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Definition of Ecosystem Service Values (ESVs)

Ecosystem Service Values (ESVs) are the $ value of the unpriced benefits 
people obtain directly/indirectly from ecological systems

For example: 
• green house gas regulation
• flood control
• sediment regulation
• pollination services
• recreation opportunities
• scenic views
• etc.
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• To better understand their contribution to society

Why Determine ESVs for Protected Areas?
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FOREST 122 4.911 10.821 15.853
Temperate broad-leaf forest 3.653 3.653

Andean 39.259 39.259
Coastal 21.425 21.425

Temperate deciduous forest 125.904 7.801 133.705
Temperate evergreen forest 203.966 4.818 208.784
Mediterranean schlerophyllous forest 23.607 23.607
Thorn forest 309 309

WETLANDS
SALAR 6.635 4.930 8.406 4.631 1.037 25.639
PEATS 144.812 604.462 233.308 21.150 567.743 792 22.627 1.594.894
OTHER WETLANDS 24.026 17.853 38.708 30.436 16.768 3.754 131.545

MARINE AND DUNES 19.043 19.043
SCHRUBLANDS 235.914 235.914
PRAIRIE 20.275 20.275
GRASSLANDS 6.381 6.381
GLACIERS 551 551

TEV
TOTAL

(TEV BY WELL-BEING DETERMINANT) 175.473 627.245 122 272.016 737.583 589.142 24.747 43.689 53.663 6.189 9.997 10.821 2.550.685
6.9% 24.6% 0.0% 10.7% 28.9% 23.1% 1.0% 1.7% 2.1% 0.2% 0.4% 0.4% 100.0%

TOTAL
(TEV BY ECOSYSTEM SERVICE TYPE) 2.550.685

100.0%
TOTAL N-U V

(TEV BY ECONOMIC VALUE CATEGORY) 10.821 2.550.685
0.4% 100.0%

TOTAL N-U V
(TEV BY ECONOMIC VALUE CATEGORY) 10.821 2.550.685

0.4% 100.0%
TEV

(TEV OF NSPA) 2.550.685
100.0% 100.0%
2.550.685
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TOTAL ECONOMIC VALUE

DIRECT USE VALUEINDIRECT USE VALUE
Provisioning ServicesRegulating Services Cultural Services

USE VALUE

INDIRECT USE VALUE DIRECT USE VALUE

Regulating Services
2.401.581 128.287 20.817

94.2% 5.0% 0.8%

TEV

Provisioning Services Cutural Services

2.401.581 138.284
94.2% 5.4%

2.539.865
USE VALUE

99.6%

Well-being determinants
(Ecosystem good or 

service)

Ecosystem

(Figueroa and Pastén, 2009)

Why Determine ESVs for Protected Areas?
Total Economic Value Calculating Matrix (TEVCM):
Implementation for Chile’s 
National System of Protected Areas
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• When presented with the results, the Chilean Treasury Minister said: 
“Now we can talk seriously about investing in our NSPA; this figure 
makes it worth for the country to do it”.

• approved US $37M to redesign/improve NSPA – an increase of 72% to 
the protected area budget.  This is unprecedented in the area of nature 
protection in Chile.

Why Determine ESVs for Protected Areas?



Ontario ESV Project Description

Title: “Mapping the Off-Site Benefits from Protected Areas 
Ecosystem Services” 

Consultant: Spatial Informatics Group (SIG), Pleasanton, CA

Start / Completion: July 2011 / April 2013

Purpose: estimate the value of the ecosystem service benefits arising 
from select Ontario provincial protected areas through the use of 
one or more ecosystem service assessment tools

Objective: measure ESVs and demonstrate how select ecosystem services 
generated within protected areas flow across space to provide 
off-site economic benefits.

Study Area: 36 provincial parks and 52 CRs (16% of PAs by area)



Ontario ESV Project Description

Study Areas:
• Lake of the Woods Cluster (8 parks, 12 CRs)
• North Shore of Georgian Bay (includes 28 parks, 4 park additions, 40 CRs)
• Algonquin Provincial Park

Methodology:
1. Benefits transfer 

- Static “snapshot” of ESVs (for North Shore of Georgian Bay site) 
E.g. - apply values derived from similar study sites to the policy site

2. Geospatial modeling 
- Dynamic “flow” of ecosystem ESVs (for Algonquin Park and  Lake of the Woods 
sites)
E.g. Protected Area A Beneficiaries in

(Source of Ecosystem Services)  location  B



Study Area: North Shore of Georgian Bay (39,730 sq. km.)
- Protected Areas (PAs) within study area 
= 4,586 sq.km.
- includes communities from Sudbury to Sault 
Ste. Marie  (total > 300,000 persons) 

ESVs calculated:- values mapped and quantified for 19 land 
cover types and 10 ecosystem services

Methodology: Benefits Transfer



Benefits Transfer: North Shore Study Area Example

Land Cover Typology for North Shore Study Region



Benefits Transfer: North Shore Study Area Example

Note: ESVs for Southern Ontario 
(124,489 sq km) = $84.4 billion 
($601.4 million from 79 parks and 7 
CRs, 438 sq. km. of PAs)

    Entire Study Area 

 Provincial Parks 
and Conservation 

Reserves 

Class Name Value/ha 

Area 
(sq 
km) Total value 

Area 
(sq 
km) 

Total 
value 

Agriculture  $337 108 $3,639,600   $0 

Forest: adjacent to stream $4,594 1714.2 $787,503,480 
      
167.5  $76,949,500 

Forest: light to partial cut 
or burn $646 2315.6 $149,587,760 

        
19.9  $1,285,540 

Forest: non-urban $1,292 25162.1 $3,250,943,320
   
2,814.2 $363,594,640 

Forest: suburban $8,207 478.2 $392,458,740 
          
1.2 $984,840 

Forest: urban $31,067 75.5 $234,555,850 
            
0.0 $0 

Grassland/pasture/hayfield $399 267.2 $10,661,280 
          
0.1  $3,990 

Open water: great lake 
bay/ estuarine $2,937 195.4 $57,388,980 

          
2.1  $616,770 

Open water: great lake 
nearshore $2,862 1922.4 $550,190,880 

        
39.5 $11,304,900 

Open water: inland lake $5,093 3512.8 $1,789,069,040
      
899.6  $458,166,280 

Open water: river $5,285 242 $127,897,000 
        
52.0  $27,482,000 

Open water: unclassified, 
non-urban $850 761.8 $64,753,000 

      
146.1  $12,418,500 

Open water: 
urban/suburban lake $25,919 10.3 $26,696,570 

            
0.5    $1,295,950 

Open water: 
urban/suburban river $77,689 100.7 $782,328,230 

          
0.4  $3,442,594 

Unvalued   1995.8 $0 
      
158.2   $0 

Urban herbaceous 
greenspace $43,696 15.8 $69,039,680 

            
0  $0 

Wetlands:coastal $23,256 49.3 $114,652,080 8.0 $18,604,800 
Wetlands: non-urban, 
non-coastal $12,407 659.9 $818,737,930

            
66.0 $81,886,200

Wetlands: urban/suburban $57,588 19.3 $111,144,840 
            
0  $0 

TOTAL $9,341,248,260 $1,054,593,910 
 



- Dynamic Valuation Approach (using Artificial Intelligence for Ecosystem 
Services (ARIES) Model™)

- ARIES is a modeling platform capable of automatically selecting, 
assembling and running ecological process models to quantify and map 
ESVs

- ARIES maps the locations and quantity of potential provision of 
ecosystem services (sources), their human beneficiaries (users), and any 
biophysical features that can deplete service flows (sinks)

- maps the movement of services (flows) among the source, sink and use 
locations

- produces more accurate depiction of benefit flows than theoretical values 
from static, non-spatial approaches

Methodology: Geospatial Modeling



Examples of Project Outputs:
from Geospatial Modeling
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Study Area: Algonquin Provincial Park (8,549 sq. km)

ESVs calculated – climate regulation benefits
i) net carbon sequestration value 
- modeled carbon source and sinks within the Park
- no flow paths because carbon sequestration assumed 
to provide global benefits due to atmospheric mixing

Methodology: Geospatial Modeling



Geospatial Modeling: Algonquin Park Carbon Sequestration

Economic Value of Carbon Sequestration*  
* = tons of carbon sequestration potential X per ton social cost of carbon1

1Tol (2008 and 2011)



Geospatial Modeling: Algonquin Park Carbon Sequestration

Results:
- carbon sequestration value = 1.38 million tons/yr X $73.96/ton

= $102 million/yr

- western / southern sections of Park have higher sequestration rates

- some of areas with high carbon sequestration are close to roads, 
including the eastern section of the-central part of the Park

Recommendations:

- carbon sequestration map results can inform timber and recreation 
facility management (i.e. help minimize harvest from areas with high 
sequestration / storage potential)



Study Area: Algonquin Provincial Park (8,549 sq. km)
ESVs calculated – recreation benefits
ii) recreation viewshed values 

- mapped sources, flows and blockages to scenic viewsheds
/aesthetically valuable lines of site for campers, hikers and paddlers 

- values considered lower bound of total aesthetic beauty because 
scenic viewsheds beyond the campsite not recorded 

- overnight permit site information based on 2011 permit sales data 
from campsite reservation service (CAMIS)

- combined actual flow data and Survey expenditure data to spatially 
allocate the economic value of viewsheds (assumes visitor 
expenditures are correlated with viewshed quality)

- model simulation with and without cottage structures

Methodology: Geospatial Modeling



Geospatial Modeling: Algonquin Park Recreation Viewsheds

Economic Value of Recreational Viewsheds for Backcountry Canoeists*
* total backcountry canoeist expenditure (from 2011 Visitor Survey) ÷ sum of Actual Flow 
values = price/unit of aesthetic beauty = ~ $0.13. Actual Flow values X $0.13 = total value of 
Aesthetic Flow/pixel to backcountry canoeists = $0 to $800/pixel



Geospatial Modeling: Algonquin Park Recreation Viewsheds

Economic Value of Recreational Viewsheds for Campground Visitors*
* total frontcountry campground visitor expenditure (from 2011 Visitor Survey) ÷ sum of Actual 
Flow values = price/unit of aesthetic beauty = ~ $58.21. Actual Flow values X $58.21 = total 
value of Aesthetic Flow/pixel to frontcountry campground visitors = $0 to $14,250/pixel



Geospatial Modeling: Algonquin Park Recreation Viewsheds

Economic Value of Recreational Viewsheds for Backcountry Hikers*
* total backcountry hiker expenditure (from 2011 Visitor Survey) ÷ sum of Actual Flow values = 
price/unit of aesthetic beauty = ~ $.0058. Actual Flow values X $0058 = total value of Aesthetic 
Flow/pixel to backcountry hikers = $0 to $90/pixel



Geospatial Modeling: Algonquin Park Recreation Viewsheds

Actual and blocked viewshed values suggest cottages reduce the viewshed quality 
experienced by Park visitors

Baseline Scenario

Recreational Viewsheds 
(abstract units / yr)

Potential 
Source

Blocked Flow Actual 
Flow

Canoe Use
859,891,600  13,128,650  17,860,710 

Hiking Use
663,764,100  21,141,240  32,928,680 

Campground Use
375,272,600  817,683  63,351 

No Cottages Scenario

Recreational Viewsheds 
(abstract units / yr)

Potential 
Source

Blocked Flow Actual 
Flow

Canoe Use
859,891,600  12,863,620  18,125,740 

Hiking Use
663,764,100  21,083,340  33,590,780 

Campground Use
375,272,600  772,565  108,470 



Geospatial Modeling: Algonquin Park Recreation Viewsheds

Results:
- canoeists, and their viewsheds, were the most widely distributed of the 

visitor types

- for all types of visitors:

- highest viewshed source values occur in west half of Park on north side 
of Highway 60

- lowest viewshed source values in eastern half of Park along southern 
terminus

- cottage structures reduced recreational viewshed values



Geospatial Modeling: Algonquin Park Recreation Viewsheds

Recommendations:
- map results can inform management (i.e. hotspots of visual enjoyment, 

areas that are potentially visually valuable but unvisited, features that are 
deteriorating and dollar values associated with amenity features

- viewshed “scenario analysis” can be used to improve understanding of 
tradeoffs between Park uses and visitor experience (i.e. campground visitor 
viewsheds would improve more than backcountry visitor viewsheds from 
cottage removal)

- viewshed valuations can be used to compliment other recreation valuation 
approaches (i.e. travel cost, discrete choice, benefit transfer and CVM)



Study Area: Lake of the Woods Sub-watershed (1,322 sq. km)

ESVs calculated:- hydrological service benefits 
i) freshwater regulation: surface water supply for residential use 
from a single sub-watershed 

- modeled precipitation, snowmelt, infiltration, evapotranspiration, 
flow and water use

- maps show surface water supply sources, flow paths and water 
use by beneficiaries

Methodology: Geospatial Modeling



Geospatial Modeling: Lake of the Woods Surface Water Regulation

Actual amount of surface water (expressed in millimeters/yr) 
that travels from source locations to residential users



Geospatial Modeling: Lake of the Woods Surface Water Regulation

Economic Value of Surface Water Supply*  
* = forested source and flow hectares X water supply value/hectare1

1 based on Value Transfer approach, value of $1,699/ha of urban forest, $850/ha of impaired forest



Geospatial Modeling: Lake of the Woods Surface Water Regulation

Results:
- current demand for surface water supplies for residential use is satisfied
- since surface water is plentiful, most source and use locations are close 
together (i.e. source locations match areas with high population density) 
and actual flow paths are short 
- water use is highest in the northwest/southern portions of the sub-
watershed
- estimated water supply value of $845,000 for residential use
- no value from parks or CRs due to way population was distributed across 
the landscape during model development

Recommendations:
- if water supply is scarce, locations with inaccessible source values 
and/or blocked source values > 0 should be considered as additional 
sources for water extraction to meet unmet demand
- increasing model specificity of beneficiary locations would allow for 
improved flow mapping, and likely yield benefits from the PAs 



Study Area: Lake of the Woods Sub-watershed (1,322 sq. km)

ESVs calculated:- hydrological service benefits 

ii) sediment regulation for agriculture
- beneficiaries - farmers on floodplains that rely on sediment 
deposition for soil fertility 

- modeled runoff, soil erodeability, land cover, topography, drainage, 
stream, floodplain characteristics and impacts on farmers

- maps show sources of sediment for downstream 
beneficiaries (farmers), flow of sediment, locations of sediment 
deposition and utilization 

Methodology: Geospatial Modeling



Geospatial Modeling: Lake of the Woods Sediment Regulation

The amount of benefit (in tons of sediment /ha/yr) delivered to farm locations



Geospatial Modeling: Lake of the Woods Sediment Regulation

Economic Value of Sediment Regulation*  
* = forested source and flow hectares X sediment regulation value/hectare1

1 based on Value Transfer approach, value of $748/ha for forest, $348/ha for impaired forest



Geospatial Modeling: Lake of the Woods Sediment Regulation

Results:
- sediment delivery for farmers is a “rival use” meaning if deposited in one 
location, it is not available in another location
- sink locations may be on farmland (whereby a benefit is delivered) or 
elsewhere (where no benefit is achieved) 
- 8 million tons of sediment/yr is generated of which 0.5% is utilized by farmers 
- estimated sediment regulation value is $37,000/yr for agricultural purposes
- low $ value due to the way the beneficiaries are defined in this model, 
specifics of the landscape and lack of floodplain data

Recommendations:
- sediment regulation maps may be useful when evaluating erosion control 
initiatives because blocking sediment delivery may have negative 
consequences for downstream floodplain farmers
- an analysis of the avoided cost of sedimentation to water filtration plants, 
power producers, and entities that view sediment deposition as a disservice 
might prove more meaningful for economic valuation



Lessons Learned
- ESVs better approximate the benefits from PAs than valuation measures 

focusing on tourism-related expenditures

- ESV approaches work do not suit many remote PAs

- Dynamic ESV approaches may produce more accurate depictions of 
benefit flows than theoretical values from static, non-spatial approaches, 
however, they are expensive, sophisticated and data driven

- Static benefit transfer approaches are cheaper, simpler, but provide a lower 
resolution of information to support decision-making 

- Regardless of the approach, valuing PAs based on a more complete 
estimate of  the benefits they provide, can help ensure their contribution to 
wealth and well-being is better understood. 
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Thank You!

Any other 
questions?

Ecosystem  
Service Valuation 

Summit 


