MADISON WATERSHED PLANNING
Climate & Weather Information Overview
Water Resource Indicators & Data Sources
SNOWPACK—A measure of snow depth in inches.
Monitoring for snow pack is conducted by the Natural
Resources Conservation Service (NRCS), and is done both
manually, as well with telemetry equipment. These
monitoring stations are primarily located in midelevation mountainous areas.
https://www.wcc.nrcs.usda.gov/snow/

SNOW WATER EQUIVALENT—A measure of the amount
of water contained in the snow pack (measured in
inches). Monitoring for snow water equivalent is
conducted by the NRCS. These measurements are done
in conjunction with snow pack.
Climate (and weather) is one of the components
that most heavily influences our water resources. As
we move through our Madison Watershed Planning
process, we are using the best available data about
past, present, and future climate conditions to help
us develop solutions and strategies that will address
our water resource concerns.
Through management practices and watershed
improvements we can help buffer the effects that
variable climate might have on our various water
uses throughout the community.
The information contained in this handout provides
examples of the types of data that can be used to
better understand changing conditions throughout
the watershed. Although not comprehensive, this
data shows some basic weather and climate
parameters that can be used to show variability
throughout time. Additional information can be
found by visiting the website links referenced
throughout the handout.

https://www.wcc.nrcs.usda.gov/snow/

PRECIPITATION—A measure of total rain and snow
(adjusted for water content). Weather stations
measuring precipitation are managed by several agencies
and located throughout the landscape.
https://www.ncdc.noaa.gov/

TEMPERATURE—A measure of ambient air temperature.
These weather stations are managed by several agencies,
and are located in numerous locations throughout the
Madison Watershed.
https://www.ncdc.noaa.gov/

STREAMFLOW—A measurement of water discharged in a
stream (measured in cubic feet per second). Flow records
exist for the Madison River, but are sparse throughout
tributaries in the watershed. The only tributary with
current and historic data is Jack Creek.
https://waterwatch.usgs.gov/

SNOWPACK
General Information

How & Where is the Data Collected?

Example Sites in the Madison

Snow Course Sites (SNOW)
Beginning
in
the
1930’s, the SCS, now
NRCS,
selected
monitoring
sites
throughout
the
mountainous US. Each
site
is
manually
measured for snow
depth and snow water
equivalent. Over time,
some of these sites
were replaced with
SNOTEL
instrumentation, while
others are still monitored manually. Of the 18 sites In
the Madison Watershed that have been historically
monitored, only 7 remain active (mostly inside
Yellowstone National Park).

SNOTEL Sites
NRCS began installing SNOTEL sites (as shown below) in
the late 1960’s. SNOTEL stations provide a more efficient way of monitoring snow and precipitation conditions, and the data can be transmitted and viewed
online via satellite. There are currently 8 SNOTEL sites in
the Madison Watershed

To show an example of how this snowpack data can be
used to demonstrate changing conditions throughout
the watershed we have selected three sites to use as
examples. Lower Twin, Tepee Creek, and West
Yellowstone sites have snow course data and modern
SNOTEL data available through present day. Each of
these sites are located in a different mountain range
within the watershed. The table below provides some
details about each site location, and the data is then
provided on the following pages.
Lower Twin

Tepee Creek

West Yellowstone

Location

Tobacco Root
Range

Gravelly
Range

SE of Madison
Range

Elevation

7900 ft.

8000 ft.

6700 ft.

Beginning
Year for
SNOW

1961

1961

1937

Beginning
year for
SNOTEL

1981

1972

1967

SNOW WATER EQUIVALENT
SNOW COURSE SITES—April 1st Snow Water Equivalent


Snow course (SNOW) data can be used to show historical snow water equivalent. Snow water equivalent
uses snow density to calculate the amount of water (in inches) that is present in snow



The graphs below show the snow water equivalent on April 1st of each year for the period of record on
three sites. The April 1st snow water equivalent can be used as an indicator of spring and summer water
supply conditions.



On average, Lower Twin has the highest SWE
values of these three sites. The highest recorded
value was in 1971 with 71 inches, and the lowest
in 2001 with 28 inches.



The record high for Tepee Creek was in 1969 at
25 inches, and the lowest in 1977 at 7 inches.



West Yellowstone has the longest history of data
starting in 1937. The highest SWE was in 1974
with 19.2 inches and lowest in 2015 with 1.8
inches.

SNOW WATER EQUIVALENT
SNOTEL—Snow Water Equivalent

SNOTEL stations have the benefit of recording real-time data at monitoring sites. Therefore, they can provide much
larger datasets for climate related information. The graphs below show an example of daily snow water equivalent
obtained at three SNOTEL sites in the Madison Watershed.

PRECIPITATION
Accumulated Precipitation



These graphs depict the total accumulated
precipitation at each SNOTEL site beginning
October 1st of each year.

Ennis Annual Precipitation
The National Oceanic Atmospheric
Administration (NOAA)
provides
historical weather data for Ennis, MT
beginning in 1918. The data appears
consistent with model projections
where precipitation will likely
continue as normal or increase
slightly.

TEMPERATURE
Ambient Air Temperature



SNOTEL sites can also be used to calculate average
temperature for each day of the year. These three
graphs depict average temperature over the past 2030 years

Ennis Annual Temperature
NOAA provides a much larger dataset
for the town of Ennis. The graph to the
right shows the number of days each
year that temperatures reached above
90ºF.

STREAMFLOW
Stream Discharge


The Jack Creek Canyon site and Madison River—West
Yellowstone site represent the only long-term streamflow datasets in the Madison that are not influenced by
dam operations.



USGS operated a gaging station on Jack Creek from 1973
-1993, and in 2006 the Madison Conservation District
began operation of a gage at the same site. The most
notable change in current streamflow verses historic
streamflow is the earlier peak flow and runoff. The higher peak flows from the 1976-1986 period might be the
result of timber harvesting in the upper portions of the
watershed during that time.



Comparing flows on the Madison River from the most
recent decade to the 1917-1926 period also provides
evidence of earlier runoff and peak flow events.

Madison River and Jack Creek Sites

PROJECTIONS—MADISON COUNTY
Temperature, Precipitation, Snowpack, and Runoff Projections
U.S. Climate Resilience Toolkit Information
Temperature

Precipitation

The graphs above from the U.S. Global Change Research Program provide historical data, as well as projected
climate trends, for Madison County. There is general agreement that temperature will continue increasing, whereas
precipitation is projected to stay relatively the same with the possibility of a slight increase. This information can by
searching for the “U.S. Climate Resilience Toolkit.”

USGS—National Climate Change Viewer

Runoff

The USGS has additional modeling information available.
The graphs (below and right) provide examples of
expected changes in snow water equivalent and runoff
projections for the Madison Watershed. This
information, and more, can be found online by searching
for the “National Climate Change Viewer.”

Snow Water Equivalent

(Above: Seasonal average time series of precipitation for historical
(black), RCP4.5 (blue) and RCP8.5 (red). The historical period ends in
2005 and the future periods begin in 2006. )

(Above: Monthly averages of runoff for four time periods for the
RCP4.5)

Notes:

