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Features
Upcoming Climate Adaptation Conference keynote speaker Beth Gibbons brings climate adaptation into the mainstream

In an Ann Arbor MI appearance earlier this year, Beth Gibbons emphasized what is possible when confronting climate

change. “We have a lot of control over how those impacts will feel for our community,” Gibbons said. “The choices in our

policies, our land use, the way that we pave or don’t pave, the preservation of green space, the way that we manage our

cities has a tremendous effect on the impacts of climate change.”

Arsenic in Minnesota’s Drinking Water Wells: When Natural ≠ Healthy

by Melinda L. Erickson, U.S. Geological Survey Research Hydrologist and UMN Adjunct Associate Professor Emily C.

Berquist, Minnesota Department of Health Hydrologist

Well owners, well contractors, and drinking-water managers need to know where and why high-arsenic groundwater is likely

to occur in order to take measures to protect public health. The U.S. Geological Survey, in collaboration with the Minnesota

Department of Health and University of Minnesota, has been assessing the spatial distribution of groundwater arsenic

concentrations in Minnesota, identifying factors affecting arsenic mobilization, and identifying ways to drill domestic drinking

water wells with a lower risk of high-arsenic.

Satellite imagery for lake water quality assessments

by Patrick Brezonik

The use of satellite imagery to measure water quality conditions in lakes and other surface waters has made tremendous

advances in the last 20 years – from a technique typically viewed by limnologists as more a curiosity than a viable

measurement approach to a sophisticated technique now producing critical and detailed data on major water quality

characteristics, such as chlorophyll, suspended solids, colored dissolved organic matter and water clarity, at spatial scales

impossible or impractical to achieve by conventional land-based sampling approaches.

Four years of tillage research wraps up

by Jodi DeJong-Hughes

Less tillage on cropland allows the soil to take in more intense rainfall before runoff begins, thereby reducing soil loss. 

Advantages to the crop producer include better economics, less wear and tear on equipment, better water holding capacity

of the soil, and improved biological populations and diversity in the soil. 

Using Soil Moisture Sensors and ETgage as a Guide for Irrigation Management

by Anne Nelson and Vasudha Sharma

In Minnesota almost 600,000 acres of cropland is irrigated, only about 3% of total cropland. However, the soils in these

areas are highly susceptible to nutrient leaching and water loss. Using irrigation management tools can improve yields, grain

quality, conserve water and energy, and reduce nutrient leaching. One of the easiest and most effective ways to improve

irrigation efficiency is to implement soil moisture sensors and other tools in irrigation scheduling.

In an attempt to answer novel and complex questions, UMD’s LLO deploys equipment designed to take data from Lake

Superior

by Cheryl Reitan

Reprinted with permission from Currents in Motion

In May 2019, about 30 miles from the Minnesota shoreline, eleven people — UMD students, staff, faculty, and ship’s crew —

began assembling, as Jay Austin from UMD's Large Lakes Observatory (LLO) says, “an enormous horizontal mooring” to

gather data about convective cells in Lake Superior. The crew built it piece by piece on deck, and as the components were

ready, lowered them deep into the lake. When they completed the endeavor, the structure dwarfed Duluth’s Aerial Lift

Bridge.
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Fall 2019 Director's Corner

It was wonderful to see so many of you at the Minnesota Water Resources

Conference. While we have no shortage of water problems in Minnesota and

beyond, I always walk away from this conference inspired by the dedication of

Minnesota’s water resources professionals.  For the fifth consecutive year,

conference attendance exceeded the previous record and has now hit a new

milestone of over 900 participants. We’ll have a full recap in the next Minnegram,

but for now I invite you to browse the conference history page, where you can

look through five decades worth of programs and leave your thoughts on how

the conference has impacted you and your work. 

This Minnegram issue highlights some recent research and upcoming events on

several timely water resources topics. A feature article previews the upcoming

Climate Adaptation Conference, to be held January 22, 2020 on the St. Paul campus. This will be the sixth such program

hosted by the Water Resources Center in collaboration with the Minnesota Climate Adaptation Partnership. The 2020

conference will have the theme Crossing Boundaries - Sparking Collaboration and will feature Beth Gibbons,executive

director of the American Society of Adaptation Professionals.

In another article, Jodi DeJong-Hughes summarizes the results of a four-year study on the impacts of tillage on corn and

soybean yields. The study included site comparisons over several growing seasons, focusing on the cool and wet soil

conditions that are prevalent in many parts of western Minnesota and North Dakota. Results indicate that farmers in these

areas can obtain the benefits of reduced tillage without sacrificing crop yields. Results like these -- and other research on

tillage and soil health -- will be presented at the upcoming Conservation Tillage Conference, December 17-18 in St. Cloud.

Elsewhere in this issue you’ll find updates on emerging monitoring approaches using various types of sensors. Vasudha

Sharma and Anne Nelson describe their research assessing soil moisture sensors to improve irrigation management.  Pat

Brezonik provides an update on a new system to monitor water quality in over 14,000 Minnesota lakes from satellite

imagery. Finally, an article that originally appeared on the University of Minnesota-Duluth News page explains a major

project to monitor convective cells in Lake Superior, led by WRS faculty member Jay Austin.

As this year draws to a close and we see a new decade on the horizon, we can all take time to reflect and reimagine the

future. We look forward to staying in touch with you all about our work in 2020 and beyond. 
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Climate Adaptation Conference keynote speaker Beth Gibbons brings climate adaptation into the mainstream

The connectivity of climate change factors will be at

the heart of Beth Gibbon’s keynote speech at the

Minnesota Climate Adaption Conference January 22,

2020. Gibbons serves as executive director of the

American Society of Adaptation Professionals.

In an Ann Arbor MI appearance earlier this year, Beth Gibbons

emphasized what is possible when confronting climate change. “We

have a lot of control over how those impacts will feel for our community,”

Gibbons said. “The choices in our policies, our land use, the way that we

pave or don’t pave, the preservation of green space, the way that we

manage our cities has a tremendous effect on the impacts of climate

change.”

The connectivity of climate change factors will be at the heart of

Gibbon’s keynote speech at the Minnesota Climate Adaption Conference

January 22, 2020. As the executive director of the American Society of

Adaptation Professionals, Gibbons brings adaptation best practices into

the broader conversation across many sectors and scales, emphasizing

that urban and rural areas both need to be part of the conversation and

action to mitigate the effects of climate change.

The Minnesota Climate Adaptation Conference – Crossing Boundaries-

Sparking Collaboration will be held at the Continuing Education and

Conference Center on the University of Minnesota’s St. Paul campus.

Breakout sessions follow Gibbon’s keynote, covering topics to include

tools and trends, water, agriculture, forests, natural resources, policy and

governance, health, communities, and collaboration. The conference will

also recognize the winners of the 2020 Climate Adaptation awards to

recognize and celebrate exceptional achievements that improve

resilience and advance climate adaptation strategies.

Conference organizers hope to bring together citizens and representatives from the public, private, and non-profit sectors to

inspire and encourage greater implementation of climate adaptation practices in communities throughout Minnesota.

Registration 

© 2020 Regents of the University of Minnesota. All rights reserved. The University of Minnesota is an equal opportunity educator and employer. Privacy Statement

Report Web Disability-Related Issue

Home About Us Our Work Training News/Events Publications Extension Water Resources WRS Graduate Program Water Topics

http://umn.edu/


Water Resources Center

Go to the U of M home pageOne Stop MyU : For Students, Faculty, and Staff

The Water Resources Center is a unit of the College of Food, Agricultural 

and Natural Resource Sciences and University of Minnesota Extension.

   

Water Resources Center | 173 McNeal Hall | 1985 Buford Avenue | St. Paul, MN 55108

612-624-9282 | umwrc@umn.edu

 

Minnesota Department of Health hydrologist Emily Berquist collecting a

groundwater sample from a newly constructed domestic drinking water

well.

Figure 2 - Study regions and representative geologic cross sections. Simplified

surficial glacial geology (simplified from Hobbs and Goebel (1982)), and sampled

well locations (data available online at https://doi.org/10.5066/F7736PVK).

Northeast cross section (A, simplified from Knaeble and Hobbs (2009)), Northwest

cross section (B; simplified from Gowan and Marshall (2016)) and Central cross

section (C, simplified from Lusardi and Jennings (2009)) illustrate differences in

typical well depth, complexity of layering, and characteristics of drinking water

aquifers in the study regions. Wells on cross sections are not study wells.

Reprinted with permission from Erickson et al., 2019.

Figure 3 – Illustration of groundwater arsenic concentrations in the context of redox

conditions and pH for 100 wells in central Minnesota on or close to the day the well was

drilled compared to more than one year later. Data are shown for first and last sampling

round (column), by redox category and process (color), and by concentration of arsenic (dot

size). The data start with wide scatter (left, first round) and converge to redox stability over a

year (right, last round). A, anoxic; M, mixed; CH4, methanogenic processes; Fe(III)/SO4;

iron/sulfate processes; Mn(V); manganese processes; O2, oxygen processes. Study region

location depicted on Figure 2. Reprinted with permission from Erickson et al., 2019.

Reprinted with permission from Erickson, Malenda, and

Berquist, 2018."]

Figure 4 - Arsenic concentrations in well water in Minnesota,

USA. Concentrations of arsenic in newly constructed wells

approximately one year after well drilling. Data available online at

https://doi.org/10.5066/F7736PVK. [µg/L, micrograms per liter

Figure 5 – Illustration comparing the construction characteristics of two water wells.

Note that the distance from the top of the well screen to the confining unit, or

aquitard, is much shorter for the well on the right, as is the length of the screen in

the underlying aquifer unit. Placing a well screen farther beneath the confining unit

and/or using a longer-length screen, as shown for the well on the left, can decrease

the likelihood of elevated arsenic concentrations in domestic well water. Modified

from Figure 1 in Erickson & Barnes, 2005, reprinted with permission.

Arsenic in Minnesota’s Drinking Water Wells: When Natural ≠ Healthy
by Melinda L. Erickson, U.S. Geological Survey Research Hydrologist/UMN Adjunct Associate Professor, and Emily C. Berquist, Minnesota Department of Health Hydrologist

Geologic-sourced (natural) arsenic is common at high concentration in Minnesota groundwater. Chronic exposure to high levels of arsenic through drinking water can cause certain cancers,

skin abnormalities and other adverse human health effects. More than one million people in Minnesota (1 in 5 people) depend on groundwater from domestic wells as their source of drinking

water. An estimated 1 in 7 domestic well users (150 thousand people) use groundwater sources with arsenic concentrations exceeding the U.S. Environmental Protection Agency’s drinking

water standard, and about half (500 thousand people) have detectable arsenic in well water.

Well owners, well contractors, and drinking-water managers need to know where and why high-arsenic groundwater is

likely to occur in order to take measures to protect public health. The U.S. Geological Survey, in collaboration with the

Minnesota Department of Health and University of Minnesota, has been assessing the spatial distribution of groundwater

arsenic concentrations in Minnesota, identifying factors affecting arsenic mobilization, and identifying ways to drill

domestic drinking water wells with a lower risk of high-arsenic.

Our overall study objective is to better delineate and help explain groundwater arsenic concentrations in Minnesota

through space and time. Our progress has been published in three recent journal articles, and the most significant

findings are summarized below.

We evaluated the effects of geochemical

changes that occur after well installation and

operation on arsenic concentrations by aquifer

type. Measurement of and mechanistic

characterization of human-induced

geochemical changes associated with drilling,

installing, pumping, and sampling of drinking

water wells can improve guidance to well

owners and policy makers on when to sample wells. We examined changes in arsenic and other geochemical

constituents over one year in water from 250 new domestic water wells (Figure 1). Aquifers in our study are late

Quaternary-age glacial aquifers in the northwestern and central part of the state, and fractured crystalline bedrock

aquifers in the northeast (Figure 2). During the study, arsenic concentrations increased in glacial aquifer wells, and

redox conditions became more reducing (Figure 3). Bedrock aquifer wells had no significant change in arsenic

concentrations, and redox conditions became more oxic; some of the highest arsenic concentrations in the study

were in bedrock aquifer wells. The arsenic concentration variability we identified has important implications for

water treatment, and for programs that require testing of new wells, such as here in Minnesota and in New Jersey.

Information on how and why concentrations of arsenic vary at new wells provides context on what constitutes a

representative sample in situations where testing is required or desired.

We evaluated methods used by

well drillers to collect groundwater samples for arsenic analysis (Figure 4). We found that water sampling

protocols—filtration, timing, sample point—influence variability in arsenic concentrations in new drinking

water wells. Variability in measured arsenic concentration at a well was reduced when samples were (1)

filtered, (2) collected from household plumbing instead of from the drill rig pump, or (3) collected several

months after well construction (instead of within 4 weeks of well installation). Particulates and fine aquifer

sediments entrained in groundwater samples, or other artifacts of drilling disturbance, can cause

undesirable variability in geochemical measurements, including arsenic measurements. Establishing

regulatory protocols requiring sample filtration and/or collection from household plumbing could improve

the reliability of information provided to well owners and to secondary data users.

There are multiple treatment options to reduce

arsenic concentrations in drinking water. In

Minnesota, the most common arsenic removal

water treatment technologies are reverse

osmosis and adsorptive media. Reverse

osmosis uses a membrane to filter many

contaminants based on size and molecular

charge. Reverse osmosis is very effective at

removing arsenic, but it produces wastewater

and can be expensive. Adsorptive media

describes positively charged media that

attracts negatively charged arsenic ions,

removing them from the water. Adsorptive media include activated alumina, iron-based media, and titanium and zirconium-based

media. Other negative ions present in the water may also be removed and can attach to the media making arsenic treatment less

effective. Distillation, oxidation filtration, and anion exchange are also treatment options.We developed a boosted regression tree

(BRT) statistical model to assess the relation between arsenic concentration and hydrogeologic, geochemical, and well-

construction factors. We found that variables describing aquifer properties and materials, position on the hydrologic landscape,

and soil geochemistry were among the most influential for predicting the probability of elevated arsenic. We also found that

certain well construction attributes were influential in predicting arsenic hazard. Smaller distances (proximity) between the top of

the well screen and overlying aquitard (till or glacial lake deposit confining unit) and shorter well screen lengths were each

associated with higher probabilities of elevated arsenic (Figure 5). Influential predictor variables, which are either mapped across

the region or are well construction attributes, are proxies in the model for measurable physical or geochemical causes of elevated

arsenic. Causes of elevated arsenic (e.g., redox condition, till or aquifer sediment chemistry, and water chemistry) are not mapped

across the region. Our results show a new, novel, and important finding from an arsenic probability model: Controllable well

construction choices (not just location or depth) influence arsenic concentrations in drinking water from wells.

To choose the right treatment system, it helps to understand what else is in the water (the water’s geochemistry)

and what type of arsenic is present. There are also two types, or species, of arsenic found in drinking water:

arsenic(V) or arsenic(III). The difference between the two is the strength of the molecular charge of the ion, which

affects chemical reactions and requires different treatment strategies. Most treatment systems can remove

multiple contaminants, and other contaminants may interfere with a treatment systems removal ability or capacity.

Most water treatment devices cannot effectively remove arsenic(III) without pretreatment using an oxidizer. After

treatment is installed, proper maintenance and operation is important to ensure that the final water quality is safe.

Learn more about Home Water Treatment options.

Ongoing work will help further identify ways that well drilling contractors and homeowners can minimize the risk

of drilling wells with high concentrations of arsenic in groundwater.

This research was funded by the State of Minnesota Clean Water Fund through the Minnesota Department of

Health and the U.S. Geological Survey Cooperative Matching Funds. The work was also supported by the

National Science Foundation Graduate Research Fellowship Program and an internship provided through the

Graduate Research Internship Program (GRIP). Any use of trade, firm, or product names is for descriptive

purposes only and does not imply endorsement by the U.S. Government.
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Satellite imagery for lake water quality assessments

Figure 1. Map of colored dissolved organic matter (CDOM) for Minnesota lakes

including statistical summaries by ecoregion. Landsat 8 data were used for the map.

By Patrick Brezonik

The use of satellite imagery to measure water quality conditions in lakes and other surface waters has made tremendous

advances in the last 20 years – from a technique typically viewed by limnologists as more a curiosity than a viable

measurement approach to a sophisticated technique now producing critical and detailed data on major water quality

characteristics, such as chlorophyll, suspended solids, colored dissolved organic matter and water clarity, at spatial scales

impossible or impractical to achieve by conventional land-based sampling approaches.

Major technological advances in two areas are largely responsible for these advancements. First, satellites, and especially

their sensors, have become more sophisticated, with greater radiometric sensitivity, more and better bands to measure

spectral reflectance associated with specific water quality parameters, and in some cases better spatial resolution. The

addition of the European Sentinel satellites to the continuing program of U.S. Landsat satellites has resulted in much higher

frequency of temporal coverage, thus increasing the likely of overpasses during clear weather conditions. Second,

computing capacities have increased many fold over the past two decades, enabling the ready handling of giga- and even

peta-scale data sets. The development of Google Earth Engine (GEE) enabled ready display and analysis of all available

imagery for a given spatial area, thus facilitating multi-temporal analyses of trends over years or even decades. The recent

publication  of a large data set linking reflectance data from clear imagery with concurrently gathered ground-based

measurements should foster further model development and deepen integration of satellite remote sensing into inland water

science.

Nonetheless, it is fair to say that scientific advancements by remote sensing scientists in understanding how to process and

use satellite imagery also have been critical to the development and maturation of the field. Of special importance has been

the fairly recent development of reliable techniques to correct raw imagery, which essentially measures what the satellite

sensor (at the top of the atmosphere) detects, rather than what was reflected from the water surface. Variable atmospheric

conditions can dramatically affect what the satellite sensor “sees,” correction for these variable atmospheric effects is

essential so that separate ground-based calibration data are not needed for every individual satellite image. One of our

colleagues, Ben Page recently developed and published a robust atmospheric correction routine called MAIN  that works

very well on both Landsat and Sentinel imagery.

Also of great importance in enhancing the usefulness of satellite imagery for water quality assessments are numerous

studies conducted by scientists over the past two decades to develop procedures or “algorithms” to extract water quality

data from satellite sensor signals. Our group at the University of Minnesota has contributed to these efforts in several ways.

For example, we developed reliable procedures to retrieve water clarity data, expressed as the common limnological

variable Secchi depth, from satellite imagery nearly 20 years ago  and have since used variants of the technique to make

census-level water-clarity measurements on all Minnesota lakes larger than ~ 20 acres at approximately 5-year intervals – a

total of 9 censuses since 1975.

More recently, we developed retrieval

methods for colored dissolved organic matter

(CDOM), a common constituent in northern

Minnesota lakes,  and we have applied

these techniques to retrieve CDOM on all

Minnesota lakes > 20 acres. Statistical

distributions of the lake CDOM levels vary

greatly among Minnesota’s seven aquatic

ecoregions, with the highest levels found in

the Northern Lakes and Forests Ecoregion of

northeastern Minnesota (Figure 1).

Most recently, we began using satellite

imagery to measure chlorophyll in lakes. A

map of the statewide distribution of

chlorophyll in Minnesota’s lakes is available on our website and results for individual lakes and statistical summaries of

chlorophyll concentrations by county, ecoregion, and other spatial divisions are readily available on our lake “browser”. An

indication of the type of detailed information that will be forthcoming in future years, as we take full advantage of the

existing satellites and retrieval methods, is shown in a time sequence of chlorophyll concentrations in small lakes near Lake

Minnetonka during summer 2018, which is on the chlorophyll page of the water.rs web site. We invite interested persons to

visit the web site and lake browser, both of which recently underwent major updating and expansion, for more information

on recent CDOM, chlorophyll, suspended solids, and water clarity studies.

Finally, it is pertinent to note that the studies described above mostly were conducted using manual procedures—that is,

each satellite image was downloaded and analyzed separately. Under the auspices of funding from the LCCMR and

Minnesota’s Environmental and Natural Resources Trust Fund, we have been developing procedures whereby imagery will

be downloaded and processed automatically using resources of the Minnesota Supercomputing Center. A beta version of

this new technology will be available in early 2020, and we are excited at the prospects of the huge amount of new

information this technology will produce.
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Four years of tillage research wraps-up
by Jodi DeJong-Hughes

Different variations of tillage have been practiced since the beginning of agriculture.  Proper tillage warms and dries the soil,

kills weeds, incorporates fertilizers, and breaks up compacted layers.  On the down side, tillage breaks apart soil

aggregates, creating smaller-sized particles that leads to soil erosion, crusting of the soil surface, hard pans, water quality

issues, and over time, a decrease in soil organic matter.

Different variations of tillage have been practiced since the beginning of agriculture.  Proper tillage warms and dries the soil,

kills weeds, incorporates fertilizers, and breaks up compacted layers.  On the down side, tillage breaks apart soil

aggregates, creating smaller-sized particles that leads to soil erosion, crusting of the soil surface, hard pans, water quality

issues, and over time, a decrease in soil organic matter.

One hundred years ago, there were few choices of tillage tools.  In the past 25 years, there has been an upsurge in the

configurations of shanks, disks, and shovels that till the soil at different depths and aggressiveness.   These new tools

impact soil warming and drying and may ultimately affect crop yield.

To address these issues, a multi-state effort, involving University of Minnesota Extension, North Dakota State University (Dr.

Aaron Daigh), and the Minnesota and North Dakota Corn and Soybean commodity groups set out to evaluate which tillage

approach (chisel plow, vertical tillage, strip till with shank, and strip till with coulters) maximizes early-season soil warming

and crop yields while at the same time improving soil health in the Red River Valley. 

Less tillage on cropland allows the soil to take in more intense rainfall before runoff begins, thereby reducing soil loss. 

Advantages to the crop producer include better economics, less wear and tear on equipment, better water holding capacity

of the soil, and improved biological populations and diversity in the soil.  However, concern about yield reductions due to

cool and wet soil conditions may limit adoption of reduced-tillage systems for corn-soybean rotations on the poorly-drained

soils that dominate much of Western Minnesota and North Dakota. 

In 2014 two farms near Barney, ND and Fergus Falls, MN, and a third farm in 2015 near Mooreton, ND were established.

These farms ranged in soil series with sandy, loamy, and clayey textures, providing local farmers with a realistic picture of

low-tillage impacts on their own acreage. Full scale equipment was used in farmers’ fields.

During each spring and early summer, the chisel plow and strip-till berms consistently had the driest and warmest soil

conditions followed by the areas between the strip-till berms and then the vertical till as the wettest and coolest soil

conditions (see figures below).  Most notably, these drying and warming differences among the tillage practices were

greatest at the farm with sandy soils, moderate at the farm with loamy soils, and minimal at the farm with clayey soils. As

the surface of these clay soils dry, it is likely that moisture is more readily replaced by the capillary rise of deeper water than

what occurs in the sandy soils. 

The trends in soil moisture and temperatures did not cause any differences in soybean or corn plant populations, growth, or

yields. Soybean yield was not affected by tillage at any of the farms during the past four growing seasons, except on the

farm with sandy soils in 2018 (see table below). At that farm, both strip tills yielded 3.7 bushels per acre more than either

chisel plowing or the shallow vertical till. Yield differences were observed in corn during some years, but these differences

were not consistent year-to-year, farm-to-farm, or among the tillage practices. Instead, benefits or consequences to corn

yields were explained by whether timely fertilizer application and placement was done or whether soil conditions were too

wet for proper tillage operations.

This data from this research shows that crop producers can do less tillage, leave more residue on the soil surface, and not

affect their yields.

 

 Soil temperatures for four tillage systems averaged across the three farm locations

taken on the first day of planting in May.

 

Soil moisture content for four tillage systems averaged across three farm locations taken

on the first day of planting in May.

Corn and soybean yield data for two locations from 2015-2018. Red and blue

circles indicates a difference in yield due to tillage
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Using Soil Moisture Sensors and ETgage as a Guide for Irrigation Management

Vasudha Sharma (irrigation

specialist) and Anne Nelson

(Extension educator) install

watermark sensors.

By Anne Nelson and Vasudha Sharma

In Minnesota almost 600,000 acres of cropland is irrigated, only about 3% of total cropland.

However, the soils in these areas are highly susceptible to nutrient leaching and water loss.

Using irrigation management tools can improve yields, grain quality, conserve water and

energy, and reduce nutrient leaching. One of the easiest and most effective ways to improve

irrigation efficiency is to implement soil moisture sensors and other tools in irrigation

scheduling.

Much research has been done using soil moisture sensors elsewhere in the United States,

especially in states with large amounts of irrigation. In Minnesota however, we have yet to

quantify their usefulness in our soils and climate. As a demonstration trial we worked with three

farmers in Rice, MN, Hastings, MN and Brooten, MN, along with partners from the Minnesota

Department of Ag and the Benton County SWCD to test one soil moisture sensor called the

Watermark and ET gage.

Our goal is to compare the farmer's irrigation recommendation, usually based on the hand feel

method vs. what the Irrigation management tools recommended. Each farmer let us manage

the irrigation for one field directly next to a field they managed to reduce weather variability and

large changes in soil type.

The watermark sensors are about the size of a salt shaker with a wire at one end, these are then inserted into the soil at

differing depths, and connected to a datalogger to record readings. These sensors measure how tightly water is held by the

soil, which is reported in centibars, using a table this can be correlated to how much water is depleted in the soil and in turn

how much you would need to irrigate. ET gage is a device that simulates the crop water use from a plant canopy. It has a

canvas covered ceramic evaporator plate at the top that allows water to evaporate the same way as crop does.  ETgage is

very handy in cases where weather stations are not available to measure crop water use for irrigation scheduling. It is an

alternative tool to determine crop water use that do not require any calculations or weather stations. We installed the

watermark sensors and ET gage soon after the emergence and checked them between one and three times per week to get

readings. Once harvest is over we will compare the two systems to see which is more efficient and be able to make better

recommendations to irrigators.

We hope to continue these types of studies, especially since 2019 has been a very wet growing season.
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In an attempt to answer novel and complex questions, UMD’s LLO deploys equipment designed to take data from
Lake Superior

Jay Austin atop a stack of the 1000-pound concrete weights prior to deployment.

A schematic of the horizontal mooring, with the Duluth Lift Bridge shown for scale.

Graphic credit: Craig Hill. Lift Bridge image: MPR

By Cheryl Reitan

Reprinted with permission from Currents in Motion

Minnegram editor's note: Researcher Jay Austin is Water Resources Science faculty

In May 2019, about 30 miles from the

Minnesota shoreline, eleven people — UMD

students, staff, faculty, and ship’s crew —

began assembling, as Jay Austin from UMD's

Large Lakes Observatory (LLO) says, “an

enormous horizontal mooring” to gather data

about convective cells in Lake Superior. The

crew built it piece by piece on deck, and as

the components were ready, lowered them

deep into the lake. When they completed the

endeavor, the structure dwarfed Duluth’s

Aerial Lift Bridge.

First they fastened steel cable to 1000-pound

concrete block weights (see photo with Jay above). Next came the massive steel floats at the top of the mooring. The

critical horizontal line, spanning the width of the experiment, followed.  Finally, five lines were suspended from the upper

span to near the lake bottom, with several temperature sensors attached to each. Once the assembly was complete, there

was still a huge undertaking left. The R/V Blue Heron had to tow one side of the concrete weights away from the other side

in order to lower the top of the assembly 100 feet below the water’s surface.

Horizontal Data

UMD’s LLO has had experiments moored

under the surface of Lake Superior since 2005

but this is the first one that resolves features

horizontally. It is gathering temperature data

from five columns, not just a single column,

extending near the lake floor. The data was

collected over a several week period between

May and July. In addition, data on currents

and surface meteorology was collected, some

of which was transferred in real time to the

LLO facility, and some which will be analyzed

after the equipment is brought back to the lab.

The UMD-led study, funded by the National

Science Foundation, with partners from the

University of North Carolina, Scripps Institution of Oceanography and the University of California-Davis, looks at convective

cells in Lake Superior water. “It’s almost more of a fluid dynamics experiment than limnology,” says Austin, who is the

principal investigator on the project and UMD department head and professor of physics and astronomy.

Examining Convective Cells

Convective cells occur in air and water and many factors impact them. The result is a circulation pattern such as those seen

in oil heated on a stove, or, as Austin says, “the pattern you sometimes see in a bowl of miso soup when it is cooling.” This

2019 Lake Superior project looks at temperature structure, as well as horizontal and vertical velocities in order to determine

the character of convective cells in Lake Superior.

A similar mooring was constructed in 1998 by the Woods Hole Oceanographic Institution to study internal waves on

Georges Bank in the coastal Atlantic. The 2019 LLO experiment is much bigger and takes place in deeper water than the

1998 experiment. At nearly 1000 feet wide by 500 feet tall, and resting 100 feet below the lake surface, the experiment will

gather the most comprehensive set of data on convective processes in lakes ever collected.

As the data is analyzed by UMD students over the next few years, the study will add to the body of knowledge about the

complex behavior of Lake Superior and other large lakes around the world. It’s an “enormous” undertaking indeed.
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Fall 2019 Community News
The enhanced Lake Browser featured in the spring 2019 Minnegram is now complete and available on the Remote Sensing

of Water Resources website.

John Gulliver (WRS faculty, CE) and graduate students attended the 2019 American Chemical Society Fall National Meeting

and Exposition in San Diego, CA, August 25 - 29, 2019. Students presented Sediment phosphorus release in stormwater

ponds and Gulliver presented Infiltration in roadside drainage ditches, also authored by M. Garcia-Serrana, and John Nieber

(WRS Faculty, BBE). Gulliver also received a 2019 Advisor Award from the Council of Graduate Students for excellence in

advising.
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Fall 2019 Student News
University of Minnesota Duluth Water Resources Science student Kirsten Rhude was named by Minnesota Sea Grant

as their 2020 finalist for the National Sea Grant John A. Knauss Marine Policy Fellowship. Sea Grant’s Knauss Fellowship

matches nationally selected finalists with host offices of the federal government for a one-year, non-renewable paid

fellowship. Legislative fellows are selected to work in the United States House of Representatives and U.S. Senate in either

personal or committee offices. Rhude is advised by Bob Sterner.

Yousef Aly received his PhD degree March 2019.  His dissertation was entitled: Enhanced Adsorption of Perfluoro Alkyl

Substances in Groundwater; Development of a Novel In-Situ Groundwater Remediation Method.  Aly was advised by Matt

Simcik.

Brad Gordon received his PhD degree May 2019.  His dissertation was entitled: Hydrology, Nutrient Removal, and Cost

Effectiveness of Small, Edge-of-Field Tile Drainage Treatment Wetlands.  Gordon was advised by Chris Lenhart.

Chris Kucek received his MS degree May 2019.  Kucek was advised by Joe Magner.

Carolyn Shull received her MS degree August 2019.  Her thesis was entitled: A tunnel speleothem based stable-isotope

record of Atlantic Multi-Decadal Oscillation forcing of precipitation in the Midlands, United Kingdom.  Shull was advised by

Howard Mooers.

Tiffany Sprague received her MS degree May 2019.  Sprague was advised by George Host. 

Kinzey Stoll received her MS degree June 2019.  Her thesis was entitled: Isotopic Signatures of Precipitation and Streams

along the North Shore of Lake Superior.  Stoll was advised by Salli Dymond.

Seth Thompson received his PhD degree June 2019.  His dissertation was entitled: Decomposition and Production of

Dissolved Organic Matter by Aquatic Bacteria.  Thompson was advised by Jim Cotner.

Justin Wiese received his MS degree  August 2019.  Wiese was advised by Mike Sadowsky.
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Fall 2019 Resources and Publications
UMN research on colored dissolved organic matter (CDOM) and remote sensing of water resources is summarized in

informational, pocket-sized brochures. The brochures were developed by Patrick Brezonik, Professor Emeritus and former

director of the WRC, as part of an NSF grant. Remote sensing researchers Brezonik, Ben Page, Leif Olmanson and Jacques

Finlay created two videos providing an overview of CDOM research.

Boons or Boondoggles: An Assessment of Salton Sea Water Importation Proposals

Levers, L. D.Story and K. Schwabe

In press at California Agriculture, 2019

Several ways to address the looming ecological disaster that is the Salton Sea have been proposed—including ocean water

importation proposals. We estimate the relative monetary costs for a “Cortés-to-Salton” proposal importing Sea of Cortés

water to the Salton Sea and compare that with the costs of an “Ag-to-Environment” proposal transferring water from

agricultural users to the Salton Sea. We find that transferring water from agriculture is substantially cheaper than the Cortés-

to-Salton plan. Additionally, all the infrastructure for leasing water currently exists which means, physically, water transfers

could begin immediately, an increasingly important characteristic given the present and increasing environmental and

human health damages.

Quantitative Dissolution of Environmentally Accessible Iron Residing in Iron-Rich Minerals: A Review

Voelz, J.L., N.W. Johnson, C. L. Chun, W. A. Arnold and R.L. Penn

ACS Earth Space Chemistry 2019

Classifying iron residing in iron-bearing minerals is an important process across numerous disciplines. Iron exists in many

forms and with varying degrees of accessibility for reactions. A wide range of procedures exist for identifying and

quantifying iron in various forms, but they are scattered throughout numerous journals and typically have several variations.

Methods for selective mineral dissolution and iron quantification are reviewed here to improve clarity and accessibility.

Effects of fertilizer timing and variable rate N on nitrate–N losses from a tile drained corn-soybean rotation simulated using

DRAINMOD-NII

Wilson, G. L., D. J. Mulla, J. Galzki, A. Laacouri, J. Vetsch and G. Sands

Precision Agriculture 2019

Nitrogen (N) from farm fields is a source of pollution to fresh and marine waters. Modifying N fertilizer application rate and

timing to consider the spatial and temporal variability in plant N requirements could reduce N losses from farmlands,

resulting in improvements to surface water quality. In this study, the field-scale hydrologic and N simulation model

DRAINMOD-NII was used to predict nitrate–N losses from fields planted in a corn-soybean rotation at Waseca, Minnesota,

USA, over a 15-year period (2003–2017) for two fertilizer application treatments.

Controlled Environment Food Production for Urban Agriculture

Gomez, C., C.J. Currey, R.W. Dickson, H-J Kim, R. Hernandez, N.C. Sabeh, R. E. Raudales, R.G. Brumfield,

A. Laury-Shaw, A.K. Wilke, R.G. Lopez and S.E. Burnett

The recent increased market demand for locally grown produce is generating interest in the application of techniques

developed for controlled environment agriculture (CEA) to urban agriculture (UA). Controlled environments have great

potential to revolutionize urban food systems, as they offer unique opportunities for year-round production, optimizing

resource-use efficiency, and for helping to overcome significant challenges associated with the high costs of production in

urban settings.

Assessing spatial and temporal variability in evapotranspiration for olive orchards in Tunisia using satellite remote sensing

Bchir, A., D.J. Mulla, A.B. Dhiab, F.B. Meriem, W. Bousetta and M. Braham

Precision Agriculture 2019

The objective of this study was to evaluate satellite remote sensing to estimate evapotranspiration (ET) for olive orchards in

Tunisia.

Drinking water quality in the glacial aquifer system, northern USA

Erickson, Melinda L, Richard M. Yager, Leon J. Kauffman, and John T. Wilson

Science of the Total Environment 2019

Groundwater quality in the glacial aquifer system, USA, was evaluated by comparing constituent concentrations to

benchmarks; exceedance of a benchmark is considered high. Inorganic constituents are common at high concentration

across the glacial aquifer, and we estimate more than 4 million people rely on groundwater with high manganese and/or

arsenic. An estimated 740 thousand people rely on groundwater with high nitrate. Defined hydrogeologic terranes provide

context for interpreting and explaining water quality.

Iron influence on dissolved color in lakes of the Upper Great Lakes States

Brezonik, P.L., J.C. Finlay, C.G. Griffin, W.A. Arnold, E.H. Boardman, N. Germolus, R.M. Hozalski and L.G. Olmanson

PLOS|One 2019

Colored dissolved organic matter (CDOM), a major component of the dissolved organic carbon (DOC) pool in many lakes, is

an important controlling factor in lake ecosystem functioning.

Observations of radiatively driven convection in a deep lake

J.A Austin

Limnology and Oceanography 2019

Observations of radiatively driven convection in deep, ice‐free Lake Superior from a set of moorings and an autonomous

glider are used to characterize the spatial and temporal scales of the phenomenon. The moored observations show that

instability builds at the surface on scales of hours, water near the bottom of the lake begins warming roughly 6 h after sunup,

and the water column homogenizes a few hours after sundown.

The wind-driven formation of cross-shelf sediment plumes in a large lake

McKinney, P. J. Austin and G. Fai

Limnology and Oceanography 2019

Wind‐driven turbidity plumes frequently occur in the western arm of Lake Superior and may represent a significant cross‐

shelf transport mechanism for sediment, nutrient, and biota. Here, we characterize a plume that formed in late April 2016

using observations from in situ sensors and remote sensing imagery, and estimate the volume of cross‐shelf transport using

both the observations and an idealized analytical model of plume formation. 
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Fall 2019 Upcoming Events
Conservation Tillage Conference

December 17-18, 2019

Holiday Inn St. Cloud

2020 Minnesota Climate Adaptation Conference

January 22, 2020

Continuing Education Center

St. Paul Campus

Nutrient Management Conference

February 18, 2020

Alexandria, MN

2020 UCOWR Annual Meeting

June 9-11, 2020

Minneapolis, MN
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Summer 2019 CrossCurrents - links to other water-based websites
Minnesota USGS Water Science Center

Your source for water-resource information collected and interpreted by the U.S. Geological Survey in Minnesota.

Minnesota Sea Grant

Promotes the best and most current science regarding Lake Superior and inland lakes to resource users, managers, and

policy-makers

Natural Resources Research Institute Center for Water and the Environment

Find out how the Center promotes private sector development, while protecting Minnesota's environment.

Extension Water Resources

Learn more about Extension stormwater, watershed and shoreland education programs,as well as NEMO (Nonpoint

Education for Municipal Officials.)

Minnesota Water Research Digital Library

MNWRL is a growing, searchable inventory of current Minnesota-focused publications on all types of water research topics,

including peer-reviewed and non-peer-reviewed literature

Minnesota Pollution Control Agency's Waterfront Bulletin

This monthly bulletin features updates on impaired waters, watershed project funding, and activities related to water

restoration and protection throughout Minnesota.
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