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FIGURE 2 | Dual isotope plot of samples in the isoscape precipitation network (394 precipitation samples, 11 sampling sites). The frequency of δ18O and δ2H are

plotted on their respective axes.

Amplitudes and offsets for each of the 11 precipitation sites
were determined and compared with the calculated amplitudes
and offsets of MA01 and MA13 (Vachon, 2007) to compare to
our calculated values. The amplitude for each of our precipitation
site ranges from 2.14 to 4.00 (±0.66) and the offset ranges from
−6.12 to−9.39‰ (±0.99).

Additionally, seasonal local meteoric water lines were
determined for winter and summer. Winter months includes
October to March and summer months includes April to
September. The LMWL for summer generated from the

unweighted stable isotope values sampled during the summer
months is δ2H = 6.6∗δ18O + 2.6. The LMWL for winter is
δ2H = 7.4∗δ18O + 11. The slope, y-intercept, and d-excess of
the winter LMWL is larger than the slope and y-intercept of the
summer LMWL.

Median, minimum and maximum δ18O values were
determined over a 12-month period and correlated to determine
any statistical significance associated over this period, Figure 4.
Over this 12-month interval, the δ18O values are variable where
on average there is a −5.4‰ range. This same method was
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FIGURE 3 | Time series of precipitation δ18O isotopic analyses with a seasonal fitted black line (equation in text) using non-linear least squares method. Amplitude of

the seasonal fluctuation is 2.7‰ for δ18O.

performed on the δ2H values, though it was determined that
this plot illustrated similar patterns to that of the box plot of
δ18O values and did not illustrate any new information. Over a
12-month period δ18O values steadily decreased from September
to March and then drastically increased from March to April
where values continued to increase from April to May. Between
May and June δ18O values decreased and then increased from
June to August. Maximum δ18O values occur during the late
summer and early fall months and minimum δ18O values occur
during the late winter and early spring months, specifically
March. These trends are relatively correlated with temperature
(Cole, 2019).

To assess the role of climatic variability on isotopic
compositions, all precipitation samples were categorized into
climate zones (Table 1). A trend toward more enriched
precipitation values is observed moving from west to east across
the study site (climate zones 1–3). Two-week weighted averages
were determined for each of the 11 precipitation sampling sites,
grouped into their respective climate zones and then related
to their respective elevation (Figure 5). Elevations within the
sampling sites range from 4 to 331m. MA01 (Cape Cod) and
MA13 (Boston) from Vachon (2007) were plotted alongside
our sampling sites and categorized into CZ3. Sampling sites
located at a higher elevations and in CZ1 and are more depleted
than samples located at a lower elevation CZ3 which are
more enriched.

Local meteoric water lines (LMWLs) were calculated for each
of the climate zones. The climate zone 1 LMWL generated from
the 31 samples located in that region is δ2H = 7.8∗δ18O + 13,
climate zone 2 LMWL generated from the 186 samples located
in that region is δ2H = 7.5∗δ18O + 9.3 and the climate zone 2
LMWL generated from the 178 samples located in that region is
δ2H= 7.4∗δ18O+ 8.1.

These maximum and minimum δ18O values are primarily
driven by temperature and moisture source differences. National
Oceanographic and Atmospheric Administration Air Resources
Laboratory Hybrid Single-Particle Lagrangian Integrated
Trajectory (HYSPLIT; Draxler and Rolph, 2003) models were
run for one station in each of the climate zones for the month
of March and June in 2018. These months were chosen as they
exhibited the largest difference in δ18O values. A total of six
trajectory analyses were performed. Stations MA-BE-10 (CZ1),
BEL314 (CZ2), and MA-NT-1(CZ3) were used for the HYSPLIT
models. Model results indicate that in March all three stations
saw air masses sourced from the continent and in June all
stations saw air masses sourced from the Mid-Atlantic. Average
monthly air temperature data was collected from the NOAA
National Centers for environmental information, Climate at a
Glance: StatewideMapping from 2017 to 2018 as that time period
encompasses the sampling period for the precipitation samples.
Two-week weighted monthly δ18O averages were correlated
with temperature and time of year. A positive correlation with
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