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ABSTRACT 

Snowpack water storage and melt is an important component of annual runoff, recharge, and an 

important source to water supplies. The accumulation and melt of snow greatly affects water 

management in the northern United States. The water resources of the northeastern United States 

depend on snowpack water storage, but are also affected by interannual variations in the 

magnitude of snow accumulation and the partitioning of winter precipitation between snow and 

rain.  Many studies have reported an ongoing shift towards earlier runoff in recent decades, which 

has been attributed to more precipitation falling as rain instead of snow and earlier snowmelt. In 

this study, we analyze the trends of precipitation and snowfall in the Northeastern United States 

using United States Historical Climate Network data product. The main goal of this study is to 

document a trend toward smaller ratios of winter-total snowfall water equivalent to winter-total 

precipitation. 
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INTRODUCTION  

 
The Northeastern United States (US), located between 38

o
N and 48

o
N and 82

o
W and 66

o
W, has 

recently experienced noticeable winter warming that has led to numerous changes in the region’s 

ecosystems, hydrology, and economy. Changes in regional hydrology include earlier peak spring 

river flow (Hodgkins et al., 2003), earlier river (Hodgkins and Dudley, 2006) and lake ice-out 

(Hodgkins et al., 2002), and decreases in river ice thickness (Huntington et al., 2003). Recent 

warming of surface air temperatures across New England has been well documented (Trombulak 

and Wolfson, 2004). Warmer spring temperatures are linked to significant reductions in mid-

latitude northern hemisphere snow cover extent (SCE) from 1966 to 2005 during the months of 

March and April, as identified from satellite-based data (Lemke et al., 2007). Analysis of snow to 
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total precipitation (S/P) ratios in northern New England over the period 1949–2000 indicates that 

most of the 0.30 to 0.23 decrease in S/P ratio has occurred since 1975 (Huntington et al., 2004). 

Snow cover duration in the NE-US was found to be strongly correlated with temperature during 

that time period. Changes in snow cover can be an important indicator of climate change at the 

regional scale because of its strong influence on the surface radiation balance and its resulting 

impact on surface air temperatures (Lemke et al., 2007). 

Detailed analysis of winter climate trends is essential to understanding the cause of recent 

winter warming, and to evaluate the potential impacts on the northeastern United States. In this 

study, we analyze winter climate trends in snowfall, temperature, and snow cover data over the 

period 1940–2010. Because snowfall and the number of snow-covered days (SCD) in March often 

exceed December snowfall and snow-covered days in this region, winter trends include the months 

of December, January, February and March. 

 

DATA AND METHODS 

Data Source 

For this study, the northeastern United States includes Connecticut, Maine, Massachusetts, New 

Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont (Figure 1). In order 

to accommodate for maximum station density, daily snowfall, snow depth, and mean temperature 

data are compiled from the United States Historical Climate Network (USHCN) for the period of 

1940 to 2010. The USHCN dataset consists of  high-quality daily data set compiled by the 

National Climatic Data Center (NCDC), and is available for download at the Carbon Dioxide 

Information and Analysis Center (http:// cdiac.ornl.gov/ftp/ndp070/) (Easterling, 2002; Williams 

et al., 2006). We used precipitation, temperature (minimum, maximum temperature and average 

temperature), snowfall, snow depth data from 65 USHCN stations in Northeastern United States 

(Figure 1) where continuous daily records were available to calculate annual or winter-spring 

(here defined as November through March) composite records (Karl et al., 1999; Easterling, 2002; 

Williams et al., 2006). We also conducted winter spring center of volume analysis for streamflow 

data from 50 USGS stream gages across the Northeastern United States (Figure 1).  
 

 

Figure 1. USGS gages and USHCN sites within Northeastern United States 
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Data Analysis 

For each station, seasonal (November of one year through March of the following year) and 

monthly time series are computed for the following climate variables: (1) total snow water 

equivalent (SWE), (2) winter-spring precipitation total, (3) ratio of SWE to precipitation for the 

period of winter-spring, (4) minimum temperature, (5) maximum temperature, (6) mean 

temperature, and (7) winter-spring center of volume (WSCV) for 50 USGS stream gage data. The 

WSCV is defined as the Julian date (sequential day of year) on which 50% of the total runoff 

volume that occurs over the period January 1
st 

through May 31
st 

has passed the stream gage. This 

variable has been shown to be sensitive to late winter/early spring air temperature (Dudley and 

Hodgkins, 2002, Hodgkins et al., 2003). 

Trend Analysis and Sen’s Slope 

In the study, we used trend analysis by using non-parametric Mann-Kendall test and Sen’s slope 

estimator. Sen's method proceeds by calculating the slope as a change in measurement per change 

in time. This is a statistical method which is being used for studying the spatial variation and  

temporal trends of hydro-climatic data series. The significance of trends is evaluated by computing 

p-values for Pearson’s correlation of the time series, for which the assumption of normality was 

satisfied by inspecting residuals. Station trends with p < 0.10 for all 70-year trends were 

considered statistically significant. 

RESULTS AND DISCUSSIONS 

Time Series Analysis 

Out of 55 USHCN sites, 49 sites in the Northeastern United States showed  a decrease in the  

SWE to precipitation (PCP) ratio. However, this decrease in SWE:PCP was significant for only 21 

sites. We analyzed S/P ratio for trends in individual months to determine which months had the 

strongest trends. For the 55 sites, March and January had significant decreasing trends in SWE to 

PCP ratio. The trend was pronounced for March compared to January. When averaged across the 

Northeastern US, the SWE:PCP ratio showed a significant decrease from 1940 to 2010 (Figure 

2a). Similar observations were made for the SWE estimate (Figure 2b). This suggests that the 

annual and winter trends are driven in large part by changes in SWE: PCP during the winter 

season when temperatures are more frequently near freezing. Most of the coastal or near-coastal 

sites showed no significant trends in winter-spring SWE to PCP ratio. Comparisons with other 

recent studies showing hydrologic responses to climate variability indicated some consistent 

geographic patterns in responses within New England. Northern New England had the most 

consistent trends in annual S/P ratio and also had the most consistently significant trends in earlier 

(by 1 to 2 weeks during the 20th century) high spring flows (Hodgkins et al., 2003). These 

northern regions that had the largest trends towards decreasing S/P ratio and earlier high spring 

flows have substantially greater snow accumulation, thus warming would have a greater impact on 

snowmelt- (and rain on snow-) driven runoff than in more southerly regions (Pradhanang et al., 

2013). 

Decreasing S/P ratio could be explained by snowfall decreases that were proportionately larger 

than decreases in rainfall, by constant snowfall and increasing rainfall, or increases in both, but 

larger increases in rainfall than snowfall. We tested for temporal trends in total annual and total 

winter precipitation, and we tested for trends in total snow water equivalent to determine which 

could best explain the observed trends in S/P ratio (Figure3). Analysis of precipitation data for the 

Northeast shows that, over the period of 1940-2010, the mean annual precipitation was 103.6 mm, 

calculated by taking an area weighted mean of the climate divisions represented in the region. The 

regional average annual precipitation for the 55 stations across the Northeast has an overall 

increasing trend of 105 mm from 1940 – 2010 (Figure 4). Figure 4 shows the trend of annual 

precipitation across the Northeastern US.  The trend for the average precipitation during winter-

spring period for the Northeast is also positive.  
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 (a) (b) 

  

Figure 2. a), Trend of Snow Water Equivalent (SWE) to Winter-Spring precipitation (mm) ratio and b), Snow 

Water Equivalent (SWE) (mm)  trends for  USHCN sites within Northeastern United States 

 

Figure 3. Winter-Spring total precipitation (mm) trends for USHCN sites within Northeastern United States 

 

 
 

Figure 4. Slope change in annual total precipitation for USHCN sites within Northeastern United States 
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Figure 5. Winter-Spring average temperature trends for  USHCN sites within Northeastern United States 

 

 

Total annual SWE and winter SWE for the period 1940 through 2010 showed a significant 

increase during November and decrease in March, but exhibited weak but insignificant decreasing 

trends during December, January and February. Significant trends towards decreasing snowfall is 

the dominant factor in explaining the significant decrease in SWE to PCP  ratio. In this northern 

region, the weak trend towards increasing precipitation also contributes to the observed trends in 

decreasing SWE to PCP  ratio. Winter temperatures have increased substantially in the 

northeastern United States, with the most warming occurring in the months of January and 

February for minimum, average, and maximum temperatures. Our study showed an increasing 

trend of winter-spring average temperature trends for the Northeastern United states (Figure 5).  It 

has been suggested that climate warming may result in increased precipitation, temperature and 

increased snowfall in many northern temperate latitude areas (McCarthy et al. 2001). Out study 

showed similar results for increase in temperature and increase in snowfall for certain areas up in 

the northern region.   

CONCLUSIONS 

 

Winter temperatures have increased substantially in the northeastern United States, with the 

most warming occurring in the months of January and February for minimum, average, and 

maximum temperatures. Statistically significant decreasing trends in monthly snowfall were 

identified in January and March records, although all other months showed slight decrease in 

trends. These documented changes in wintertime climate have and will continue to have an impact 

on the region’s natural ecosystems and hydrology. 
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