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Units 
 
To convert from Multiply by To obtain 
Feet (ft) 0.3048 Metres (m) 
Miles (mi) 1.6093 Kilometres (km) 
Square Miles (mi2) 2.59 Square Kilometres (km2) 
Acres (ac) 0.40469 Hectares (ha) 
Acre-feet (ac-ft) 1.2335 Megaliters (ML) 
Cubic Feet per Second (cfs) 0.028317 Cubic Metres per Second (cms) 
U.S. Gallons (gal) 3.7854 Liters (L) 
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1. Executive Summary 
 
Flooding is often thought of as the most common water issue in the Red River Basin. 
However, drought is also a reality for the basin. A drought that would extend from 
months to years has the potential for an economic catastrophe far surpassing any flood.  
In addition the impact on residents, businesses, wildlife and the environment would be 
equally devastating. The Red River Basin Commission (RRBC) funded this Red River 
Basin Drought Preparedness Strategy Scoping Document to outline what a fully 
developed basin-wide drought strategy could include and the resources and timelines 
needed to prepare such a strategy. This process is intended to explore what can be done 
now under the current jurisdictional laws, regulations and the lack of any jurisdictional 
arrangements for managing available water resources during a prolonged drought.   
Among the goals of this document are: 
 

o Outline what a fully developed drought strategy for the basin could include; 
o Provide costs for preparing the fully developed drought strategy; 
o Establish timelines related to the costs; 
o Consider and build on jurisdictional water law, existing and planned projects; 
o Outline a strategy of information gathering, discussion, and joint policy efforts. 

 
A review of existing regional drought management activities was undertaken. These 
activities ranged from those on a state/provincial level to those on a local/regional level. 
A work plan was developed that proposes the formation of several working groups, 
representing policy, legal, technical, and stakeholder interests of the basin. The working 
groups will develop proposed drought management strategies, background information 
and analysis tools for evaluating the feasibility, impacts, and effects of proposed 
strategies. The drought preparedness strategy will be generated from the array of 
proposed options for presentation, review, and comment by the basin stakeholders. 
 
The total cost of development of a drought preparedness strategy for the Red River Basin 
is estimated at USD $790,000 over approximately 2 to 3 years.  
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2. Purpose and Scope 
 
The Red River of the North (“Red River”) basin is approximately 48,000 square miles 
(124,000 km2) and includes the U.S. states of South Dakota, North Dakota, and 
Minnesota and the Canadian province of Manitoba. The Red River forms the boundary 
between Minnesota and North Dakota; roughly 20,000 mi2 (52,000 km2) of the basin is in 
North Dakota and 17,000 mi2 (44,000 km2) is in Minnesota. The basin is approximately 
10,000 mi2 (30,000 km2) in Manitoba. The South Dakota portion of the basin is roughly 
600 mi2 (1,500 km2). Figure 1 shows a map of the basin. 
 
Flooding is often thought of as the most common water issue in the Red River Basin. 
However, drought is also a reality for the basin. Various water supply studies have 
indicated that demand may equal or exceed supply in significant portions of the basin 
during dry conditions (MN Division of Waters, 1987; IISD, 2005; USBR Red River 
Valley Water Supply EIS, 2007). There are currently numerous activities and efforts in 
the basin that address drought situations. These range from overall response approaches 
at the state and province level to specific operational plans at the local level. There is 
currently no basin-wide strategy that incorporates existing plans into a coordinated 
approach. In the past, coordinated efforts between specific jurisdictions and water users 
during given drought events resulted in workable solutions to water shortage. 
 
The Red River Basin Commission (RRBC) funded this Red River Basin Drought 
Preparedness Strategy Scoping Document (“Scoping Document”) to outline what a fully 
developed basin-wide drought strategy could include and the resources needed to prepare 
such a strategy. The scoping document examined the current and planned drought 
management efforts in the basin in formulating a recommended approach. The 
differences in water law between each jurisdiction were also considered. This process is 
not intended to deal directly with water allocations between jurisdictions at this time. 
 
This Drought Preparedness Strategy Scoping Document is presented in two main 
sections. The first section examines existing water laws and drought management 
approaches in the basin. The scope of existing drought planning is discussed. The second 
section provides an outline and detailed work plan for developing a Red River Basin 
Drought Preparedness Strategy. Cost and time estimates for completing each part of the 
work plan are provided. An organizational structure that includes the Red River Basin 
Commission, working groups, and stakeholder involvement is suggested. 
 
The appendix provides details of a technical work plan component.  
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3. Existing Jurisdictional Water Laws 
State of Minnesota   
Water law in Minnesota follows the riparian doctrine. This doctrine is generally used in 
eastern jurisdictions. Historically, the risk of water shortages was low and water disputes 
tended to be on a local level. Under this doctrine, those using the public waters can 
generally do so provided that impacts to other users are avoided. As a result of the 1988 
drought, Minnesota has developed a priority system for prioritizing the curtailment of 
water use during shortages. In Minnesota, six water use priority classes have been 
legislatively defined as: 
 

o First Priority: Domestic, residential, and essential power production defined in a 
contingency plan; 

o Second Priority: Any consumptive use less than 10,000 U.S. gallons per day (gpd) 
(38,000 liters per day); 

o Third Priority: Agricultural irrigation and production exceeding 10,000 gpd; 
o Fourth Priority: Power production in excess of the contingency plan; 
o Fifth Priority: Other uses in excess of 10,000 gpd; 
o Sixth Priority: Non-essential uses. 
 

Lower priority water uses must avoid impacts to higher priority uses. Groundwater and 
surface water are managed in the same permit system. Groundwater pumping is also 
regulated to prevent long-term mining of aquifers and regulate local well interactions. 

 
State of North Dakota 
North Dakota water law is based on prior appropriation, which is generally used in 
western jurisdictions. Historically, the risk of water shortages is high and water disputes 
tend to be at a regional or basin level. In general, early settlement occurred on more 
desired lands, which tended to be on plains with better soils, longer growing seasons, and 
closer access to established transportation and markets. Later settlement occurred on less 
desirable lands which also tended to be upstream and closer to river headwaters. The later 
settlement water uses might jeopardize the earlier uses. To encourage private economic 
investment, the prior appropriation system issues rights to water users in a priority system 
based on the date an application to beneficially use water was received. Under this 
system, later permitted water users are sequentially denied water in favor of earlier 
appropriators in times of water shortage. 
 
Province of Manitoba 
Manitoba water law is based on prior appropriation doctrine. There appears to be several 
differences relevant to other prior appropriation jurisdictions in the basin. Priority, or 
precedent, dates are set based on when the application to utilize water is submitted rather 
than the date of historic use. Water licenses are generally not inheritable or transferable; 
for example, the sale of irrigated land may invalidate the associated license. 
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Manitoba also recognizes water use classes as a form of priority. The order (from highest 
to lowest priority) of water use class priority is: 
 

1. Domestic; 
2. Municipal; 
3. Agricultural; 
4. Industrial; 
5. Irrigation. 
 

The class priority system is a secondary allocation mechanism used when multiple 
licenses are issued with the same precedent date. The term of licenses is not perpetual and 
requires renewal every 20 years. Uses with higher priority classes can cause the 
rescinding of licenses of lower class priorities.  
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4. Existing Regional Drought Plans 
 
The following existing drought plans were reviewed: 
 

• State/Provincial 
o State of Minnesota 
o State of North Dakota 
o Province of Manitoba 

• Regional 
o Pembina Valley Water Cooperative (PVWC) 
o Red River Valley Water Supply Study 

• Local 
o City of Fargo, North Dakota 
o City of Grand Forks, North Dakota 
o City of Moorhead, Minnesota 
o City of Winnipeg, Manitoba 

 
State/Provincial 
 
State of Minnesota   
 
Drought management actions are triggered based on stream flow and drought conditions. 
Stream flow data is obtained from real-time gages throughout the state and field 
measurements. The U.S. Drought Monitor is used to evaluate drought conditions. In 
watersheds where no automated gages exist, a nearby reference watershed is used. The 
Q90 flow is defined for each stream gage location, which is the flow that is exceeded 90% 
of the time. When stream flow is below the Q90 amount, surface water appropriation 
permits may be suspended if the condition continues for 120 hours. Suspensions are 
implemented watershed-wide. Permits are reinstated when the flow exceeds the Q90 plus 
the amount of permitted appropriations in the watershed for 72 hours. 
 
Minnesota policy is to not restrict or suspend appropriations from watercourses with 
other states or provinces, unless the bordering state jointly imposes restrictions. It is 
likely that Minnesota permits would not be suspended on the mainstem of the Red River 
without joint action of North Dakota. In some portions of the basin, such as the Thief 
River, the Q90 flow is also no flow. In these cases, these watersheds would also not be 
restricted until flow was exhausted. 
 
Figure 2 shows the organizational chart of the Division of Waters. 
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Figure 2. Organizational Chart of the Minnesota Division of Waters 

 
 
State of North Dakota 
 
At the time of this writing, the drought management plan for the State of North Dakota is 
currently undergoing revisions as part of updates to the overall state emergency 
management plans. One component of this revision, the “State of North Dakota Enhanced 
Multi-Hazard Mitigation Plan” (“Mitigation Plan”), was released in draft form on 
December 13, 2007. At the time of this writing, only the draft December 2007 version 
was available for review. 
 
The Mitigation Plan ranked drought as a high level of hazard, based on the probability of 
occurrence and the extent of the potential impacts (NDDES 2007, Executive Summary). 
The Mitigation Plan summarized some past historic drought events and some past and 
potential future agricultural economic losses due to drought or heat events (NDDES 
2007, pages 4-86 to 4-92).  
 
The Mitigation Plan set goals, objectives, and initiatives for incorporating drought issues 
into state, regional, and local planning efforts. Among these items are: 
 

o Initiating and encouraging comprehensive basin-wide planning for drought issues 
in several river basins, including the Red River Basin (NDDES 2007, page 5-2). 
The purpose of basin-wide initiatives is to “encourage sound state and local 
planning related to hazard understanding and mitigation” in part by examining 
drought issues from “a regional perspective rather than (the perspective of) single 
jurisdictions”. Such basin-wide initiatives “typically results in a more favorable 
and through plan of action”. The Mitigation Plan reviewed local plans in the 
North Dakota counties fully or partially within the Red River Basin and found 
none that included basin-wide planning (NDDES 2007, pages 5-21 to 5-23); 

o Addressing the susceptibility of ground water users to drought due to extent and 
magnitude of well use in North Dakota and the potential of diminished well yields 
or drying of shallow wells (NDDES 2007, page 4-93); 

o Providing public education of drought hazards and crop insurance (NDDES 2007, 
page 5-4). Of the North Dakota counties fully or partially within the Red River 
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Basin, roughly 40% had a form of crop insurance education and approximately 
60% had a form of public hazard education (NDDES 2007, pages 5-21 to 5-23); 

o Explore and implement agricultural water conservation measures, drought-
resistant cropping practices, encourage effective management of water rights, 
weather modification, and modification of public and industrial water supply 
intakes (NDDES 2007, page 5-10). Of the North Dakota counties fully or partially 
within the Red River Basin, none had restrictive covenants related to drought 
issues, 50% had drought water management plans, about 10% had planning 
related to land and cropping practices, and about 10% of plans examined water 
supply intake structures (NDDES 2007, pages 5-25 to 5-26). 

 
At the time of this writing, the revised State Drought Management Plan (“Drought Plan”) 
is not available. The 2002 version received from NDDES was reviewed (NDDES July 
2007, personal communication). The Drought Plan does not directly alter or curtail the 
use of water. The Drought Plan describes a State Drought Organization (SDO) that is 
activated in a drought emergency. The SDO consists of seven task forces: 
 

o Public Information Task Force; 
o Data Task Force; 
o Agricultural Task Force; 
o Municipal and Industrial Task Force; 
o Recreation, Fish, and Wildlife Task Force; 
o Economics Task Force; 
o Fire Task Force. 
 

Two of these task forces relate to data and information management. The Public 
Information Task Force communicates information and mitigation measures to the 
public. The Data Task Force compiles relevant drought-related data from the other task 
forces.  
 
Three of the task forces focus on the impact of drought to specific groups. The 
Agricultural Task Force monitors the impact of the drought on agriculture, develops 
agricultural-related measures for state-owned lands, and provides information on drought 
assistance and solutions for private farmers and ranchers. The Municipal and Industrial 
Task Force makes recommendations on water quality, temporary use permits, and 
conservation measures. The Recreation, Fish, and Wildlife Task Force recommends 
measures to improve habitat. 
 
The last two task forces are related to state functions. The Economics Task Force 
documents the financial impact of drought. The Fire Task Force coordinates rural fire 
suppression measures. 
 
Figure 3 shows the organizational chart for the SDO. 
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Figure 3. North Dakota State Drought Organization Chart 

 
 
Province of Manitoba 
 
Figure 4 shows the Department of Water Stewardship organization chart. Water licenses 
may be subject to suspension under the Water Protection Act of 2006 (“Act”). Under the 
Act, the minister appointed by the Lieutenant Governor in Council may declare a serious 
water shortage in all or portions of Manitoba. With this declaration, “the minister may 
take any action, make any regulation, or issue any order that in his or her opinion is 
necessary to prevent, minimize, or alleviate the water shortage” (Section 11 Paragraph 2).  
 
The Act also provides for the development of water conservation programs and 
watershed management plans. These plans must include mechanisms for demand-side 
management, categorization of water use practices, and establishment of water use 
priorities and conservation programs. Measures that are to be taken during drought and 
expected levels of water use reduction are also specified. 
 
Manitoba’s Department of Water Stewardship is in the process of developing a 
comprehensive Drought Management and Preparedness Plan. The plan will describe 
responses to short (1 to 2 seasons), medium (1 to 5 years), and long-term (5 or more 
years) drought. The plan will include a long-term vision of water supply sustainability 
that calls for water conservation measures and demand-side management to minimize 
drought impacts. The International Institute for Sustainable Development (IISD) has 
developed a water budget that estimates various consumptive water uses, such as 
evapotranspiration. This data is utilized in a basin planning model using the STELLA 
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software. The model will be used to evaluate various approaches to drought management 
(Henry Venema, personal communication). The study is also evaluating a possible 
climate change scenario that depicts drier and expanding arid regions.  
 
Coordination with other departments and jurisdictions is anticipated, which include: 
 

o Provincial departments of Agriculture, Food, and Rural Initiatives; 
o Canadian Federal departments such as Environment Canada and the Prairie Farm 

Rehabilitation Administration; 
o Provinces of Saskatchewan, Alberta, and Ontario; 
o U.S. States of Minnesota, North Dakota, and South Dakota; 
o Transboundary institutions such as the Prairie Provinces Water Board, the Red 

River Basin Commission, the International Red River Board, the International 
Souris River Board, and Lake of the Woods Control Board. 

 
Additionally, the recent drought of 1999 to 2004/2005 is the focus of a research program 
to evaluate the characteristics and impacts of drought on the western Canadian prairie 
provinces. The multidiscipline CDN $3 million study is being funded by the Canadian 
Foundation for Climatic and Atmospheric Sciences. Goals of the study include: 
 

o Quantify the physical features of the 1999-2004/2005 drought; 
o Improve the understanding of the processes and feedbacks governing the 

formation, evolution, and cessation, and structure of drought; 
o Assess and reduce uncertainties in the prediction of drought and its structure; 
o Compare the similarities and differences of the recent drought to previous 

droughts over this region and those in other regions in the context of climate 
variability and change; 

o Address drought-related issues of critical importance to society. 
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Figure 4. Manitoba Department of Water Stewardship Organization Chart 

 
 

Regional 
 
Pembina Valley Water Cooperative (PVWC) 
 
The Pembina Valley Water Cooperative (“Cooperative” or “PVWC”) is located in the 
Pembina River watershed of southwestern Manitoba. The Cooperative was established in 
the early 1990s by 18 municipalities, with a combined population of 45,000. 
Groundwater in the area west of the Red River is frequently non-potable. The goal of the 
Cooperative is to provide a stable water supply from pipeline projects to the member 
water utilities. 
 
The Cooperative holds a storage license in Stephenfield Reservoir, on the Boyne River, 
and diverts from the mainstem Red River. The reservoir water treatment plant can 
produce 25 liters per second (7 U.S. gallons per second) and the combined Red River 
water treatment plants can produce 135 liters per second (36 U.S. gallons per second). In 
addition, non-PVWC water sources have been developed which include Lake 
Minnewasta, the Boyne River, and the Winkler aquifer. 
 
Drought affecting the Red and Boyne rivers has direct impacts to the Cooperative’s 
supply. In times of low flow, the water treatment plants on the Red River are not able to 
operate at full capacity. There are no guaranteed minimum flows on the Red River. 
Conservation programs have been developed by the Cooperative which price water at a 
higher rate than municipalities such as Winnipeg. High demand water users do not 
receive a quantity discount. Per capita water consumption rates average 200 to 235 liters 
per capita per day (53 to 62 U.S. gallons per capita per day), which is lower than in other 
municipalities. 
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The Cooperative has proposed a conjunctive use project which would supplement surface 
water supplies with groundwater. A wellfield in the Sandilands Provincial Forest would 
supply 50 liters per second (13 U.S. gallons per second) via a 95 kilometre (59 mile) 
pipeline. The Sandilands project area is located in the eastern portion of the Red River 
Basin. The aquifer includes portions of the Roseau, Rat, Seine, Brokenhead, and 
Whitemouth river watersheds. 
 
A hearing conducted by the Manitoba Clean Environment Commission (“Commission”) 
noted the need for the project in providing for a stable water supply for the Cooperative. 
With respect to the Sandilands proposal, the Commission was concerned that a water 
budget and model were not available to determine the impacts, effects, and sustainability 
of the project. In general the Commission recommended that an integrated basin-wide 
water management plan, which includes conjunctive water uses, was needed to evaluate 
this and other project proposals. The Commission also recommended that a guaranteed 
low flow agreement be negotiated between the United States and Canada regarding the 
Red River. 
 
A water license for the project is pending further assessment. 
 
Red River Valley Water Supply Study 
 
The Final Environmental Impact Statement of the Red River Valley Water Supply Study 
(“Supply Study”) was released on December 21, 2007. The study was authorized by the 
Dakota Water Resources Act of 2000 to evaluate water supply options for municipal and 
industrial water uses in 13 eastern North Dakota counties and 3 Minnesota communities. 
The Supply Study currently is not authorized for irrigation or direct agricultural purposes.  
 
The Supply Study examines several approaches to meet increased water needs for a 
projected year 2050 service area population of 479,000 with forecasted water needs of 
approximately 114,000 ac-ft/yr (140,600 ML/yr). The following alternatives were 
considered: 
 

o No Action Alternative: With this alternative, no U.S. Federal action is taken. 
State, regional, and local water projects anticipated in the future still take place, 
with an estimated increase in supply of approximately 5,000 ac-ft/yr (6,200 
ML/yr); 

o North Dakota In-Basin Alternative: This alternative is essentially a water reuse 
project, which pipes Red River mainstem flows downstream of the City of Grand 
Forks to Lake Ashtabula for later release; 

o Red River Basin Alternative: This alternative involves regional development of 
aquifers, with piping of pumped flows to the mainstem Red River or directly to 
municipalities; 

o Garrison Diversion Unit (GDU) Import to the Sheyenne River: The Garrison 
Diversion in the Missouri River basin would import water to the Red River Basin, 
via a pipeline to Lake Ashtabula; 
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o GDU Import Pipeline Alternative: Missouri River basin water would be piped 
directly to the Fargo metropolitan area; 

o Missouri River Import to Red River Valley Alternative: Missouri River basin 
water would be imported via pipeline from near Bismarck to several 
municipalities in the Red River Valley. 

 
The GDU Import to the Sheyenne River was selected by Reclamation and the State of 
North Dakota as the preferred alternative. 
 
Local/Regional 
 
City of Fargo, North Dakota 
City of Grand Forks, North Dakota 
The City of Grand Forks Drought Management and Demand Reduction Plan was 
published on July 2007. The City of Fargo Drought Management Plan was published in 
August 2003. The Grand Forks plan is based on the City of Fargo’s Drought Plan, with 
additional proposals to reduce consumptive use and contingency plans for interruption of 
water treatment facility service. Due to these similarities, both plans are discussed 
together. 
 
Table 1 lists the permitted water sources for each city. Both cities can use a combination 
of surface and reservoir storage supplies. The City of Fargo has a total permitted use of 
145,380 acre-feet (179,326 ML), not counting a water quality exchange on the Sheyenne 
River. The City of Grand Forks has a total of 64,123 acre-feet (79,096 ML) of permitted 
use, not counting a reservoir storage right contained in the mainstem Red River permit. 
 
Table 1. Water Supplies for the Cities of Fargo and Grand Forks, ND 
Source Permit State and Number Amount [ac-ft] (ML) 
City of Fargo 
Red River ND #749 109,500 (135,068) 
Sheyenne River ND #4718 7,000 (8,634) 
Lake Ashtabula ND #1091 35,880 (44,258) 
Total (not counting Sheyenne River Permit) 145,380 (179,326) 
 
City of Grand Forks 
Red River ND #835 33,600 (41,446) 
Red Lake River MN #63-0449 10,500 (12,952) 
Lake Ashtabula ND #835A 20,023 (24,698) 
Riverside Dam (Red River) ND #4354 5,280 (6,513) 
Total (not counting Riverside Dam storage) 64,123 (79,096) 
Notes: Fargo permit ND #4718 (Sheyenne River) is an exchange right with permit ND #749, implemented when water quality issues 
occur on the mainstem Red River. 
Grand Forks permit ND #4354 is a storage right on the Red River. Flow accrual for storage is from permit ND #835. 
There are treaty obligations on Red Lake, and use of permit MN #63-0449 is under Minnesota water law. 
 
The plans defines five phases of drought levels. Each level has triggers based on 
published Standard Precipitation Index (SPI), the Palmer Drought Severity Index (PDSI), 
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stream flow, and storage reservoir conditions. For each condition, a set of voluntary and 
in some cases mandatory demand reductions are issued. The drought level phases are: 
 

o Phase 1 – Normal Conditions: Precipitation and Palmer drought indices represent 
near normal or above precipitation and a mild drought or better conditions, 
respectively. Stream flow is at median or slightly below median amounts. Storage 
reservoirs are operating at normal conditions. In this phase, voluntary 
conservation practices are encouraged. 

o Phase 2 – Drought Advisory: The Precipitation and Palmer Drought indices 
represent moderately dry and moderate drought conditions, respectively. Stream 
flow is below normal. Projected runoff into the storage reservoirs is less than the 
reservoir releases, which will result in declining storage. If a drought advisory is 
enacted by the City, voluntary measures will be encouraged to reduce annual 
demand by up to 10%. City departments will implement mandatory municipal 
water reductions of up to 10%. 

o Phase 3 – Drought Watch: The Precipitation and Palmer Drought indices provide 
for severely dry and drought conditions. Stream flow is nearing the Q90 amounts, 
and near term projections show that one or more storage reservoirs may draw 
down to a minimum pool elevation. Under this phase, regular monitoring and 
communication with state and federal agencies may be established. Mandatory 
municipal, domestic, and commercial reductions of up to 20% may be 
implemented. Similar voluntary reductions from industrial uses are encouraged. 

o Phase 4 – Drought Warning: Precipitation and Palmer Drought indices show 
extreme dryness and drought conditions. Stream flow is below the Q90 amount. 
Storage reservoirs have drawn down to minimum pool elevations and there are 
low projections of runoff. Mandatory measures for all water uses may be adopted 
to target a demand reduction of 20 to 30%. 

o Phase 5 – Drought Emergency: In Phase 5, failure of the water supply may be 
imminent. Phase 5 is identical in many ways to Phase 4. Water rationing, bans on 
outdoor water use, and other mandatory reduction measures may be in effect.  

 
City of Moorhead, Minnesota 
 
Moorhead Public Service provides water to the City of Moorhead and the town of 
Dilworth and Oakport Township. On average, 1.5 billion gallons (4,603 ac-ft or 5,678 
ML) per year are used. The majority (approximately 87%) of this is from Red River 
flows. The remaining amounts are from well fields in the Buffalo aquifer. 
 
The Buffalo aquifer (“aquifer”) is approximately 30 miles (48 km) long, stretched north 
and south along the Buffalo River and the South Branch tributary. The aquifer varies 
from eight miles (13 km) in width in the south to one mile (1.6 km) in width in the north. 
The maximum depth of the aquifer is 200 feet (61 m). The sand and gravel makeup of the 
aquifer is markedly different from other areas of the Red River Basin which contain clays 
settled from Lake Agassiz. Capacity of the aquifer is estimated at 270 billion gallons 
(828,600 ac-ft or 1,022,100 ML), recharged from direct surface precipitation and seepage 
from the Buffalo River. 
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Prior to 1994, Moorhead would withdraw 40% of its water supply from the aquifer. Over 
the previous 50 years, well water levels declined roughly 20 feet. Currently Moorhead 
uses conjunctive management, combining groundwater with surface water sources, which 
has permitted significant recovery of the water table. The aquifer may be used for 
increased supply during a extended drought. 
 
City of Winnipeg, Manitoba 
 
The City of Winnipeg obtains water from Shoal Lake, located on the Ontario/Manitoba 
border. Water travels from Shoal Lake via an aqueduct to Winnipeg. The City does not 
have a drought management plan. It does have an overall water conservation program.  
 
In 1993 and 1997, review of water use showed a rate of 450 liters per person per day (120 
U.S. gallons per person per day). This rate was also increasing by 1% per year. Over 50% 
of water use was residential, 20% was commercial, and 10% was industrial. The 
remaining amount, approximately 20%, was unaccounted. Reviews were also undertaken 
of water use in comparable cities and the effect of conservation programs in those cities. 
 
A set of conservation programs was developed that primarily focused on residential 
customers. The goal of the programs was to create a no water growth condition were 
future population growth would be offset by reduced per person water use. Conservation 
kits were made available which provided water reducing water fixtures and conservation 
guides. Education programs and materials were developed for use in schools. The City 
also developed a computer model to predict periods of high water use and a database for 
refined analysis. Current water use (2006) has been estimated at 350 liters per person per 
day (92 U.S. gallons per person per day). A portion of this reduction may also be due to 
an economic downturn which affected commercial and industrial water uses. 
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5. Scope of Existing Drought Planning 
 
Basin Approach 
 
There is a very real need for a basin approach in developing a drought strategy for the 
Red River. The Red River Basin is a semi-arid watershed with limited and sporadic 
precipitation. Within the Red River Basin there are limited surface and ground water 
resources. The demands on these available water resources have the potential to outstrip 
the availability based on growth and an extended dry cycle.  In addition there are no 
binding agreements or arrangements between the jurisdictions to ensure water availability 
in times of stress to all basin residents.  At the current time each jurisdiction operates 
within the framework of its own jurisdictional laws and regulations. In the past, 
coordinated efforts between specific jurisdictions and water users during given drought 
events resulted in workable solutions to water shortage. Currently there are no serious 
efforts for the development of arrangements between the jurisdictions to move beyond 
the current status, and even if there were this would likely take years to develop. 
 
A basin approach to explore what can be done, within the current framework of existing 
jurisdictional realities, is of the utmost importance. The basin entities need a strategy 
(guidelines for action) of what can be done under the current conditions for addressing 
dry cycle stresses that exceed the status quo approaches now in effect.   
 
Current Conditions 
 
There are several key points that can be highlighted in the existing drought plans, both on 
the state/provincial and regional/local levels. The Minnesota permitting plan has the goal 
of maintaining a target low flow throughout a basin as the highest priority use. In certain 
cases, the target low flow may be near or at zero flow, due to the nature of the watershed 
or trans-boundary issues. Permit suspensions are applied on a watershed-wide basis when 
flows are below the target for a sufficient period of time.  
 
The North Dakota State Drought Organization (SDO) contains functional groups for 
monitoring, evaluating, and communicating drought information. The water right nature 
of North Dakota limits the SDO in demand-side management. The SDO serves to 
mitigate the impacts of drought through connections to state and federal programs. The 
SDO is a framework for multi-agency communication and action rather than a specific 
policy or continual long-term program. 
 
Manitoba water law is based on prior-appropriation doctrine with elements of secondary 
water use priorities and license suspension capabilities. The Water Protection Act 
provides authority to take a wide range of actions during drought. A Drought 
Management and Preparedness Plan is currently being developed by the Department of 
Water Stewardship to address the vision, responses, and coordination to drought in 
Manitoba. 
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Local and regional drought management plans have the goals of extending available 
supplies during a drought or extending the useful life of water treatment infrastructure. 
Conservation programs identify the uses of municipal water and offering specific 
conservation options to specific water customers. Multiple water sources are strategically 
managed to reserve storage options for drought. The Fargo/Grand Forks mandatory 
measures become fully implemented when reservoir water sources are being impacted. 
Moorhead primarily uses Red River flows before withdrawing from aquifer resources. 
Mandatory conservation measures are implemented in Moorhead when the aquifer 
becomes the primary supply. 
 
Drought management on the state and provincial level is focused on implementing each 
jurisdictions’ water law. As water supply diminishes, water use is reduced on a basis of 
the type of use or a pre-established priority order. While state and provincial management 
affects in one way or another the entire basin, this management does not represent 
drought planning or a strategy. Instead, these are the basic rules under which planning 
and strategy takes place. 
 
Local and regional drought management represents drought planning and strategies. 
Measured responses to drought reduce the susceptibility to drought with the goal of 
minimizing economic and social impacts. Managing multiple water sources and 
implementing conservation programs strategically prepares for future droughts. Local and 
regional drought management are limited in geography to specific areas or specific water 
uses. Figure 5 shows water permits in the basin on the basis of location and type of water 
use. There are impacts that various water uses have on each other that is not addressed 
with existing plans and strategies. 
 
What is Needed 
 
A strategy (a plan) is needed that defines an approach and costs of actions that the basin 
stakeholders can begin to do now. What actions would be taken if, for example:  
 

o a 10% flow reduction occurred for a month; 
o a 20% flow reduction occurred for two months; 
o lower precipitation levels were received over one or more years; 
o lower flows and lower precipitation were received over a number of years?   

 
A basin wide drought strategy (guidelines for action) would address these and similar 
questions. The strategy would:  
 

o point out how each jurisdiction would operate under these conditions; 
o explore avenues for cooperation, which would increase as the water availability 

stresses increased; 
o define a process for this cooperation; 
o develop a strategy for informing the public of ways they can be less dependent on 

water; 
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o develop a strategy and guidelines for water conservation approaches which 
improves the resilience of the basin to drought; 

o and, explore other related topics that would show what the basin entities can do 
now under current water supply sources, current jurisdictional mandates, and the 
absence of jurisdictional agreements. 

 
Strategy and Recommendation 
 
While current approaches contain elements of drought mitigation management in various 
forms, there is no formalized coordinated or comprehensive basin approach. It is 
recommended that a basin approach be initiated, which brings together a wide range of 
water users to discuss and develop plans and strategies that beneficially reduces the 
susceptibility of the basin to, and improves the recovery from drought.  This approach 
combines the specificity of local and regional planning with the multiple uses and 
regional principals in state and provincial level management.  The ultimate goal is 
increased and enhanced drought cooperation and coordination between basin entities. 
 
Figure 5. Location of Water Permits in the Red River Basin 
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6. Overall Work Plan 
 
The following work plan details the development of a drought preparedness strategy 
(“strategy”) for the Red River Basin. Issues dealing with policy and legal aspects of water 
planning are often broad-reaching and long term. It is not uncommon for basin-wide 
water agreements and strategies to culminate over a decade or more of discussion. Full 
appreciation of the resource requirements for developing the strategy will require further 
input from the Red River Basin Commission and might not be determined until the initial 
stakeholder consultations have taken place. A conceptual cost and time estimates for the 
purposes of program planning are provided, although these estimates will change. 
 
The overall work plan for developing the strategy is presented in this section. The 
following appendix section of this work plan details possible tasks of a technical nature; 
these tasks are a portion of the overall work plan.  
 
Approach 
 
A. Process for the Immediate Future 
 
The development of additional water supplies, as with the Red River Valley Water 
Supply Project, may not be possible in the short term. During this time, the risk of 
drought and hazards from associated impacts will remain and possibly increase as basin 
population and water needs change. This task will describe a process to move forward for 
the immediate future. 
 
The immediate process will be described in the context of various forms or types of 
drought. Drought can be described as a range over which the duration and extent of lack 
of precipitation expands. Figure 6 shows drought in the hydrologic cycle. The various 
horizontal curves hypothetically show some measure of drought throughout the 
hydrologic cycle over time. The dashed line traces the impacts that a reduction in 
precipitation causes over the hydrologic cycle. 
 
A reduction in the amount of precipitation received over time is referred to as a 
“meteorological drought”. Precipitation on land directly influences other hydrological 
processes. One is shallow infiltration that replenishes soil moisture. Soil moisture will 
relatively quickly become depleted due to reduction in precipitation and consumptive use 
from plant evapotranspiration. Often the rate of evapotranspiration will increase as 
droughts are associated with higher temperatures which affect this process. This type of 
drought condition is an “agricultural drought”. 
 



  24 
\\mspe-srv1\Projects\164msp\RRBC\67305\03.0 - Deliverables\2008_01_09_Report\2008.01.09_Drought Scoping Document.doc 

Figure 6. Drought Impacts Over the Hydrologic Cycle 

 
(after Changnon, 1987) 
 
 
The other precipitation-related processes are deep infiltration into the groundwater 
aquifer and surface runoff into streams. Once these are significantly impacted by the lack 
of precipitation, a “hydrologic drought” occurs. Stream flow will decrease and 
groundwater levels will decline. These processes are generally not influenced as easily as 
with an agricultural drought, but will appear over time. 
 
At any time during these types of drought, a “socioeconomic drought” can occur. Deficits 
of precipitation impacting agricultural, industrial, commercial, municipal, and other 
sectors generate a reduction in an economic good. Mandatory water conservation 
measures may come into effect which can alter lifestyles. 
 
The coordinated efforts between specific jurisdictions and water users that occurred as 
historic drought developed will be reviewed in the context of various phases of drought. 
The historic droughts reviewed might include 2006, 1988-1991, and other events. The 
strengths and limitations of past experiences will be used to develop a proposed 
formalized inter-jurisdictional coordination for future droughts that illustrates what 
actions are taken as drought unfolds. The process will include the existing basin drought 
plans and water laws, Army Corps of Engineer reservoir management considerations, and 
drought forecasting information being developed by the National Weather Service. 
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The total cost of this review is estimated at $15,000 over 3 months. 
 
B. Conservation Approaches 
 
Basin conservation approaches are of interest to several basin entities and studies. 
Existing basin public and regional water supply utilities have certain water conservation 
measures and public education strategies in place. Consideration of conservation has been 
highlighted in several studies, including the Red River Valley Water Supply Project Final 
EIS, the North Dakota Enhanced Multi-Hazard Mitigation Plan, and the Manitoba Water 
Strategy. 
 
The “soft path” approach will be evaluated in the context of conservation.  Soft path itself 
is more of an overall philosophy of water management (Wolff, 2002). It emphasizes 
examining the processes in which water is used and determining ways to achieve the 
same outcomes with reduced water use. Public perception and appreciation of the value 
of water is also emphasized to encourage interest in voluntary conservation. 
 
A review of existing conservation measures will be conducted. Based on current water 
use, soft path will be applied to determine possible strategies for additional conservation 
which increases the resilience of the basin to various types of drought. A set of proposed 
priorities for implementing strategies and public education efforts will be determined. 
 
The total cost of this review is estimated at $25,000 over 3 months. 
 
C. Refine Goals, Approach and Form Working Groups 
The Red River Basin Commission has provided an initial vision of drought planning and 
management for the basin. This vision is that of a basin-wide strategy that builds on 
existing regional drought managing efforts. The strategy would not impede existing water 
development projects, but serve to provide a mechanism for cooperation of dispute 
resolution, drought mitigation strategies, and long-term planning needs and actions.  A 
workshop with basin stakeholders will serve as a “kick-off” to the strategy development. 
A common level of understanding of the hydrology of the basin, areas of concern, water 
law, and policy issues would be provided. Refinement of the goals and desired outcomes 
of the strategy will be developed in the workshop, along with the approach and roadmap 
to reach a final strategy. 
 
A workshop would be held to establish several working groups to facilitate the 
development of the strategy. The working groups are not meant to address 
implementation of drought management, such as monitoring, impact assessment, 
mitigation and response. The role of the working groups is to drive and facilitate the 
stakeholder process in the plan development. These working groups might include: 
 

o Administrative: This working group might oversee funding, selected program 
implementation, and convene working conferences in support of the strategy. It is 
anticipated that this role could be filled by Red River Basin Commission staff; 
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o Legal: While specific advisement on legal issues is outside the scope of this 
report, legal assistance has been an integral part of water issues in other basins. A 
Legal working group might explore implications and methods of implementing 
selected drought preparedness programs within the context of each jurisdictions’ 
water law; 

o Policy: A Policy working group would provide guidance on each jurisdictions’ 
policies and vision in formulating the strategy. This would also include linking 
the strategy to existing programs; 

o Technical: The Technical working group would develop and compile data, 
analysis, and tools or models in support of the strategy. The Technical working 
group would determine the physical impacts and effects of various proposed 
drought strategies. 

 
The workshop would refine the number and type of working groups needed to develop 
the drought preparedness strategy. Ground rules for each working group would include 
aspects such as membership, funding, meeting frequency, and target milestones or a time 
duration in which the group would be active. The memberships of the working groups 
might represent: federal, state, provincial, county, and municipal officials, First Nation 
and Indian nations, and interests including irrigation, power generation, recreational, and 
environmental groups.  It is anticipated that three to four meetings of each working group 
might be called. Based on the scope of each working group, the groups would refine 
operational costs, workshops that would be conducted, and interaction needs with other 
stakeholders and working groups. 
 
Figure 7 illustrates conceptually the role of working groups in development of the 
strategy. The working groups will facilitate the development of the strategy, with 
program assistance provided by the Red River Basin Commission. The entire 
development process is within the context of stakeholders of the basin. 
 
Figure 7. Conceptual Arrangement of Stakeholders and Working Groups 
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D. Background Technical Information from the Technical Working Group 
The Technical working group will collect and compile background information. This 
background information will illustrate the types and amounts of water use in the basin, 
the distribution of water in the basin, and trends in both of these. This information may be 
partially provided by existing studies. Additional tasks, numbers T1 to T16, are provided 
in the appendix that will complete any missing information.  
 
The Technical working group will present the background report to stakeholders and 
other working groups in a workshop forum. Based on these reports, a basin model will be 
suggested to determine the impacts and effectiveness of various proposed drought 
strategies. A consensus will be reached on the need for such a model, the potential 
policies and strategies that the model should address, and possible integration with 
existing models. 
 
E. Model Development and Evaluation of Baseline and “No-Action” Scenarios 
The Technical working group will utilize a basin model based on information collected in 
the technical background report. The technical tasks in the development of the model are 
detailed in tasks T17 to T19 in the appendix. A set of baseline and “no-action” scenarios 
will be processed with the model. These scenarios will describe the current and future 
state of the basin if no action were taken on development a drought preparedness 
strategy.  
 
A set of baseline conditions are described in Task T20 (appendix). The model results for 
the baseline conditions will show the individual and cumulative effects, impacts, and 
limitations of the existing drought approaches. The following baseline conditions are 
suggested: 
 

o Historical: replication of historic flows using historic population, water use rates, 
depletions, and historic drought management; 

o Current Conditions: shows what previous droughts might look like with current 
population levels, agricultural uses, water use rates, and current drought 
management; 

o Future “No Action” Conditions: shows what previous droughts might look like 
assuming future population growth, agricultural build-out, climate change 
scenarios, and current or anticipated drought management. 

 
An explanation of benefits of a coordinated approach at the Red River Basin regional 
level is in Task T21. In this task, one or more proposed coordination approaches are 
defined and modeled. The performance of a given proposed approach, in terms of flows, 
reservoir storages, and delivery shortages, are compared to a baseline scenario. This will 
show how a proposed approach addresses issues raised in analysis of the existing drought 
approach. 
 
The Technical working group will report and present on the model and the baseline 
scenarios that were processed to the stakeholders and other working groups. From this 
presentation, the critical areas and initial drought strategies will be suggested by the 
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workshop participants. The Technical working group will be provided with initial 
drought strategies that will be developed into modeling scenarios.  
 
F. Drought Preparedness Strategy Development 
Multiple meetings will be conducted with all working groups in developing a final 
drought preparedness strategy. The Technical working group will report the impacts and 
effectiveness of proposed strategies to the other working groups. The Policy working 
group will evaluate the implications of existing jurisdictional policies and the feasibility 
of developing additional and joint policies with regards to the proposed scenarios. The 
Legal working group will similarly evaluate the legal implications and feasibilities of 
proposed scenarios. The Administrative working group might evaluate possible short and 
long-term funding sources and program administration needs. Continued feedback and 
evaluation of the proposed strategies will be conducted within and between the working 
groups. 
 
A draft drought preparedness strategy document will be developed from the working 
groups based on the set of proposed strategies that were evaluated. The draft strategy 
would state the procedures and mechanisms of drought management that would be 
implemented during a drought. The strategy would provide for when action would be 
taken. This may include action during a meteorological drought (characterized by 
precipitation), an agricultural drought (characterized by soil moisture), hydrologic 
drought (characterized by impacts to surface and groundwater availability), and 
socioeconomic drought (characterized by measured economic and welfare impacts). The 
strategy would provide where drought management actions would be taken and in what 
manner the strategy would be implemented.  
 
Programs that address long-term conservation, system improvements, and management 
would be listed. The framework to implement the strategy would be provided, which may 
include government-to-government agreements, non-binding Memorandums of 
Understanding (MoU), coordination with drought management agencies, and the creation 
of a basin-wide drought action committee. 
 
G Public Review and Final Drought Preparedness Strategy 
A series of workshops and public meetings will describe the proposed draft strategy to 
the basin stakeholders. A formal comment and review mechanism will be established for 
public input.  
  
The public comments will be reviewed to generate the final strategy. The final strategy 
will represent a consensus-driven vision of drought management in the basin. Each phase 
of the strategy preparation, from data collection, model development, and evaluation of 
proposed strategies, would provided for consensus from each working group. 
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Estimated Costs and Time 
Conceptual costs and time for purposes of program planning have been estimated for 
items A through G. These costs and time estimates will change as goals are defined and 
working groups’ scope, memberships, and roles are determined. Table 2 summarizes 
these estimates. In-kind services may include three to four meetings per working group. 
Approximately $100,000 is included in Item F for jurisdictional technical, legal, and 
policy review of the proposed strategy. Figure 8 illustrates the strategy development 
process. 
 
Table 2. Summary of Work Plan Costs and Time  
Item Estimated 

Cost [USD] 
Estimated 

Time 
A. Process for the Immediate Future $15,000 3 months 
B. Conservation Approaches $25,000 3 months 
C. Refine Goals, Approach, and Form Working Groups $40,000 6 weeks 
D. Background Technical Information (Tasks T1 to T16) $120,000 6 months 
E. Model Development and Evaluation of Baseline and 
“No-Action” Scenarios (Tasks T17 to T20) 

$90,000 4 months 

F. Drought Strategy Development  (including T21) $380,000 8 months 
G. Public Review and Final Drought Preparedness Strategy $120,000 3 months 
Total $790,000 28 months 
 
Comparison to National Drought Mitigation Center Drought Planning Process 
 
This scoping document is not itself a drought plan. It parallels the National Drought 
Mitigation Center’s (NDMC) “10 Step” process for drought planning.  Table 3 shows the 
relationship between the NDMC process and the scoping document work plan. Nearly all 
of the NDMC guidelines are included in the scoping document, although several of the 
later processes and components must be addressed within the final drought strategy and 
as a result do not factor in the scoping document. 
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Table 3. Comparison of NDMC Guidance and Scoping Document Workplan 
NDMC Step Scoping Document Task or Concept 
Step 1. Appoint a Drought Task Force 
Step 2. State the Purpose and Objectives of 
the Drought Plan 

C. Refine Goals, Approach, and Form 
Working Groups 

Step 3. Seek Stakeholder Participation and 
Resolve Conflict 

Throughout the process as participatory 
workshops or working groups representing 
stakeholder interests.  

Step 4. Inventory Resources and Identify 
Groups at Risk 

D. Background Technical Information  
E. Model Development and Evaluation of 
Baseline and “No-Action” Scenarios 

Step 5. Develop Organization Structure and 
Prepare Drought Plan 

F. Drought Strategy Development  
 

Step 6. Integrate Science and Policy, Close 
Institutional Gaps 

This is the purpose of the working groups 
(which include technical, legal, and policy) 
and technical work group plan 

Step 7. Publicize the Proposed Plan, Solicit 
Reaction 

G. Public Review and Final Drought 
Preparedness Strategy 

Step 8. Implement the Plan 
 
Step 9. Develop Educational Programs 
Step 10. Post-Drought Evaluation 
 

These steps are to be addressed in or during 
the creation of the final drought 
preparedness strategy. The development of 
these steps are dependent on the selected 
strategy.  
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Figure 8. Strategy Development Timeline 
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Appendix A. Technical Working Group Work Plan 
 
In order to estimate the technical work plan and associated costs, information was 
obtained from the governments of Manitoba, Minnesota, North Dakota, and South 
Dakota to identify the location, type, and withdrawal amounts of active permits and rights 
in the basin. The water permit information is intended for discussion purposes in guiding 
the development of this work plan. The data is not intended to be an authoritative legal 
source. The data is also not inclusive of all water uses, as each jurisdiction has exceptions 
to uses requiring permit or licensing. The actual use of water may be less than that 
permitted and include water reuse.  
 
The total permitted water use in the basin is approximately 1,561,000 acre-feet per year 
(1,926,000 ML/yr). This permitted amount may not be the actual amount of water 
diverted, and it includes both consumptive water use and water that is returned to the 
natural system and reused. Roughly 41% of the permitted rights are in Minnesota, 39% 
are in North Dakota, 18% are in Manitoba, and less than 1% in South Dakota. Figure 9 
shows the location of permitted water use. Figure 10 shows this information by type of 
use; Figure 11 shows the source of water. 
 
Figure 9. Total Permitted Uses by State/Province of the Red River Basin 
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Approximately 74% of all permitted uses are from surface water sources with the 
remaining 26% from groundwater. In some watersheds, groundwater is the majority 
source of water uses. The purpose of the water use can also be tabulated. For this report, 
the following definition of water use purposes is used: 
 

o Domestic, Commercial, Municipal, and Industrial (DCMI) Uses: DCMI uses are 
those typically found in cities and rural water supplies. The Domestic component 
is those associated with residential use, including both indoor and outdoor uses. 
Commercial use examples include hotels and restaurants. Municipal uses are 
those associated with city departments. Industrial uses are those supplied from the 
public water supply. 

o Irrigation: Irrigation for agricultural crops is the primary part of this category.  
o Thermoelectric: Water used for cooling power plants fueled by coal, natural gas, 

or another heat source. 
o Industrial: Industrial water uses having an independent water supply not from a 

public source. 
o In-Stream: Water dedicated for habitat or recreation purposes.  
o Livestock: Water used for raising livestock. 
o Other: Water uses not included in the above categories. 

 
Figure 12 shows the purpose of water use in the basin. The three largest purposes are 
DCMI, thermoelectric-industrial, and irrigation. Thermoelectric-industial uses are largely 
in the Manitoba and Minnesota basin area. 
 
Figure 12. Total Water Permits By Use in the Red River Basin 

 
 
Figure 13 shows the highest permitted water use by watershed. Ten watersheds constitute 
90% of the permitted uses. The remaining 10% of permitted uses in other watersheds 
might be assumed to be undeveloped for analysis purposes. Drought management 
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proposals would still include these watersheds. From this analysis, the following 
watershed prioritization is suggested: 
 
Table 4. Suggested Watersheds for Analysis  
Priority Watershed Focus 
1 Otter Tail River (MN) Thermoelectric, Irrigation, DCMI 
2 Red River (ND/MN) DCMI 
3 Red River/Cook’s Creek 

(MB) 
Industrial 

4 Sandhill-Wilson River (ND) DCMI 
5 Clearwater River (MN) Irrigation 
6 Sheyenne River (ND) Irrigation, DCMI, In-stream; Groundwater 

use 
7 Western Wild Rice River 

(ND/SD) 
Irrigation; Groundwater use 

8 Red Lake River (MN) DCMI 
9 Buffalo River (MN) Irrigation, Industrial; Groundwater use 
10 Turtle River (ND) Irrigation; Groundwater use 
 
Figure 13. Permitted Water by Watersheds of the Red River Basin 
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Existing Models 
Existing models or analysis may be available to supplement this work plan. Table 5 lists 
some possible existing models. Many of these models may have been intended for flood-
control purposes and may not be applicable to low-flow conditions.  
 
Table 5. Existing Models  
Location Model Description 
Basin wide Water Quantity/Quality (Federal Pollution Control Agency) 
U.S. portion of basin StateMod Operations and Planning (U.S. Bureau of 

Reclamation) 
Manitoba portion of basin Stella (Department of Water Stewardship/IISD) 
Bois de Sioux Hydrology 
Buffalo River Hydrology 
Clearwater River Hydrology 
Elm River Hydrology 
Forest River Hydrology 
Grand Marais Creek Hydrology 
Lower Red/Middle River Hydrology 
Maple River Hydrology 
Otter Tail River Hydrology 
Park River Hydrology 
Pembina River Hydrology 
Red Lake River Hydrology 
Roseau River Hydrology 
Sand Hill River Hydrology 
Sheyenne River Hydrology 
Snake River Hydrology 
Thief River Hydrology 
Turtle River Hydrology 
Western Wild Rice River Hydrology 
Wild Rice River Hydrology 
 
Water Budget 
The art and science underlying water allocation management is fundamentally making 
water available at the right location, in the right amounts, and at the right time. A key tool 
in accomplishing this is the water budget. The water budget describes how water is used, 
how the timing of flows may change, and how water is transformed from one form to 
another. 
 
The following tasks provide for estimation of the water budget for the basin. Further, 
extension and filling of data records is suggested to promote a common period of record 
which may include significant historic drought events. The water budget information will 
be incorporated into decision support models and tools to explore drought management 
strategies. 
 



  41 
\\mspe-srv1\Projects\164msp\RRBC\67305\03.0 - Deliverables\2008_01_09_Report\2008.01.09_Drought Scoping Document.doc 

Climate Data 
Task T1. Collection 
Climate data is used in estimating unmeasured agricultural irrigation water use. Daily 
averages of maximum temperature, minimum temperature, and monthly total 
precipitation will be compiled for climate stations in each watershed. The nearest climate 
station to the irrigated area that provides dew point temperature, wind speed, and solar 
radiation will also be compiled. Table 6 provides the suggested number of climate 
stations in each watershed. The actual selection of climate stations will be based on data 
stability, period of record, possible influence from urban areas, and other considerations. 
 
Table 6. Number of Climate Stations in Selected Watersheds  
Watershed Approximate Number of Climate Stations 
Otter Tail River (MN) 6 
Red River (ND/MN) 11 
Red River/Cook’s Creek (MB) 10 
Sandhill-Wilson River (ND) 5 
Clearwater River (MN) 7 
Sheyenne River (ND) 23 
Western Wild Rice River (ND/SD) 13 
Red Lake River (MN) 5 
Buffalo River (MN) 2 
Turtle River (ND) 7 
 
Task T2. Filling and Extension 
Data amongst the various climate stations in a watershed might not have the same period 
of record. At various times, maintenance and equipment issues might create a lack of data 
within the period of record. Data filling and extension procedures estimate missing data 
within or outside of a station’s period of record through development of statistical 
relationships with other stations with known data. Filling and extension methods provide 
estimates of missing data without changing the statistical properties (such as averages) of 
the known data. 
 
Key stations which represent conditions of irrigated areas will be selected from the 
compiled data from Task T1. Preference will be given to stations that are nearest to 
irrigated areas, with long period of records, and in areas representative of agricultural 
land uses. In addition, any sites that are in or near significant urban areas of the watershed 
should be considered as the ‘urban heat island’ effect may affect long-term results, 
especially with regards to agricultural use assessments. The Maintenance of Variance 
Extension (MOVE) method, or another accepted filling and extension method, will be 
used to estimate missing daily temperature and monthly total precipitation records. 
Documentation will be created that distinguishes between individual measured and filled 
or extended values. Stations used to estimate data for target stations and the correlation in 
the common period of record will also be provided. 
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Task T3. Trend Analysis and Climate Scenarios 
Despite the current debate over human-induced climate change, there has always been 
continual change in climate.  A good illustration of this cyclical trend of climate change 
can be found in the dendochronology (tree ring) analysis performed by scientists at the 
University of Colorado (Figure 14). This analysis shows how cyclical the hydrologic 
cycle can be in a given region over a period of 400 years. A component of the modeling 
effort will be to simulate the range of potential changes in the water budget, including 
climate change.    
 
Figure 14. Example Reconstructed Flow Using Dendochronology   

 
(for the Upper Colorado, North Fork of the South Platte and the North Fork of the South Platte River in Colorado for the period 1499 
– 1999) 
 
Statistical analysis of temperature and precipitation information can determine if a 
significant trend exists that indicates a warmer/cooler and wetting/dryer conditions. In 
addition to annual trends in data, the dates of the last and first frosts and the date of 
average precipitation accumulation will be examined to determine if significant trends 
exist on the seasonal timing of these events. Relationships to global climatic indices can 
be developed, such as the North Atlantic Oscillation (NAO), Pacific Decadal Oscillation 
(PDO), Atlantic Multi-Decadal Oscillation (AMO), Multivariate ENSO Index (MEI) and 
the Southern Oscillation Index (SOI). Figure 15 shows the general impacts of ENSO in 
North America. 
 
Series of synthetic temperature and precipitation representing various realistic climate 
change scenarios over the next 10 to 50 years will be provided for each key climate 
station. These timeseries would be based on inferences on the impact of climate change 
in the region. For example, if trend analysis indicated a +1 Centigrade change in the 
mean wintertime temperatures, a synthetic temperature series could be developed 
reflecting this. The recommendations of potential future climate scenarios should be 
based on scientific research as well as the derived data and can come from a variety of 
sources. 
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Figure 15. Generalized Impacts of El Niño and La Niña over North America 

 
 
 
Agricultural Water Use 
Task T4. Potential Evapotranspiration Estimates 
Irrigation consumptive use is composed of net evapotranspiration (ET) from crops, non-
crop vegetation, the type of irrigation system employed, and effective precipitation. This 
task will estimate historic ET for a variety of crops grown in the basin. To the extent 
possible, Food and Agricultural Organization (FAO) Technical Report 56 will be used to 
calculate ET. If insufficient climate data exists in a given watershed to employ FAO 56, 
an alternate temperature-dependent method will be used. ET calculation involves the 
following components: 
 

1) Estimation of potential (maximum) ET for a reference plant; the reference plant is 
a grass which is assumed to be active year-round; 

2) Removal of dormant periods (e.g., winter) for a specific crop based on first and 
last frosts; 

3) Scaling of the reference crop ET to a specific crop using empirical relationships. 
 
Table 7 lists the possible crops of interest, obtained from the USDA National Agricultural 
Statistic Service (NASS). Historic ET estimates for each crop by watershed will be 
provided in units of inches per month and millimetres per month. Additionally, 
evaporation estimates of open water will be calculated. Both historic climate data and 
synthetic climate data representing various climate scenarios from Task T3 will be used. 
 
Task T5. Compile crop records 
ET estimates from Task T4 will be combined with cropped acres to compute the volume 
of water consumed from irrigation. The type and historic acres of crops for each 
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watershed of interest will be compiled. Anticipated data sources include NASS, county 
extension offices, inspection of historic aerial photographs, and general literature review. 
 
Documentation of the above items will also include volume estimates of agricultural 
water use for each watershed of interest. This will be performed with a computerized tool 
that combines ET results from Task T4 with historic cropped areas and crop type to 
compute the consumptive water use. 
 
Table 7. Average Annual Acres of Selected Crops Grown in Selected Watersheds 
Crop Type Average Annual Acres in U.S. 

Counties of Interest 
Million of Acres (Hectares) 

2005 Harvested Acres in 
Manitoba 

Million of Acres (Hectares) 
Wheat 11.57 (4.68) 2.78 (1.12) 
Barley 4.00 (1.62) 0.71 (0.30) 
Hay --- 2.07 (0.84) 
Canola 0.55 (0.22) 2.16 (0.87) 
Sunflower 1.25 (0.50) 0.16 (0.06) 
Soybeans 1.14 (0.46) 0.11 (0.04) 
Oats 1.13 (0.46) 0.57 (0.23) 
Corn 1.12 (0.45) 0.11 (0.04) 
Flaxseed 0.67 (0.27) 0.33 (0.13) 
Beans 0.50 (0.20) 0.16 (0.06) 
Sugarbeets 0.35 (0.14) --- 
Potatoes 0.21 (0.08) --- 
Rye 0.21 (0.08) 0.04 (0.02) 
Peas 0.15 (0.06)  0.11 (0.04) 
Lentils 0.01 (<0.01) <0.01 (<0.01) 
 
Task T6. Irrigation efficiency 
Irrigation efficiency is defined as the ratio of water consumptively used by a crop 
compared to the total amount of water diverted or pumped for irrigation use. A 40% 
efficient system indicates that 4 out of every 10 gallons (liters) of water pumped or 
diverted will be evaporated by crops. Conversely, 60% of the pumped or diverted water 
might be consumed by non-crop plants or returned to the natural system through surface 
or groundwater. 
 
Agricultural diversion or pumping records will be compiled for each watershed of 
interest. Irrigation efficiency will be computed comparing these records to the ET 
estimates from Task T5. The irrigation system employed in each watershed will be 
documented. Irrigation system information can be used to estimate irrigation efficiency 
when diversion records are missing. 
 
Task T7. Remote Sensing of Evapotranspiration 
The use of remote sensing is still somewhat rare in practice but has been employed to 
estimate ET over large areas. The method uses satellites (typically LANDSAT or 
MODIS) to measure reflected short and long wave infrared radiation. This provides an 
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estimate of how ET can vary over a watershed. Remote sensing of ET has been 
performed for the State of South Dakota and a study is in process for Devils Lake, North 
Dakota. 
 
The Surface Energy Balance Algorithm for Land (SEBAL) is a technique that expands on 
remote sensing by including traditional climate methods of ET estimation. Areas of low 
and high ET from the remotely sensed data are assigned rates computed from traditional 
climate data. ET information in-between these two points, which typically include 
cropped areas, can then be estimated. Figure 16 (SEBAL North America, 2002) shows an 
example of remotely sensed ET for California. 
 
Figure 16. Example SEBAL ET Map 

 
 
There are limitations to this method. The technique can provide an estimate of ET as it 
exists at a particular point in time. A more extensive, often cost and labor intensive, work 
product is needed to develop a larger period of record. Cloud cover may obstruct the 
remote sensing data, which may make a complete picture of the entire basin at one time 
difficult.  
 
The technique has the following advantages: 
 

1) Several of the empirically derived information used in traditional ET methods can 
be replaced or verified. This can improve the estimate in Task T4; 

2) Management of individual fields that results in sub-optimal ET losses can be 
identified; 
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3) Riparian and non-crop vegetation can be more adequately described; 
4) A basin-wide snapshot of ET water uses can be an educational tool. 

 
This task will produce a set of 7 SEBAL maps of a representative area of the basin. A set 
of GIS data on DVD media will be produced with the processed images. The data will 
assist in improving the accuracy of crop water use estimates. 
 
Domestic, Commercial, Municipal, and Industrial (DCMI) Water Uses 
Task T8. Compile Diversion and Return Data 
Table 8 lists DCMI water permits. To quantify DCMI use, diversion records from water 
treatment plants or well fields will be compiled. Return flows from records of waste 
water treatment plants will also be compiled when available. When applicable, minimum 
surface water flow requirements for water treatment plants will be compiled. 
 
Table 8. Total DCMI Water Permits in Selected Watersheds 
Watershed Total DCMI Water Permits  

[acft/yr] (ML/yr) 
Red River (ND/MN) 184,300 (227,300) 
Sandhill-Wilson River (ND) 108,100 (133,300) 
Sheyenne River (ND) 78,400 (96,700) 
Red Lake River (MN) 41,700 (51,400) 
Otter Tail River (MN) 33,200 (41,000) 
Buffalo River (MN) 31,800 (39,200) 
Western Wild Rice River (ND/SD) 12,600 (15,500) 
Clearwater River (MN) 5,300 (6,500) 
Turtle River (ND) 5,200 (6,400) 
Red River/Cook’s Creek (MB) 2,500 (3,100) 
 
Task T9. Types of water use 
Determining how water is used in a city may indicate the possibilities of drought and 
conservation opportunities. Analysis of data collected in Task T8 will estimate the 
amount of water use for residential indoor, outdoor, commercial, industrial, and 
municipal components. Anticipated sources of information include municipal department 
of water records and types of commercial and industrial uses. Research from the 
American Water Works Association sources may supplement this analysis. 
 
Task T10. Population Growth 
Population growth will be used to project DCMI water uses into the future. Anticipated 
sources of data are the U.S. Census Bureau and county or city economic bureaus.  
 
Thermoelectric Uses 
Task T11. Compilation of uses 
Thermoelectric power plants use water and a heat source to produce electricity. Water is 
used for cooling and is evaporated in towers, ponds, or discharged to a stream system. 
Table 9 lists possible thermoelectric uses based on the available water permit data. 
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The location, power production capabilities, and diversion records of the above plants 
will be compiled. Required minimum surface water flows will also be documented. If a 
given plant discharges cooling water to a stream, the consumptive evaporation will be 
estimated. 
 
Table 9. Locations of Thermoelectric Uses in Selected Watersheds 
Watershed Total Permitted Thermoelectric Use [acft/yr] (ML/yr) 
Red River/Cook’s Creek 
(MB) 

238,200 (293,800) 

Otter Tail River (MN) 204,800 (252,600) 
Red River of North (MN) 55,200 (68,100) 
 
Lakes 
Task T12. Lake Evaporation 
Open water evaporation estimates from Task T4 will be combined with lake surface area 
information to estimate lake evaporation losses. Pan evaporation data available will also 
be compiled. Managed lakes may also have published bathymetric data which describes 
the elevation, surface area, and storage. 
 
Stream Flow Data 
Task T13. Collection 
Stream flow information is essential in determining the basin water budget. Monthly 
totals of stream flow volume will be compiled for stations in each watershed. An estimate 
of the amount of water use upstream of each gage will be made. Table 10 provides the 
suggested number of stream gages in each watershed. 
 
Table 10. Number of Streamflow Stations in Selected Watersheds 
Watershed Approximate Number of Streamflow Stations 
Otter Tail River (MN) 9 
Red River (ND/MN) 3 
Red River/Cook’s Creek (MB) 6 
Sandhill-Wilson River (ND) 2 
Clearwater River (MN) 9 
Sheyenne River (ND) 26 
Western Wild Rice River (ND/SD) 8 
Red Lake River (MN) 10 
Buffalo River (MN) 4 
Turtle River (ND) 2 
 
Task T14. Filling and Extension 
Data amongst the various stream flow stations in a watershed might not have the same 
period of record. At various times, maintenance and equipment issues might create a lack 
of data within the period of record. Data filling and extension procedures estimate 
missing data within or outside of a station’s period of record through development of 
statistical relationships with other stations with known data. Filling and extension 
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methods provide estimates of missing data without changing the statistical properties 
(such as averages) of the known data. 
 
Key stream flow gages which represent relatively undeveloped upstream areas will be 
selected from the compiled data from Task T13. Preference will be given to stations that 
are nearest to irrigated areas and with long period of records. The Maintenance of 
Variance Extension (MOVE) method, or another accepted filling and extension method, 
will be used to estimate missing monthly stream flow volume records. Documentation 
will be created that distinguishes between individual measured and filled or extended 
values. Stations used to estimate data for target stations and the correlation in the 
common period of record will also be provided. 
 
Task T15. Trend Analysis and Climate Change 
Statistical analysis on stream flow information can determine if a significant trend exists 
that indicates a wetter or dryer conditions. In addition to annual trends in data, the dates 
of the average stream flow volume will be examined to determine if significant trends 
exist on the seasonal timing of these events. The measured data for selected stream flow 
stations in Task T14 will be used. Series of synthetic stream flows representing various 
climate change scenarios will be provided for each key stream flow stations. 
 
Groundwater-Surface Water Interactions 
Task T16. Compute Response Functions 
In much of the basin, water is obtained from groundwater sources for various uses. Based 
on the available permit data, groundwater may make up 26% of all withdrawals, and may 
be a majority of water use in certain watersheds. Groundwater use has the potential to 
change subsurface flow patterns. These changes eventually have an impact on surface 
water sources. 
 
There are several approaches available in estimating groundwater-surface water 
interaction. One approach is impulse response functions. Figure 17 llustrates what such a 
function might look like. Pumping from a well is represented by the downward arrow. 
The resulting impact on a nearby stream is represented by the curve. The actual impact of 
short duration pumping occurs over a relatively long period of time.  
 
Impulse response functions are efficient means of representing multiple groundwater-
surface water interactions. These functions may be developed from groundwater models 
or by more hypothetical means, known as Glover functions. Groundwater models may be 
more advantageous when additional information regarding the aquifer or for complicated 
interactions are required or necessitated. Both approaches may be needed in estimating 
groundwater-surface water interactions in the Red River Basin. Anticipated costs in this 
scoping document are based on the simpler Glover function approach. 
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Figure 17. Illustration of an Impulse Response Function 

 
 
Operation and Planning Model 
Task T17. Model Software Selection 
Tasks T1 to T16 provide for data collection and computation of various components of 
the water budget. A computer model will be developed that uses the water budget 
information. Scenarios can be computed by the model that examine the impacts and 
effectiveness of various drought strategies. 
 
The initial task will review several model software packages or existing models and 
provide criteria for software selection. The software for considerations might include: 
 

o CALSIM, a model developed by the State of California that is highly 
configurable to represent a wide range of basin operating policies; 
o MODSIM, a model developed at Colorado State University with funding 
from the Bureau of Reclamation that models water rights and priority water uses; 
o RiverWare, a model developed by the Bureau of Reclamation, the Army 
Corps of Engineers, and other agencies for flexible policy-based river basin 
modeling; 
o Spreadsheets or custom computer code; 
o StateMod, developed by the State of Colorado for water planning 
primarily under the prior appropriation doctrine; 
o STELLA, a policy model being used by the Manitoba Department of 
Water Stewardship in drought planning. 

 
Task T18. Model Development 
Using the selected software from Task T17, the creation of one or more models for the 
basin will begin. Tasks T1 to T16 will provide the input data for this task. Information 
will also need to be compiled on the operations of managed lakes and reservoirs; this 
information may include operation manuals and stage-discharge curves. Estimates will 
also be made for ungaged local inflows to the river system being modeled.  
 
A network will be created representing water uses and inflows. Data representing historic 
conditions will be populated in the model; the model will allow for this data to be 
replaced with information representing other scenarios. 
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Task T19. Local Gains and Losses 
Figure 18 illustrates an example river reach. Known stream flows from gage A flow into 
a reservoir (B). The reservoir loses some water to evaporation and releases flows to the 
downstream based on an operations policy. Local flows enter the stream from a side 
tributary (C). A field (D) is irrigated with groundwater, which depletes the stream 
through a groundwater-surface water interaction. A municipality (E) diverts water from 
the stream and returns treated water. A known stream flow has been measured at the 
downstream gage (F). 
 
Adding the components of the water budget from A to E in most cases will not equal the 
measured flow at F. The difference is an unmeasured gain or loss, which can represent: 
 

o Uncertainty in calculating the water budget components; 
o Inherent measurement errors; 
o Natural processes not represented in the conceptual water budget. 

 
Unmeasured gains and losses will be determined for each measured stream gage in the 
model. 
 
Figure 18. Example of a Gains/Loss Computation 

 
 
 
Task T20. Baseline and No-Action Scenarios 
The model from Tasks T18 to T19 will be applied to scenarios representing baseline 
conditions. Baseline conditions do not include any future projects or policies that are 
intended to address drought management. Baseline conditions also represent “no-action” 
strategies; what might happen if no changes are made to basin management. The model 
results for the baseline conditions will show the individual and cumulative effects, 
impacts, benefits, and limitations of the existing drought approaches. 
 



  51 
\\mspe-srv1\Projects\164msp\RRBC\67305\03.0 - Deliverables\2008_01_09_Report\2008.01.09_Drought Scoping Document.doc 

The RRBC will specify baseline conditions of interest. These baseline models might 
include: 
 

o Historical: replication of historic flows using historic population, water use rates, 
and depletions; 

o Current Conditions: shows what previous droughts might look like with current 
population levels, agricultural uses, and water use rates; 

o Future “No Action” Conditions: shows what previous droughts might look like 
assuming future population growth, agricultural build-out, and/or climate change 
scenarios. 

 
Additionally, the above conditions may include climate change scenarios from Tasks T3 
and T15. 
 
Documentation of the model results may include: 
 

o Flows at selected stream stations over time; 
o Storage at selected reservoirs and lakes over time; 
o Shortages at selected water use locations. 

 
Task T21. Project Scenarios 
Project scenarios are proposed projects and policies of interest to address drought 
management in the basin. The model will be applied to each project scenario and then 
compared to one ore more baseline condition scenarios. The comparisons will show the 
effect of a proposed scenario compared to a “no-action” condition. 
 
The RRBC will specify the project scenarios of interest. These scenarios might include: 
 

o Efficiency improvements in irrigation and DCMI systems;  
o Expansion of reservoir conservation storage; 
o Groundwater augmentation plans: Using artificial recharge projects in water-rich 

periods to offset pumping effects in water-scarce times; 
o Incentive programs to reduce water uses, which may include fallowing of 

agricultural land during drought and the replacement of residential and 
commercial water fixtures with more efficient models; 

o Water marketing: establishing a willing buyer-willing seller arrangements to share 
water between various uses or habitat needs. 
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Summary of Technical Work Plan 
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