAKE 29-March 
WERN3 EVERETT LAKE 30-March 
FZWN3 FITZWILLIAM 28-March 

FFMN3 FRANKLIN FALLS DAM 29-March 
GLFN3 GILFORD 1-April 
GOON3 GOOSE POND 3-April 
NELN3 GRANITE LAKE 31-March 
GNLN3 GRANLIDEN 3-April 
HYTN3 HOYT HILL 1-April 
LTLN3 LITTLE SUNAPEE 4-April 

MARN3 MARLOW 3-April 

MNDN3 MENDUMS POND 23-March 
MRDN3 MEREDITH 4-April 
MRYN3 MERRYMEETING 25-March 
NLSN3 NELSON BROOK 30-March 
NHNN3 NEW HAMPTON 31-March 
NEBN3 NEWBURY 3-April 
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NWBN3 NORTH WOLFEBORO 4-April 

OBRN3 OTTER BROOK LAKE 26-March 
SNPN3 SAND POND 1-April 

SQLN3 
SQUAM LAKE AT OWL 

BROOK 3-April 

SURN3 SURRY MOUNTAIN LAKE 25-March 

TMPN3 TEMPLE MOUNTAIN 30-March 
FLUN3 THE FLUME 8-April 

WTVN3 WATERVILLE VALLEY  5-April 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


