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Introduction

The Montana University System Water Center (MWC), located at Montana State University in Bozeman, was
established by the Water Resources Research Act of 1964. In 2015, the Center's Director, Wyatt Cross, at
Montana State University worked closely with the Assistant Director at Montana State University and the
Associate Directors from Montana Tech of the University of Montana - Butte as well the University of
Montana - Missoula , to coordinate statewide water research and information transfer activities. This is all in
keeping with the Center's mission to investigate and resolve Montana's water problems by sponsoring
research, fostering education of future water professionals and providing outreach to water professionals,
water users and communities.
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Research Program Introduction
Research Program Introduction

The Montana Water Center funded three faculty seed grant projects and four graduate student fellowship
projects in 2015 with USGS 104(b) research program funds. Each faculty research project is required to
directly involve students in the field and/or with data analysis and presentations. Below is a brief statement of
the researcher's and students' work.

Jamie McEvoy of Montana State University received an award of $14,886 to study "Assessing the capacity of
natural infrastructure to increase water storage, reduce vulnerability to floods, and enhance resiliency to
climate change". A report from this project is presented later in this annual report.

Ellen Lauchnor of Montana State University received an award of $15,000 to study "Nitrifying wastewater
biofilms and the influence of emerging contaminants". A report from this project is presented later in this
annual report.

Benjamin Poulter of Montana State University received an award of $5,832 to study "Designing scenarios for
hydrologic resilience in the Upper Missouri Headwaters with integrated ecosystem models". A report from
this project is presented later in this annual report.

Sarah Benjaram, at Montana State University received a $1,000 student fellowship to study "Climatic and
geomorphologic influences on soil development and transport in the Bitterroot and Sapphire Mountains,
Montana, USA". A report from this project is presented later in this annual report.

Michael Jahnke, at University of Montana received a $1,000 student fellowship to study "Sediment routing in
steep mountain streams to understand hillslope-channel connectivity". A report from this project is presented
later in this annual report.

Miranda Margetts, at Montana State University received a $1,000 student fellowship to study "Enhancing
Tribal Environmental Health Literacy: Developing a toolkit to improve community understanding of rights
and responsibilities regarding water quality". A report from this project is presented later in this annual report.

Taylor Wilcox, at University of Montana received a $909 student fellowship to study "Environmental DNA to
evaluate individual variation in rainbow trout spawning date". A report from this project is presented later in
this annual report.

The Montana Water Center selected three faculty seed grant projects and five graduate student fellowship
projects to fund in 2016 with USGS 104(b) research program funds administered by the Montana Water

Center. The selected faculty grants are:

Robert Payn of Montana State University will receive an award of $14,961 to study "Understanding how
beaver mimicry restoration influences natural water storage in Missouri River headwater streams".

Lindsey Albertson of Montana State University will receive an award of $15,000 to study "Impacts of river
flow and temperature on salmonfly productivity and terrestrial subsidy".

Alysia Cox of Montana Tech - University of Montana will receive an award of $15,000 to study
"Characterizing Microbial Activity as Related to Water Quality in the Clark Fork Headwaters: A Baseline
Study".

The selected student fellowships are:
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Research Program Introduction

Jordan Allen, at Montana State University will receive a $1,000 student fellowship to study "Impacts of
glacial processes on nitrogen cycling in the Beartooth Mountains, Montana".

Keenan Brame, at Montana State University will receive a $1,000 student fellowship to study "Transportation,
Sediment-Association, and the Future of Microbial Contaminants on the Little Bighorn River".

Rachel Powers, at University of Montana will receive a $1,000 student fellowship to study "Riparian
Ecosystem Succession Following Fire Disturbance on the North Fork Flathead River, Montana".

Claire Qubain, at Montana State University will receive a $1,000 student fellowship to study "Snowpack
controls on nitrogen availability and nitrogen uptake in a Rocky Mountain conifer forest".

Neerja Zambare, at Montana State University will receive a $1,000 student fellowship to study "Removal of
selenium by co-precipitation with microbially induced calcite precipitation”.
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Improving accessibility to satellite soil moisture
measurrements: Linking SMOS data retrievals to ground
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Basic Information
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Improving accessibility to satellite soil moisture measurements: Linking SMOS data
retrievals to ground measurements in Montana

An interim report for the Montana Water Center
Paul C. Stoy

April 31, 2015

The aridity index of Montana has increased over the past 50 years due to an
increased atmospheric demand for water rather than a decrease in precipitation (Sheffield
et al. 2006; Stoy 2013). Improved access to state-of-the-art observations of Montana
water resources will enable managers to make informed decisions about our increasingly
scarce water supply, and lessons learned in Montana may have benefits for other semiarid
regions across the globe (Wallace and Batchelor 1997).

Plant growth is more sensitive to soil moisture than any other variable in the
hydrologic cycle (Rodriguez-Iturbe and Porporato 2004). Soil moisture is conventionally
measured at scales on the order of centimeters manually or using time domain
reflectometry (TDR), but COSMOS (Zreda et al. 2008) and satellite-based soil moisture
measurements (see Table 1 in Ford, Harris, & Quiring, 2013) create new opportunities for
studying soil moisture across larger scales in space. COSMOS measures soil moisture
using neutron backscatter on spatial scales of hundreds of meters and at depths on the
order of 5 — 30 cm from a ground-based platform, and SMOS is a satellite measures the
top centimeters of soil in 50 km footprints. It is unclear if these differences in spatial
scale and location lead to important discrepancies in soil moisture estimates in Montana.

The present project funded 2.3 months of graduate student summer support to: 1)

Download and process data from the European Soil Moisture and Ocean Salinity (SMOS)



satellite; 2) Validate SMOS data for agricultural regions of Montana; 3) Provide public
soil moisture data access. The proposed project is designed to align with Montana Water
Center priority issues by fostering student involvement, assisting new faculty members,
providing seed funding with potential for larger programs, and conducting research
relevant to MT water challenges.

As noted, SMOS has partial spatial coverage of the terrestrial surface and
provides soil moisture estimates over the first few centimeters of soil in 50 km swaths. As
a consequence, there is often a spatial disconnection between the area of SMOS
measurement and area of interest. We compared SMOS data against TDR measurements
from a site in the Judith Basin near Moore, MT, and against COSMOS observations near
Fort Peck, MT (Figure 1).

Observations reveal a substantial mismatch between SMOS and TDR
measurements in the Judith Basin (Figure 1) with an average difference of 0.2 m®> m™ or
more, and a close match between SMOS and COSMOS observations at Fort Peck,
usually within 0.05 m® m™ or less (Figure 2). The mechanisms that underlie these
differences is unclear; the SMOS footprint encompasses both the Judith Basin TDR
measurements (Figure 3) and Fort Peck COSMOS observations (Figure 4). The SMOS
center point and COSMOS sensors are separated by only 3.8 km at Fort Peck on similar
land cover (Figure 5). TDR measurements and SMOS center points are separated by 7.5
km in the Judith Basin and both are on agricultural land. The SMOS pixel in the Judith
Basin overlaps with the Big Snowy Mountains, although one would expect springtime
soil moisture measurements to be higher than the observed SMOS range of 0.05 to 0.35

during this period.



Observations suggest that SMOS observations may or may not intersect with
TDR and COSMOS observations, albeit for reasons that are unclear. SMOS captures
observations across a large 50 km pixel with a three day overpass, and the characteristic
spatial and temporal scales of soil moisture variability may be much finer than its native
measurement resolution (Katul et al. 2007). It is likewise unclear how to best
communicate such observations outside of making data from the Judith Basin TDR
observations publically available as COSMOS already is
(http://cosmos.hwr.arizona.edu/Probes/StationDat/048). Further, the recently-launched
Soil Moisture Active Passive (SMAP) mission reports data in smaller 10 km pixels every
2-3 days. Future efforts should use seek to validate publicly-available SMAP data rather
than SMOS, which requires permissions and extensive processing, for an improved
understanding of the variability of Montana’s near-surface soil moisture resources for

agricultural and water resource planning.
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Figure 1: The location of Time Domain Reflectometry (TDR) and COSMOS
observations in the Judith Basin and Fort Peck, MT compared against 50 km SMOS pixel
center points. The vertical gray line is the Montana/North Dakota border and the yellow

line 1s the US/Canada border.
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Figure 2: SMOS and time domain reflecometry (TDR) measurements in the Judith Basin

near Moore, MT.



o
o))

——COSMOS
X SMOS

o
&
T

o
o

o
(V)
T

VRL |

PN .
il
X X uh WA
X

[R

Soil Moisture (fraction)
o
w

o
—
T

O 1 1 1
2013.25 2013.3 2013.35 2013.4 2013.45
Year

Figure 3: SMOS and COSMOS observations from sites near Fort Peck, MT.
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Figure 4: The locations of the Judith Basin time domain reflectometry (TDR)

observations and Judith Basin SMOS Center point.
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Figure 5: The locations of the Fort Peck COSMOS observations and the corresponding

SMOS center point.
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Basic Information
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Assessing the capacity of natural infrastructure to increase water storage, reduce
vulnerability to floods, and enhance resiliency to climate change

Progress Report for the Montana Water Center
Jamie McEvoy

May 1, 2016

Project Overview

Climate Change is projected to affect the quantity, quality, and timing of
water availability in Montana. These projections have raised concerns about water
storage capacity in many basins in the state. The 2015 Montana State Water Plan
identifies the need for increased water storage and retention as “an important tool
for meeting future demands and responding to climate change” (p. 4). Recognizing
the role that natural infrastructure (i.e., riparian areas, floodplains, and wetlands)
plays in slowing runoff and promoting groundwater recharge (i.e., water storage),
this plan calls for exploration of using natural infrastructure to store and retain
water for the benefit of water supplies and ecosystems. However, research is
needed to quantify the natural storage capacity of particular basins. This project
used the Musselshell River basin, which experienced unprecedented flooding in
2011 and 2014, as an initial case study for assessing the potential for natural water

storage.



The current project provided partial funding! to support Danika Holmes, a
masters student in Earth Sciences. Holmes developed a geospatial model for
identifying prospective natural storage implementation sites and estimated the
water storage potential of an identified site located on a portion of the Musselshell
River (MSR) floodplain in central Montana. In this study, storage potential was
defined as the physical volume of space available for the storage of water between
the land surface of the study site and the underlying groundwater table. Geographic
Information System (GIS) techniques were used to develop a model for identifying
areas with high potential for natural storage capacity. All data inputs for the model

are open-source data. Geographic analysis was completed using ArcGIS 10.2.

Project Findings

Site Selection and Model Development

The first step in quantifying natural storage potential was to identify an
appropriate site within the 450 km? surrounding Melstone, MT due to the notable
impacts of the 2011 flood in the area. The specific study location was further refined
according to a set of four selection criteria: 1) site classification as ‘floodplain’, 2)
proximity to a long term monitoring well, 3) high suitability of soils to support
wetland habitat, and 4) the absence of built infrastructures such as roads and
railroads on the site. The development of a GIS-based model to select potential sites

and quantify floodplain storage relies on the availability of data informing four key

1 Additional funding was provided by a $5,000 matching grant from the Montana
Department of Natural Resources and Conservation and funds from McEvoy’s start-
up index at Montana State University.



elements: surface elevation, physical soil characteristics, land cover and land use,
and groundwater level.

A study site with an area of 33 ha was selected based on its classification as
floodplain, its high suitability to support wetland habitat, the absence of on-site
transportation infrastructures, and close proximity (422 m) to the study area’s of
long term ground water assessment and monitoring (GWAAMON) well (Figure 1). A
2 ha portion of the study site is classified by the U.S. Fish & Wildlife Service’s
National Wetlands Inventory as freshwater emergent palustrine wetland. The study
site is surrounded by productive agricultural lands that are irrigated with flood,
sprinkler, or center pivot methods, and is located 1.8 kilometers south of Melstone.
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