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PREFACE 

The overall purpose of this manuscript is to provide benefit-cost analysis (BCA) guidance for small 
watershed projects being developed through various planning efforts planned and underway as part of 
the Natural Resource Conservation Service’s Red River Basin Regional Conservation Planning Partnership 
(RCPP).   
 
The BCA outcome should be defensible at the Federal level and useful at the local level. BCA takes an 
arms-length, objective approach to assist in decision making. Local decision-makers need to know how 
their projects use society’s scarce resources to accomplish specific ends, and if that use makes economic 
sense. 
 
The authors assume that others doing BCA on similar RCPP projects have a working knowledge of BCA.  
Underlying economic theories are not presented in this document.  Some basic principles are presented, 
however, as they relate to water resources economics and are common sources of confusion.  
 
This manuscript includes chapters that establish a common framework for analyzing benefits received 
from water resource management strategies.  The primary intended audience are the economic teams 
conducting BCA on alternatives developed as part of numerous small watershed planning efforts 
underway in the Red River of the North Basin in ND and MN.  Secondary audience includes the local 
watershed and water resource district managers, staff, and public and private stakeholders.  While this 
is not a scientific manuscript, literature references are included so that readers have the option to 
consult original sources. 
 
The authors sought reviews from selected economic professionals.  Manuscript reviewers were asked “Is 
the guidance in this manuscript appropriate for use in benefit-cost analyses of small watershed projects 
in northwest Minnesota?” 
 
Reviewers: 

 Dr. Steve Taff, University of Minnesota 

 Dr. G. Edward Dickey, former Deputy Asst. Secretary of the Army (Civil Works) 

 Dr. Steven Shultz, Director University of Nebraska Center for Real Estate 
 
Reviewers’ comments/concerns were incorporated. 
 
Only the authors are responsible for the contents of this document.  Any remaining errors in substance 
or form are the authors’ responsibility.  
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EXECUTIVE SUMMARY 
The PL566 / Watershed Protection and Flood Prevention Act of 1983 requires local water project 

sponsors seeking federal cost share to follow planning guidance and evaluate proposed strategies using 

benefit-cost analysis (BCA) to derive a benefit-cost ratio (BCR). 

The RRWMB requested the International Water Institute to develop BCA ‘template’ that can be applied 

to the 20 small watershed planning efforts underway as part of the Natural Resource Conservation 

Service’s Regional Conservation Planning Partnership (RCPP) Red River Basin Initiative. 

The Green Meadow (Spring Creek) subwatershed of the Minnesota Wild Rice River (MN) was used as an 

example because previous local water management planning efforts had resulted in a suggested 

strategy (Green Meadow Distributed Storage Strategy - GMDSS) to address flooding and natural 

resource issues within the watershed. The authors encourage manuscript readers to focus on the 

method required by the federal government and the logic necessary to perform a BCA rather than the 

preliminary GMDSS BCR to assist with decision making.  

The watershed planning goal is to reduce damages as much as possible while spending as little as 

possible (aiming for a BCR >1.0).  The higher the BCR, the greater the contribution to social well-being 

and the more likely funding will be available.  Using this template to perform a preliminary Phase I BCA 

allows planners to estimate project outputs and determine the dollar figure for the upper limit of what 

can be spent to achieve those outputs if the goal is to have a project with a BCR >1.0.  If the preliminary 

Phase I BCA results in a BCR < 1, project planners have two alternatives if they wish to secure federal 

funding/cost share:  (1) design a project within the preliminary cost constraints, or (2) refine the output 

value estimates in anticipation of an increase in the aggregate value. 

The preliminary estimated cost of the GMDSS example used in this preliminary BCA is $25.5 million.  The 

aggregate present value of GMDSS outputs is $3.9 - $8.9 million. 

Given the above estimates of reductions in damages from the baseline assuming a present value project 

cost of $25.5 million, the BCR of the GMDSS example is:  

BCR = PVB/PVC 

$3.9 million/$25.5 = 0.15 

$8.9 million/$25.5 = 0.35 

This preliminary analysis, heavily relying on assumptions, suggests that project(s) costing from $2.5 – 

$7.5 million (cropland + non-cropland + structures + infrastructure damages) could be implemented to 

reduce flooding-related costs ONLY in the Green Meadow subwatershed, if they eliminate ALL flood 

damages.  An additional $1.9 million could be spent to realize the other benefits, for a total of $4.4 – 

$9.4 million, which would give the project(s) a BCR of 1.0.  Social well-being would be unchanged from 

the baseline (without project) condition with a BCR of 1.0. 
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CHAPTER 1: INTRODUCTION 
Resource management decisions which result in expenditures of public funds should be made with an 
understanding of the resulting benefits.  Although not specifically noted in Minnesota statutes, good 
water resource management decisions include a thorough economic analysis comparing the total costs 
of water resource management strategies with every known benefit - wherever and whenever they 
occur. 
 
Benefit-cost analysis (BCA) is the main analytical tool to evaluate water resource management projects 
and a requirement in the Natural Resources Conservation Service’s PL566 Small Watershed Planning 
Process (OMB 1992 and NRCS 2016).  The main objective of BCA is to assess whether the incremental 
project benefits are capable of fully recovering the incremental costs such as capital investment, 
replacement, and operation and maintenance.  BCA is most useful when the planning team properly 
conceptualizes the problem(s) and evaluates the entire range of strategies to address the problem. 
 
BCA provides a measure of how the level of goods and services (aka social well-being), as measured by a 
common denominator (e.g., US dollars), changes with the project. A benefit-cost ratio (BCR) < 1.0 
indicates that more of society’s resources are consumed to build the project than are provided by the 
project—resulting in a decline in overall Social Well-Being.  A BCR = 1.0 indicates society gets the same 
amount in return for a project as they invested in the project—resulting in no change in overall Social 
Well-Being.  A BCR > 1.0 indicates society realizes a net gain in social well-being with the project. 
 
Economic analysis for project planning purposes in small rural watersheds is comprised of two phases. 

First, a preliminary ‘without project’ damage estimate (herein referred to as preliminary Phase I BCA) 

should be made to provide engineers/planners (planning team) and others with a likely upper limit to 

spend on measures to manage flooding (herein referred to as preliminary Phase I BCA).  The preliminary 

damage estimate should adhere to the policies and principles in all applicable guidance documents.  An 

experienced economic analyst can develop a defensible preliminary estimate without using all the 

detailed procedures and sophisticated modeling suggested in guidance documents (some of which may 

not be appropriate for small watershed planning efforts). The preliminary estimate is often done 

without the benefit of refined hydrologic models. 

The second phase is carried out when the planning team has identified measures (i.e., projects and 

alternatives) to address the natural resource problem (e.g. flood damages) within the spending 

constraints and has provided more refined hydrologic models and specific information about project 

outputs. If necessary, the ‘without projects’ damage estimates can be refined using more sophisticated 

tools of estimation during Phase II BCA to determine the final BCR. 

Keep in mind that whatever procedures are used to estimate damages or potential enhancements, they 
need to be transparent, defensible, reasonable, logical, and replicable.  Another analyst following 
essentially the same steps, using the same or similar information, should reach approximately the same 
outcome. Also, when assumptions are necessary, they should be explicitly stated and buttressed with 
strong supporting arguments. 
 

Efficiency Analysis 
Economic efficiency analysis is a way of estimating whether or not an action (e.g., project, rule, or 
investment) results in a net gain to society’s well-being.  Simply put, efficiency analyses compare the 
amount (worth to society) of input to the amount (worth to society) of output of an action.  In order for 
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society to realize a gain in overall well-being, the amount of output needs to exceed the amount of 
input.  Inputs and outputs could be measured in a variety of ways:  BTUs, ounces of gold, Chinese Yen, 
US$, or other item or commodity that could be used as a measure of value.  Most efficiency analyses use 
the US$ as the metric for measuring the values of inputs and outputs.  There is nothing magic about 
using US$, but it is easily understood and provides a good common denominator. 
 
Efficiency analysis can provide decision makers with several measures of efficiency, including BCR, net 
present value, internal rate of return, time to payback, and others.  Data requirements are similar for 
each measure and the analytical procedures are nearly identical.  We will use BCRs to illustrate the 
economic efficiency of the Green Meadow Distributed Storage Strategy (GMDSS) project in the Wild 
Rice River Watershed District.  The GMDSS is a flood damage reduction strategy developed by the Green 
Meadow Project Team which was commissioned by the Wild Rice Watershed District to implement the 
MN Mediation Agreement (RRWMB 2018).  The GMDSS was NOT developed using the United States 
Agricultural Service (USDA) Natural Resources Conservation Service (NRCSC) PL566 planning guidelines 
(NRCS, 2010) and there was no explicit consideration of national or regional economic development 
when it was conceived.  The GMDSS example includes several gated impoundments in the Marsh Creek 
subwatershed (69 miles2) of the Wild Rice River (Norman County, MN) capable of storing roughly 6,500 
acre feet of floodwater at an estimated cost of $25.5 million.   
 
BCA is an organized way of depicting the ratio of anticipated flows of benefits and costs far into the 
future to inform decision makers about the efficiency of an action.  The analysis involves many 
assumptions about current and future conditions involving risk (which can be estimated) and 
uncertainty (which cannot be estimated). Each flow involves numerous assumptions and/or the use of 
primary and/or secondary data. Therefore, the level of significant digits in the final analysis is only as 
good as the least precise/accurate input. Federal guidance (P&G 1983) says that the level of effort to 
determine efficiency should be appropriate to the project scope/scale which should be commensurate 
with the problem scope/scale. In addition, the level of (implied) 'precision/accuracy' of the result should 
also be commensurate with the precision/accuracy of the input information. 
 
Detailed procedures, policies, or steps will not be repeated here since there are volumes of sources 
available, which the economic analyst should be aware of and familiar with.  For example: COE Planning 
Guidance Notebook (USACE 2000) includes over 700 pages of BCA principles and procedures.  The 
National Economic Development Procedures Manual - Agricultural Flood Damage (USACE 1987) is one of 
the most detailed procedures for estimating crop and other agricultural damages. 
 
Purpose.  For NRCS PL566 small watershed planning (RCPP) projects underway in the Red River of the 
North Basin, an efficiency analysis is required in order to access federal funding (OMB 1992 and NRCS 
2016).  In general, efficiency analysis is only one of several factors for decision makers to consider 
regarding a single project or when prioritizing projects.  BCA shows whether or not, and how much, an 
action contributes to social well-being.  BCA does not consider issues such as income distribution or 
economic growth.  Even in the absence of a request or mandate to do BCA (MN Statutes do NOT require 
BCA for project funding), decision makers should be aware of the worthiness of their projects and 
should want to know the BCR of their preferred water resources management strategy prior to making 
any final decision. 
 
This guidance was done at ‘arm’s length’ with no bias either for or against any project.  Clearly BCA 
practitioners can push the BCR up by always making generous assumptions, or push it down by making 



 

8 
 

lower assumptions.  In either of these extreme cases, it leaves room for skeptics and project sponsors to 
doubt the validity of the result. 
 
Principles and Concepts.  Economic efficiency analysis is a tool developed by economists. As a discipline, 
economics includes many principles and concepts that are often not easy for laypersons to follow or 
understand.  The nuances of economics often result in more confusion than the straight-forward, but 
seemingly difficult, analytics.  Decision makers and their consultants/advisors should be familiar with 
several of these concepts in order to fully appreciate BCA and its role in water resources management 
decision making. 
 

a. Perspective.  Perspective of value is important to consider since not all perspectives embrace 
similar values.  Value may differ from individual to individual; from local, to state, to federal; or 
from a user’s to an owner’s perspective.  Since RCPP projects are subject to federal purview, the 
perspective is national (all the benefits and costs are counted regardless of who benefits or 
bears the costs of the projects).  This perspective is called National Economic Development 
(NED) in federal BCA guidelines (P&G 1983). 

 
b. Discount rate/present value.  A dollar today is worth more than a dollar tomorrow; therefore, 

the USDA NRCS sets the discount rate for Federal water projects each year.  For FY17, the rate is 
2.875% (CRS 2017, NRCS 2018).  The present value of a stream of payments for 50 years 
(common NRCS RCPP project life/planning horizon) at 2.875% is the annual amount multiplied 
by 26.33 (Table 1). If the benefits were $100/year for each of the next 50 years, the present 
value of that stream of benefits at 2.875% discount rate is $2,633.  If $2,633 were invested 
today at 2.875% simple annual interest, an annuity of $100 could be drawn out every year for 50 
years. 
 
The higher the discount rate the less present value there is for future amounts.  In fact, for rates 
3% or higher, the present value of amounts received in 100 years and beyond is negligible. For 
rates over 10%, the present value of amounts received over 50 years is negligible. 
 
Table 1. Selected Discount Rates and Multipliers. 

Discount Rate 50-year Multiplier 100-year Multiplier 

2.875 26.33 32.7 

3.000 25.7 31.6 

4.000 21.5 24.5 

5.000 18.3 19.9 

7.000 13.8 14.3 

10.00 9.9 10.0 

 
The discount rate for federal projects hasn’t been so low (2018 = 2.875) since 1962.  The 
average discount rate has been approximately 5% over the past few decades. It has been as high 
as 8.785% (1987, 1989, 1990, and 1991).  A 50-year project using 7% discount rate (present 
value multiplier of 13.8) would have a present value of benefits about half of what it would be 
using a 2.875% discount rate. 
 
The Office of Management and Budget (OMB) might use a much higher rate when they ‘score’ 
projects for allocating federal money, since there are often many more total dollars’ worth of 
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requests than there are dollars made available by the administration.  The OMB has used 7% as 
a principal performance metric since 1992 (CRS 2016).  Projects seeking federal funding with 
BCR <2.5 have almost always not been included in budget requests, since there are plenty of 
requests with BCR>2.5 to use up all the available money (CRS 2016).  In short, the current 
historically low federal discount rate favors public works projects. 

 
c. Separable costs and remaining benefits (SCRB).  Any separable component of an alternative (i.e. 

an impoundment project) that can stand alone without affecting the principal desired outcomes 
of the alternative should be analyzed separately.  In other words, the joint project costs are 
allocated to the various purposes in proportion to the benefits of each purpose remaining after 
the separable costs of providing that purpose are subtracted from its benefits.  For example, if 
floodwater storage project is enhanced to include pollinator habitat, the costs and benefits from 
adding the pollinator habitat must be analyzed separately.  Allocation of joint project costs play 
no role in plan formulation.  Allocation of joint project costs is ultimately an arbitrary process.  
The virtue of SCRB is that no purpose is allocated greater costs than its associated benefits 
(Dzurik 1990). 

 
d. Economic analysis vs. financial analysis vs. regional impact analysis.  Economic analysis is a 

method to estimate the relationship between the costs and the returns (or benefits) of a specific 
action.  Economics analysis answers the question: is the action worth doing?  Financial analysis is 
a process to determine how and when an action will be paid for, with no regard to who bears 
the cost.  Financial analysis answers the question: are there enough willing participants to cover 
the financial costs of the action?  Regional impact analysis is a method to estimate the socio-
economic impacts of an action.  Regional impact analysis answers the question: how many jobs 
will be created and how much taxes will be collected?  Each of these three decision-making tools 
has merit, but they are three distinct analysis methods. 

 
e. Double counting.  The value of some benefits (or costs) can be expressed in more than one way, 

which can lead to double-counting.  For example, the value of habitat generally includes the 
value of associated fish and wildlife activities.  Therefore, also claiming the value of fish and 
wildlife-associated recreation on top of habitat value would be double-counting.  Similarly, 
counting both the value of reduced flood damages to cropland and the increased value of 
cropland would be double-counting because changes in value of cropland directly capture 
changes in flood risk.  Likewise, counting the value of keeping sediment out of ditch bottoms 
and out of watercourses further downstream would be double counting because accomplishing 
the former automatically results in the latter. 
 
A second type of potential double counting is including the values of two mutually exclusive 
outputs.  For example, if a retention pond is operated strictly for flood control, then it has no 
value as water supply because the water would be released as soon as downstream conditions 
allow to ensure the storage is available for the next flood event.  Given this flood mitigation 
objective, the impoundment would be empty and not able to provide any water supply benefits 
when they are needed. 

 
f. Externalities.  Externalities are the unintended side effects of an alternative on a third party not 

part of the decision process.  Externalities can be positive or negative.  Positive externalities 
might be (1) increased pollinator habitat that benefits a neighboring bee farmer, or (2) increased 
waterfowl production that benefits hunters in another watershed.  Negative externalities might 
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be (1) increased mosquito numbers that affect a neighbor’s ability to enjoy a picnic, or (2) 
increased waterfowl or blackbird populations that lead to depredation on nearby crops.  All 
externalities (within the planning region/perspective) should be included in the BCA. 

 
g. Sunk costs and existing benefits.  Any expenditures that have been made in connection with a 

project prior to the BCA, should not be included as costs in the analysis.  Likewise, any benefits 
that existed prior to the BCA are not included as project benefits.  Only forward-looking costs 
and benefits are included in a BCA. 

 
h. Benefits transfer.  Benefits transfer is an economic method where the benefits of an action in 

one location are used as a proxy for the benefits of a similar action in another location.  As long 
as all conditions are similar, benefits transfer may be used.  However, a common mistake is to 
use a benefit derived for an area totally unrepresentative of the project area.  For example, 
using the reported benefit of open space (or wetland) in a large metro area as a proxy for the 
value of open space (or wetland) in rural northwest Minnesota would not be appropriate.  Any 
use of benefits transfer requires strong justification to be legitimate and defensible in BCA.  
 

i. Cumulative effect.  The Tyranny of Small Decisions is when a number of decisions – individually 
small in size and time perspective – cumulatively result in an outcomes which is not optimal nor 
desired (Khan, 1966).  The potential mainstem peak effects of numerous distributed floodwater 
storage projects is not insignificant.  However, from an economic efficiency perspective, each 
storage project should stand on its own merits (assuming the projects are hydrologically 
independent at some scale).  There is no economic rationale for arguing the whole is greater 
than the sum of the parts because the cumulative cost also needs to be included in the 
assessment.  A large number of small, divisible projects (i.e. they are not interdependent) could 
be assessed one at a time (e.g., assess the first or last project included), or in aggregate (e.g. 
lump the benefits from all individual projects AND lump the costs from all individual projects). If 
the projects are independent, the final BCA result would be the same whichever approach is 
used.  

 
j. Assigning value(s).  Economic value is a measure of the benefit provided by a good or service to 

an economic agent (e.g., a consumer). It is generally measured relative to units of currency, and 
the interpretation is therefore "what is the maximum amount of money a specific actor is willing 
and able to pay for the good or service"?  There are many value nuances, but it is important to 
note here that value implies both a willingness and an ability to pay an amount in a free market 
setting (Green 2003, Young 2005). 
 
There is considerable body of literature on values of environmental and water-related goods 
and services.  An in-depth, comprehensive discussion can be found in Valuing Ecosystem 
Services (National Research Council 2004). A more recent example of the application of 
economics to environmental goods and services is Cost-Benefit Analysis of Three Proposed 
Distributed Water Storage Options for Manitoba (Dion and McCandless 2013), where values are 
drawn from multiple secondary sources.  Caution must be taken when borrowing economic 
values from published sources (referred to as ‘benefits transfer’ discussed above) to ensure they 
properly represent the situation under study and were developed following appropriate 
economic principles.  Likewise, goals supported in published sources or public policies may not 
be grounded in economic principles, but rather arrived at through biased or political processes. 
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Another nuance is that function and value are often confused.  For example, being able to 
‘reduce sediment by x tons’ is a function that only has value if someone is willing and able to pay 
for it.  Several local, regional, and international plans call for reductions in sediment (and 
nutrient) loading. Floodwater storage projects often can provide the function of reducing 
sediment (and/or nutrients) downstream.  BCA requires the identification and articulation of a 
logic stream that leads from the function to the value (see Chapter 5). 
 
If the ‘demand’ is a government mandate, either the penalty money saved by providing the 
function or the grant money obtained to do it could be counted (depending on the analysis 
perspective) in the BCA.  Grant money would be a proxy of the granting governmental unit’s 
implicit valuation of the benefit.  However; longstanding established fundamentals of BCA rely 
on the willingness to pay of individuals therefore, most economists view using this concept to 
establish value as problematic. 
 

Without Project Condition/Baseline.  The ‘without project’ condition is what would reasonably be 
expected to happen if a water management project were not to happen.  It is also referred to as the 
‘with and without principle’ (Helweg 1992).  The without project condition does not assume the status 
quo, but rather what locals would do about water management in the future without a project.  For 
example, we can assume someone attempting to produce crops on flood-prone land will cease their 
attempts if it is likely that the average of future attempts will result in negative returns. Likewise, we can 
assume that township officials will either abandon or drastically improve a culvert that washes out 
frequently. Finally, we could assume that urban land use guidelines would phase out existing, and 
prohibit future, development in a known flood plain.  Therefore, federal agencies often use a 50-year 
project planning horizon, since the status quo is almost certain to change in the absence of a federal 
project when a problem persists for 50 years and beyond.  Another reason for using a 50-year project 
life is that present values of costs and benefits received beyond 50 years into the future are worth very 
little (for discount rate > 8% - see above). 
 
Phase I Scoping.  Steps in a procedure may be abbreviated by reducing the extent of the analysis and 
amount of data collected where greater accuracy or detail is clearly not justified by the cost of the plan 
components being analyzed (P&G 1983, p. 19).  The level of effort to determine efficiency (feasibility) of 
a project should be appropriate to the project scope/scale (P&R 2013).  The amount of guidance 
available from NRCS and USACE is onerous for analysts of small watershed management alternatives. 
The principles, theories, and policies should be followed, but the extent of analytical detail can be 
reduced dramatically with no loss in the validity of the decision.  This document is purposefully pedantic 
so as to be 100 percent transparent and allow other economic analysts to replicate the procedures in 
other Red River Basin subwatersheds. 
 
Six general steps in developing a reasonable assessment of an upper limit of potential spending for 
water management alternatives include: 
 

1. Review the area and water management issues with the planning team.  View the area and visit 
with landowners, county agent(s), township supervisors, watershed district managers, and any 
others who may have first-hand knowledge about water issues in the area. 

 
2. Review and gather as much relevant written or e-materials (reports, maps, surveys) as possible 

to become familiar with the area and to provide data for subsequent analysis. 
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3. Read/review P&G, NRCS economic analyses guidance documents, prior similar studies, and any 

other procedural guidance about the project area. 
 

4. Gather information about past water-related damages/problems.  Engineers may need to 
delineate a set of likely flooding events (e.g., 2, 5, 10, 25, 50, and 100-year events), adjusted for 
expected hydrologic changes and non-project investments in the “without” scenario.  For the 
preliminary Phase I BCA estimate, reasonable assumptions about the frequency, extent, and 
duration of floods may be required base on flooding history in the project area.  Develop a 
listing of without project damage categories specific to the study area (i.e., agriculture, 
structures, and infrastructure) and potential benefits/natural resource enhancements (NRE) 
from water management measures. 

 
5. Describe without project(s) conditions related to each damage/benefit category.  Identify 

specific damages/benefits in each category.  If possible, develop flood-specific stage-damage 
tables/curves. Quantify each specific damage/benefit, first in standard measurement units and 
second in monetary terms.  Lastly, estimate the present value of the stream of damages over 
the life of the project (usually 50 years) using the current, approved discount rate for water 
projects.  

 
6. Calculate a preliminary BCR or other efficiency metrics. 

 
The following chapters suggest sources and methods for estimating the baseline economic values of 
multiple outputs of water resources management strategies using the GMDSS as an example water 
resources management alternative.  Chapter 2 covers flood damages to production agriculture, which is 
complicated by various cropping patterns, timing and duration of inundation, and yield and price risk.  
Chapter 3 discusses flood damages to structures and infrastructure.  Chapter 4 considers values for NRE 
enhancements, such as recreation, fish and wildlife, and habitat.  Chapter 5 works through a process to 
evaluate the nutrient and sediment reduction functions of water management alternatives.  Chapter 6 
considers the value of water as a commodity and how changes in downstream contributions may affect 
flood damages.  Chapter 7 presents a preliminary assessment of the economic efficiency.  Chapter 8 
outlines the information needs for a more refined final Phase II BCA. 
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CHAPTER 2: PRODUCTION AGRICULTURE 
Flooding affects production agriculture in northwest Minnesota in a number of ways including:  delayed 

planting, loss of input costs, reduced yield, reduced net income, change in soil productivity, flood debris 

clean-up, storage losses, and added transportation expenses (Bremond et al. 2013).  Each needs to be 

addressed to fully understand the impact of flooding on agricultural land.   

Detailed procedures are available for estimating the dollar values of agricultural flood damage (USACE 

1982, 1987; and NRCS 2009, 2010).  What follows is a simplified approach to estimating agricultural 

flood damages, using the same steps as more involved analyses but applied to small watersheds. 

The planning team must first identify the flood-affected areas, the directly inundated areas, and the 

surrounding areas where disruptions in transportation may occur.  Land uses in the inundated area need 

to be estimated to determine the amount of cropland affected.  Composite cropland acres need to be 

estimated to develop crop budgets from which to estimate losses.  The effects of flooding on crop 

growth and survival need to be estimated (or modeled, if needed).  Alternatively, land value changes 

may be used as a proxy for estimating the values of reduced flooding.  Finally, an estimate of the 

magnitude of farm-to-market transportation disruption is needed. 

In order to better understand the scope of production agriculture in the project area, the analyst can get 

acquainted by (1) visiting the area and its rural residents, (2) reviewing state department of agriculture 

and USDA publications for the area, (3) reviewing previous studies of flooding on cropland, and/or (4) 

reading local/regional ag-related media (e.g., AgWeek [www.agweek.com]). 

Land Use 
Land use in northwest Minnesota, at least in the Red River Valley, is predominantly (70 to 90%, or more) 

production agriculture (i.e., cropland).  It is important to know what percentage of the flooded area is 

cropland, since there are other land uses that also flood.  Built-up areas account for about 5 to 10% and 

include farmsteads, towns, roads and railroads, non-farm rural buildings (e.g., churches, town hall, 

commercial), and utility infrastructure.   Water covers another 1% to 8% of the landscape in the form of 

wetlands, ponds, lakes, and rivers.  Pasture and forest cover each account for about 1%, but vary 

depending on location. 

The extent of each land use in the flood-prone area can be estimated using published sources (aka, 

secondary sources), aerial photography (i.e., internet-based images), and/or on-site observation.  For 

individual sub-watershed analyses, develop separate land-use profiles for affected watershed areas that 

have substantially different land-use patterns.  While county-level land-use data are readily available 

(NASS 2016), technology permits us to estimate land uses specifically for the flooded area (when the 

area isn't large). 

Identify homogenous reaches to estimate land use percentages.  Either (1) estimate land use of the 

entire flooded area from aerial photography (e.g., Google Earth), or (2) select a random or 

representative sample of sections (1x1 mile squares, Appendix 1) from each reach, or (3) use secondary 

sources (not very reliable for representing land uses in specific, small watershed flood plains).  Land-use 

is more stable than crop mix, so the most current information on land-use should be adequate for 

predictive purposes. 
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A comparison was made between in the Green Meadow subwatershed using a land-use estimation tool 

w/30-meter resolution and measuring land-use directly from Google Earth photography.  The 30-meter 

grid method missed small areas (like small tree stands, or narrow roads) that direct measurement picked 

up.  In order of 'accuracy of local conditions', available county-level data are least precise, 30-meter grid 

method is better, but measuring land-use directly from Google Earth photography gives the best local 

estimate (Appendix 2-A). 

Green Meadow is a sub-watershed of the Wild Rice River watershed.  Up to approximately 8,000 acres 

may be flooded by a 100-year event in the Green Meadow sub-watershed.  Nearly 7,000 acres of the 

potentially flooded area is flat land below the beach ridge—we'll call that 'Green Meadow Reach 1'.  

Another 1,100 acres to the east has a steeper gradient and somewhat different soils—we'll call that 

'Green Meadow Reach 2'.  A third area—the breakout area—where flood waters may break out of the 

sub-watershed's northwest boundaries, is about 500 acres in size, but is identical in characteristics to 

Reach 1.  We will combine Reach 1 and the breakout area for analytical purposes (Appendix 2-B). 

A preliminary estimate (by HEI) of the areal extent of flooding during a 100-year event is 7,264 acres in 

Reaches 1 (and 3) and 1,140 acres in Reach 2 (Appendix 2).  Cropland makes up 94% of land use in Reach 

1, but only 82% in Reach 2 (Table 1). 

Table 1. Green Meadow Land Use by Reach. 

Land Use Reach 1 (and Breakout) Reach 2 

Built-up   316 acres (5%)                                100 acres (9%) 

Forest, Grass, Shrub                   48 acres (1%)                                  13 acres (1%) 

Pasture ------- 22 acres (2%) 

Water                                           16 acres (>1%)                                 65 acres (6%) 

Cropland                                   6,884 acres (94%)                           940 acres (82%) 

 7,264 acres (100%) 1,140 acres (100%) 

 SOURCE:  Grit May, (December) 2016, IWI, Fargo, ND (estimated based on GIS analysis) 
 

Composite Acres 
Now that we know that there are about 6,884 acres of cropland in Reach 1 and 940 acres in Reach 2, we 

need to estimate the extent of specific crops grown.  Identifying crops grown in the flooded area to 

develop a composite cropland acre for each homogenous study area. The ‘composite’ amount 

represents the percentage of each crop in the composite acre.  

Crop mixes change depending on commodity prices, input prices, rotation necessities, government 

programs, and farm operator preferences.  Annual acreage of crops grown in Minnesota counties can be 

found in NASS (2016) statistics.  Develop a reasonable mix for the project area, allowing for change if 

better information becomes available, or to test outcome sensitivity to crop mix.  Since crop mixes are 

fluid over time, effort spent to refine the mix beyond plausible limits is time not well spent.  Separately 

identify percentages of major crops, but lump together crops that make up only a small percentage 

(<5%) unless they are much higher valued than the norm (Table 2). 
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Table 2. Green Meadow Sub-Watershed 2016 Composite Acres. 

Crop % Reach 1 % Reach 2 ERS Price* Yield Reach 1 / Reach 2 
Gross/Acre 

Soybeans                             42 42 $12.15/bu 37 bu/ac $450 

Spring Wheat                      24 24 $6.60/bu 68 bu/ac $449 

Corn                                       24 24 $5.11/bu 130 bu/ac $664 

Hay                                        --- 5 144.31/t 3.8 t $548 

Beets/Specialty/Other       10 5 $64.27/t 29 t** $1864 

  100% 100% 
  

$642/$577 

SOURCE:  NASS.  Minnesota Agricultural Statistics.  *USDA-ERS 2016.  **Bangsund et al. 2012. 
 
Up to this point, we know the composite acre crop mix, the price of commodities, the yield of each crop 

represented in the composite acre, and the gross revenue/acre of each crop.  With this information, we 

can proceed in several methods to estimate the effect of flooding on crops. 

Effect of Flooding on Crops 
Flooding has various effects on crops, depending on the stage of plant growth when flooding occurs and 

the duration of flooding.  Some historical data are available showing 'percent reduction in yield by 

month' X 'duration of flood' for specific crops (Appendix 2-C).  For example, in southern Minnesota a 2-

day flood at any time during the corn growing season results in no more than 7% loss in corn yield 

(Farmington Co., MN); a 7-day flood results in 100% loss thru June, but only 30% loss in August; and 

even a 10-day event only results in 50% loss in August (USDA-SCS 1983, Barr Eng. Co. 2011). 

Method 1:  Using inundation data from the planning team, estimate the effects future flooding will have 

on the total revenue from each crop (Table 2).  Crop damage factors (Appendix 2-C and 2-E) will be used 

in Phase II assessment, if warranted. 

Method 2:  For this GMDSS example Phase I BCA scoping assessment, a worst case scenario was used 

which assumed all floods (regardless of frequency, seasonality, and duration) resulted in total (100%) 

crop loss at the time of the flood.  That is, if a flood occurred in May, the total loss would be whatever 

production expenses had been incurred plus the net return which would be lost without a crop. 

Assuming that 6,384 acres of cropland in Reach 1 flood in a 100-year event (engineer’s estimate), then 

the annualized flooding from 100-year events is 64 acres.  Similarly, if 5,470 acres flood in a 50-year 

event (estimated by authors), then the annualized flooding from 50-year events is 91 acres. 

In the early stages of planning (i.e. Phase I), only the probable maximum amount of flooding was 

available for the Green Meadow subwatershed (I.e., roughly 8,000 acres).  For this scoping assessment, 

we (the authors) assumed acreages for floods with a frequency greater than 0.01 (100-year flood) (Table 

3). 
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Table 3. Acres Flooded by Flood Frequency and Reach. 

 
Flood Frequency 

Reach 1 and 3* 
Total Crops 

Acres Flooded 

Reach 1 and 3 
Annualized 

Flooded Acres ** 

  Reach 2 Total 
Crop 

Acres Flooded 
Reach 2 

Annualized 

0.5 (2-year) 200 + n/a                     100                                        36                        18 

0.2 (5-year)  500 + n/a                     100                                        89                        18 

0.1 (10-year) 1,277 + n/a                     128                                      228                        22 

0.04 (25-year) 3,192 + n/a                     128                                      570                        23 

0.02 (50-year) 5,470 + 100                        91                                      978                       20 

0.01 (100-year) 6,384 + 500                        64                                   1,141                        1 

Totals  611                                                                  102 

*100-year flooded acres were provided by engineers, all others were estimated by author and subject to 
revision by engineers following model development. 
**Annualized flooded acres is (total acres flooded) X (flood frequency), which is a way of saying that 
'this much would flood every year', since we can't say when the various frequency floods occur during 
the 50-year project life. 
 
Identify planting dates, growing seasons, harvest dates and associated time-wise production costs and 

revenues for each crop.  This cropping information can be displayed in a chart to help in understanding 

the relationship between flooding and the cropping year (Appendix 2-E).  Planting dates, at the county 

level, are available from USDA (USDA-NASS 2010).    Crop budgets are available from the state Extension 

Service (Table 4) (University of Minnesota Extension 2016, or similar in North Dakota).  Specialty crop 

budgets (e.g. sugar beets) may also be available (Bangsund et al. 2012).  Care must be taken in using 

year-specific crop budgets, especially for high-value crops, since costs could vary considerably from year 

to year.  Crop prices to be used to analyze water projects for federal funding are set annually by USDA 

(USDA-ERS 2016). 

Table 4. Selected Budget Information* for Green Meadow Crops/Acre. 

Crop Variable Cost Harvest Cost Net Return Total 

Soybeans $180                                    $50 $77 $30 

Spring Wheat                 $225                                    $50 $38 $313 

Corn $350                                    $60 $85 $495 

Beets/Spec                      $550                                  $100 $400 $1050 

Hay                                      $75                                  $150 $100 $225 

  COMPOSITE**   

Reach 1 & 3 $268.60 $57.40 $102.86 $428.86 

Reach 2 $244.85 $59.90 $86.86 $391.61 

*Overhead or fixed costs shown in budgets (e.g., taxes, interest, and land costs) are not a flood loss 
because these costs accrue whether or not a farmer raises and harvests a crop (USACE 1982). 
**Composite is the composite acre costs/returns based on the percentage of each crop. 
SOURCE:  UofM Extension Service 2016. 
 
Other crop budget/revenue considerations are (1) crop insurance, (2) government payments, and (3) 

disaster payments.  These should be considered when more sophisticated analysis is merited.  Local crop 

insurance providers suggest that nearly all, if not all, farm operators in the Green Meadow 
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subwatershed have crop insurance.  If crop insurance is actuarially sound, then insurance payments 

should be subtracted from average annual damages.  However, insurance payouts may be subsidized by 

the Federal government, ranging from zero to about 30% depending on the year (Taylor 2016).  Farm 

operators may receive government payments during normal cropping years and/or disaster payments 

following a flood event (USDA 2018).  If data are available, these payments should be factored in to the 

crop loss calculation. 

Flooding damages to cropland depend on when (with respect to plant growth) the flooding occurs.  

Fifty-four percent of historic high flows (Marsh River at Shelly) have occurred prior to April 15 (Table 5; 

Appendix 3-E, USGS data from HEI), which is prior to the start of crop production operations in Norman 

County. 

Table 5. 1944-2-15 Without Project Annual High Flows, Marsh River at Shelly, MN. 

 
Time Period          

% of Annual 
High Flows 

Flood Impact on 
Cropping 

 
Losses/Acre/Reason 

Prior to April 15      
Early Spring 

54% No crop 
production losses 

$10 Clean-up 

    
April 16 to May 1 
After spring thaw 

11% Delayed planting $10 Reduced yield 
$10 Clean-up 

    
   (Reach 1&3/2) 
May 2 to June 6 19% Planting $241/$220 Production costs 

Active planting:  19% of floods result in $120/$110 + $10 (clean-up) + $103/$87 (net return) acre 
loss less harvest cost (this is half the variable production costs and net return since some floods 
occur just as planting starts and some floods occur when planting is completed, and at all times 
between).  $209/$183. 

June 7 to August 15       14% Crop growth $27/24 Crop Maintenance costs 

Summer:  14% of floods result in $13.5/$12 (maintenance cost) + $241/$220 (planting cost) + $10 
(clean-up) + $103/$87 (net return) less $24 harvest cost.  $343.5/$305. 
August 16 to September 18       1% Began harvest $24 Harvest costs 

Harvest:   2% of floods result in loss of $27/24 (maintenance cost), $241/$220 (planting cost), 
$51.50/$43.50 (half of net returns).  $295.5/$263.5. 

September 19 to freeze        1% Finish harvest $24 Harvest costs 
    

 100% Net return $103/$87 
  Production cost + 

net return 
$429/$392 

 

With this simple model that includes considerable information (Appendix 3-E), assumptions can be 

made about the extent of losses as a function of flood timing.  All floods after May 1 were assumed to 

result in total crop loss (a worst-case scenario).  Flood duration will be addressed later (in Phase II) when 

more detailed without project hydrology and hydraulic (H&H) modeling data are available.  

Planting/production costs are split between planting times and crop maintenance times 90/10 (90% of 
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variable production costs are incurred by the time the crop has been planted and 10% of variable 

production costs are incurred after planting and prior to harvest). 

Applying the composite loss/acre across annualized flooding acres shows Reach 1 & 3 have 611 

annualized flooded acres (Table 3) at $101.24/acre loss (Table 6), which is an annual flood loss of 

$61,857.64.  Reach 2 has 112 annualized flooded acres at $90.34/acre loss, which is $10,118.08/year. 

Table 6. Composite flooding Loss/Acre (assumes worst case scenario). 

 Flood frequency X Damage/Acre 

 Reach 1 and 3 Reach 2 

 .54 x 10 = 5.40* .54 x 10 =   5.40 

 .11 x 20 =   2.20 .11 x  20 =   2.20 

 .19 x 209 = 39.71 .19 x 183 = 34.77 

 .14 x 343 = 48.02 .14 x 305 =   42.7 

 .02 x 295.5 =   5.91 .02 x 263.5 =   5.27 

Composite loss/acre $101.24/acre $90.34/acre 

* Since 54 % (i.e., 0.54) of flooding occurs when there is $10/acre damage 

Total annual agricultural crop flood losses are $71,975.72 ($61,857.64 + $10,118.08).  Multiplying this 

annual loss by the discount rate multiplier of 26.33 (50 years @ 2.875%) = $1,892,961.44. However, 

don’t think you can estimate agricultural damages (or any damages other for that matter) to the cents 

column.  Pretending to be that precise is misleading and can be expensive.  So we’ll round off to $1.9 

million as the present value of future cropland losses due to flooding over the next 50 years. 

An alternative analysis, suggested by the watershed engineers, using the same values and procedures 

was carried out under the assumption that annual flooding events occur only during the cropping 

season; therefore every annual flood event results in 100-% crop loss.  Under this scenario, the present 

value of future crop losses is approximately $5 million, for which an alternative BCR will be presented. 

There are computer models used by the NRCS or USACE (HEC-FIA, HAZUS, and CACFDAS) to estimate 

flooding losses to cropland.  These include the same information as above, as well as built-in 

nomograms/spreadsheets with crop loss as a function of inundation duration at selected (or continuous) 

periods throughout the growing season.  To operationalize these models, they need to be married to a 

H&H model for the sub-watershed, which predicts the timing of floods and their inundation duration 

across the growing season (such as Method 1 above).  These models are most useful for larger 

watersheds where the prediction is more sensitive to the values of some of the model inputs and where 

H&H models exist.  However, for small watersheds without detailed H&H models, a more basic approach 

may be to rely on expert opinion (Appendix 2-E) as to the extent of crop flooding damages over the 

growing season to establish damage estimates. 

Crop Storage. Losses may occur to commodities stored on-farm when flooding occurs.  These losses are 

accounted for in 'structures and infrastructure' damage estimates (Chapter 3).  A useful reference is the 

section on 'stored crops' (p. VI-5) in USACE 1987. 

Farm-to-Market Transportation. Flooding may increase the cost of moving crops and cropping 

inputs/machinery from farm-to-market or from market-to-farm.  These losses are accounted for in 

'structures and infrastructure' damage estimates (Chapter 3). 
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Other Cropland Damages.  The damages from on-site erosion, siltation, and other cropland/soil fertility 

issues need to be estimated and included in assessment of alternatives.  Engineers, or other 

professionals, can estimate levels of these items and economists can then place appropriate values on 

them (which will be accomplished in the Phase II BCA, if necessary). 

In the absence of better measures and values estimates of these on-site damages, we assume them to 

total $20/cropland acre flooded in all reaches.  A total of 713 cropland acres flood on an annual basis in 

all three reaches, which amounts to $14,460 annualized damages.  Over the 50-year project life, $14,460 

damages per year equates to $380,732 ($14,460 x 26.33). 

Land Value Changes 
In theory, agricultural land values represent the capitalized value of the annual return to land as shown 

in crop budgets.  In other words, if the 'annual return to land' is $50/acre, and the capitalization rate is 

3%, the land has an agricultural production value of $1,667/acre.  If flooding reduces the return to land, 

say to $30/acre, then the capitalized land value would be $1,000/acre.  However; in the northwest 

Minnesota rural land market, it is difficult to isolate how changes in flood risk affect land value changes.  

Changes in commodity prices, other input prices, the stock market, and neighbors' land envy each/all 

affect the cropland market.  Land is usually sold in blocks of 40, 80, 160, or more acres and the flooded 

area may be only a portion of the total parcel and not influence the price. 

Phase I BCA. Green Meadow Production Agriculture Damage Application 
The initial estimated damage to crop production due to flooding in the Green Meadow subwatershed 

over the next 50 years is $1.9 - $5.0 million.  Other cropland damages were estimated (assumed) to be 

$14,460/year, or $380,732 over the next 50 years. However, when explicit alternatives to address water 

resources problems in the Green Meadow subwatershed are developed, cropland loss damages will be 

estimated more precisely as part of the final Phase II BCA. 

Summary and Conclusions 
Estimating the damages to crop production as a result of flooding is complex (there are many variables 

and probabilities to consider), but not complicated.  There are adequate data on what crops are grown, 

crop budgets, yields, and some information about the frequency and duration of flooding.  With the 

assistance of H&H experts, a reasonable range of likely long-term crop losses from flooding can be 

developed using a simple graphic model. 

Land uses can be estimated through primary analysis or secondary sources and are somewhat rigid over 

time.  Crop mixes can be estimated through secondary sources and on-site visits and will vary over time 

depending on commodity prices and other production factors.  Other flooding-related damages, such as 

loss of soil productivity, debris removal, losses during storage, or added transportation costs may be 

rather small in the big picture and can be estimated using expert judgement or be the subject of further 

study as further alternative analysis is warranted. 
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 Appendix 2-A:  Land Use Percentage—One Section Example. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Appendix 2-B:  Land Use for Flood Prone Areas by Flood Zones. 
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Appendix 2-C:  Percent Decrease in Yields from Summer Flooding*. 

      
Crop Days 

Inundated 
May June July August September 

Wheat 1 14 17 20 30  
 2 29 34 43 65  
 3 44 54 65 75  
 4 60 75 90 80  
 5 80 100 100 90  
 6 100   100  

Corn 1 13 18 11 5 5 
 2 31 45 19 13 19 
 3 66 72 46 19 36 
 4 70 78 57 33 44 
 5 100 100 72 44 51 
 6   76 68 65 
 7   100 71 77 

Soybeans 1  13 4 4 10 
 2  16 17 16 62 
 3  32 34 30 83 
 4  58 56 50  
 5  71 81 69  
 6  79  83  

Sugar Beets 1 15 15 20 15 15 
 2 25 30 40 25 25 
 3 40 65 70 40 45 
 4 60 100 100 55 60 
 5 80   70 70 
 6 100   85 80 
 7    100 85 

SOURCE:  George Townsley, NRCS, Little Rock, AR, e-mail, 28 Nov 2016 (North Dakota, 200-ECON, Crop 
Damage Factors, June 1981). 
 
* Seasonal Crop Production Estimates, is a transparent simplification of flooding induced cropland loss 
issues.  It is appropriate for feasibility-level analysis.  Assumptions can be changed if finer assessment is 
warranted. 
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Appendix 2-D: Example Crop Loss Function*. 

 

SOURCE:  USACE.  1987.  National Economic Development Procedures Manual – Agricultural Flood 

Damage.  IWR Report 87-R-10; http://usda.mannlib.cornell.edu/usda/current/planting/planting-10-29-

2010.pdf. 

* An example crop loss function, it is not intended to fully represent Norman County conditions.  

Analysts can develop their own crop loss functions for specific applications. 

http://usda.mannlib.cornell.edu/usda/current/planting/planting-10-29-2010.pdf
http://usda.mannlib.cornell.edu/usda/current/planting/planting-10-29-2010.pdf
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Appendix 2-E:  Seasonal Crop Production Expenses. 
 

 

SOURCES:  

Land-use data:  (1) Minnesota Agricultural Statistics, most recent year available 

https://www.nass.usda.gov/Statistics_by_State/Minnesota/. (2) Land use for flooded areas can 

be estimated using Google Earth imagery and measuring separate land uses; or using other 

methods. 

Crop mix: Minnesota Agricultural Statistics, most recent year available; 

https://www.nass.usda.gov/Statistics_by_State/Minnesota/. 

Planting dates:  http://usda.mannlib.cornell.edu/usda/current/planting/planting-10-29-2010.pdf.  

Crop budgets:  www.extension.umn.edu/agriculture/business/land-economics. 

Specialty crop budgets may be available, such as for sugar beets (Bangsund, Hodur, and Leistritz 2012).   

Ref:  Bangsund, Dean A., Nancy M. Hodur, and F. Larry Leistritz.  2012.  Economic Contribution of the 

Sugar Beet Industry in Minnesota and North Dakota.  AAE Report No. 688, Agricultural 

Experiment Station, North Dakota State University, Fargo, North Dakota. 

Flood timing:  USGS data from HEI 

Rainfall data:  www.homefacts.com/weather/Minnesota/Norman -County/Green-Meadow-Township. 

 

https://www.nass.usda.gov/Statistics_by_State/Minnesota/
http://usda.mannlib.cornell.edu/usda/current/planting/planting-10-29-2010.pdf
http://www.extension.umn.edu/agriculture/business/land-economics
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CHAPTER 3: STRUCTURES AND INFRASTRUCTURE 
Buildings and roads are frequently in the path of floods in small northwest Minnesota watersheds.  

Structures range from farmstead houses and outbuildings, to rural churches, to commercial buildings 

and houses in small towns.  Flood damages to structures includes structural damage, contents 

damage/loss, clean-up and recovery costs, evacuation costs, and flood fighting costs (eXtension 2016).  

 Structures can be inventoried using primary data collection methods or, when larger areas are involved, 

using secondary data.  Once inventoried, the structures need to be assessed for the risk and extent of 

potential flooding.  Stage-damage curves are needed to assess damages at various flooding levels. 

In NW Minnesota, infrastructure involves mostly rural roads, bridges, culverts, and public utilities.  Local 

governments and utility providers should have information about the extent of infrastructure damage in 

recent past floods. 

Structures 
Inventory all structures in the lowest frequency flood potential area (i.e., the largest expected flood 

plain) determined (using hydrologic models or previous flood extent maps) by the planning team.  

Generally, the only structures in these small, rural watersheds are farmsteads and their associated 

buildings (e.g., residences, machine sheds, hay sheds, grain bins and grain handling equipment, livestock 

barns, fuel and chemical storage).  However, an on-site (or aerial photo) inspection may reveal other 

structures at farmsteads or in the study area (e.g., the town hall, churches, utility substations).  

Estimating the potential flood-related damages to structures is a five-step process: 

1. Inventory structures on-the-ground using available imagery (e.g., Google Earth),  

2. Estimate flood risk and depth-damage relationship:  planning team, 

3. Describe and assign value using county tax department records or on-site investigation, 

4. Estimate flood damage with regard to risk and depth:  spreadsheet or model, 

5. Aggregate damages and calculate present value. 

 

The extent of effort in each of these steps depends on the purpose of the economic assessment and the 

relative amount of structure damage compared to overall damage.  If the assessment is for scoping the 

'without project' (i.e., existing conditions) situation or if structures are a minor issue, some simplifying 

assumptions may be used to expedite the analysis. 

Green Meadow example.   There are 15 farmsteads and 13 other rural building sites in the 100-year 

Green Meadow subwatershed flood profile (Table 1 and Appendix 3-A).  Eighteen of these are in the 

lower area to the west (Reach 1).  Ten building sites are in the upper, east end of the watershed (Reach 

2).  Many of the Green Meadow subwatershed farmsteads have ring dikes to protect them to 100-year 

flood levels.  Those not protected by ring dikes can be evaluated either (1) individually, or (2) using a 

‘standard’ farmstead layout as a proxy for all farmsteads.  Fewer assumptions are needed when actual 

conditions are used in the analysis. 

After the planning team has estimated the flood risk for each building site (Step 2, Column 3, Table 1), 

damage values can be assigned to potential flood water stages.  There are three predominant types of 

structures in Green Meadow subwatershed:  houses, farmstead outbuildings (e.g., machine sheds, 
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general storage), and grain bins.  Current market values of houses and outbuildings can be obtained 

from the county assessor's office (Column 4, Table 1).  

Table 1.  Flood-Prone Structures in Green Meadow Subwatershed. 

Site # Description - Reach 1 
Flood 
Threat* Value** 

1 Farmstead (House, 7 grain bins, 4 outbuildings), 100-year ring dike     

2 Farmstead (House,  4 outbuildings, 3 horizontal tanks)     

3 2 Grain bins     

4 Grain bin, small building     

5 4 Grain bins***     

6 1 Large outbuilding     

7 2 Outbuildings     

8 Farmstead (house, 2 outbuildings)***     

9 Farmstead (house, 2 outbuildings)     

10 Farmstead (house, 3 outbuildings)     

11 2 Grain bins     

12 Farmstead (house, grain bin, 3 outbuildings)     

13 Farmstead (house, garage, 4 grain bins, outbuilding     

14 Farmstead (house, 4 grain bins, 6 outbuildings)***     

15 Farmstead (house, 6 outbuildings)     

16 Farmstead (house, 6 grain bins, 2 outbuildings)     

17 5 Small outbuildings     

18 Farmstead (house, 10 grain bins, 8 outbuildings)     

  Description - Reach 2     

19 Grain bin     

20 7 Grain bins, 5 outbuildings     

21 Farmstead (house, 8 grain bins, 8 outbuildings)     

22 Farmstead (house, 7 outbuildings)***     

23 Farmstead (house, 15 grain bins, 2 outbuildings)     

24 Farmstead (house, 20 grain bins, 4 outbuildings)     

25 3 Outbuildings     

26 Outbuilding     

27 3 Grain bins, outbuilding     

28 4 Outbuildings     

*To be provided by planning team. 
**Norman County Assessor.   
***Sites 5, 8, 14, and 22 were randomly selected to use as an example prior to having information for 
columns 3 and 4. 
 
Step 4 is estimating the stage-damage curve for structures.  With structures, the depth of inundation is 

more important than the duration, since the peak of most small watershed floods recedes in a few days. 

The US Army Corps of Engineers (USACE) has detailed procedures for estimating flood damages to 
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structures and contents based on flood stages (USACE 2013, USACE 2003, USACE 1992) and a computer 

model (USACE 2012) when large areas with many structures are involved.  The USACE also has guidance 

to estimate flood damages to non-residential rural buildings (USACE 1996). USACE structure 

depth/damage percentages were used (Table 2).  For small watersheds, on-site evaluation using local 

data is preferred to using generalized algorithms and the time/effort to operationalize a computer 

model may exceed what is reasonable for small projects. 

Table 2. Structure Depth-Damage Functions. 

Inundation Depth* Structure Description House % Damages** Contents % Damage** 

  Houses     

-2 

House, one-story*** 13.8 10.5 

House, two + stories 10.2 8.4 

House, split level 10.4 7.3 

        

-1 

House, one-story 19.4 13.2 

House, two + stories 13.9 10.1 

House, split level 14.2 9.4 

        

0 

House, one-story 25.5 16 

House, two + stories 17.9 11.9 

House, split level 18.5 11.6 

        

1 

House, one-story 32 18.9 

House, two + stories 22.3 13.8 

House, split level 23.2 13.8 

        

2 

House, one-story 38.7 21.8 

House, two + stories 27 15.7 

House, split level 28.2 16.1 

  Outbuildings   

1*** Outbuildings   

2 Outbuildings   

3 Outbuildings   
*Zero is level of first floor.  Additional depth-damage data are available at USACE 2003.   **USACE 2003, 
2013.    ***All houses in GMW are assumed to have a basement.   ****Feet above floor. 
 
Although most flood prone structures in the Red River Basin are protected with ring dikes, damage 

preliminary Phase I BCA estimates assume no flood protection measures are in place.  The USACE % 

damage estimates in Table 2 assume little or no flood damage reduction measures or preparation to 

reduce damages.  In the case of flooding in northwest Minnesota, advance notice is usually available and 

floodwaters usually rise slowly enough to move valuable contents to higher elevations.  Flood 

preparation (i.e., moving contents out of harm’s way) and clean-up also have a cost that needs to be 

included in the potential damage assessment. 
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An example:  Let's assume that site numbers 5, 8, 14, and 22 are subject to flooding (Appendix 3-B, 

Table 3) and the remainder of sites are not (Table 1). 

Table 3. Example: Flood Damage Structure (assumed), Green Meadow Subwatershed. 

Site #5: 4 Grain bins 
 2 - 27’ bins, 1’ flood   1,302 bushels* 
 2 – 21’ bins, 2’flood   1,574 bushels 
      2,876 bu @ $5.11/bu** 

Site Total: $14,696 or $147/year (one 0.01 flood) 
 
Site 8: House, 2 outbuildings 
 House (split level, $210,000 mkt value***, 1’ flood 
  Structure (0.232) = $69,720 
  Contents (0.138) = $28,980 
 2 Outbuildings, assume $10,000 damage for each = $20,000 
 Site Total:  $118,700 or $1,187/year 
  
Site 14:  House, 4 grain bins, 6 outbuildings 

House:  $987/year 
4 Grain bins:  $150/year 
6 Outbuildings:  $600/year 
Site Total:  $1,737/year 

 
Site 22:  House, 7 outbuildings 

House:  $987/year 
7 Outbuildings:  $700/year 
Site Total:  $1,687 

 
Total for all four sites:  $4,758/year x 26.33 = $125,278 (Present Value Damages - PVD) 
*See Table 4.  **ERS commodity prices for 2016.  ***An assumption at this point 
 
The contents of non-residential, rural outbuildings are also subject to flood damage.  Many outbuildings 

are used to store farm machinery.  Most field equipment can withstand some inundation below some 

level for short periods.  If structure damage might be a less than insignificant portion of total damage, 

on-site assessment of the contents of outbuildings may be warranted.  We assumed for this preliminary 

Phase I BCA that each outbuilding subject to flooding suffered $10,000 damage/flood. 

The contents of grain bins are subject to floodwater damage.  The extent of damage depends on the 

height of the bin floor from the ground surface, whether the bin has any grain in it at the time of flood, 

the type and value of anything stored (e.g., certified seed Vs previous year’s corn/soybeans), and the 

depth of inundation.  For example, a 21' diameter, 24' tall bin holds about 388 bushels in the lowest foot 

(Table 4). 
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Table 4. Selected Grain Bin Sizes – Capacity by Foot. 

Diameter (ft) Height (ft) Total Capacity (bu) 1' Capacity (bu) 2' Capacity (bu) 

21 24 7,300 388 787 

27 29 15,000 651 1,300 

33 34 26,000 986 2,000 

The extent of flood damage to stored grain, grain handling equipment, and costs of recovery may be 

approximated by the market value of the stored commodity times 2.  Commodity type can either be 

assumed using the percentage crop mixes for estimating cropland damages, or on-site investigation.  An 

on-site investigation will also provide information for estimating the percentage of grain bins containing 

grain (which is seasonal and price dependent). 

For the eight grain buildings in the Green Meadow subwatershed example above (Table 3), we assumed 

either 1' or 2' of flooding.  The extent of flooding depends upon the elevation of the concrete floor. 

Application.  There are few structures subject to flood risk in small northwest Minnesota watersheds 

and these can easily be inventoried on-site or using Google Earth (Appendix 3-B).  The planning team 

can determine which structures are not protected by ring dikes and the inundation depth-risk 

probabilities for each structure.  Market values of structures are available locally.  Inundation depth 

damage curves available from USACE can be used to estimate potential future flood damages to 

residences.  On-site inspection will help with assumptions about flood damage to non-residential 

structures. In watersheds with large numbers of structures at risk, USACE models may be used to 

estimate potential future flood damages to structures. 

The Green Meadow subwatershed example shows the present value (over 50 years at 2.875%) damage 

to structures is $125,278.  A more detailed damage estimate will be prepared when the planning team 

provides more specific information about alternatives and their effect on flood peak and duration 

(Phase II BCA). 

Infrastructure 
The primary infrastructure damaged by flooding in rural areas is transportation facilities (i.e., roads, 

bridges, and culverts).  Some utilities, such as rural water systems, electrical and gas transmission lines 

and facilities, and Internet/TV/telephone service may be damaged/interrupted during periodic floods.  

The analyst should ascertain (e.g., on-site inspection, interview with locals) if these utilities are present 

in the flood plain and the extent they could be damaged under various flooding scenarios. 

Local government units (i.e., counties and townships) have data (or not) regarding historic expenditures 

to repair flood damaged infrastructure.  However, information to tie those data to specific frequency 

floods may not be available.  In addition, repetitive damages in the without project condition may 

encourage local government entities to ‘harden’ persistently troublesome infrastructure locations, 

spending more upfront to avoid damages in the future.  Steps to determine infrastructure flood 

damages include: 

1. Inventory:  on-the-ground, local interviews,  

2. Review/describe past flood-related damages, 
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3. Estimate future flood risk and depth-damage relationship with and without project(s):  planning 

team, 

4. Project past history of infrastructure damage into future with and without project conditions. 

Phase I-BCA. Green Meadow Structures and Infrastructure 
Information on flooding damages to infrastructure in the Green Meadow subwatershed is available for 

2009, 2010, and 2011.   These data are used to develop an estimate of the 'without project' condition 

example.  In addition to the physical damage to infrastructure, flooding causes interruption in 

transportation (farm operations, school busses, Schwan's truck, US Postal Service, UPS/FEDEX, 

emergency services [police, EMS]).  Until better data are available (Phase II BCA), the damages 

illustrated below (Table 5) represent without project conditions in the Green Meadow subwatershed. 

Step 1. Inventory.  Approximately 28 roads/culverts were damaged during flooding in 2009, 2010, and 

2011 (IWI 2016) (Appendix 3-C). 

Step 2. The least costly repair was $0 [?], the most costly repair was $46,423, and the total cost was 

$129,184 for an average of $4,635/repair. 

Table 5. Green Meadow Subwatershed Flooding Damages: Roads & Culverts (2009, 2010, and 2011*). 

Map Point # Funding Eligibility** Map Point # Funding Eligibility 

1 $0 15 $4,504 

2 $0 16 $979 

3 $1,621 17 $979 

4 $1,621 18 $1,273 

5 $8,376 19 $979 

6 $1,016 20 $1,273 

7 $0 21 $979 

8 $631 22 $1,014 

9 $1,264 23 $4,947 

10 $631 24 $2,376 

11 $1,264 25 $46,423 

12 $631 26 $5,182 

13 $631 27 $1,495 

14 $4,505 28 $33,781 

*Based on Federal Emergency Management information provided by the Wild Rice Watershed District. 
 
Steps 3 and 4. Unless/until the planning team can identify infrastructure damages by flood frequency 

(Phase II BCA), we'll make some assumptions about 'without project' conditions.  Assume that 5 sites 

that were damaged previously are damaged at the same levels in a 25-year flood, 15 in a 50-year flood, 

and all 28 in a 100-year flood (Table 6). 

Table 6. Green Meadow Subwatershed Infrastructure Damages (without project condition). 

Frequency                 Road Crossings at Risk Cost to Repair Annualized Cost 

0.5 n/a     

0.2 n/a     
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Frequency                 Road Crossings at Risk Cost to Repair Annualized Cost 

0.1 n/a     

0.04 5 $23,175 $927 

0.02 15 $69,525 $1,390 

0.01 28 $129,780 $1,298 

      $3,615 

 

The without project condition present value of flood damage to road crossings over the next 50-years is 

$95,183 ($3,615 x 26.33).  However, P&G and agency guidance does consider ‘adaptive management’, 

which suggests that LGUs would not continue to repair flood damaged infrastructure in the absence of a 

project.  Nor would FEMA be likely to continue to pay for repetitive losses over and over.  In reality, 

these infrastructure components would be hardened, altered or abandoned, thereby eliminating 

ongoing damages from flooding. 

Application.  Infrastructure damages as a result of flooding in small watersheds in northwest Minnesota 

are primarily to transportation, but there may be other rural utilities damaged.  If data regarding past 

infrastructure damages are available, they may be projected into the future with the help of the 

planning team.  For illustration only, without project infrastructure damages in the Green Meadow 

subwatershed were estimated to be $3,615/year, with a present value of $95,183 (over 50 years at 

2.875%). 

Summary and Conclusions 
Estimating with and without project flood damages to structures and infrastructure in small northwest 

Minnesota watersheds is straightforward due to the relatively low numbers of structures and 

infrastructure issues subject to flood risk.  Structures can be identified, described, valued, and assessed 

for their flood potential using both aerial and on-site information.  USACE stage-damage curves, or 

similar tools, can be used to estimate potential without project damages to residences.  Historic data 

regarding infrastructure damages may be available and can be projected as the without project 

conditions. 
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Appendix 3-A.  Flood Prone Buildings and Structures. 
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Appendix 3-B. Example: Flooded Sites. 
#5       #8 
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Appendix 3-C. Road Damages. 
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CHAPTER 4: RECREATION, F&W, AND HABITAT  
The extent society values recreation, fish and wildlife resources (F&W), and habitat has been researched 

extensively for years (National Research Council 2004).  The body of valuation literature is replete 

discussions regarding what constitutes value and how to measure it (Kroeger et al., 2008, Southwick 

Associates 2011).  The meaning and measurement of ‘value’ is widely discussed in the environmental 

economics literature.   This paper will merely identify some ranges of values from published sources 

(i.e., a simple meta-analysis) that may, or may not, be appropriate for estimating changes in the 

availability of wildlife resources as a result of small watershed water management alternatives in 

northwest Minnesota.  This paper will not address the finer theoretical issues surrounding what is meant 

by ‘value’, nor will it discuss the finer points of various valuation tools. 

Fish and wildlife values can be estimated in three areas: (1) recreation, (2) fish and wildlife, and (3) 

habitat.  Within these three areas, values are derived either directly from the resource or indirectly 

through active or passive means.  There are also multiple types of values: (1) to individuals, (2) to local 

economies (Rural Economic development - RED), (3) to national economies (National Economic 

Development - NED), (3) to employment (RED), and (4) environmental (Environmental Quality - EQ). 

This manuscript is primarily for assigning dollar values to resources for use in estimating NED 

benefits/costs, however some attention is given to RED benefits. 

In order to better understand and focus the scope of outdoor recreation pursuits in the project area, the 

analyst can get acquainted with outdoor recreation and fish and wildlife resources by (1) visiting with 

local residents, (2) reviewing State Comprehensive Outdoor Recreation Plans (E.g., Minnesota SCORP 

2014), (3) reading wildlife agency publications about the area (US FWS 2013), and/or (4) doing an 

Internet search.  It helps to narrow the analytical effort by knowing the likely scope of outdoor 

recreation pursuits in the study area. 

Outdoor Recreation 
Outdoor recreation activities common to northwest Minnesota include, but are not limited to, hunting, 

fishing, hiking, wildlife watching and camping.  Outdoor recreation may take place on private land, on 

public land, in parks, on organized recreational trails (Agassiz Recreational Trail 2008), and on the water.  

Values for all types of outdoor recreation abound in the scientific, popular, and gray (non-peer reviewed 

agency or Non-Government Organization - NGO reports) literature.  A lower-bound set of values - unit 

day value - is available from the Federal government (US Army Corps of Engineers 2015).   Another type 

of readily available valuation estimates is participant expenditures and their impacts on local economies.  

A third group stems from contingent valuation studies (CVM) that have survey participants assess their 

willingness-to-pay or their willingness-to-accept compensation for changes in F&W related outputs (I.e.,  

recreation days or habitat quality). CVM studies are not inexpensive and are usually site-specific and, as 

such, those done elsewhere may not be applicable to small watershed analyses in northwest Minnesota.  

Ascribing values found in the literature that come from one location to another location is called 

‘benefits transfer’ (Kroeger 2008, Loomis 2005).  Consideration must be given to ensure the transfer is 

appropriate. In other words, are the situations similar enough that a value for one place is appropriate 

to use in another location? 
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A final estimation method for the value of outdoor recreation as referenced in P&G is the Travel Cost 

Method (TCM).  Like CVM, TCM may be overly expensive given the limited scope of the small watershed 

planning efforts underway as part of the RPPP process.  A comprehensive, theoretical discussion of 

valuing ecosystem services is the National Research Council Report (2004), Valuing Ecosystem Services 

Toward Better Environmental Decision-Making. 

Unit day values.  The US Army Corps of Engineers provides periodic updates of unit day values for 

recreation (US Army Corps of Engineers 2015).  The most recent Economic Guidance Memorandum (16-

03, October 15, 2015) gives a range of values for use in FY 2016 studies.  General recreation is valued 

from $3.90 to $11.71 per participant day, while specialized recreation is valued from $15.86 to $46.37 

per participant day.  The COE memorandum provides guidance regarding which value is appropriate for 

which particular type of outdoor recreation and how Unit Day Values can be adjusted for specific types 

of recreation. 

Watershed planners need to provide estimates of the likely changes in the number of participation days 

in each type of outdoor recreation affected by the alternatives.  The changes must be true changes and 

not simply shifts from one location to another. Unit day values may then be assigned to these estimates 

of changes in participant days to estimate one-time or annual event values. 

Participant expenditures.  This is not an economic theory discussion, but a few side issues need to be 

addressed.  For example, what someone spends to acquire something (good or service) is no less than 

the value they assign to that good or service.  Normally, exchanges made in an efficient market reflect a 

price at the margin (where supply and demand curves cross).  For a good or service with neither 

perfectly elastic nor perfectly inelastic demand, there are many buyers in the market that pay a market-

clearing price that is less than their willingness-to-pay.  That difference is called consumers’ surplus.  

Consumers’ surplus (CS) is sometimes estimated to be used as the value of a good or service.  Anderson 

et al. (1985) estimated that outdoor recreation participants in North Dakota (northwest Minnesota is 

similar to northeast North Dakota) would generally be willing-to-pay 1.4 times their actual expenditure 

for a day of outdoor recreation.  Kroeger et al. (2008) argue that “any analysis that focuses on spending 

measures as indicators of the value to participants of wildlife-associated recreation activities will 

substantially underestimate the total value of these activities...”  Including the CS more closely 

approximates the total value. 

Another twist on participant-day expenditures or values is that the ‘day’ may include many experiences, 

some that are not related to the F&W resource.  A technique called hedonic valuation can be used to 

separate out the values of the many inputs that go into a day of outdoor recreation, but this well is 

beyond the scope of this paper. 

Outdoor recreation participant expenditures fall into two groups:  daily variable and season-long fixed.  

Daily variables include expenses made to participate in a day’s outing, like travel costs, meals, bait, 

ammunition, or daily fees.  Fixed costs include vehicles, boats, binoculars, firearms, bird identification 

books, and other items that can be used over and over.  Outdoor recreation visits to a small geographic 

area would likely not include local purchases of long-lasting (i.e., fixed) items, nor may their purchase be 

exclusively for F&W related outdoor recreation. 

Expenditure data (Table 1) are available from a national survey (US Fish and Wildlife Service 2014, 2013) 

and from state-level surveys (Taylor et al. 2013, Outdoor Industry Association 2012, Earth Economics 
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2015).  Other useful information about state-specific outdoor recreation activity is available in each 

state’s State Comprehensive Outdoor Recreation Plan (Minnesota SCORP 2014), which are prepared 

periodically. 

A good reference for consumers' surplus estimates of the value of recreation days is Loomis (2005), who 

provides values for a host of outdoor recreation activities on national forests and public lands.    

The average daily expenditure by all types of North Dakota hunters is $78/day (Table 1).  Multiply this by 

1.4 to account for consumers' surplus and the value of a generic day of hunting is $113 (2016$).  The US 

Fish and Wildlife Service (FWS) 2006 National Survey (US FWS 2008) reports wildlife watchers spent 

$19/day ($23 in 2016 dollars) on variable expenditures, while the 2011 National Survey reports 

$104/day ($109 in 2016$) for wildlife watching—like many non-market activities, the values found in the 

literature vary widely. 

Table 1. Selected Outdoor recreation Participant’s Daily Variable Expenditures. 

Activity North Dakota* Minnesota** National Survey** 
Upland Game Hunting $69 $42 --- 
Waterfowl $71 $42 --- 
Deer Hunting (firearm) $95 $42 $65 (big game) 
Birdwatching --- $33 $104 (wildlife watching) 
Average of ND Columns = $78 ($81 in 2016 Dollars) 

Sources: *Taylor et al. 2013. **US FWS 2013. 

State-level expenditure data are frequently reported as made by residents or non-residents, since that 

distinction makes a difference when estimating regional impacts (RED).  If reliable data are available to 

distinguish participant days among residents and non-residents, and their expenditures are notably 

different, they should be estimated separately.  If they are similar, lump them together.  

Regional Economic Development (RED) benefits.  Changes in employment, gross business volumes, and 

tax revenues are also estimated using participant expenditures (these are RED benefits).  An input-

output (IO) model is generally used for RED estimation. Total outdoor recreation expenditures are run 

through an IO model, resulting in estimates of business volume by sector and total business volume (i.e., 

gross business volume - GBV). Business volumes by sector are used to estimate changes in employment. 

Coon et al. (1985) developed a North Dakota IO model that has been used frequently in Minnesota and 

North Dakota (Taylor et al. 2013, Leitch et al., 1997). 

For example, multiply the total expenditures made by the construction sector by 2.4 to get GBV 

generated as a result of construction.  Divide construction-generated GBV by $310,000 for an estimate 

of the jobs supported.  Similarly, multiply total variable expenditures made by recreationists in the 

region by 2.1 (80% in retail trade sector) and 2.7 (20% in business and personal services sector) to get 

GBV generated.  Every $346,000 of GBV in the retail trade sector supports one job, and every $117,000 

of GBV in the business and personal services sector supports one job.  

As another example, assume 100 birders flocked to Detroit Lakes, MN in the fall of 2015 to see the rare 

Vermillion flycatcher.  If they each spent $153/day during a three-day visit, that's a total expenditure of 

$45,900, and a GBV of just over $100,000, which would support less than one job in the region.  If those, 
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or other, birders returned in the spring to watch prairie chickens from a ground blind, their expenditures 

would help support the local economy. 

Application.  Analysts use the changes in participant days estimated by the planning team to estimate 

the aggregate values of changes (NED) in outdoor recreation opportunities.  For water management 

alternatives in small northwest Minnesota watersheds, a practical value to use is daily variable 

expenditure (Table 1), or that expenditure times a factor of 1.4, which is $113 for generic hunting and 

$153 for other types of F&W based outdoor recreation. 

However, if other, more rigorous, site-specific data using CVM or other approaches are available and 

applicable, that is clearly an acceptable alternative.  If RED benefits are to be estimated, a local or 

regional input-output should be used (such as Coon et al. 1985). 

Fish and Wildlife 
Fish and wildlife resources have multiple extrinsic and estimable values to society.  Intrinsic values, or 

the value of something just because it exists, are beyond the scope of this paper and not theoretically 

consistent with the economics of small watershed management.  Neither are the values of entire 

species populations (i.e., all or none), rather the value of individual animals at the margin (e.g., one 

more or one less, ten more or ten less) is the appropriate perspective.   

Most of the fish and wildlife resources in northwest Minnesota are not threatened or endangered (T&E).  

If management alternatives impact T&E species or their habitats, those impacts need to be addressed 

appropriately.  Southwick Associates (2011) reported that each individual whooping crane (of the 109 

alive in the world) was worth $36 million dollars to US citizens!  This figure was extrapolated from a CVM 

study and is probably not reflective of a free market price for one bird at the margin (NOTE:  There are 

an estimated 400+ whooping cranes in 2017). 

A report on the total value of the Prairie Pothole Region in the Dakotas included the value for an 

additional duck added to the fall flight was $8.21 (2011$)(Gascoigne et al. 2011).  This may be a 

reasonable number to use for evaluating added waterfowl production at small watershed projects in 

northwest Minnesota.  While some may argue that the project ‘produces’ the thousands of waterfowl 

that may visit a site, those migrating waterfowl generate value through bird-watching activity.  Only 

those actually produced at the site are additional birds in the population. 

Further, fish and wildlife values are ‘derived values’.  Their value is derived from the value for an activity 

that includes F&W as an input, such as hunting, fishing, birdwatching, nature photography, or hiking.  

Some of these activities are consumptive (the resource is unavailable to others, e.g., hunting), while 

others are non-consumptive (the resource is available to multiple users).  The derived values of F&W 

may be included in the estimates of the value of outdoor recreation activities, so be alert to the 

possibility of double counting. 

Another set of values of F&W resources includes option, existence, and bequest values.  These are 

generally not for marginal changes (a few more or less) in the populations of F&W, but are for 

substantial changes in populations or for the resource as a whole.  For example, an option value for 

ruffed grouse is the person’s value that he/she may someday in the future be able to enjoy the species 

(consumption or non-consumptive).  An existence value is the value put on simply knowing ruffed 

grouse exist, without the expectation of ever seeing or harvesting.  Finally, a bequest value is the value 
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someone has for someone else in the future to enjoy ruffed grouse.  None of these three types of values 

is appropriate for assessing marginal changes (a few more or less) in F&W populations as a result of 

small watershed management practices.  That is, of course, unless the species is locally T&E, in which 

case explicit consideration would need to be given to that species when developing watershed 

management alternatives. 

If there are water management activities that affect F&W resources and those impacts can reasonably 

be tied to the numbers of individual animals and are not part of outdoor recreation, then a good upper 

bound proxy for valuation is Minnesota’s restitution values (Minnesota Rules 2001).  Some typical 

restitution values for fish and wildlife found in northwest Minnesota include walleye ($30 if < 22”), otter 

($100), ruffed grouse ($50), and whitetail deer ($500) (Table 2).  Restitution value for threatened and 

endangered mammals and birds is $4,000 each (2001$) (Table 2). 

Table 2. Restitution Values for (selected) Fish and Wildlife – Minnesota* 

Walleye $30 if less than 22”, 
$10/inch over 22” 

Canvasback duck $200 

Northern Pike $30 if less than 32”, 
$10/inch over 32” 

Whitetail deer $500, plus adjustments 
for trophy-sized 
animals 

Channel Catfish $10/ if less than 26”, 
$10/inch over 26” 

Moose $1,000, plus 
adjustments for 
trophy-sized animals 

Wild Tukey $400 Black bear $400 

Ruffed Grouse $50 Cottontail rabbit $20 

Woodcock $50 Gray Wolf $1,000 

(most) Ducks $200   

*Minnesota Rules 2001, Chapter 6133, Department of Natural Resources, Restitution Value for Fish and 

Wildlife. https://www.revisor.mn.gov/rules/?id=6133&date=2001 (accessed 29 October 2016). 

Application:  If the planning team can clearly describe the relationship between a project alternative and 

more (or fewer) individuals of a species and the connection did not involve double-counting with 

recreation, or habitat, values, then those F&W values should be included as an alternative cost or 

benefit, whichever is appropriate. Minnesota's F&W restitution values are a good surrogate for the 

value of individual animals.  Further, it needs to be explained whether the addition (subtraction) is a 

one-time event, or an annual event over the life of the alternative.  However, values such as $36 million 

for a single whooping crane may be difficult to justify. 

Wildlife Habitat 
Plenty of attempts have been made to value habitat and other ecosystem services in the United States 

and worldwide.  Considerable effort has been made to value wetlands (Leitch and Ekstrom 1989, Leitch 

and Ludwig 1995).  For example, the International Institute for Sustainable Development (2013) 

reported the average value of wetland habitat from 30 studies in the United States was $383/year 

(2012$), and that the habitat function was 24 percent of that number. 

Few empirical studies have been done of the values of specific wetlands in the Upper Midwest.  One 

study, "Empirical Valuation of Prairie Potholes:  Five Case Studies" (Leitch and Hovde 1996), in eastern 
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North Dakota estimated the user, owner, regional, and social values.  It is the social values we are 

interested in when assessing water management alternatives in northwest Minnesota. Their results 

show wetlands had annual/acre social values of from $11 to $66 ($19 to $112/acre in 2017 dollars). 

Another study estimated that on average, the public’s willingness to pay for protecting an acre of typical 

fresh water marsh is about $425 annually in the United States (Randall et al. 2008) (Table 3). 

There is considerable literature on the NRE benefits of CRP lands.  Unfortunately, most of it looks at the 

aggregate and not at a per acre basis.  One study (CRP: BC 2003) based its findings on Ribaudo et al. 

(1990) to conclude that an acre of CRP in the Northern Plains states had an estimated annual small game 

hunting benefit of $1.56 (2002$). 

Some studies report very large numbers for the values of wetlands and grasslands (Table 3 and 4).  For 

example, a study of the world’s ecosystem services (Costanza et al. 1997) reported the total value of 

wetlands was $5,983/acre/year (1994$); and grass/rangelands was worth $153/acre/year (2016$).  

Southwick Associates (2011) reported the value of wetland habitat in the contiguous U.S. states was 

$10,608/acre/year; shrub land was $660/acre/year; and grassland was $62/acre/year. These values are 

NOT marginal values of one more or one less wetland, they are average values based on some global 

assessment of ecosystem services.  They estimate that, in the aggregate, ecosystem services are worth 

$33 trillion to the global economy and that global commerce is worth just $17 trillion.  As such, they are 

interesting numbers, but not at all applicable to valuing marginal wetlands in northwest Minnesota. 

TABLE 3.  Selected Examples of Wetland Values. 

Author Resource Published Value # Sources 2016 Value/Acre 

IISD 2013 Wetland $262/ac/yr (2006) 30 $314/ac/yr 

Costanza et al. 1994 Wetland $14,785/ha/yr (1994) >100 $9,747/ac/yr 

Leitch and Hovde 
1996 

Prairie 
Pothole $27 to $163/ha/yr (1994) 1 

$111 to 
$666/ac/yr 

Randall et al. 2008 Wetland $425/acre/yr (2008) many $486/ac/yr 

Southwick 2011 Wetland $10,608/ac/yr (2011) 1 $11,386/ac/yr 

 

TABLE 4.  Selected Examples of Grassland/CRP Values. 

Author Resource Published Value # Sources 2016 Value/Acre 

Costanza et al. 1994 Grassland/Rangland $232/ha/yr (1994) >100 $153/ac/yr 

Southwick 2011 Grassland/Rangland $62/ac/yr (2011) 1 $67/ac/yr 

Southwick 2011 Shrubland $660/ac/yr 1 $708/ac/yr 

USDA, FSA 2003 CRP $30/ac/yr (2003) 1 $40/ac/yr 

USDA, NRCS 2010 GRP $10.65/ac/yr (2008) 1 $12/ac/yr 

 
Grassland/Rangeland/Shrubland Average: $245/ac/yr 
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The wildlife habitat portion of the total payment /acre via the Grassland Reserve Program lands (GRP) 

has been estimated at $10.65/acre/year (2008) and of CRP at $30/acre/year (2003 $)(USDA, NRCS 

2010).  The balance of the GRP payment/acre is for other values (e.g., reduced soil loss). 

Clearly, estimates of the values of habitat, such as wetlands and grasslands, vary widely.  Also, those 

values include amounts for all ecosystem services (i.e., sediment trapping, flood water attenuation, 

carbon sequestration), not just the value as habitat (which IISD estimated to be 24% of the total). Most 

importantly, for purposes of this guidance, the Costanza and Southwick values are average and not 

marginal.  The value of one more or one less acre (i.e., marginal value) is the appropriate measure for 

evaluating wetlands in northwest Minnesota.  In the absence of any widely accepted values for habitat 

in northwest Minnesota, perhaps a simple average of a few grass/rangeland/shrub land estimates would 

be appropriate for the present purpose, or about $245/acre/year.   

Of course, a more exhaustive literature review could turn up many more estimates, which could also be 

averaged.  One could also use weighted averages, weighing the values/acre by the numbers of sources; 

which if we did for the grassland/shrubland numbers above the weighted average would be just over 

$153/acre/year and not $309/acre/year.  Or, we could average the two averages ($231). 

Fortunately, wetlands do not always need to be valued when assessing water management alternatives 

in northwest Minnesota, since Minnesota has a rigorous wetland mitigation policy.  If it can be 

demonstrated that there is a net gain in wetland acreage from a project, then the price of wetland in the 

regional wetland bank (MBSWR 2016) may possibly be a reasonable (but not conceptually proper 

because it is not representative of an individual’s willingness to pay) proxy.  

“Typically, credits in the Minnesota Ag wetland bank are cheaper than in the regular wetland bank. 

Statewide prices range from $5,000 (annual = $150) to $25,000 (annual = $750) per credit in the Ag 

wetland bank and from $15,000 (annual = $450) to $40,000 (annual = $1200) in the regular bank, 

according to an NRCS official at the meeting.”  (Willette 2014) Some urban wetland bank credits have 

sold for over $100,000 (annual = $3,333). The current cost for wetland credits is about $9000 (annual = 

$270) (Marshall County Ag Bank) to $17,000/acre (annual = $510) (Roseau County 'regular' Bank) in 

northwest Minnesota (Lemm 2016). 

One caution when using wetland prices from the Minnesota Wetland Bank is that they come at a cost. 

Wetland must conform to very specific guidelines before they can be made available in the bank, and it 

may cost as much as $10,000/acre, or more, and take up to ten years, or longer, to develop bankable 

wetlands.  These costs must be included in the project costs if wetland bank numbers are used to value 

wetland habitat. 

Another potential source of wetland or habitat value is the amount paid by conservation organizations 

(e.g., The Nature Conservancy or Ducks Unlimited) to purchase such lands in northwest Minnesota.  

These land costs could be another data point in the search for a proxy value. 

Wildlife habitat has many values for socially-valued purposes other than just habitat.  For example, 

habitat vegetation may help reduce sediment loads to waterways or reduce/retain flood flows.  Habitat 

also has value as an aesthetic resource and may produce other marketed goods such as timber or native 

hay.  Be careful to not double count.  Any values of wildlife habitat changes as a result of a project that 
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are separate from F&W values estimated above and other environmental services estimated elsewhere, 

should be included in the BCA. 

Phase I-BCA. Green Meadow Recreation, Fish and Wildlife, and Habitat 
Fish and wildlife habitat values found in the literature are wide ranging and not always consistent with 

economic theory.  Care must be taken to use marginal values (and not average) for situations typical of 

northwest Minnesota. Care must also be taken when making ‘benefit transfer’ (using a value from 

another location) estimates of value that the conditions are justifiably similar.  Using a value, such as 

$9,747/ac/year (equivalent to a capitalized value [@ 3%] of $324,900!) for northwest Minnesota 

wetlands is clearly not justified.  A more likely value would be in the range of $500 to $700/ac/year [cap 

value of $16,666 to $23,333] for bankable wetlands, or half that for non-bankable wetlands.  Of the total 

payment/acre for conservation programs, the portion for upland or grassland habitat could legitimately 

be valued at $30 to $150/ac/year. 

Any value used in the BCA should be justified if substantially different than the suggestions made here.  

It is more important to use consistent values among projects than it is to develop project specific values 

without strong justification.  If one type of valuation tool is used to measure one benefit, the same type 

of tool should be used to measure all benefits (e.g., crop production could be valued using a global 

measure of how it relates to feeding 7.8 billion people).  In economic lingo, if you use CVM and 

consumers’ surplus on one, use it on all. 

Outdoor recreationist expenditure data are used to estimate RED values, such as gross business volumes 

and employment.  The North Dakota I-O model has been used extensively in neighboring states, 

including Minnesota (Leitch et al. 1997, Leitch 2012), and is appropriate for estimating RED values for 

small watershed projects in northwest Minnesota. 

In the absence of more detailed F&W information regarding the Phase I BCA GMDSS example, we 

assumed: 

1. 20 acres of (legitimate) wetland habitat is developed @ $600/ac/year = $12,000/yr 

2. 20 acres of (legitimate) upland habitat is developed @ $100/ac/year =  $2,000/yr,  

3. F&W-based recreation will increase by 200 user days/year @ $130/day = $26,000/yr 

 

Phase I preliminary BCA TOTAL of $40,000/year in this category of benefits. 

Summary and Conclusions 
Water management alternatives have the potential to both positively and negatively affect fish and 

wildlife resources and associated recreational opportunities.  Three possible areas for valuation are (1) 

outdoor recreation, (2) fish and wildlife, and (3) habitat.  Dollar values were identified from the 

literature for fish and wildlife resources normally found in northwest Minnesota, explicitly (and only) to 

be used in the economic analyses of small watershed projects.    

Valuing outdoor recreation days is the most straightforward, since plenty of secondary data are 

available.  Outdoor recreation days are valued from as little as $3.90 to several hundred dollars, 

depending on the valuation method and type of recreation. Recent and periodic survey results of hunter 

and angler expenditures in North Dakota are transferable to northwest Minnesota. Unless 'better' data 

are available, outdoor recreation expenditures (including CS) of $113 (generic hunting) and $153 
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(wildlife watching all other) are reasonable proxies for northwest Minnesota. The value of 'habitat' also 

varies greatly in the literature, however an average of $40/ac/yr. for grassland and $600/ac/yr for 

bankable quality wetland seems appropriate until/unless a better estimate is developed. 
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CHAPTER 5:  WATER QUALITY 
The purpose of this chapter is to develop preliminary Phase I BCA estimates for the water quality 

benefits using the GMDSS as an example.  Primarily, this discussion is intended to demonstrate the need 

to establish logical links between potential water quality functions of the project and, in-the-end, goods 

or services demanded.  Additionally, value estimates of example GMDSS project-induced reduction in 

three types of water quality impairments (Nitrogen, Phosphorous, and Sediment) will be made.   

This chapter is guides the reader through a 5-step process: (1) there is a water quality problem, to (2) 

the preferred strategy (e.g., GMDSS) will reduce contaminants, to (3) why do contaminants need to be 

reduced, to (4) what is the dollar value of reduction, and (5) are there better ways to do it.  Finding 

better ways to accomplish the functions (e.g., solve the water quality problem) is the responsibility of 

project planners/engineers during the development of alternatives.  It is also the responsibility of 

project planners and engineers to decouple project features (e.g., water quality and F&W) that are 

independent (see SCRB Concept, Chapter 1) in order to conduct the BCA. 

Once an evaluation process has been laid out in the preliminary Phase I BCA, others will have the 

opportunity (and are encouraged) to identify (1) areas for improvement, (2) available data to replace 

assumptions, (3) specific data needs, (4) specific project features and operational protocols, and (5) 

flaws in logic.  These will be used to refine the final Phase II BCA. 

Nutrient and sediment reduction are commonly claimed ‘benefits’ of retention ponds and wetlands 

(Guzner 2017, and many others).  The most common nutrients addressed are nitrates (N) and 

phosphorus (P).  Guzner (2017) studied water quality of the North Ottawa DSS project (similar to 

GMDSS) in Traverse County, Minnesota, and reported 73% reduction (water in vs. water out) in N and 

66% reduction in P in 2016.  [Guzner didn’t actually get to the economic ‘benefits’ of WQ changes, he 

only measured the changes in water quality parameters. Refer to previous “Assigning Values” section 

Chapter 1]  The wetlands literature (see, for example, the scientific journal Wetlands or the Journal of 

Soil and Water Conservation) contains abundant articles describing the nutrient and sediment trapping 

efficacy of wetlands and impoundments.  Nearly all of the literature focuses on the changing levels of N, 

P, and sediment as a result of a wetland or impoundment - which is a function.  Most fail to make the 

link with the final societal demand for improvements in water quality, which is the value needed for 

BCA. 

This preliminary Phase I BCA addresses N, P, and sediment (as measured by turbidity and total 

suspended solids) reductions (Appendix 5-A and 5-C) resulting from the GMDSS at the Green Meadow 

watershed outlet to the Red River of the North (just northeast of Ada, MN), as an example of the steps 

in an analytical process to get to the water quality benefit valuation.  This preliminary phase I BCA is 

almost entirely based on secondary data and reasoned assumptions.  The final Phase II BCA will be 

based on a refined data set provided by project planners and engineers after alternatives are fully 

developed. 

Economic Value 
Economic value is discussed in Chapter 1 (as well as, of course, in thousands of textbooks!) along with 

other important principles and concepts.  One aspect of value needs to be reiterated as it relates to 

water quality and BCA: value exists as long as someone (an economic agent), in a free market situation, 

is willing to pay to have more of something perceived as positive, or less of something perceived as 
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negative.  Alternatively, government rules and regulations setting water quality standards imply (but 

rarely provide transparent analysis) the social value of achieving those goals is at least equal to the 

costs; notwithstanding the imperfect nature of the link from social well-being to government mandates. 

While floodwater storage ponds may function as nutrient or sediment sinks, this function is not a value.  

The relationship between function and value could be (1) a downstream/in-stream user’s value, (2) an 

administered value/mandate or (3) of no social value.  This relationship is discussed in the literature; for 

example, the transformation of wetland attributes to social values is described in Leitch et al. 1994 and 

Henry et al. 1988. 

Users’ value.  There is users’ value if an economic agents exist that would be willing and able to pay to 

purchase a positive outcome or to have a negative outcome reduced. However, the market in which 

that transaction occurs must be free, open, and unfettered by government-induced price distortions. 

For example, municipal users of downstream water may be willing to pay to reduce sediment loads to 

improve water quality, but they would not be willing to pay any more than what the sediment load costs 

them in added treatment costs on-site. 

Users outside the valuation perspective (e.g., local, state, or federal) don’t have any ‘valuation standing’, 

except through legislation, then it’s a matter of administered values.  International treaties, for example, 

may mandate a water quality standard.  The treaty implies that the standard is supported by social 

values at least as much as the cost of achieving the standard.  Further, from a BCA perspective, the 

geographical area representing the source of costs should coincide with the area representing benefits.  

This is a taxation equity principle—that the taxpayers should be the same as the beneficiaries.  

Taxpayers in region A should not be responsible to pay for benefits in region B (unless there is also an 

income distribution goal at play; in which case, the wealthy should pay for the poor’s benefits.). 

Administered value.  An administered value is one that exists because of government rules and 

regulations.  Government spending is NOT a legitimate proxy for value.  The value of wetlands in the 

Minnesota Wetland Bank is a quasi-market, administered, value, that would not exist at that amount in 

the absence of the Bank.  No net loss regulations require individuals to purchase wetland acres from the 

Bank (or come up with an alternative).  Such government standards are indications of a perceived value.  

Nutrient reduction values are an administered value if government mandates the reduction.  Similarly, if 

higher levels of government are willing to pay for water quality improvements, there may be an implied 

value at least equal to the cost of the improvement. 

No downstream use value.  If there are no economic agents downstream, or elsewhere, that would be 

willing to pay for higher quality water, that improvement in quality has no economic value within the 

context of the BCA, regardless of whether it can be achieved.  However; if the law mandates water 

quality improvements, then it becomes an administered value consideration. 

Project planners and analysts must quantify these non-market values—to go from function to value in a 

logical manner.  If a value cannot be quantified it will not be part of any efficiency calculation.  However, 

a narrative can be included to discuss/explain all non-quantified values of the preferred alternative.  

Function to Value 
Hanson and Ribaudo (2008) describe the link between an identified environmental disturbance and the 

value to society of affecting the level of disturbance.  For example, nutrients in cropland runoff are an 
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environmental disturbance but the measure of nutrients in runoff is simply a data point.  What is the 

link from that data point (#1 below) to a change in social well-being (#5 below)?  The sequence of 

questions to ascertain the environmental disturbance and the value to society of affecting the level of 

disturbance include: 

1. A measured change in the landscape, 

2. How that change manifests itself downstream, 

3. How that change affects specific resources,  

4. How that change affects human uses (the problem), and 

5. What is the value of that change (for use in BCA)? 

 

These sequenced questions will be followed to estimate the benefits of the example GMDSS (Appendix 

5-B). 

Project features and operational protocols need to be clearly specified in order to assess specifically how 

the project changes nutrient and sediment levels (step 1).  For this preliminary Phase I BCA, we’ll assume 

the GMDSS example will have a total pool capacity of 2,500 acre-feet. 

An estimate of Spring Creek/Green Meadow subwatershed nutrients delivered to the outlet (Fritz 2018, 

Appendix 5-C):  

 Annual sediment delivered to outlet: 11,152 tons. 

 Annual total nitrogen delivered: 8,968 pounds. 

 Annual total phosphorous delivered: 506 pounds. 

 

Reducing these sediment and N & P loads may affect drinking water quality, quality and quantity of 

instream habitat, and/or compliance with state/federal water quality standards. 

Water Quality Benefits 
A five-step process will be used to work through an example assessment of water quality benefits using 

the GMDSS (Appendix 5-B).  As earlier stated, the challenge for project planners and analysts is to 

establish a reasonable and logical link between the function (e.g. the reduction in N, P or sediment 

water quality parameter resulting from a proposed water management alternative) and value to society 

(Chapter 1, Section J). 

1. Identify the physical change in N, P, and sediment as a result of GMDSS.  Assume the following 

reductions achieved by GMDSS for preliminary Phase I analysis (In the final Phase II BCA, water 

quality models would be used to better estimated or validate the preliminary estimated reductions 

in a given constituent): 

 3,000 tons/year sediment trap (the bulk of Green Meadow subwatershed sediment load occurs 

from areas downstream of GMDSS, Fritz 2016), 

 6,300 #/year N reduction at outflow (similar to reductions at North Ottawa, Guzner 2017), and 

334 #/year P reduction at outflow (similar to reductions at North Ottawa, Guzner 2017), 

 

While turbidity is identified as a water quality impairment in the Marsh River (downstream of the Green 

Meadow subwatershed), neither N nor P are identified as impairments (MPCA2006).  In that case, 
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reductions in N and/or P have no social value unless further efforts to determine their value using 

economic methods (e.g., contingent value) occur during the Phase II final BCA. 

 

2. How does the physical change in N, P, and sediment affect downstream and on-site resources? 

Sediment reduction would result in (1) less deposition in-stream that affects aquatic biota, (2) reduced 

sediment load in Spring Creek-Marsh Creek-Red River, or (3) reduced M&I water treatment costs at 

Grand Forks (the downstream municipality using water that - in part - comes from the Green Meadow 

subwatershed as a drinking water source). 

For the sake of having a value number for this preliminary Phase I BCA, we assume N reduction 

(334#/year) as a result of the GMDSS would enhance in-stream aquatic biota habitat (the method and 

extent of enhancement is unknown at this time). 

Phosphorous reduction at the GMDSS would conceptually reduce P delivery to Lake Winnipeg.  Although 

there are load reduction recommendations established through various state watershed planning 

efforts (i.e., TMDL, WRAPS), the Wild Rice Watershed District has no requirement or legal obligation or 

requirement to meet and P reduction targets or to enhance Lake Winnipeg (or anywhere) since there is 

currently no Minnesota law mandating how much P (or N or sediment) loading is allowed from the 

watershed.  If the Manitoba (or Canada) government saw value in P load reductions, then they should 

be willing to cost-share for GMDSS project (assuming the amount of P and sediment reduced at Lake 

Winnipeg as a result of the GMDSS project could be measured!).  Alternatively, if there was an 

international treaty setting P load limits at the international border, then US entities would have a legal 

obligation to meet those limits. This obligation could be met through expenditures to implement 

alternatives that reduce P loads at the international border or if the burdened party accepted a payment 

to accept higher levels of P. 

3. Identify the problem caused by impaired water quality in-stream and downstream. 

The alleged primary water quality problem is N, P, and sediment in Green Meadow/Spring Creek 

subwatershed example, which empties into - through 15 miles of natural and channelized waterways - 

the Marsh River.  The Marsh River flows about 25 miles entering the Red River of the North at river mile 

357, just northwest of Shelly, MN.  From the Marsh River-Red River confluence it is about 59 river miles 

to Grand Forks, ND-East Grand Forks, MN.  The total distance, in river miles, from the GMDSS example 

to Grand Forks, ND-East Grand Forks, MN is approximately 100 miles.  Spring Creek contributes about 

0.006 of the flow at this location (Fritz 2016).  At this point, there are no estimates of the annual 

nutrient and sediment loads at Grand Forks, ND – East Grand Forks, MN which would be reduced by the 

GMDSS, nor are there estimates of how N, P, and sediment levels will change at various points 

downstream (specific estimates would need be developed by the project team during the Phase II BCA). 

Aquatic biota habitat might be improved by reducing sediment, N, and P as a result of the GMDSS 

operation; however, at this point (Preliminary Phase I BCA), there are no estimates of how that would 

happen or the extent of the resulting change in habitat.  Estimates of how much habitat biota would 

improve downstream of the example GMDSS would need to be estimated by the planning team during 

the final Phase II BCA. 
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4. Describe and quantify the water quality problem (i.e., the presence of high sediment levels in rivers is 

costly) as it relates to human uses/values impacted. 

The problems identified in step 3 need to be quantified in order to ultimately estimate economic value.  

Three questions need to be answered: 

 How does water quality impairment change aquatic biota habitat? 

 How does water quality impairment change water treatment needs? 

 How does water quality impairment relate to water quality standards? 

 

Some assumptions (which will be replaced with scientifically-derived or modeled data in the final Phase 

II BCA) are necessary for this preliminary Phase I BCA. 

Assume GMDSS removes 3,000 tons/year of sediment, further assume 1,000 tons/year are kept out of 
the downstream channel and 2,000 tons/year are kept out of the Red River.  However, it remains 
unclear just what the ultimate effect of keeping 3,000 tons/year of sediment in GMDSS might be.  
Presumably, sediment deposited within the impoundment itself would have to be removed at some 
point in time, which must be added to the project cost. 
 
There are issues with this assumption.  Streams have an inherent sediment transporting power, a 
function of water volume and velocity of water (Rakovan and Renwick 2011, Renwick and Rakovan 
2010).  When sediment is removed from a watercourse, the sediment transport capacity has room to 
replace the amount removed.  Rakovan and Renwick (2011) claim “Reach-scale restoration will neither 
improve water quality nor prevent continued system-wide channel instability.”  However, Tiessen et al. 
(2011) argue just the opposite from research done in southcentral Manitoba.  The Phase II BCA question 
for project planners and engineers is: If sediment is removed from a watercourse at point A, will the 
stream pick up replacement sediment downstream? 
 
As noted earlier, there is MN has no standard for N or P and there is no obligation for the Green 
Meadow watershed to limit N and P loads to receiving waters.  For the purpose of this preliminary Phase 
IBCA, we assumed the GMDSS example removes 6,300 lbs./year of N, and 334 lbs./year of P from Spring 
Creek (this is a generous assumption since most N and P originate from areas downstream of the 
proposed GMDSS location - Appendix 5-C). 
 
5. Value the social cost of the impairment (baseline) (i.e., impacts of too much sediment in water).  

We’ll also assume there is some value to aquatic biota from reducing N and to Lake Winnipeg from 
reducing P as a result of the GMDSS.  Note the value of P reduction to Lake Winnipeg is not included in 
the preliminary Phase I BCA calculation because of the ‘taxation equity’ principal discussed earlier.  
Project planners and engineers will revisit and refine these assumptions during the final Phase II BCA. 
 
Turbidity is listed as an impairment in Marsh Creek (downstream watershed of the GMDSS example). 

Sediment settles in the watercourse with a cost to remove of about $5/ton (ND SWC 2018).  The 1,000 

tons of sediment that would need to be removed would cost about $5,000/year to remove. 

Sediment decreases aquatic biota habitat quality (reduction in aquatic biota).  Hansen and Ribaudo 

(2008) estimate the value of this reduction to be from 0 to $0.12/ton (2008$).  Using the midpoint 
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($0.06/ton) for 3,000 tons, results in a value of $180/year as the value of the increase in aquatic biota 

habitat resulting from the GMDSS example. 

Sediment increases cost of M&I water treatment at Grand Forks, ND-East Grand Forks, MN.  Hansen and 
Ribaudo (2008) estimated the value of keeping a ton of sediment out of M&I water sources at $0.04 to 
$1.45/ton (2008$).  The 2000 tons/year that are kept out of the Red River would have a value of 
$2,000/year (using $1/ton). Other ways to estimate the value of sediment reduction include: (1) 
comparing the 2,000 tons/year sediment reduction to the total sediment load at the water intake to 
estimate the reduction in treatment chemicals used. (2) Use $0.73/af estimated elsewhere as the value 
of retention for improving water quality.  (3) Compare what others have spent to achieve sediment 
reduction.  This ranges from $281/ton to $1,538/ton (simple average of $760/ton) for sediment 
reduction projects cost-shared by BWSR in FY 2016 and makes a huge assumption about government’s 
ability to assess changes in social well-being. 
 
6. Estimate potential reductions in the impairment through other methods (E.g. BMPs). 

Well-established Iowa court decisions favor placing liability on the party who can avoid the harm at the 
least cost. The Supreme Court ruled that the “least-cost avoider” for removing nitrates from drinking 
water may well be the Des Moines Water Works, who is already required by law to provide safe drinking 
water to its customers (McAfee 2017).  A comprehensive alternatives analysis would identify and 
evaluate other methods to change the levels of N, P and TSS and thereby improving water quality, such 
as cropland BMPs.  The ‘value’ of a GMDSS reduction would be no more than the least costly, feasible 
alternative.  There are a number of GIS-based water quality models (E.g. PTMApp, HSPF, ACHP) that can 
be used to readily identify and compare sediment nitrogen and phosphorous reductions from selected 
alternatives. 
 

Altered Hydrology 
Altered hydrology (aka hydrological alteration) is a fairly new concept being considered in the 

environmental community.  Hydrological alteration can be defined as any anthropogenic disruption in 

the magnitude or timing of natural river flows (Rosenberg et al. 2000).  Altered hydrology refers to how 

the actions of humans have changed hydrologic conditions resulting in an undesirable outcome (Kelly et 

al. 2017). 

The concept of altered hydrology implies that society’s well-being is being reduced by past human 

interference with the landscape (in the present case) namely cropland water management and 

associated water works.  The negative aspects of altered hydrology must be identified, quantified, and 

monetized.  How will the proposed project reduce the negative aspects of altered hydrology and 

increase social well-being? The effects of correcting altered hydrology problems should be included in 

the above 5-step process.  Project planners/engineers need to identify, describe, and quantify them in 

order to assign some society value for the final Phase II BCA. 

Phase I-BCA. Green Meadow Water Quality 
There may certainly be additional water quality improvements (functions) resulting from the operation 
and management of the GMDSS example.  In order to include them in the BCA, these water quality 
improvement – or functions - must be converted to societal value (Chapter 1, Section J).  This is an area 
of study requires further attention from project planners, engineers, and economist to develop 
reasonable and logical steps from function to value in order to conduct efficiency analysis. 
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It is clear that there are plenty of unknowns in the path from ‘sediment and nutrient runoff’ to placing a 
defensible value of incremental reductions in those water quality impairments.  This preliminary Phase I 
BCA has identified some steps to bridge that gap, but numerous assumptions and secondary values were 
used.  Given those constraints, the value of N, P, and sediment reductions accomplished by the GMDSS 
example in this preliminary Phase I BCA (Table 1). 
 
Table 1. Nitrogen, Phosphorous, and Sediment Reduction Values. 

Benefit to:   Annual  Present Value (50 years @ 3%, 25.73) 
  ----------------- Reduced Sediment / TSS ----------------- 
M&I users     $2,000   $51,460 
Aquatic biota  $180   $4,631 
Channel clean-out $5,000   $128,650 
 
 
  ------------------------- Reduced N loads ------------------------- 
Aquatic biota  $1,825   $46,957 
 
  ------------------------- Reduced P loads ------------------------- 
Lake Winnipeg  $120/year*  not applicable 
  
Totals   $9,005/year  $231,700  
 *Non-US values are not included in the total. 
 
A preliminary estimate of the water quality improvements achieved through the GMDSS example 
project is $9,005/year or $231,700 over a 50-year project life.  This estimate may change (higher or 
lower) with more information to conduct the final Phase II BCA. 
 

Summary and Conclusions 
The links between an observed runoff water quality data point (e.g., N level in water, N loading 

reduction estimates downstream) and a potential societal value are not well established.  Proposed 

project / alternative functions, such as ‘remove nutrients’, are not social values, but can lead to values if 

the appropriate analytical steps are taken.  These steps must be clearly articulated in order to estimate a 

defendable social value for the water quality functions of a DSS project. 
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Appendix 5-A. Excerpts from MPCA 2006, pp. 63-64. 
 

TOTAL PHOSPHOROUS (TP). Total phosphorous includes organic phosphorous and inorganic phosphate. 

Organic phosphorous is a part of living plants and animals. It is attached to particulate organic matter 

composed of once-living plants and animals. Inorganic phosphates comprise the ions bonded to soil 

particles and phosphates present in laundry detergents. Phosphorous is an essential element for life; it 

is a plant nutrient needed for growth and a fundamental element in metabolic reactions of plants and 

animals. In northern Minnesota, phosphorous functions as a “growth-limiting” factor because it is 

usually present in very low concentrations. This scarcity of phosphorous is attributed to its relationship 

with organic matter and soil particles. Any unattached or “free” phosphorous, in the form of inorganic 

phosphates, is rapidly taken up by algae and larger aquatic plants. Because algae only require small 

amounts of phosphorous to live, excess phosphorous cause’s extensive algal growth called algal blooms. 

Algal blooms color the water a pea soup green and are a classic symptom of cultural eutrophication. 

Sources of phosphorous are human wastes, industrial wastes, and human disturbance of the land and its 

vegetation. 

NITRATES (NO2-NO3, NH3):  Nitrate and nitrite are inorganic forms of nitrogen in the aquatic 

environment. Nitrate along with ammonia (NH3) are the forms of nitrogen used by plants. Nitrates and 

nitrites are formed through oxidation of ammonia by nitrifying bacteria, a process known as nitrification. 

In turn they are converted to other nitrogen forms by denitrification and plant uptake. Nitrogen, in its 

various forms is usually more abundant than phosphorous in the aquatic environment; therefore, 

nitrogen rarely limits plant growth as does phosphorous. Aquatic plants are not usually as sensitive to 

increases in ammonia and nitrate levels. Sources of nitrates are the atmosphere, inadequately treated 

wastewater from sewage treatment plants, agricultural runoff, storm drains, and poorly functioning 

septic systems. 

TURBIDITY:  Turbidity is the relative clarity of the water. It is the result of suspended solids in the water 

that reduce the transmission of light. Suspended solids are varied, ranging from clay, silt, and plankton 

to industrial wastes and sewage. When turbidity is high, water loses its ability to support a diversity of 

aquatic organisms. Oxygen levels decrease in turbid waters as they become warmer as the result of heat 

absorption from the sunlight by the suspended particles and with decreased light penetration resulting 

in decreased photosynthesis. Suspended solids can clog fish gills, reduce growth rates and disease 

resistance, and prevent egg and larval development. Settled particles can accumulate and smother fish 

eggs and aquatic insects on the river bottom, suffocate newly-hatched insect larvae and make river 

bottom microhabitats unsuitable for mayfly nymphs, stonefly nymphs, caddis fly larvae, and other 

aquatic insects. 

TOTAL SUSPENDED SOLIDS:  The volume of particles that float in a sample of water is called total 

suspended solids or TSS. To remain permanently suspended in water (or suspended for a long period of 

time), particles have to be light in weight (they must have a relatively low density or specific gravity), be 

relatively small in size, and/or have a surface area that is large in relation to their weight (a shape like a 

sheet of paper). Suspended particles usually have a size less than 1/16 of a mm. The particles usually 

have a specific gravity or apparent specific gravity of less than 1 (1 is the specific gravity of water). At 

larger sizes, the particles often have dimensions similar to a sheet of paper, but at very small sizes, any 

shape will remain suspended. In nature, three types of particles fit this picture: small living things 
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(zooplankton, small aquatic animals, and bits of algae), small bits of organic debris (remains of dead 

animals and plants or animal waste), and small bits of clay or silt. The greater the TSS in water, the 

higher its turbidity and the lower its transparency (clarity). The volume of TSS can be estimated from 

measurements of turbidity or transparency but an accurate TSS measurement involves carefully 

weighing the amount of suspended material from a water sample. To accomplish this, the sample of the 

water is first run through a filter. The filter and the material trapped the weight of the TSS is 65 

determined by subtracting the weight of the filter. TSS is reported in milligrams per liter (mg/L; weight 

of the suspended solids per volume of water). 
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Appendix 5-B. Water Quality - Environmental Change - Value Matrix. 
 

 

*The frequency of some effects is dependent on project operations.  That is, the effects (+ and -) may 

not be ongoing, but may only occur during, or following, events when the project is operated. 
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Appendix 5-C. Green Meadow Sediment, Nitrogen and Phosphorous Annual Load Estimates. 
 

Estimated nutrient and sediment annual loads delivered to the Green Meadow watershed outlet were 

estimated using the Prioritize, Target, and Measure Application (PTMApp).  Sediment loads leaving the 

landscape were estimated in PTMApp using the Revised Universal Soil Loss Equation (RUSLE), nitrogen 

and phosphorous loads are based on literature values.  All loads were routed downstream using a first 

order decay function. 
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Source: https://ptmapp.bwsr.state.mn.us/User/Documentation 
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CHAPTER 6: WATER STORAGE 
Water is a ubiquitous, necessary, and problematic natural resource. It is especially problematic in 

northwest Minnesota, which has a semi-arid, mid-continental extreme climate.  Such climates exhibit 

wide swings in annual temperatures (-40 F to +100 F) and relatively wide swings in annual precipitation 

(12” - 30” from year to year).  Summers are warm and often dry, while winters are cold and often 

snowy.  When spring season arrives, the accumulated precipitation that fell as snow and remained on 

the ground until thawing temperatures arrived in April sometimes thaws quickly resulting in localized 

and occasionally widespread flooding, especially when accompanied by heavy spring rainfall.  By mid-

summer, water often becomes scarce, leaving residents wishing they had bottled some of the flood 

waters.  Water management may be helpful in mitigating some of these water issues. 

There is no shortage of literature on the values of water in various uses (Young 2005).  However, the 

value of water is much like the adage of selling ice to an Eskimo—it is highly site- and situation-specific.  

As such, the value of water in other places is a poor proxy for the value of water in northwest 

Minnesota. 

We can categorize water use into three groups for purposes of this regional Preliminary Phase I BCA:   

group one is water as a nuisance, such as flooding, group two is water as a commodity, such as for 

irrigation or M&I supply, and, group three is the value of water in situ, such as in-stream flow 

maintenance. 

Design and Management of Alternatives 
Several design and management alternatives are possible when considering floodwater retention 

structures.  Planners identify the project location, footprint, overall capacity, operational cell capacities, 

land shaping and cover, and how the project will optimize beneficial outputs (i.e., operation).  This 

information is needed in order to allow the analyst to value the project’s outputs over a 50- or 100-year 

life span. 

Describe Project Features 

The planning team must describe and quantify project features.  For example, a typical floodwater 

retention project may include design storage for flood control, permanent conservation pool, and water 

supply.  It may also include associated wetlands and upland wildlife habitat.  Preliminary Phase I BCA 

employs assumptions about many project features, while final Phase II BCA is accomplished with specific 

design characteristics and resulting project outputs. 

Operational Scenarios 

Operational factors must be described by the planning team.  For example, how a floodwater detention 

project is operated affects the types and timing of associated outputs.  Phase I (prior to specific 

operational protocols being identified) includes assumptions regarding operation of the GMDSS example 

under two general scenarios: 

1. Retain water only during potential downstream flood events (10-, 25-, 50-, and 100-year 

events).  Release as soon as downstream flood crest is safely past. 
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2. Detain a percentage of total capacity in situ as a permanent or temporary pool for other 

beneficial uses, such as F&W or water supply. 

 

Once a project operational plan is developed by project sponsors, assumptions used in the preliminary 

Phase I BCA can be replaced by a specific protocol and more accurately assessed in the final Phase II 

BCA. 

Project land acquisition scenarios 

Project land ownership will have an effect on project operation and outputs. In the GMDSS example, If 

land is purchased outright by the project sponsors, they can capture and hold water whenever it’s 

appropriate. If some or all project land is acquired through flooding easements, operation is subject to 

the easement terms.  Planners will need to compare costs and outputs under each land acquisition 

method to develop an optimal operational plan. The optimal plan will be the basis for site-specific 

assessment in the final Phase II BCA.  

Water as a Nuisance 
Water is a nuisance, or worse, in northwest Minnesota when there is too much (Leitch and Krenz 2013), 

which is typically called ‘flooding’.  Flooding may occur within a watershed (such as Green Meadow) or 

downstream beyond the sub-watershed.  This section considers the effect of upstream storage (aka: 

distributed storage [DSS]) on downstream flooding beyond the bounds of the sub-watershed (Chapters 

2 and 3). 

One of the functions of impoundment projects like the GMDSS used in this preliminary Phase I BCA 

example is the reduction in peak flows downstream (at various locations) as a result of its operation.  

There are three principal reports that look into the issue of using distributed storage strategy (DSS) to 

reduce Red River of the North (mainstem) flood peaks (McCombs-Knutson 1984, LTFS 2011, Halstad 

Upstream 2014).  These three reports elaborate on the Red River Basin Commission and the Red River 

Watershed Management Board goal of the to reduce the 100-year Red River of the North peak flow at 

Emerson, MB by 20%.  However, the reports provide only generalized estimates of damages and assume 

the effects of 96 impoundment sites distributed throughout the Red River Basin.  The 96 floodwater 

storage impoundments would store approximately 559,200 acre-feet (Halstad Upstream 2014).  

“Generally, impoundment locations used for the HUR Study are conceptual in nature and are likely to 

change as considerations for each individual location are evaluated, such as additional technical analysis 

and landowner involvement” (Halstad, MN Upstream 2014, p. 2).  In fact; in most cases, not all water 

stored at an impoundment site would contribute to the 8-day flood peak window at Emerson, MB.  The 

determination of how much of an impoundment’s available storage would be “effective” in removing 

volume at Emerson must be evaluated on a site by site basis and requires consideration of design, 

operation, and physical characteristics of each individual site (McCombs-Knutson 1984, p. 85). 

Given the relative uncertainty of location, design, and operation of the various impoundment sites, for 

this preliminary Phase I BCA, we assumed 560,000 acre-feet as the total storage goal that will result in 

163,000 acre-feet being removed from the 100-year peak at Emerson.  The storage at some DSS 

impoundments will nearly all be effective (part of the 163,000 acre-feet), while storage at other 

impoundments will be less effective, which is why McCombs-Knutson (1984) estimated it would take 

560,000 acre-feet of storage to keep 163,000 acre-feet out of the peak at Emerson (the Star Value 
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method [RRWMB 2018] was developed to account for the location-based, relative effectiveness of 

impoundments at reducing the mainstem peak flow).  Briefly, some impoundments would store ‘early’ 

water, or water that would largely pass before the Red River mainstem peak.  Some impoundments 

would store ‘late’ water, or water that would largely pass after the peak.  The most effective 

impoundments would store ‘middle’ water, or water that would coincide directly with the peak. 

In the absence of specific “with project” modeling results to the Red River mainstem, we assumed the 

average floodwater storage impoundment would only be 29% effective on mainstem areas downstream, 

since, overall it takes 560,000 acre-feet of storage to keep 163,000 out of the peak (163/560 = .29).  

We’ll call this the peak-flow-effectiveness factor.  There may be benefits of storing water before and 

after peak flow conditions along the mainstem that are not included in this preliminary Phase I BCA (it 

will be up to the project design team to provide this number for each DSS location during the final Phase 

II BCA). 

In order to estimate the value of reducing mainstem peak flows provided by the GMDSS example, a 

baseline stage-damage estimate was determined for the stretch of the mainstem downstream of where 

GMDSS is situated.  Unfortunately, these numbers are difficult to estimate at this time (without detailed 

modeling results estimating project impacts).  There are damage estimates from decades ago, before 

nearly $2 billion was spent on flood damage reduction projects along the mainstem (Fritz 2018) Red 

River of the North including flood walls protecting Grand Forks/East Grand Forks, Fargo-Moorhead and 

Wahpeton/Breckenridge, ring dikes around towns and farmsteads throughout the Red River Basin, 

buyouts, and more (Leitch and Krenz  2013). 

Fritz (2018) estimated the present value (using a 100-year planning horizon and 2.875% discount rate, 

32.7 present value multiplier) of potential reduction in damages from a 20% reduction in mainstem peak 

flow to be from $534 million to $2.1 billion depending on whether or not the FM Diversion project is 

completed.  However, a majority of those benefits are for Fargo-Moorhead.  The estimated annual crop 

and other agriculture benefit of a 20% flow reduction on the entire mainstem Red River of the North is 

$3.3 million/year, with a present value of $110 million. 

Spring Creek (Green Meadow subwatershed) enters the Marsh River northwest of Ada.  The Marsh River 

enters the Red River 2 miles northwest of Shelley, MN, or 8 miles north of Halstad, MN (downstream 

from Fargo-Moorhead).  From where Marsh River enters the mainstem, it is 199 miles to the 

international border.  Fritz’s $110 million estimate was for the entire 390 river miles within the U.S., so 

199/390 is 51% of the mainstem remains until the border.  Fifty-one percent of $110 million is $56 

million. 

0.29 X 5,000 AF GMDSS = 1,450 and, 450/163,000 = 0.009 (reduction in mainstem damages from 

GMDSS) 

Or, 

5,000 acre-feet/560,000 AF = contribution of GMDSS needed to reach 20% = 0.009. 

The estimated present value of the GMDSS example in mainstem flood reduction is $56 million x 0.009 =  

$504,000 (Fritz [2018] estimated the contribution of Green Meadow storage at Thompson/river mile 

318 to be 0.0024, and at Grand Forks, ND/river mile 300 to be 0.0017.  These numbers are considerably 
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lower than 0.009 we used to estimate flood damage reduction resulting from the GMDSS example, 

which illustrates the difficulty of estimating this number!). 

In the absence of specific details from project planners/engineers, the analyst needs to reason their way 

through a likely scenario during the preliminary Phase I BCA.  The mainstem at Halstad, MN peaked at 

67,400 cubic-feet/second (which is = 133,686 acre-feet/day) during the record flood in 2009.  Assume 

the GMDSS example would contribute (i.e., retain) 1,342 acre-feet to the 20% flood peak reduction goal, 

or 0.0024 of the 559,200 acre-feet.  This further assumes that 100% of the 1,342 acre-feet retained by 

GMDSS precisely hit mainstem peak during flooding events prior to retention.  Could it also hit three 

days prior or three days after? The annualized (50 years @ 3%, PV multiplier = 25.73) expected flood 

damages to cities downstream of Halstad are $2.7 million (LTFS 2011).  If the example GMDSS would 

retain 1,342 acre feet from the mainstem flood peaks, the present value of the damages prevented 

would be $172,800.  This also assumes the 1,342 acre-feet retained in GMDSS has the same relative 

effect at Halstad, with a flood peak flow of 67,400cfs, as it does at Emerson, MB, with a flood peak flow 

of 133,000cfs. 

Water as a Commodity 
Water is a scarce resource in northwest Minnesota.  For example, Norman County, MN has a total area 

of 877 square miles (561,592 acres).  Dry land comprises 873 square miles and 3.9 square miles are 

water (Norman County SWCD 2017).  Yet, the Norman County SWCD reports “The County has a very 

large supply of water” (Norman County SWCD 2017).   Both surface and groundwater sources provide 

commodity water in the County. 

The example GMDSS could store and use floodwaters for a variety of purposes that might provide 

benefit to society.  For example, municipal water supply and/or irrigation.  However; since the primary 

purpose of the GMDSS example is flood damage reduction, there would be no water available to use as 

‘commodity’ water because it would be released as soon as possible during a time when water is over-

abundant (to address the primary flood damage reduction purpose).  If the primary purpose was 

changed or modified and the example GMDSS was built and operated to also provide supply water, an 

amount of water would need to be identified as ‘supply’ water and detained in the impoundment to be 

distributed.  There are five issues with this: 

First, during floods (and for a time after floods), there would be no demand for ‘supply’ water, so the 

water would need to be stored until demand increases.  All water stored for ‘supply’ water would 

reduce the effectiveness of the impoundment to capture subsequent flood waters, thus reducing the 

peak flow effectiveness factor discussed above. 

Second, the seasonal evapotranspiration rate for Norman County (Table 1) is about 23” by the end of 

June, which means up to 23” of the stored ‘supply’ water would evaporate by the end of June and 

therefore unavailable. 

Table 1. Evapotranspiration Rates for Norman County, MN 

Month Cumulative 

March   2.58” 2.58 

April 4.69” 7.23 

May 7.58” 14.81 
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Month Cumulative 

June 8.10” 22.91 

July 7.16” 30.07 

August 5.58” 35.65 

SOURCE:  NDAWN (2018) 

 

Third, in order to use the stored ‘supply’ water, water transmission/distribution infrastructure would 

need to be available to serve the demand location.  Any transmission/distribution infrastructure 

expenses must be included in the project cost. 

Fourth, ‘supply’ water may need to meet users’ water quality standards.  If a desired benefit of the 

GMDSS impoundment is water quality enhancement downstream, that function may conflict with 

providing ‘supply’ water since undesired nutrients would be captured in the impoundment. 

Fifth, ‘supply’ water would only be available following flood events.  In years with no floods when the 

project is not operated, there would be no ‘supply’ water to capture. 

For the sake of example, let’s assume 1,000 acre-feet (AF) could be made available within the GMDSS 

example for ‘supply’ water and sold at the same rate as (1) the nearest rural water system, (2) the cost 

of potable water in the nearest town, or (3) the value for irrigation water in Minnesota. 

Water costs are highly variable depending on location, source, and quality.  For pricing the value of 

commodity water, it is reasonable to assume the cost of the next best alternative.  Some alternatives 

are municipal water, rural water systems, and irrigation water costs.  Costs for potable water are 

$3.80/100cf (100 cubic feet = 748 gallons) in Ada (Ada Public Works 2015).  The closest rural water 

system to Norman County is in Marshall & Polk counties, where the cost of water delivered to the tap is 

$8.50 per thousand gallons (Marshall & Polk…. 2018).  The value of water for irrigation in Minnesota is 

$12/1,000M3 (OECD 2010).  The cost of pumped groundwater for irrigation in Minnesota is about 

$10/million gallons (Peters 2014). 

Assuming antecedent condition allow and enable the GMDSS to store water each year, that 1,000 acre-

feet of ‘supply’ water available once a year could be valued at: 

 Rural water system:  326 (‘000) gal/AF x 1,000 AF x $8.50 = $2.8 million, 

 Ada municipal water:  436 (’00) cf/AF x 1,000 AF x $3.80 = $1.7 million,  

 Minnesota irrigation water:  123 (’00) m3/AF x 1,000 AF x $12 = $148,000, or 

 Cost of pumped groundwater on site: 1000 AF/3.07 AF/mill gal = 325 AF x $10 = $3,250. 
 

 

 

 

The present values (100 years @ 2.875) of the various annual water values span a wide range: 

 Rural water:  $92 million, 

 Ada municipal: $56 million, 

1 AF = 325,851 gallons 

1 AF = 43,560 cubic feet 

1 AF  = 1,233 cubic meters 
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 Minnesota irrigation:  $4.9 million, 

 Pumped groundwater:  $107,000. 

In light of these numbers, realizing a benefit from providing commodity water from a project like the 

GMDSS may not be likely in northwest Minnesota.  Water would only be available on an intermittent 

basis, likely when water is already in abundance.  Water quality would be an issue.  Infrastructure for 

water conveyance may be costly relative to the availability and amount of water resulting from a project 

like the GMDSS.  However; in certain situations, ‘supply’ water may be included as an impoundment 

benefit, such as for larger volume impoundments in strategic locations. 

Water as an In Situ Resource 
Given the separable costs-remaining benefits (SCRB) principle (Chapter 1), establishing and maintaining 

a permanent pool for NRE benefits may require looking at the BCR of that project feature independently 

(if the principal function of the project is something other than NRE).  An NRE function would have no 

effect on the DSS project with regard to flood damage reduction other than reducing the downstream 

flood damage reduction benefits because some of the storage would be permanent in order to capture 

NRE benefits and not available for floodwater storage. 

The NRE benefits of a permanent pool at impoundments (other than water quality, discussed in Chapter 

5) are largely fish and wildlife related, such as recreation, T&E species habitat, and aesthetics (which are 

discussed in Chapter 4). 

There are three issues to be aware of when valuing the benefit of water as an in situ resource.  First, be 

aware of how management for one type of benefit may reduce or eliminate another type of benefit 

(such as conservation pools vs. flood storage capacity).  Second, be aware of unintended consequences, 

such as increased crop depredation as a result of increased wildlife numbers.  Third, given what was 

discussed regarding ‘supply’ water above, it is likely that even a permanent pool would be without water 

many years. 

Another often cited benefit of small impoundments is groundwater recharge.  This involves another set 

of issues not considered in this preliminary Phase I BCA, including:  location and use of aquifers, quality 

of groundwater, conflicting management objectives, and identification of other, more effective local 

means of recharge.  These benefits may be included in the final BCA (Phase II), following a more 

thorough analysis of alternatives, providing a logical pathways from function to benefit are established. 

Phase I-BCA. Green Meadow Water Storage 
The three areas where water quantity/supply can affect project feasibility are (1) reducing downstream 

flooding, (2) providing commodity water, and (3) in situ water uses.  In the absence of specific design 

features and operational protocols for the GMDSS example used in this phase I BCA, several simplifying 

assumptions are made. 

Downstream Flood Damage Reduction: Keeping (Green Meadow) water out of the Red River mainstem 

is a goal of the Red River Basin Commission, the Red River Watershed Management Board, and the Wild 

Rice River Watershed District.  Assuming the GMDSS example would retain 5,000 acre-feet prior to flood 

stage on the Red River, we estimated mainstem damages would be reduced by approximately $504,000 

in total over a 100-year planning horizon. 
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The damage reduction estimate would be higher if storage at the GMDSS example had a ‘peak-flow-

effectiveness’ factor higher than 0.29.  It would also be higher if it could be demonstrated that the 

potential for flood damage reduction downstream of river mile 357 is more than was 

estimated/assumed.  Alternatively, the estimate would be lower if the potential for flood damage 

reduction downstream of river mile 357 was less than was estimated/assumed.  The final Phase II BCA, 

where more detailed data are available, would refine this estimate. 

Commodity Water:  For the reasons noted above, it would be difficult to justify including water supply as 

a project benefit of the GMDSS example. However, if we assume the operational plan included a 

‘commodity water pool’ of 1,000 AF, water is valued at the cost of the next best alternative, and there 

are no infrastructure or distribution costs, then an upper limit of about $107,000 could be added to the 

present value of the example project’s beneficial outputs. 

For the sake of example, assume commodity water is available one out of five years.  The present value 

would be only 20 percent of $107,000, or $21,400.  A GMDSS example commodity water pool of 1,000 

AF would reduce the flood damage reduction pool by 20 percent, or by about $113,000. In this case, the 

storage capacity is best used for flood damage reduction, which has a much higher benefit.   However, if 

conditions favor water supply at other impoundments, they should be included in the final Phase II BCA 

(with the appropriate adjustment to the flood storage pool). 

Water as an in situ resource:  Other than the benefits from F&W-related activities (Chapter 4), there are 

not likely to be any measurable benefits from maintaining a permanent pool within the GMDSS 

example.  Other DSS projects may include features that provide benefits to fish and wildlife related 

activities. 

Summary and Conclusions 
Preliminary Phase I BCA serves three purposes.  First, an initial (admittedly ‘ballpark’) estimate of the 

benefit of water storage of DSS projects is made available to project planners.  Second, a logical, 

conceptually sound framework is developed to work through the benefit estimation process which can 

be used to refine the benefit estimates when project-specific details (e.g., amount of water stored, 

timing of fill/release, pool configuration) become available.  Third, the framework for claiming a stored 

water benefit in a DSS is transparent so critics (and skeptics) can suggest changes that will allow them to 

accept the results. 
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GREEN MEADOW PHASE 1 BCA SCOPING 
During the preliminary Phase I BCA scoping stage, each alternative should be assessed to estimate its 

effect on reducing the damages from the baseline (without project) condition by project 

planners/engineers.  It is unlikely any single alternative or set of alternatives will reduce the without 

project damages to zero.  Start by estimating the one or two largest expected damage reduction(s) from 

the suite of proposed strategies.  If they fall far short of the initial project cost estimate, the BCR is likely 

to be far below 1.0.   In this example preliminary Phase I BCA there was only one alternative: the GMDSS 

which was previously developed using the MN Mediation Agreement planning framework.  This 

framework has no BCA considerations. 

Agriculture (Chapter 2).  The benefit of reducing damages to cropland resulting from the GMDSS 

example is likely to be the largest single benefit.  Fortunately, estimating the damages to crop 

production as a result of flooding is not complicated, but it may be complex. There are many variables 

and probabilities to consider. However, there are good data on what crops are grown, crop budgets, 

yields, and some information about the frequency and duration of flooding. With the assistance of H&H 

experts, a reasonable range of likely long-term crop losses from flooding can be developed. 

Land uses can be estimated through primary analysis or secondary sources and are somewhat rigid over 

time. Crop mixes can be estimated through secondary sources and on-site visits and will vary over time 

depending on commodity prices and other production factors. Other flooding-related damages, such as 

loss of soil productivity, debris removal, losses during storage, or added transportation costs may be 

rather small in the big picture and can be estimated using expert judgement or be the subject of further 

study. 

The estimated damage to crop production due to flooding in the Green Meadow subwatershed over the 

next 50 years is $1.9 to $5 million, depending on assumptions about flood frequency and damage/event.   

One critical assumption behind the range of crop/agriculture damage is: every flood event during the 

cropping season results in 100% loss. Multi-peril crop insurance payments were also not included in the 

analysis.  Other cropland damages were estimated (assumed) to be $14,460/year, or $380,732 over the 

next 50 years. 

Silviculture/Forestry.  There is no silviculture or forestry in the Green Meadow subwatershed; however, 

if silviculture or forestry is a land-use in a study area, estimates of without projects conditions should be 

made.   Given the flooding conditions in northwest Minnesota, it is likely the damages to silviculture 

would be low, except for recently planted areas. 

Structures and Contents (Chapter 3).  There are usually few structures in rural northwest Minnesota 

which can be inventoried quickly from a desktop.  No two residences or machine sheds are the same, so 

some ground-truthing may be necessary.  For a preliminary estimate (potential flood damage to 

structures in the Green Meadow subwatershed is unknown at this time), we assumed a number of 

structures are damaged in each 100-year flood. For example, if five farmsteads (buildings & contents at 

farmsteads) flood in a 100-year flood with damages of $100,000 each, that’s equivalent to $5,000 

damage every year, which is $125,650 ($5,000 x 25.13) over the 50-year project life. 

Infrastructure (Chapter 3). An inventory of past infrastructure damage should be available from local 

units of government, which is the basis for estimating reductions in flood flows resulting from the 

GMDSS.  The primary infrastructure damaged by flooding in rural areas is roads, bridges, and culverts.  
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Some utilities, such as rural water systems or electrical and gas transmission lines and facilities may be 

at risk during flooding and should be included in a damage assessment if appropriate.  The present value 

of the flood damage to road crossings in the Green Meadow subwatershed over the next 50-years is 

$90,845 ($3,615 x 25.13). 

Recreation/Habitat (Chapter 4). The value of recreation/wildlife habitat would normally be an NRE 

enhancement from a project.  However, any changes in existing activity would need to be accounted for 

in project planning.  The final project characteristics will help to define what type of NRE enhancements 

there may be.  Project planners will provide quantities of NRE enhancements resulting from the project.  

There are numerous sources for assigning values to NRE benefits.  This category of project benefit is an 

area where planners/analysts need to be aware of double-counting, benefits transfer, separable costs 

and remaining benefits, and externalities. 

In the absence of any information from GMDSS planners about changes in recreation or habitat for this 

preliminary Phase I BCA, we assumed some changes for the sake of having a placeholder in the analysis.  

The placeholders will be replaced by project specific information during the final Phase II BCA. For 

example, planners should note any damages/enhancements to Agassiz Recreational Trail in northeast 

portion of Green Meadow watershed.  

We assumed the construction of the GMDSS example results in: 

4. 20 acres of (legitimate) wetland habitat @ $600/ac/year = $12,000/yr 

5. 20 acres of (legitimate) upland habitat @ $100/ac/year =  $2,000/yr,  

6. Increase in F&W-based recreation by 200 user days/year @ $130/day = $26,000/yr 

 

Therefore, the GMDSS was assumed to deliver a total $40,000/year in this category of benefits. 

 

Water Quality (Chapter 5).  Water quality effects of DSS projects are the most speculative, since there 

are many variables and contingencies involved.  In spite of a robust literature base, the majority 

addresses potential ways to change levels of water quality inhibitors, which are functions and not 

values. 

The three main water quality stressors/impairments identified in the Green Meadow subwatershed are 

N, P, and TSS.  An attempt was made to evaluate the likely beneficial effects of GMDSS on the levels of 

N, P, and TSS leaving the watershed.  The estimated present value of the example GMDSS's effect on the 

levels of N, P, and TSS leaving the watershed is $231,700. 

Water quality attributes such as soil organic matter (SOM) and soil water holding capacity are functions 

and not social benefits.  Refer to Appendix 5-B, Water Quality Environmental changes-Value Matrix.  If 

SOM can be logically traced to a quantifiable social benefit, then it should be included. 

Water Supply/Retention (Chapter 6).  Water quantity issues are both in situ and extend beyond the 

borders of the Green Meadow subwatershed (ex situ).  For example, one of the driving factors behind 

DSS projects (e.g., the GMDSS) is a Basin-wide goal of reducing Red River mainstem flood peaks by 20 

percent.  Data are readily available to estimate what fraction the design flood storage pool can be 

operated for mainstem peak flow.  Data are less readily available about current stage-damage curves to 

estimate the potential damages prevented by reducing the peak flow.  In this preliminary Phase I BCA, 
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we assumed the value of mainstem flood peak reduction achieved by the GMDSS example is $567,000 

over the life of the project. 

Two other water quantity benefits could be commodity water and conservation pool water.  Using the 

GMDSS example to store commodity water was seen to reduce the flood storage benefits by more than 

the increase in the value of commodity water.  The potential values of a conservation pool are discussed  

in Chapter 4. 

Enhanced Public Safety. In the example Green Meadow subwatershed, there is an existing Green 

Meadow Dam which was has been identified as a potential public hazard.  In the without project 

condition for this preliminary Phase I BCA example, locals may need to breach the dam (NRCS 2011, 

2006) to avoid serious flooding damages downstream if the dam breached during a flood.  We’ll assume 

the cost to breach Green Meadow dam is $200,000, which would be a local cost in the without project 

condition.  We assumed the breach will be done soon, so the present value of the estimated money 

saved by locals is $200,000. 

Other Green Meadow subwatershed public safety issues include interrupted transportation during 

flooding and prior to road repair after flooding and the impact on school bus safety and first responder 

mobility.  There may also be issues as a result of public utility outages and danger of fallen power lines 

or leaking gas lines that might be considered. 

Environmental Justice.  Environmental justice is a measure of the distribution of environmental 

degradation across socio-economic groups (P&S 2013).  For example, to benefit a group of middle-class 

households at the expense of an impoverished neighborhood would be considered inappropriate even if 

it were efficient.  There are no apparent environmental justice issues related to water management in 

the Green Meadow subwatershed. 

Federal agencies do not consider ‘mental well-being’ in economic efficiency analyses.  The Obama 

administration’s revision of P&G (P&R 2013), which included social justice issues, was never approved, so 

the 1983 P&G is still in force.  

Phase I:  Green Meadow Summary of Without Project Conditions 
Having made preliminary, but informed estimates of baseline condition and the potential outputs of the 

GMDSS example, we have a dollar figure for the upper limit of what can be spent to achieve those 

outputs if the goal is to have a project with a BCR >1.0.  Project planners have two alternatives at this 

point:  (1) design a project within the preliminary cost constraints, or (2) refine the output value 

estimates in anticipation of an increase in the aggregate value. 

The preliminary estimate of the cost (PVC) of GMDSS s $25.5 million.  The aggregate present value of 

GMDSS outputs (PVB) is $3.9 - $8.9 million (Table 1). 

Table 1: Aggregate Value of GMDSS Outputs. 

Output Average                   NRE 
Annual Damages/Enhancements 

Present Value 

Cropland $74,000 $1.9 to $5 million  

Non-crop Cropland $14,460 $381,000 

Structures $5,000 $125,000 
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Output Average                   NRE 
Annual Damages/Enhancements 

Present Value 

Infrastructure $3,615 $90,845 

Silviculture ---NA--- ---NA--- 

Recreation/habitat $40,000 $1,000,000 

Water Quality $9,005 $231,700 

Water Quantity $22,680 $504,000 

Public Safety $200,000 $200,000 

Environmental Justice ---NA--- ---NA--- 

TOTALS:    $346,080 $3.9 -$8.9 million 

 

Given the above estimates of reductions in damages from the baseline, the BCR of the GMDSS example 

is:  

BCR = PVB/PVC 

$3.9 million/$25.5 = 0.15 

$8.9 million/$25.5 = 0.35 

Conclusions regarding Project Cost Constraints Scoping 
The foregoing analysis, heavily relying on assumptions, suggests that project(s) costing from $2.5 – $7.5 

million (cropland + non-cropland + structures + infrastructure damages) could be implemented to 

reduce flooding-related costs ONLY in the Green Meadow subwatershed, if they eliminate ALL flood 

damages.  An additional $1.9 million could be spent to realize the other listed benefits, for a total of $4.4 

– $9.4 million, which would give the project a BCR of 1.0.  Social well-being would be unchanged from 

the without project condition with a BCR of 1.0. 

The watershed planning goal is to reduce damages as much as possible while spending as little as 

possible (aiming for a BCR >1.0).  The higher the BCR, the greater the contribution to social well-being 

and the more likely funding will be available. 

CHAPTER 8.  PHASE II:  BCA OF ALTERNATIVES 
The Phase I BCA resulting in an estimated BCR of 0.15 to 0.35, which is considerably less than 1.0 

(breakeven) when using $25.5 million as the cost estimate for the GMDSS.  Without expecting 

substantial changes from the baseline using this example, it would be inefficient to conduct an extensive 

GMDSS Phase II BCA for the same project design/operation. However; if Phase II BCA is pursued, 

planners and engineers should start where they expect to see the most improvement in the level of 

project benefits.  If those improvements don’t materialize, other alternatives should be considered to 

address water resource problems in the Green Meadow subwatershed.  Or, if local project sponsors still 

wish to proceed with a project that returns less than $1 for each $1 invested, that is their choice. 

The final Phase II BCA would repeat the benefit-cost analysis for each alternative/option using more 

complete/current/project-specific information, more sophisticated tools, and/or better-informed 

assumptions.  The project planning team will need to identify the extent to which each 

alternative/option affects the without-project conditions, or delivers NRE enhancements.  Some 
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alternatives may have little or no effect on water quality, while others may not affect downstream 

flooding.  An overall goal is to design effective and efficient alternatives that bring about the largest 

combined reductions in all the damage flows at the lowest cost. 

A comprehensive, defensible final Phase II BCA is highly dependent on having a planning team that 

includes experts/expertise from all relevant disciplines that are able to provide the specific information 

needed by economists (e.g., completing Appendix 5.B worksheet).  While some of a project’s outputs 

are easily identified, quantified and valued, valuation of other outputs is far less straightforward.  

Project sponsors should consider carefully additional expenditures on efforts to determine values of 

benefits. 

Production Agriculture 
Missing agricultural data that would be useful in the final Phase II BCA include more accurate estimates 

of cropland acres flooded under various frequency floods (within the watershed and downstream) and 

the number of acres no longer flooded as a result of the proposed water management alternatives.  

There may be locations (outside of the Green Meadow subwatershed) where the composite crop mix is 

substantially different than in the preliminary Phase I BCA, in which case adjustments should be made 

by the planning team during the final Phase II BCA. 

Structures and Infrastructure 
The planning team will identify specific structure and infrastructure damages prevented for each of the 

water management alternatives, at which time the reduction in damage ('without project' less 'with 

project') can be estimated.  Forward-looking scenarios of ‘without project’ conditions need to 

appropriately consider adaptive management, or what would most likely occur in the long run in the 

absence of a project. 

Recreation, Fish and Wildlife, and Habitat 
As planners/engineers develop project-specific information about the types and amounts of NRE – type 

benefits, other numbers may emerge as legitimate.  A region-wide CVM-type study could be conducted 

to obtain local estimates of wildlife and habitat values.  More detailed and specific plans regarding 

development of wetland and upland habitat will be necessary to assign appropriate social values during 

the final Phase II BCA. 

Water Quality 
The most important ‘missing link’ with respect to valuation of water quality changes is clear articulation 

of the path from a change in the levels of contaminants/impairments resulting from the operation of a 

water management alternative to a change in the good/service valued by society.  When additional data 

and information are available, the Phase I BCA estimates can be refined during Phase II. 

Water Storage 
Once planners and engineers have a specific project and can describe the features and operation, they 

can estimate a more precise number for the flood damage reduction downstream.  An up-to-date stage-

damage curve for the Red River mainstem (i.e., Fritz 2018) will be crucial to evaluating the 20% goal. 

Project planners can also suggest how commodity water and in situ water might add value. 
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Others 
In some instances, it is possible that project outputs may exist that are not covered in the above five 

categories.  Project planners and engineers are encouraged to identify those ‘other’ outputs, explain 

how they come about, and quantify them in a way that societal values can be estimated by the 

economic analysts.  Likewise, if there are projects costs that have not been included in the projects’ 

‘present value of costs’ estimate, they, too, should be identified and quantified. 

The Bottom Line 
When programs, policies (Easter and Perry 2011), and projects to enhance water management are 

proposed, the perplexing question is often: “How much is it worth to fix the problem?” (i.e., how much 

can we afford to spend to fix the problem?).  The planning process must carefully consider the 

problem(s) in the watershed that need to be addressed and a range of potential solutions that should be 

evaluated to determine which is most efficient.  Unless the value of a solution (i.e., water management 

alternative) is known, water managers do not know how much can be reasonable spent to fix the 

problem.  The problem might be localized flooding (Chapter 2), drought during the growing season, low 

flows in watercourses that provide an M&I water source, or water quality issues (Chapter 5). 

Regardless of whether preliminary or final, BCA is a well-developed, rigorous process to assess the effect 

of a proposal on the level of societal well-being (efficiency).  Decision makers need to have efficiency 

metrics to make good choices, but there may be other factors in the decision beyond economic 

efficiency. 

While individuals can reasonably think up a plethora of ‘missed’ items on one side of the ledger, others 

can think up an equal number of ‘missed’ items on the other side.  Regardless all benefits should be 

forced through the function-to-value logic chain and included on the social balance scale (Chapter 5).  In 

short, if it can be quantified and monetized, include it in the efficiency test. 


