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Section

Introduction

Welcome to Snowtography!

bserved data are fundamental to the science and management of natural

resources. Field observations of snowpack, soil moisture, and other

hydroclimate variables are essential for understanding the role snowpack
plays in forest resilience, stream health, and water supply. The Natural Resource
Conservation Service’s Snow Telemetry (SNOTEL) network of monitoring
stations is the primary source of snowpack information used by water managers,
flood forecasters, researchers, and myriad other parties affected by the timing and
amounts of snowpack accumulation and melt.

Figure 1. An idealized snowtography setting showing snow stakes in a transect across the transition between
forest and clearing. A SNOTEL site is shown in a clearing in the background. Graphic: Lineke Woelders,
Western Water Assessment.
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This basic system may be automated by using cameras with modems attached or
integrated (“cellular cameras”). Cellular cameras automatically upload photos,
making them available for review throughout the winter without visiting the site.
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Figure 3. Photo of snowtography stakes taken by a snowtography camera. Source: Arizona
Remote Sensing Center.

With a bit of additional effort and time, snowtography can also become a system
for measuring snow water equivalent, or SWE. This added functionality cannot be
inexpensively automated, so it requires site visits weekly to monthly throughout
the winter to make manual measurements of snow density.

The functionality at a snowtography station can be further increased by adding a
soil moisture monitoring system. These systems measure soil moisture content, a
key variable for understanding forest health, wildfire risk, and streamflow
generation. Adding soil moisture monitoring increases equipment costs, but typical
monitoring systems are automated, so frequent site visits are not required.

All of these snowtography configurations are relatively easy and inexpensive to set
up, operate, and maintain, making them attractive to managers and researchers
wanting to collect observations of how forest management and disturbance affect
their snowpack but who have limited resources. As a snowpack monitoring
system, snowtography is a low cost approach, typically costing a few thousand
dollars compared to the cost of a snow pillow, for example, that can cost tens of
thousands of dollars (Domonkos, Landers, and Wetlaufer 2015).










Which method works for you?

1t depends on your time and budget.

BASIC PLUS PLUS
SNOWTOGRAPHY SNOW DENSITY SOIL MOISTURE

+/ Measures snow
depth

+/ Cameras & snow
stakes

+/ Optional remote data
access

+/ Measures density to
obtain SWE

+/ Snow sampling tubes
and scale

v/ Requires field visit
weekly to monthly

$1000-$3000

+ $300-$1500

+/ Measures soil water
content

«/ Sensors, data logger,
solar panel

v/ Automated, remote
data access

+ $2500-$6000

Figure 6. Key elements of the three methods. Dollar amounts are equipment cost estimates
and do not include labor or travel costs.

methods to help you determine approximately what your plan will cost,
and what components you could amplify or shrink in order to fit your
budget. Basic snowtography is fundamental to snowpack monitoring and so its

This section of the handbook compares the costs of the three snowtography

costs are included in all of the methods.

» Throughout this section, we provide examples of the equipment costs of typical
installations and estimates of the amount of time required for preparing, installing,
and monitoring a typical station, but we don’t attempt to translate the time
estimates into a labor cost. The cost estimates provided in Tables 1-3 are for
equipment only, at the time of writing this handbook, and for a particular

configuration that we’ve chosen as an example.
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Basic snowtography

Basic snowtography stations measure snow depth. Tree-mounted trail cameras
take photos of snow stakes that have been painted with one-inch incremental
stripes. This simple station can provide a lot of information about where and how
much snow accumulates and how long it lasts.

The equipment listed here includes only the bigger ticket items to give you a sense
of the cost of snowtography compared to other snow monitoring methods. Other
items that you will need for the basic station but may already have on hand or may
borrow, like a ladder, or post-pounder, are not cost out here, but are listed in later
sections. Likewise, smaller items, like tape and paint, are not itemized here but will
add to the total cost. They are listed in the applicable sections of this handbook.

« Snow stakes. Your snowtography plan, developed in Section 3, will include
the number of snow stakes needed. About 20-60 snow stakes per
snowtography station is typical. Each stake includes a piece of lumber, a metal
post, and the hardware to attach them (described in detail in Section 4).

” Cameras. Expect to buy one trail camera for every 3-4 stakes in your
snowtography plan; 5-20 cameras is typical for a plan with 20-60 snow stakes.

” Cameras with integrated cell modems are not required equipment, but
having one or two will allow you to download some of your snowtography
photos and keep an eye on your snowtography station remotely without
making a site visit. A camera with a modem will upload the photos taken by
that camera only. If winter site access is impossible and you wish to have real-
time data for the entire site, you may consider buying only cameras with cell
modems.

# Camera data plan. If you plan to use cameras with modems, you will need to
purchase a data plan with each one. As discussed in the next section, be sure
that you have adequate cell service matching the data plan provider.

The time and budget costs of a basic snowtography station depend on the number
and length of transects in your plan. The estimates below are for a typical
snowtography station with about 28 snow stakes arranged in 2 transects. The more
or longer the transects, the more cameras and stakes you will need, the larger your
budget will be, and the more time it will take to prepare and install. When
reviewing the time estimates below, remember to consider your own travel time to
and from your snowtography station.




Time

Estimates of the time it will take to establish the basic snowtography station
described above are listed below. Your experience will vary depending on your site
characteristics and the weather conditions.

© Initial site selection, station surveying, planning, and ordering equipment:
about 10 hours for 3 people, or 30 person-hours.

o Unpacking the cameras and programming and testing them before going to
the field: about a half day, or 4 person-hours.

o Preparing the snow stakes: about 12 hours for 1 person, spread across several
days to allow for paint to dry between steps.

O 1n the field, with 3 people participating, installing the cameras and testing
them: about 30 minutes per camera, or about 4 person-hours in our example.

o Installing the snow stakes on-site: about 8 hours for 3 people, or 24 person-
hours.

O At the end of the snow season, a visit to the station to remove the cameras can
be very brief: 1 person, 15 minutes per camera, or about 2 hours.

© At home ot in the lab, reviewing the images on the cameras’ memory cards
and entering snow depth data into a spreadsheet: about 3 person-hours per
camera, or about 21 person-hours.

Q) Using these estimates, total time planning, preparing, installing, entering data,
and removing cameras for the basic snowtography example used here, for the
first year, would be on the order of about 100 person-hours.

Budget

The biggest ticket item required for basic snowtography will be the programmable,
time-lapse trail cameras. Example equipment costs for a station with 28 snow
stakes is shown in Table 1. For larger stations, factor up each item
proportionately. A station with 60 snow stakes would be close to $3,000.

Table 1. Example equipment costs for a basic snowtography station.

[tem Price, $ Quantity Total, $

Trail camera without modem 80 5 400

Trail camera with modem 130 2 260

Camera data plan (one year) 120 2 240
Snow stake (each spans 5 m) 20 28 560

Total equipment cost $1,460
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Add snow density monitoring

Add snow density monitoring to your snowtography station to build a more
complete picture of snowpack conditions, including water content. Snow density
monitoring doesn’t require additional assembly or construction beyond the basic
snowtography station, but it does require site visits to collect and weigh snowpack
core samples on a weekly to monthly basis.

Snow density is obtained by weighing a column of snow sampled at a point in the
snowpack, in this case near a snow stake. Adding snow density monitoring allows
you to determine snow water equivalent, or SWE, in the snowpack. SWE
represents the depth of water contained in the snow at the sampling point.

Snow density is measured with a snow sampler. Typical snow samplers are
aluminum “Federal” or “Mt. Rose” samplers, or a variety of plastic or steel do-it-
yourself samplers. Snow samplers have two main components: a tube used to
collect a core sample of snow and a scale to weigh the tube. Federal samplers, the
US Forest Service standard, are expensive, so investigate the possibility of
borrowing one, or you may be able to make your own sampler for hundreds of
dollars less (see Section 5 for more details about snow sampling equipment,
including a detailed list of parts).

¢ Snow sampler with scale.

Snow density will vary across your snowtography station, making it important to
take multiple density measurements to get an estimate of SWE that is
representative of the snowpack at your station.

Time

Snow density monitoring does not require installation, so the time spent on this
method results from frequent site visits to collect data. Plan to take snow core
samples at half of the snow stake locations each visit. Allow a half day at the
station weekly to monthly for 2 people to do the snow density sampling.

® Snow core collection: If 2 people visit the site every other week during a 6
month season, the time required to add snow density monitoring to the basic
snowtography station described here would be about 100 person-hours. The
actual time spent will likely be less given that this frequency of visits may not
be required or achievable, depending on conditions.




Budget

An example budget for snow density sampling equipment, based on the example
in Table 1 for a basic snowtography station, is provided in Table 2 below. The
total cost of a Federal sampler will depend on how many lengths of aluminum
tubing are required to sample the depth of snow expected at your site. Again, if
you are making your own snow sampler rather than using a Federal sampler,
replace the cost of the Federal sampler with the cost of your materials, about $300.

Table 2. Example equipment costs for a basic snowtography plus-snow-density
monitoring station.

ltem Price, $ Quantity Total, $
Trail camera without modem 80 5 400
Trail camera with modem 130 2 260
Camera data plan (one year) 120 2 240
Snow stake (each spans 5 m) 20 28 560
Federal snow sampler 1,500 1 1,500

Total equipment cost $2,960

Add soil moisture monitoring

Adding soil moisture monitoring requires additional time and money to set up, but
the monitoring itself is automated, so additional site visits are not required. Data
can be downloaded, eliminating a manual data entry step.

Variable measured

The soil moisture sensors desctribed in this handbook measure soil water content,
or SWC, a variable that provides the volume of water in the soil at the point of the
sensor. Some applications, particularly those focused on soil water supply for
vegetation, may use soil water potential, or SWP, which is the suction required to
extract water from the soil. SWP sensors are available commercially, but are not
covered in this handbook. Another potential upgrade not covered here is a dual
SWC-soil temperature sensor system that can provide information about frozen
soils and root zone temperature throughout the year.

Equipment list

Vendors now offer integrated data logger and solar panel systems that simplify
assembly and installation. The example offered here is for an integrated system,
but systems with independent components can support larger sensing networks.
The equipment for an integrated system and protective conduit are listed here.
The lower cost items or items that you may already have on hand, such as shovels
and picks, are listed in the “how-to” sections of the handbook.
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* Data logger for receiving and uploading soil moisture data from the sensors
via sensor cables.

& Cellular data plan for retrieving data from the data logger. The plan is
typically purchased as a subscription from the data logger vendor and includes
the cellular data plan as well as hosting and data access. Be sure that your site
has adequate cell service from the equipment’s service provider. Antennas to
increase the signal range are available for some models at additional cost.
Some data loggers also support data download by nearby Bluetooth®-enabled
devices, like a cell phone or tablet.

 Soil moisture (SWC) sensors with cables for converting soil moisture to a
signal and conveying that signal to the data logger. Depending on the
manufacturer and model selected, data loggers may support up to 24 sensors,
but in this handbook we are assuming that you will use simpler equipment that
supports 6 sensors. Depending on the manufacturer, soil moisture cables are
often available in variable lengths from about 5 to 25 m, priced accordingly.

 Conduit to prevent damage to the sensor cables from rodents, browsing
animals, and weather.

Time

Adding soil moisture monitoring to your snowtography station will not require
additional trips to the field, assuming that you can install all of the equipment on
the same day. Estimates of the additional time it will take to prepare and install soil
moisture monitoring equipment are listed below.

o Testing before going to the field: Allow 8 person-hours, spread across a few
days, to test the sensors under a variety of moisture conditions.

o Preparing conduit and cables before going to the field: Allow about 4 person-
hours for this step if using flexible conduit. Rigid conduit requires this step to
take place in the field.

® Installation in the field: Expect to spend 6 person-hours per data logger and
set of 6 sensors digging sensor trenches and securing the sensors. This
estimate anticipates that you would dig shallow trenches to install the sensors;
the time estimate could double if the sensors are going to be placed much
deeper and/or the soil type is especially challenging.

® The time required to add soil moisture monitoring to the example
snowtography station used in this section would be about 18 person-hours.







How to make a snowtography plan

Got maps?

Figure 7. Google Earth topographical and terrain maps of a potential site in
Colorado. Notice that in this example, the maps offer sites with the opportunity to
compare snowpack between treated and untreated sites and a variety of slope and
aspect conditions.

some terms. Throughout this handbook, “site” refers to the larger,

approximate geographic location targeted for monitoring. “Station” refers
to the smaller area encompassing the entire monitoring system, including all the
snow stakes, cameras, and soil moisture sensors (if included in your monitoring
plan). And “transect” refers to a single row or column of regularly spaced snow
stakes and soil moisture sensors (if included).

B efore diving into where to locate your snowtography equipment, let’s define













