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Synopsis
 Valuation of ecosystem services can help inform  

natural resource allocation & policy decisions

 “public interest” may be tested with economic criteria

 Key services include direct & passive uses & requires 
nonmarket valuation tools

 Methods have been relied on in major policy decisions

& in legal settings



Outline
 Overview: Accounting frameworks  & tools

 The Policy and Litigation  Record

 Selected Case Studies

Missouri River Water Reservations

Glen Canyon Dam
Mono Lake

National Fishing, Hunting - Utah



Economic Accounting 
Frameworks
 Financial – economic impact from viewpoint of 

a specific entity

Regional Economic – impact to a given 
geographic area measured in market 
expenditures, income, jobs

 Social Benefit-Cost – economic impact from 
viewpoint of the whole society & including 
nonmarket values

An Issue – relationship to public decision 
criteria  for any given case



Connections between ecosystem structure and function, 
services, policies and values (source, NAS 2005)



Economic Methods for Valuing 
Ecosystem Services

Direct Use:  

Use observed behavior or prices in related markets: Travel cost 

Method, hedonic price, factor income (Revealed Preference) or

Use survey approaches that ask for respondent willingness to pay (or to

Accept compensation): Contingent valuation, choice experiements (Stated

Preference)

Nonuse or Passive Use:

Only stated preference is feasible.



Coordination with other disciplines.
1. Physical and biological sciences: What are the impacts of the 

proposed development on resource quantities and qualities?  

2. Interface: What attributes (quantities, qualities) of the resource affect 

the use or nonuse services utilized or valued by humans such as:

direct recreational use

visual landscape

viability/presence of valued rare, unique or common species

ecosystem health or functionality

3. Economics: What are the use and nonuse values associated with the 

ecosystem services at issue and how do changes in the quantities 

and qualities of those services affect “willingness to pay” and/or 

regional economic activity (expenditures, incomes, jobs).



Policy & Litigation Record – Some 
Applications Using Ecosystem View

Litigation: Exxon Valdez, Arco v. Montana, Mike Horse 

Mine Case, Missouri Water Reservations, Ohio v. 

Department of Energy

Policy: Kootenai Falls Dam, Wolf Recovery in 

Yellowstone, Elwah Dam, Mono Lake

Some current issues: GCMRC adaptive management 

at Glen Canyon, Salmon passage/dam removal lower 

Snake River dams, Klamath dam removal, 

Transboundary water Glacier-Waterton region.



Direct Recreation Use: Montana DNRC 
Water Reservation Case



Administrative Rules of Montana: Board Decision 
Criteria

(4) For the Board to adopt an order reserving water, it must find, in its judgment 
and discretion, that the reservation is in the public interest, as required in 85-2-
316 (4)(a)(iv), MCA, based on a weighing and balancing of the following factors, 
after making a specific finding for each factor:

(a) whether the expected benefits of applying the reserved water to beneficial 
use are reasonably the costs where:

(i) benefits include all direct and indirect benefits where any non-market 
benefits are quantified and valued to the extent reasonably possible;

(ii) Costs include all direct and indirect costs where any non-market 
costs are quantified and valued to the extent reasonably possible:



Montana Water Reservation Competing Benefits and 
Costs

Item Relevant Beneficial use

(A) Montana FWP Instream Flow Reservation request

Direct Benefits Fish and Wildlife; Recreational

Indirect Benefits Hydropower; Water Quality

Direct Costs DFWP Fishery/Recreation Programs

Indirect Costs Foregone Consumptive: Municipal, Irrigation

(B) Montana Conservation Dist. Irrigation Reservation Applications

Direct Benefits Irrigation

Direct Costs Irr. System Capital, Operation, Maintenance, Energy costs

Indirect Costs Foregone Instream Uses: Fish and Wildlife, Recreational, 
Hydropower, Water Quality

(C) Municipal reservations: Symmetric to Irrigation Case



Administrative Rules of Montana: Board Decision 
Criteria

(4) For the Board to adopt an order reserving water, it must find, in its judgment 
and discretion, that the reservation is in the public interest, as required in 85-2-
316 (4)(a)(iv), MCA, based on a weighing and balancing of the following factors, 
after making a specific finding for each factor:

(a) whether the expected benefits of applying the reserved water to beneficial 
use are reasonably the costs where:

(i) benefits include all direct and indirect benefits where any non-market 
benefits are quantified and valued to the extent reasonably possible;

(ii) Costs include all direct and indirect costs where any non-market 
costs are quantified and valued to the extent reasonably possible:



Values per Acre Foot

Use/Sub-basin

(A)  Hydropower value per acre foot (at 75 mills)

Headwaters 103.74

Upper Missouri

Above Canyon Ferry 97.74

Below Canyon Ferry 88.61

Marias/Teton 45.57

Middle Missouri 45.57

(B)  Recreation July & August Rest of Year

Headwaters 60.67 14.62

Upper Missouri 25.27 6.39

Marias/Teton 5.81 1.63

Middle Missouri 5.81 1.63



Number of Irrigation Projects which Pass Benefit-
Cost test

Scenario Assumed Return 

Flow

Assumed Cost of 

Power

# Pass # Fail

Sprinkler Flood Hydro Replacem

ent

DNRC 50% 50% 50 mill 40 mill 60 160

A 50% 50% 50 mill 50 mill 47 173

B 21% 43% 50 mill 50 mill 11 209

C 21% 43% 75 mill 75 mill 2 218

D 21% 43% 100 mill 100 mill 2 218



Board findings in Upper Missouri Water Reservation 
Case  Order July 1, 1992

“Nonmarket valuation  methods must be used to value water for recreation”

and per acre foot values for recreation “were calculated…using the contingent 
valuation method of valuing nonmarket goods.”

With respect to DFWP instream flow reservations “Although some potential new 
water uses with higher values have been identified in these reaches, the overall 
benefits of granting these requests substantially exceed the nominal direct and 
indirect costs.” 

“Relative to other reservations, the priority date of the DFWP shall be subordinate 
to the consumptive use reservations granted to all municipalities and the 
instream flow rights granted to the Montana DHES. It shall be prior to …. other 
reservations granted to the Conservation Districts and the reservation granted 
to the U.S. Bureau of Reclamation.”   





A Total Valuation Application: Ecosystem Services in 
Grand Canyon of the Colorado



Grand Canyon Ecosystem 
Economic Studies
 Issue: management of Glen Canyon Dam for peaking 

operations, studies began in early 1980´s

 Economics focus on direct recreation use values as 
function of flow & ecosystem service values for 
sediment conservation and endangered species 
(humpback chub recovery)

 EIS process resulted in a new Record of Decison in 
1995 that reduced daily allowable fluctions for peaking 
power from historical 25,000 plus-minus to 6,000 to 
8,000 daily



Key previous studies of NPS 
resources in the CRW

 Direct use values- Bishop et al 1987

 Nonuse values- Welsh et al 1995

 Studies were in context of Glen Canyon Dam operations

 Focus was Grand Canyon river corridor below the dam



Estimates of Colorado River Unit Direct Recreational Values

Study Description NEV Estimate

(1984 $ per trip)

NEV Estimate

(2005 $ per trip)

Bishop et al. 

(1987)

Study of values of

Grand Canyon - float boaters 

(CVM)

$111 to $898 per trip 

depending on river flow 

level (1985$)

$200 to $1670

Hammer 

(2001)

Study of Grand Canyon –

Floaters (TCM)

$134 per trip (private) $314 

per trip (commercial)

$157 (private)

$368 (comm.)

Martin (1982) Study of Lake Mead - Fishing 

Values (TCM)

$44.63 to $61.44 per angler 

day (1978-9$)

$643 - $887

Douglas and 

Johnson 

(2004)

Travel Cost study of 

Lake Powell – Recreationists 

(TCM)

$70.84 - $159.35 per 

visit consumer 

surplus (1997 $)

$86 - $194

Duffield & 

Neher (1999)a

Visitor survey of Glen Canyon

NRA and Grand Canyon NP

Visitors. (CVM)

Glen Canyon NRA - $384 

per party trip 

Grand Canyon NP - $319 

per party trip (1988$)

Glen Canyon $109

Grand Canyon 

$142

Douglas and 

Harpman 

(2004)

Survey of Glen Canyon -

improved trip quality scenarios 

(angler harvest, water quality)

$8.63 to $38.92 per visitb

(1997 $)

$11 - $47



NEV Estimates for Alternative Grand Canyon 
Float Colorado River Flow Levels

Flow Value per Trip (1984 dollars)

Commercial passengers Private boaters

(A) Study year dollars

5,000 cfs 127 111

29,000-33,000 cfs 898 688

45,000 cfs 732 376

(B) 2005 dollars

5,000 cfs 235 206

29,000-33,000 cfs 1664 1276

45,000 cfs 1357 697



Bishop (1997) Relationship Between NEV and Flow Levels on 

Grand Canyon Float





Walsh et al. 1995 nonuse values
 Method was contingent valuation

 River flow scenarios: moderate fluctuating flows, low 
fluctuating flows, and seasonally adjusted steady flows

 Environmental attributes: beaches, risk of erosion to 
cultural sites, vegetation/bird habitat, native fish, and 
trout.

 Payment by: higher utility bills (6 state power market), 
taxes (national sample)



Welsh et al.(1995) Estimates of Nonuse Values for Three Glen 
Canyon Flow Scenarios. (2005 dollars)

Flow 

Scenario

National Sample Western US Sample

Per 

Household

Annual 

Value 

(millions)

Per 

Household

Annual 

Value 

(millions)

Moderate 

Fluctuations

$17.74 2,791 $29.05 79

Low 

Fluctuations

$26.19 4,386 $28.25 80

Steady 

Flow

$26.91 4,474 $38.02 107



Annual Values Associated with Alternative Dam Operations ($ 
millions)

Flow Scenario Power Recreation Nonuse Values

National Marketi

ng Area

Moderate 

Fluctuating Flows

-36.7 to -

54.0

+0.4 +2,286.4 +52.2

Low Fluctuating 

Flows

-15.1 to -

44.2

+3.7 +3,375.2 +50.5

Seasonally 

Adjusted Steady 

Flow

-88.3 to -

123.5

+4.8 +3,442.2 +81.4



National Academy of Sciences 
Publications on Colorado 
River Management



Conclusions reinforced by National 
Academy of Science

 1996, “The GCES nonuse value studies are an 
important contribution…and deserve full attention 
as decisions are made concerning dam operations.”

 2004, “Economic valuation of changes in ecosystem 
services should be based on..both use and nonuse 
values.”



Mono Lake Case: Passive Use 
Values in a Public Trust Context

 Synopsis:  LADWP water right granted in 1941 to 
draw 100,000 AF from Mono Lake tributaries, full 
infrastructure in place by 1970s & lake level 
rapidly dropped, impacting ecosystem services for 
fish, birds, visuals.

 California supreme court ruled in 1983 that harm 
to public trust resources must be balanced when 
granting water rights

 Sept 28, 1994 SWCB ruled for final lake level of 
6,391 feet & reallocation of 68,000 acre feet



Role of Economics & Ecosystem 
Services in the Mono Lake Case

 Preliminary study published in 1987 applied 
contingent valuation and estimated public trust 
values at $29/household for achieving  increase in 
lake levels of 45 feet, aggregate value on the order 
of $1.5 billion

 Cost of LADWP alternative water at $224/af, 
aggregate cost plus hydropower replacement of 
$26 million

 Small sample (n=164) but study caught attention 
of SWRCB, and required  the  contractor 
conducting EIS to perform more thorough analysis.



Methods in 1987 Mono Lake study 
 Presented respondents with alternative policy 

scenarios and consequences and asked willingness 
to pay on monthly water bill

 Alternative 1: Minimal water diversion: 15 feet 
higher than 1982, tufa towers rising from water, 
saltiness 2x ocean and support brine shrimp & bird 
life, Negit island safe for gull nesting, about 1 
million birds using lake & 100 species

 Alternative 3: Current maximum diversion, 30 feet 
lower than 1982, tufa towers all on land, saltiness 
5x ocean, no food for birds, islands accessible to 
predators, low bird populations, bad dust storms.



Methods in 1993 EIR 
 Presented respondents with alternative policy 

scenarios and consequences and asked willingness 
to vote for water conservation bonds in 
referendum

 Increased sample size of California households 
from 164 (in 1987 study) to target of 600 
completed surveys

 Better response rate, nonresponse analysis

 Much more sophisticated natural science 
foundation for the analysis



Marginal Economic Costs and Benefits of Lake 
Level Alternatives  (1993 EIR)

Lake Level 
Alternative

Marginal 
Benefits

Marginal 
Costs B-C Ratio

6,372.0 659.8 19.1 34.5

6,377.0 22 6.5 3.4

6,383.5 37.7 11.4 3.3

6,390.0 20.4 4.8 4.3

6,410.0 -87.4 9.2 N/A



Interpreting role of economics in 
the SWRCB 1994 decision 

 “While air and water quality concerns were the 
driving force in this decision, being able to show 
that such water reallocations were not uneconomic 
probably aided in making such a dramatic change.”

 (Loomis 2000)

 Foundation of the decision: use of instream flow 
incremental methodology (36,000 af for riverine 
flows); Clean Water Act (salinity level), Clean Air 
Act  re: pm10 standards (32,000 af public trust)

 (Loomis 1995)



Ecosystem service values for the 
Great Salt Lake? 

 Aggregate data for wildlife related recreation in 
Utah, USFWS 2006 national survey.

 Non-resident in Utah trip-related expenditures for 
fishing, $55.3 million, hunting $23.1 million, 
wildlife watching $130.9 million (n= 118,000; 
29,000; 235,000 respectively)

 Activities in Utah by residents: fishing $296 million 
(n=288,000), hunting $$253 million (n=144,000), 
wildlife watching $118 million (n=194,000).



The economics is  dependent on an accurate characterization 
of the physical and biological relationships of 
policy/management changes and resource service flows.

Passive use values will vary across sites, , ecosystem services  at 
issue,   user characteristics, and spatial extent of the market.

Direct use values can be reliably estimated by a variety of           
methods. Passive use values  may be of greater  allocative 
significance, but are more difficult to reliably  estimate.

•An important issue is whether to use existing literature 
(“benefit transfer”) or conduct original survey research. 


