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Introduction

This report describes the activities of the North Dakota Water Resources Research Institute (NDWRRI)
during the period of March 1, 2016 to February 28, 2017.

The ND WRRI is one of the 54 institutes known collectively as the National Institutes for Water Resources.
The NDWRRI was founded in 1965, by authority of Congress (Water Resources Research Acts of 1964,
1972, 1984, and 1990), and is administrated through the United States Geological Survey. Section 104 of the
Water Resources Research Act requires the NDWRRI to apply its Federal allotment funds to:

1. Plan, conduct or otherwise arrange for competent research that fosters: (a) the entry of new research
scientists into the water resources field, (b) training and education of future water resources scientists,
engineers, and technicians; (c) the preliminary exploration of new ideas that address water problems or
expand understanding of water and water-related phenomena; and (d) the dissemination of research results to
water managers and public. 2. Cooperate closely with other colleges and universities in the state that have
demonstrated the capability for research, information dissemination and graduate training, in order to develop
a statewide program designed to resolve State and regional water and related land problems. 3. Cooperate
closely with other institutes and other organizations in the region to increase the effectiveness of the Institute
and for the purpose of promoting regional cooperation.

This year (2016-2017), NDWRRI once again allocated its 104(B) resources to fund Graduate Fellowship
research projects. The institute also continued its efforts to enhance communication between the State and
Federal agency personnel and university faculty and students. NDWRRI also worked closely with the several
departments/programs/schools at North Dakota State University (NDSU) such as Environmental and
Conservation Sciences, Civil and Environmental Engineering, Agricultural and Biosystems Engineering,
Industrial and Manufacturing Engineering, Chemistry and Biochemistry, Plant Sciences, and Natural
Resource Sciences to facilitate water related research proposal collaborations.

The annual base grant amount received by NDWRRI was $92,335. The amount was used for administration
and Fellowship awards. The Fellowship program was supported by the North Dakota State Water
Commission with an additional amount of $18,850.

Program Management

The Institute continued the same administrative mechanism with a director managing the institute program
with the help of a State Advisory Committee. Dr. Eakalak Khan, Professor of Civil and Environmental
Engineering, has served as the director since March 1, 2015. Linda Charlton-Gunderson, a NDSU employee,
has been working part-time for the Institute to assist the director with Institute finances, communications and
information transfer. The State Advisory Committee consists of three members representing the three
principal water agencies in North Dakota: State Water Commission, State Department of Health, and the U.S.
Geological Survey North Dakota District. In addition, the Institute also seeks advices from the faculty of the
two research universities of the State: NDSU and University of North Dakota (UND).

State Appropriation

The North Dakota State Water Commission (NDSWC) continued its support of 20.4% match ($18,850) to the
2016-2017 Graduate Research Fellowship program of NDWRRI under federal 104(B) funding. This is
thirteenth year the NDSWC provided support to the Fellowship program.

University Support
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North Dakota State University and the University of North Dakota administrations consider the NDWRRI
activities important and are supportive of its efforts.

Institute Location

The Institute continues to operate from the Administrative Building of the College of Engineering of North
Dakota State University in Fargo, North Dakota. The director may be reached at: ND Water Resources
Research Institute, North Dakota State University, Civil and Environmental Engineering Dept. (# 2470), P.O.
Box 6050, Fargo, ND 58108-6050, Phone: (701) 231-7717, Fax: (701) 231-6185, E-mail:

eakalak.khan @ndsu.edu.

State Advisory Committee

The State Advisory Committee provided guidance on water resources research priorities in the State and
region, and participated in the review and evaluation of research proposals and projects. The current
committee members are:

1. Gregg Wiche, Former District Chief (Assigned by Current District Chief, Joel Galloway), U.S. Geological
Survey, Water Resources Division, Bismarck, North Dakota 2. William Schuh, Water Appropriation Division,
NDSWC, Bismarck North Dakota 3. Peter Wax, Water Quality Special Projects, North Dakota Department of
Health, Bismarck, North Dakota

The committee members are senior officials in the three major agencies in North Dakota responsible for much
of the water resources research done outside of NDSU and UND in North Dakota.
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Research Program Introduction

Research Program Introduction
Annual Base Grant (104-B)

For the last 16 years, NDWRRI has offered competitive fellowships to NDSU and UND graduate students for
research on water resources topics under a Graduate Research Fellowship (GRF) program effectively using
the modest amount of the 104(B) annual base grant. The program meets the requirements of Section 104 of
the Water Resources Research Act of 1984.

The fellowship program encourages entry of young university faculty and new research scientists and
engineers into the water resources field; provides training and education to future water resource scientists and
engineers; promotes exploration of new ideas that address water problems or expand understanding of water
quantity, quality and related phenomena; and engages university faculty in collaborative research programs
seeking supports from entities concerned with water problems.

This year also, the NDWRRI continued the GRF program and applied bulk of the federal allotment to it. The
GRF program is administrated and monitored by the director. Applications are invited from the graduate
students and their advisors of the two research universities of the State, NDSU and UND. A rigorous review
by the State Advisory Committee and other water professionals in the state determines the awards. Active
participation of the academic advisors of the students in meeting matching requirement and seeking
co-funding from local, state and other sources is another positive aspect of the program. Periodical review of
the progress of the students in meeting the fellowship expectations is ensured by seeking reports from the
students and by encouraging them to make presentations in local, regional, and national technical seminars
and conferences.

Guidelines for the 2016-2017 Graduate Research Fellowship were posted on the Institute website in the first
week of October 2015, and the request for applications was announced in the faculty news publications of the
two university campuses by the second week of October, 2015.

The following is the request for application that was published on the UND and NDSU campus newsletters,
and distributed by e-mail lists.

2016 ND WRRI graduate research fellowship applications invited

The North Dakota Water Resources Research Institute (ND WRRI) invites applications for its 2016 Graduate
Research Fellowship program.

North Dakota State University and University of North Dakota graduate students who are conducting or
planning research in water resources may apply for fellowships of varying duration, 3 months to one year.
Typically in the past fellowship awards for master’s degree students have been in the range $800-$1,000 and
for doctoral students it has been $1,000-$1,400 per month. The fellowship funds must be applied between
March 1, 2016, and February 28, 2017. A technical completion report co-authored by the fellow and the
adviser is expected of each fellowship research project.

Research proposed for fellowship support should relate to water resources issues in the state or region.
Regional, state or local collaborations or co-funding will strengthen an application. Fellowships have a
matching requirement of two non-federal dollars to one federal dollar. At the time of applying, applicants
should have a plan of study filed and/or should have a thesis research topic selected. Applications need to be
prepared in consultation with advisers. Advisers of the applicant should co-sign the applications. Applications
from students and advisers who have not met the reporting requirements of their previous fellowship projects
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Research Program Introduction

will not be considered for funding.

The general criteria used for proposal evaluation include scientific merit, originality, research related to state
or region, and extent of regional, state or local collaboration and/or co-funding. The proposals will be
reviewed by a panel of state water resources professionals. Announcement of awards will be made by early
January subject to the appropriation of funds for the FY 2016 program by the federal government.

Consult the ND WRRI website, www.ndsu.edu/wrri, for background information on the program, and
guidelines for preparation of applications. Applications are due by 5:00 PM, Wednesday, November 25, 2015.
Submit original and four hard copies of applications to Linda Charlton, Family Life Center (FLC 320), NDSU
Department 2030, P.O. Box 6050, Fargo, ND 58108-6050 and an electronic copy in Word format to
eakalak.khan @ndsu.edu.

For additional information, contact Eakalak Khan at eakalak.khan @ndsu.edu or Linda Charlton at
linda.charlton @ndsu.edu.

The above announcement appeared in NDSU News. An announcement similar in content was also published
in the University of North Dakota campus publication University Letter.

NDWRRI Graduate Research Fellowships

In total, twenty applications were received. Thirteen were from NDSU and seven from UND. Out of twenty,
eight (4 Ph.D. and 4 M.S.) are for renewal and twelve (2 Ph.D. and 10 M.S.) are new applications.

Approximately $69,000 was available for Fellowship projects from the annual base grant. An additional
support of $18,850 came from NDSWC. Fellowships ranging from $1500 to $10,000 were awarded to fifteen
graduate students, 5 Ph.D. and 10 M.S., conducting research on water resources topics at NDSU and UND.
Selection of student Fellows and the award amounts were based on competitive proposals prepared by the
students with the guidance of their advisers. A panel of state water resource professionals and the director
reviewed the proposals and selected Fellows. The award amounts are based on the quality of proposals and the
priority of the proposed projects for the state and region.

2016-17 ND WRRI Fellows, academic programs, university, faculty advisers, and Fellowship research
projects are:

1. Alexis Steinman, Natural Resources Management, NDSU, Dr. Christina Hargiss (School of Natural
Resource Sciences), A Comparison of Wetlands across the Urban - Peri-Urban - Rural Gradient

2. Boonsiri Dandumrongsin, Environmental and Conservation Sciences, NDSU, Dr. Halis Simsek
(Department of Agricultural and Biosystems Engineering), Contribution of Soluble Microbial Products on
Dissolved Organic Nitrogen and its Biodegradability in Wastewater Effluent

3. Debjit Roy, Agricultural and Biosystems Engineering, NDSU, Dr. Xinhua Jia (Department of Agricultural
and Biosystems Engineering), Snowmelt Water Infiltration into Frozen Soils in the Red River of the North
Basin

4. Luisa Torres, Environmental Engineering, NDSU, Dr. Eakalak Khan (Department of Civil and
Environmental Engineering) and Dr. Om Yadav (Industrial and Manufacturing Engineering), Holistic Risk
Assessment of Surface Water Contamination Due to Lead-210 Found in Produced Water from
Unconventional Oil Production in North Dakota
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Research Program Introduction

5. Mohammad Hossain, Environmental and Conservation Sciences, NDSU, Dr. Achintya Bezbaruah
(Department of Civil and Environmental Engineering), Biopolymers for Phosphate Removal from Eutrophic
Lakes

6. Marina Martin, Environmental and Conservation Sciences, NDSU, Dr. Eakalak Khan (Department of Civil
and Environmental Engineering) and Dr. John McEvoy (Department of Microbiological Sciences), Tamoxifen
and Endoxifen Detections in Wastewater and Receiving Waters in North Dakota

7. Soklida Hong, Environmental and Conservation Sciences, NDSU, Dr. Eakalak Khan (Department of Civil
and Environmental Engineering) and Dr. Jayaraman Sivaguru (Department of Chemistry and Biochemistry),
Glutaraldehyde Removal from Flowback and Produced Water Using Photolysis

8. Swati Sharma, Agricultural and Biosystems Engineering, NDSU, Dr. Halis Simsek (Department of
Agricultural and Biosystems Engineering), UV Light Effect on Bioavailability of Dissolved Organic Nitrogen
in a Trickling Filter Process

9. Tong Lin, Agricultural and Biosystems Engineering, NDSU, Dr. Zhulu Lin (Department of Agricultural
and Biosystems Engineering), Assessing the Impacts of Hydraulic Fracturing at Bakken on Regional Water
Resources

10. Umma Salma Rashid, Civil Engineering, NDSU, Dr. Achintya Bezbaruah (Department of Civil and
Environmental Engineering), Injectable Nanoparticle-based Permeable Reactive Barriers for Groundwater
Contaminant Remediation

11. Ursinio Puga, Environmental Engineering, NDSU, Dr. Wei Lin (Department of Civil and Environmental
Engineering), Comparative Ultraviolet Disinfection Study for Wastewater Applications for the City of Fargo,
North Dakota

12. Afshin Shabani, Earth System Science and Policy, UND, Dr. Xiaodong Zhang (Department of Earth
Systems Science and Policy), Modeling Water Balance and Flows of Sediment and Nutrient in Devils Lake
Watershed Using SWAT

13. Bahareh Shoghli, Civil Engineering, UND, Dr. Howe Lim (Department of Civil Engineering), Impacts of
Climate Change on Embankment Dams in the Upper Midwest Region: Critical Design Parameters and
Adaptation Measures

14. Benjamin York, Geology and Geological Engineering, UND, Dr. Philip Gerla (Harold Hamm School of
Geology & Geological Engineering), Effect of Glacial Isostatic Adjustment on Rivers and Drainage Basins in
the Red River Valley

15. Courtney Jackson, Geography and Geographic Information Science, UND, Dr. Paul Todhunter
(Department of Geography and Geographic Information Science), Effects of Climate Change, Agricultural
Land Use Change, and Dynamic Contributing Area on Streamflow Input to Devils Lake: A Case Study of the
Mauvais Coulee Sub-Basins
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Modeling Water Balance and Flows of Sediment and Nutrient in Devils Lake Watershed Using SWAT

Modeling Water Balance and Flows of Sediment and
Nutrient in Devils Lake Watershed Using SWAT

Basic Information

Title:

Modeling Water Balance and Flows of Sediment and Nutrient in Devils Lake

‘[Watershed Using SWAT

Project Number:

2016ND304B

Start Date:

3/1/2016

End Date:

2/28/2017

Funding Source:

104B

Congressional
District:

001

Research Category:

Water Quality

Focus Category:

Surface Water, Models, None

Descriptors:

None

Principal
Investigators:

Xiaodong Zhang

Publication

1. Shabani, A.; X. Zhang; M. Ell, 2017, Modeling Water Quantity and Sulfate Concentrations in the
Devils Lake Watershed Using Coupled SWAT and CE-QUAL-W2, Accepted for Publication in
Journal of American Water Resources Association.
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Research Description

Devils Lake is an endorheic lake in the Red River of the North basin in northeastern North
Dakota. Its proximity to the 100th meridian — a theoretical line that divides the North American
continent into a generally wet region to the east and a dry region to the west — might be the
reason for its significant precipitation fluctuation over time. Since the end of the last glaciation
about 10,000 years ago, the alternating dry and wet cycles in the region dramatically changed the
water level several times, varying from low to overflowing. The recent wet cycle that started in
1993 has raised the water level by nearly 10 m, reaching a record high of 443.3 meters above sea
level on June 27, 2011. At a level of 444.7 meters above sea level, it would spill naturally and
catastrophically into the Sheyenne River, which flows via the Red River into Lake Winnipeg,
Manitoba, Canada. Because Devils Lake city and the adjacent communities are built within the
historical confines of the lake, the rising lake level has inundated farm lands and caused
significant damage to both infrastructure and the community. Over one billion USD have been
spent in mitigation measures, including upper basin water management to reduce runoff,
continuing infrastructure protection, and developing emergency outlets.

However, releasing water through the Devils Lake outlets is controversial because the water
contains a significantly higher concentration of dissolved solids, particularly sulfates, than the
surrounding water bodies. The impaired water quality is largely due to the fact that Devils Lake
is a terminal lake, so it accumulates nutrients, sediment, and other dissolved solids entering from
the watershed that has been primarily used for agricultural production. Because of its high salt
concentration, the water is not suitable for irrigation. The concerns about artificially pumping
water from Devils Lake to the Sheyenne River have led the Government of Manitoba to file a
lawsuit in the United States court and the International Joint Commission to address a potentially
detrimental impact on the water quality of Lake Winnipeg, which supports the largest freshwater
commercial fishery in Western Canada and a thriving tourism industry for Manitoba.

Significance of Research

The rising water level in Devils Lake has raised concerns regarding both water quantity and
quality; however, most of the previous studies on the Devils Lake flooding have been focused on
its water balance. The goal of this study is to better understand how the water quality of the lake,
particularly its sulfate concentration, changes with a rising water level by simulating both water
quantity and quality. We further analyzed impact of artificial pumping on the water quality of the
Sheyenne River. The SWAT and CE-QUAL-W2 models were selected for this simulation
because of their proven capacity in simulating hydrology (SWAT) and water quality (CE-
QUAL-W?2) in tributaries and lakes. To the best of our knowledge, the spatial distribution and
temporal changes of the sulfate concentration in Devils Lake have never been simulated before.
The results of this study will aid in water management and decision making to mitigate Devils
Lake flooding and the impact on downstream rivers.

Significant Findings

The coupled model performed well in simulating daily flow in tributaries with Ens > 0.5 and
|PBIAS| < 25%, and reproduced the lake water level with a root mean square error of 0.35 m for



the study period from 1995 to 2014. The water temperature and sulfate concentration simulated
by coupled model for the lake are in general agreement with the field observations. The model
results show that the operation of the two outlets since August 2005 has lowered the lake level
by 0.70 m, while raised sulfate concentration in the Sheyenne River from ~100 to >500 mg I ™.
However, the coupled model simulation shows increasing sulfate concentration of Devils Lake
from west to east, which makes operation of the east outlet more of a concern for degrading the
water quality in the Sheyenne River. One possible solution proposed by this study to mitigate
Devils Lake water level and Sheyenne River water quality degradation is to reduce the east outlet
operation to < 8 m® s and upgrade the west outlet capacity by at least 2 m3 s, This scenario
would meet the ND state standard of 450 mg I"* for stream Class IA.
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Impacts of Climate Change on Embankment Dams in the
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Basic Information

Title:

Impacts of Climate Change on Embankment Dams in the Upper Midwest Region:
Critical Design Parameters and Adaptation Measures

Project Number:

2016ND306B

Start Date:

3/1/2016

End Date:

2/28/2017

Funding Source:
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Congressional
District:
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Research Category:

Climate and Hydrologic Processes
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Descriptors:

None

Principal
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Yeo Howe Lim

Publication

1. Shoghli, B.; Y.H. Lim; J. Alikhani, 2016, Evaluating the Effect of Climate Change on Design
Parameters of Embankment Dams Using Remote Sensing:Data Case.in World Environmental &
Water Resources Congress 2016, American Society of Civil Engineers, Reston, VA.
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Research Description

Dams are the most important component of water resource systems found in many places. Water
is stored and regulated by dams such that the development objectives of water supply,
agriculture, manufacturing industry, energy generation, and other sectors are met. The impacts of
climate change on the water resources distribution has been projected as one of the major
problems in the next fifty years (U.S. Global Change Research Program, 2000). However, the
adaptations to mitigate the changes still seriously lacking in many critical infrastructural systems.
Embankment dams are very common in the U.S., hence a large number of these dams will be
affected should there be a change in the climate regime.

Climate change can affect the dams and their performance through alterations of the hydrologic
cycle. In an extreme scenario, warmer temperature accompanied by more precipitation could
lead to larger snowpack and earlier spring melting of snowpack, which could increase the
elevation of runoff in the basin. Conversely, lower temperatures accompanied by lesser
precipitation could decrease the snowpack and delay the spring melting of the snowpack, which
in turn, could lead to a reduction in the runoff within the basin. Both these extreme scenarios,
along with other climate-change scenarios, could alter the basin water balance spatially and
temporally. Sedimentation is an on-going natural process that will reduce the life-span of dams.
Given the possibilities of an induced change in the hydrologic cycle, the rate of sedimentation
will certainly be affected. In the assessment of climate change, three critical change factors are to
be considered: (1) the magnitude and variability of rainfall and streamflow, (2) the magnitude
and severity of extreme flood and storm events, and (3) the changes in vegetation and land use.

Many dams were designed and built at the beginning of the last century. Some specific questions
to be answered would include: (1) how would the dams perform under a possible new climate
regime. (2) to what extent is the safety of the dams being compromised under the new hydrologic
regimes? (3) how the induced changes in the sedimentation rate in the basin may influence the
operation of dams in return to the dam safety issue?

Significance of Research

Climate change can affect the dams and their performance through alterations of the hydrologic
cycle. Warmer temperature accompanied by more precipitation could lead to larger snowpack
and earlier spring melting of snowpack, which could increase the flood peaks in the basin.
Conversely, lower temperatures accompanied by lesser precipitation could decrease the
snowpack and delay the spring melting of the snowpack, which in turn, would lead to a decrease
in peak discharges within the basin. Both scenarios, along with other climate-change scenarios,
could alter the other basin-runoff associated processes. Reservoir sedimentation is a complicated
process that depends on the watershed sediment production, flood frequencies, reservoir
geometry and operation flocculation potential, sediment consolidation, density currents, and land
use changes over the life expectancy of the reservoir. Accumulated sediment behind the dams
can affect the flood attenuation function of the reservoir. As a result, the ecosystem of the river
will change. Understanding the sediment dynamics and identifying the main effective parameters
on erosion of soil are necessary to optimize the strategies for minimizing sediments entrance.



Prediction of sediment deposition is always needed in the planning, design and operation stages
of reservoir.

Significant Findings

Construction of a dam leads to the creation of an artificial reservoir, which normally decreases
the flood peak discharge downstream of the dam. However, climate change will increase the
magnitudes of extreme flood peak events generated by hydrologic processes at the upper
watershed, which may result in an increased probability of overtopping the dam. In the first step
of this study, ArcSWAT model was established for Sheyenne-Lake Ashtabula watershed area
and the calibration- validation of hydrologic runoff from the watershed was performed using
SWAT-CUP. Statistical results in terms of NSE and PBIAS have allowed us to infer our
simulation as in the category of “good simulation.” Because of the special climatic conditions in
North Dakota, there are discrepancies among observed and simulated data during a few extreme
spring-melt events. Artificial neural networks were employed to improve the deficiencies of the
software used in modeling the snowmelt process.
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Basic Information
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Research Description

This research investigates the relationship between glacial isostatic adjustment and watershed
asymmetry of tributaries in the Red River Valley, North Dakota, U.S.A. After the draining of
glacial Lake Agassiz, channel networks began to develop and were affected by isostatic
adjustment. This adjustment began after the recession of the Laurentide Ice Sheet and is still
occurring today, but on a lesser degree. Adjustment in the Red River Valley, which has varied
since the ice sheet retreated, is determined from differences in the elevation of the horizontally
deposited beach ridges which are the ancestral beaches of glacial Lake Agassiz. The Red River
Valley is currently experiencing 1 to 4 mm of uplift a year.

Untested in the Red River Valley is the concept that large-scale isostatic adjustment influenced
the pattern and development of post-glacial rivers and watersheds. Because isostatic adjustment
was greatest where ice was the thickest in the northern valley and least in the southern valley,
watersheds should be more asymmetrical, with the main river channel offset from the center of
the watershed, the farther north they are positioned in the valley. The purpose of this thesis is to
determine if tributaries within the former glacial Lake Agassiz basin are asymmetric. The study
further documented if asymmetry was the result of 1) changing watershed boundary; 2) a shifting
river channel position; or 3) a combination of both a changing watershed boundary and a shifting
river channel. Asymmetry of each watershed was determined by comparing the following
landscape measurements: Transverse Topographic Symmetry Factor (TTSF), Asymmetry Factor
(AF), and the total net change between pre-adjustment watersheds and current watersheds. Along
with the measurements listed above, paleo-channels were identified in the Red River Valley to
determine if there has been a uniform shift in drainage between Lake Agassiz stages and isostatic
adjustment.

Significant of Research

The results of this study suggest that asymmetry in the watersheds is the result of a changing
watershed boundary and a shift in river position, likely associated with glacial isostatic
adjustment. The combination of TTSF and AF values, pre-adjustment watershed net change, and
location of paleo-channels could help quantify the relationship between glacial isostatic
adjustment and watershed development. | believe that these methods can be used to investigate
isostatic adjustment on tributaries in other landscape settings.

Significant Findings

Twelve of the sixteen watersheds (Forest, Goose, Otter Tail, Park, Rush, Sand Hill, Snake,
Tamarac, Turtle, Two Rivers, and western Wild Rice) analyzed in this thesis have TTSF values
that are positive, while the remaining four watersheds (Buffalo, Maple, Red Lake, and Wild
Rice) have negative values. A higher positive value indicates a river that lies farther north
relative to the center of the watershed. Watersheds displaying the most asymmetry based on
TTSF are farther north in the Red River Valley. Similarly, AF values reveal that the most
asymmetric watersheds are also located near the northern part of the Red River Valley and
suggest greater tilting has occurred, compatible with isostatic adjustment. Furthermore, analysis
of the change in watershed boundaries revealed that all but one displays a northward shift in



watershed boundary. Finally, paleo-channels were identified and associated with the current
Turtle, EIm, Sand Hill, Buffalo, western Wild Rice, and Maple rivers, which flowed into the
paleo-Red River. Six of the seven paleo-channels identified lie north of their current river
channel, showing that rivers have shifted south. These results suggest that the asymmetry
identified using the TTSF and AF values would result from a shifting river rather than a shifting
watershed. This does not imply that a shift in watershed did not take place, but rather that the
asymmetry observed is not solely the result of a change in watershed boundary.
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Department of Geography, University of North Dakota,Grand Forks, ND.
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Research Description

First, we investigated the basin land cover and land use. We used the National Wetlands
Inventory dataset, and a Topographic Wetness Index developed from the 30 m, 10 m, and 3 m
digital elevation models to identify the abundance and spatial distribution of wetlands within the
Mauvais Coulee. This showed an abundant number of wetlands in the study area. Then we
created a county-level time series of agricultural land use in Towner County for 1955-2012, and
maps of agricultural land use for 1998 and 2015 from the USDA National Agricultural Statistics
Service CropScape Crop Data Layer database. The results showed widespread agricultural
development over the study area, and substantial intensification of agricultural land use since
1980, including a decrease in all hay and small grains coverage, and an increase in row crop.

Second, we created a hydroclimatic database for the Mauvais Coulee. Annual areal precipitation
(1956-2015, mm) was estimated from monthly precipitation totals from the PRISM dataset, and
weighted by sub-basin area. Annual potential evapotranspiratin (1956-2015, mm) was estimated
from monthly Tmax and Tmin data from the PRISM dataset using the Hargreaves equation.
Monthly streamflow (1956-2015, cfs) was downloaded from the USGS Water Data for the
Nation web interface and converted to annual runoff depth (mm). Annual runoff ratio (1956-
2015, %) was derived as a secondary variable from the areal precipitation and runoff depth time
series.

Third, we selected the ecohydrological approach (conceptual model) developed by Tomer and
Schilling (2009), and the Zhang et al. (2001) implementation of the Budyko framework to
partition streamflow change (AQ) into climatic and human components. The ecohydrological
approach provides a qualitative estimate of the partitioning based upon computed values of water
excess (Pex) and energy excess (Eex). The Budyko approach provides quantitative estimates of
the climatic (AQc) and human components (AQh) of AQ. Selection of the division of the study
period into baseline and post-change periods followed standard procedures in the literature based
upon streamflow change (1992 was the division year).

Fourth, results from the two methods were obtained and evaluated.
Significance of Research

Temporal trends in streamflow can be driven by natural climate forcing or by landscape forcing
attributable to human modification of the landscape. Human drivers of hydrological variables in
the Prairie Pothole Region include the original land cover change from native grasslands to crop
covers, land use change from small grains and forage crops to more intensive row crop
cultivation, agricultural drainage, wetland drainage, installation of tile drainage, development of
more productive crop cultivars, and changes in land management.

Numerous methods are available to attempt to separate the individual effects of natural climate
variation from human landscape change upon the streamflow record. These methods include
statistical regression approaches, physically-based modeling, application of the SWAT model,
the ecohydrological approach, and various implementations of the Budyko Hypothesis. These
later two approaches, in particular, have been frequently implemented, with dozens of papers in



the hydrological literature over the 15+ years. Both approaches are based upon a formulation of
the annual water balance equation in which storage change (AS) is assumed equal to zero.
Further, they identify a baseline period within which streamflow variation is assumed to be
driven only by climate variations (Q = f(climate)), and a post-change period, in which both
climate and human drivers operate (Q = f(climate, human)). Both approaches utilize
relationships established during the baseline period to partition changes in streamflow during the
baseline and post-change periods (AQ) into climate and human components (AQc, AQh). Thus,
stationarity of climate during the baseline and post-change periods is assumed. Demonstration of
the suitability of these approaches to the Prairie Pothole Region would provide a helpful tool to
water resource managers.

Significant Findings

Both the ecohydrological and Budyko framework approaches produced physically unrealistic
findings for the Mauvais Coulee streamflow record. In particular, the Budyko approach
estimated that 90 percent of the change in streamflow was due to human factors. This is, by far,
the largest percentage reported in the literature using this methodology. Several factors made
these approaches unsuited to the Devils Lake Basin, in particular, and the glaciated plains, more
generally. First, the period-of-record for streamflow at Mauvais Coulee (1956-2015) samples a
period of non-stationary climate. The data show that the region experience a shift between two
hydroclimate modes, as suggested by the paleoclimatological and historical records. The
baseline and post-change periods traverse two separate climate modes, making the baseline
period an unsuitable period from which to estimate streamflow changes during the post-change
perio