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Introduction

Since September 2000, the U.S. Geological Survey has been continuously operating
stream gages at Ranch Brook and West Branch near Stowe, Vermont (Wemple et al.,
2007). The gaging was designed as a paired watershed study, with Ranch Brook (9.6
km?) as the forested control watershed, and West Branch (11.7 km?) as the developed
watershed. The West Branch watershed contains nearly the entire extent of the four-
season Stowe Mountain Resort. In the classic paired watershed approach, monitoring
would be conducted prior to any development, but the resort was established long before
the study began. However, the resort underwent a significant expansion during the course
of the study, so the study design is appropriate to assess the effect of the expansion. This
document serves as the annual report on the Mt. Mansfield gaging for Water Year (WY)
2015 (October 2014 through September 2015). The report interprets the WY 15
streamflows in the context of the full 15-year record. Historic and near real-time flow
data are available on the USGS website (addresses given at end of this report).

In WY2015, the gages were jointly funded through a cooperative agreement between the
USGS and Vermont Monitoring Cooperative. The gages provide valuable information on
mountain hydrology in Vermont, and how mountain landscapes respond to development
and extreme events. To our knowledge these are still the only gaged watersheds at a ski
resort. The gages have supported projects on snow hydrology and water quality by
University of Vermont, Sterling College, Vermont ANR, and others. In particular,
Beverley Wemple and students at University of Vermont have used the gages as a base
for student projects and hands-on learning, and to attract additional funding for value-
added research.

Summary of Water Year 2015

Relative to the 15-year record, WY2015 had below average runoff for the second
consecutive year. WY 15 was notable for a fairly dry fall, and after large late December
peak, a lack of mid-winter thaw events (Figure 1). Snowmelt was about average, and
after a very wet June, the summer was fairly dry. Overall, runoff was less than the long-
term average (Figure 2).

Discharge vs. runoff

Streamflow, or discharge, is commonly reported as a volume per unit time — in the U.S.,
typically as cubic feet per second, or cfs (Figure 1). Throughout this report we typically
refer to runoff rather than flow. Runoff is discharge divided by watershed area, and allows
for direct comparison of flow in basins of different size. For example, if one basin is
double the size of another and has double the flow, runoff would be the same. The
dimensions of runoff are depth per unit time, i.e. the same as precipitation, thus runoff can
be directly compared to precipitation. For example, if a watershed receives 1500 mm/yr of
precipitation and has 1000 mm/yr of runoff, that means 500 mm/yr was lost to
evapotranspiration plus or minus a change in the amount of water stored in the watershed,
e.g. in soils.
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Figure 1. Streamflow at West Branch and Ranch Brook gages for Water
Year 2015 (October 2014 through September 2015) in linear (left) and log
(right) scales. The log scale plot highlights the higher sustained base flow
levels at West Branch.
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Figure 2. Cumulative runoff for Water Year 2015 (light blue lines) at Ranch
Brook (left) and West Branch (right) plotted on the long-term (2001-2015)
average at each site (dark blue lines).

As in Water Year 2014, the cumulative runoff in Water Year 2015 ran below average for
the entire year (Figure 2). The deficit began when fall rains were below average, and
increased through the winter due to a lack of thaws. An unusually cold winter led to a
later than average start to snowmelt (note the abrupt increase in cumulative flow at both
sites in April). A very wet June brought both sites close to average cumulative runoft, but



a dry summer restored much of the deficit. The relative runoff patterns at the two sites in
Water Year 2015 were similar to the long-term patterns (Figure 3), with both streams
generating similar runoff until part way into the spring snowmelt, when West Branch
consistently generated greater runoff. Part of the greater snowmelt runoff was from
melting of machine-made snow. (Water for snowmaking is withdrawn from West Branch
upstream of the gage, so it is not double-counted). Runoff at West Branch continued to
exceed that at Ranch Brook through the summer due to higher sustained base flow.

All years, average cumulative runoff Water Year 2015, cumulative runoff

e West £
g 12001 Branch g 12007 West
= = Branch
2 2
> Ranch >

800[ 8001
.g Brook _% Ranch
o < Brook
E E
S 4000 S 400
@) O

ONDJFMAMJ JAS ONDJFMAMJ JAS

Figure 3. Cumulative runoff at West Branch and Ranch Brook based on the averages
across the 15-year record (left) and for Water Year 2015 only (right).

As noted in previous reports, West Branch has consistently yielded higher runoff (flow
normalized to watershed area) than Ranch Brook (Wemple et al., 2007) (Figures 3 and 4).
Over the long-term, the average difference has been 21% greater runoff at West Branch.
The Water Year 2015 differential was near average at 22% (Figure 4). We have
repeatedly noted that greater runoff at West Branch is what we would expect from the
creation of open land and development, but that the high magnitude of the differential
suggests that some part of the difference may be natural. In last year’s report we noted
the extreme heterogeneity of large summer storms; these may preferentially impact West
Branch. We are currently investigating the role of local meteorology on the flow regimes.

In a first step to assess the hydrologic impact of the resort expansion, we constructed flow
duration curves for two three-year periods of approximately equal precipitation, from
before and after the construction period (Figure 5). Preliminary analysis suggests that the
resort build-out had no clear impact on the hydrology, except for the low-flow regime.
Construction of a new snowmaking pond with greater storage has lessened the need to



draw water directly from the stream at low flows, thus enabling a higher sustained
baseflow in late fall and winter.
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Figure 5. Flow duration curves for two three-year periods before and after the
resort expansion, at Ranch Brook (left) and West Branch (right).



West Branch data are accessible at
http://waterdata.usgs.gov/vt/nwis/uv?site_no=04288225.
Ranch Brook data are accessible at
http://waterdata.usgs.gov/vt/nwis/uv?site_no=04288230.
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