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Abstract 
 

Natural ecosystems provide several important services to society, including water 

purification, crop pollination, and carbon storage.  Until recently, however, these services 

were not paid for in market transactions, giving landowners little incentive to provide 

services at optimal levels.  Payments for ecosystem services (PES) have addressed this by 

compensating landowners for the services they provide.  PES have the potential to become 

powerful tools for conservation work, prompting the need for conservation planning for 

these services.  In this project, the modeling tool InVEST was used to determine the spatial 

distributions of four ecosystem services (carbon storage, water purification, pollination, and 

biodiversity protection) for a study area in North Carolina.  The outputs of these models 

were then overlaid to determine areas of the landscape that are important for the provision 

of multiple services.   The individual and multiple ecosystem service maps were then used to 

help prioritize investment in specific property parcels based on the ecosystem services each 

provides under several land use change scenarios, including afforestation, wetland 

restoration, and the planting of riparian buffers.  
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1. Introduction 
 

Ecosystems, through their normal functioning, provide services that result in 

benefits for humans, including water purification, flood control, disease regulation, and 

climate stabilization (Daily 1997).  These services often have directly recognizable economic 

benefits, such as the cost savings in drinking water treatment from protecting watersheds 

(Ernst 2004).  Other services do not provide direct benefits, but rather they underpin and 

allow for the provision of other beneficial services.  Nevertheless, whether or not the 

services benefit humans directly, the services provided by nature create the foundation for all 

human social and economic activity.   

While the importance of ecosystem services (also called environmental services) can 

scarcely be understated, the processes involved in the provision of these services have 

traditionally not been captured in normal market activity.  For example, a forest owner 

usually provides the services of carbon storage, water purification, and biodiversity 

protection to society for free.  Furthermore, since the benefits of the services accruing to the 

landowner are often small relative to the benefits from other land uses, the landowner 

usually does not have an incentive to provide a socially optimal level of services.  For 

example, the marginal benefits of climate stabilization from carbon storage accruing to the 

landowner for leaving the land in forest are tiny compared to the financial benefits of 

clearcutting the land for timber.  Ecosystem services, therefore, are often seen as a positive 

externality problem.  

This problem has recently begun to be addressed with the advent of payments for 

ecosystem services (PES), in which landowners are paid for the services they provide, either 

by the actual users of the services or by a third party, such as the government.  PES can take 

the form of carbon credits, water quality trades, direct government payments or any other 
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financial instrument that allows the users of an ecosystem service to compensate a 

landowner for providing it.  PES programs have emerged as powerful tools for conserving 

natural landscapes, and the financing they bring can help to advance otherwise uneconomical 

projects.  The Trust for Public Land used carbon financing, for example, to help purchase 

11,000 acres of floodplain forest in Louisiana for the Tensas River Wildlife Refuge (Morrow 

2005).  Furthermore, a study by Goldman et al. (2008) compared ecosystem service projects 

to traditional biodiversity conservation projects and found that the ecosystem service 

projects received an average of four times the funding. 

The addition of PES-related financing for conservation projects, along with a 

growing recognition from policy makers and the general public of the importance of 

ecosystem services, suggests the need for conservation planning for ecosystem services 

(Chan et al. 2006, Tallis et al 2009).  Traditionally, conservation practitioners have focused 

on one service at a time—most often biodiversity conservation (e.g. Myers et al. 2000).  

However, the desire to protect multiple services (as well as the potential to bundle payments 

for multiple services) calls for a more integrated approach to conserving landscapes for the 

ecosystem services they provide.   

Spatial models, such as InVEST, a tool from the Natural Capital Project (Tallis et al. 

2008), now allow conservation planners to get a relative sense of the areas of importance 

across a landscape for the provision of ecosystem services.  The goal is to use this 

information to prioritize investment in conservation on the basis of the ecosystem services 

provided on the landscape.  This paper develops a framework to use information on the 

spatial distribution of ecosystem services to aid in conservation planning. 
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Ecosystem services 
 

The Millennium Ecosystem Assessment (MA) has divided ecosystem services into 

four classes: (1) provisioning services, (2) regulating services, (3) cultural services, and (4) 

supporting services (MA 2005).  Figure 1.1 shows the linkage of these services to human 

well-being.   

Provisioning services include actual physical goods provided by natural ecosystems, 

including food, water, fuel, and timber.  Regulating services include such services as carbon 

storage for climate stabilization, water purification, and disease regulation.  Cultural services 

include the aesthetic, spiritual, educational, or recreational values that people hold for nature.  

Finally, supporting services are those services that do not benefit humans directly, but rather 

that allow for the provision of the other three types of services.  Examples of supporting 

services include primary production from plants and nutrient cycling.   

Until recently, most ecosystem services were not traded in traditional markets, 

making it difficult to determine the economic value of any particular service.  Furthermore, 

because landowners that provide ecosystem services do not capture all of their benefits, they 

do not have an incentive to provide a socially optimal level of services.  For this reason, 

many ecosystem services are in a degraded state.  In fact, the MA (2005) found that 15 of the 

24 services examined “are being degraded or used unsustainably.”  Furthermore, the MA 

found that global demand for ecosystem services is growing, even as many of the services 

are in decline. 

The decline in the quality and quantity of services provided by landscapes, along with 

the increase in demand for services has created scarcity.  This scarcity has not only increased 

awareness of society’s dependence on ecosystem services, but it has also fostered the 



INTRODUCTION 

4 
 

development of payment mechanisms to value ecosystem services more directly and to 

compensate the landowners that provide them. 

 

 

Figure 1.1.  Millennium Ecosystem Assessment classification of ecosystem services and their 
effects on human well-being.  Source: Millennium Ecosystem Assessment 2005. 
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Payments for ecosystem services 
 

Wunder (2005) has offered a definition that is regularly cited in the literature, and it is 

often quoted in its entirety: 

“A PES is: 

1. a voluntary transaction where 

2. a well-defined ES (or a land-use likely to secure that service) 

3. is being ‘bought’ by a (minimum one) ES buyer 

4. from a (minimum one) ES provider 

5. if and only if the ES provider secures ES provision (conditionality).” 

This definition is very useful, in that it restricts PES to voluntary transactions between 

at least one buyer and at least one seller.  This excludes non-voluntary measures such as 

command-and-control policies or pollution taxes.    

PES can be divided into two groups on the basis of who makes the payments: “user-

financed” payments and “third party-financed” payments (Engel et al. 2008; Jack et al. 2008).  

Third party financed payments are those in which a third party makes the payment on behalf 

of the users of the service.  The third party in this case is typically the federal or state 

government, but it could also include payments made by an international body or a non-

governmental organization (NGO).   

User-financed payments are those in which the actual users of the service make the 

payment.  This could include the purchase of carbon credits to offset one’s personal carbon 

footprint or the purchase of wetland credits to offset the destruction of a wetland caused by 

development.  User-financed programs can be further divided into policy-driven payments 

and voluntary payments.  Policy-driven payments arise in response to a specific policy, such 

as a water quality policy with a nutrient loading cap.  For example, a wastewater treatment 



INTRODUCTION 

6 
 

plant that knows it will exceed its limit on nutrient loading could pay a nearby farmer to 

institute some practice, such as planting a riparian buffer, which will offset the wastewater 

plant’s excess nutrient loading.   

Many PES, notably the market for carbon offsets, have no current policy driver.  The 

payments in these markets involve voluntary transactions, and the markets for such 

payments are generally smaller in scale than those for policy-driven payments (Hamilton et al 

2008).     

Although the payments from voluntary markets are smaller than those from policy 

driven markets or government payments, they still receive a great deal of attention.  The 

report by IUCN and Shell, “Building Biodiversity Business,” deals exclusively with voluntary 

transactions (Bishop et al. 2008).  While the authors do not refer to this model explicitly as 

PES, their definition of “biodiversity business” essentially describes a subset of PES: a 

“commercial enterprise that generates profits via activities which conserve biodiversity, use 

biological resources sustainably, and share the benefits arising from this use equitably.”  The 

authors point to regulation and policy-driven markets as critical components of conservation 

work; however, they also foresee biodiversity business as an important compliment to those 

more traditional policy roles. 

The potential for profits for private entities from investment in ecosystem services is 

seen by many as important to the growth and success of PES as a conservation strategy.  

Not only is profit generation central to the IUCN and Shell idea of biodiversity business, but 

Waage (2007) argues that “private sector engagement will increase when it is clear that 

payments can deliver a return on their investment.”  Therefore, private, voluntary, and 

profitable PES are viewed as critical tools in the development of market-based conservation 

measures. 



INTRODUCTION 

7 
 

In the United States, however, both voluntary and policy-driven markets for PES are 

relatively new, and so they tend to be smaller than government-financed PES, such as the 

Conservation Reserve Program.   

Nevertheless, payments will continue to grow for a variety of ecosystem services, 

both in policy-driven and voluntary markets.  Therefore, it is in the interest of conservation 

planners, and landowners themselves, to become more familiar with the distribution of 

ecosystem services on the landscape, and specifically how this can affect PES markets and 

the financing they bring to conservation activities.  The tools introduced in this paper will be 

important assets for this work. 
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2. Methods 
 
 The spatial distribution of ecosystem services was modeled for Johnston County, 

North Carolina using the Integrated Valuation of Ecosystem Services and Tradeoffs 

modeling tool (InVEST), a GIS-based tool produced by the Natural Capital Project (Tallis et 

al. 2008).  The results of the model were then analyzed for sensitivity to inputs, including the 

spatial datasets and assumptions used to run the model.  The model outputs were also 

examined for correlation in the provision of different ecosystem services to determine the 

potential co-benefits that would accrue from protecting a single service or group of services. 

A framework was then developed to combine model outputs for individual services 

into a single output for multiple or “bundled” ecosystem services.  The bundled ecosystem 

service score and the individual service scores were applied to property parcel data to 

compare and prioritize parcels for conservation planning. 

 

InVEST 
 
 InVEST is a GIS-based modeling tool that allows planners to compare landscapes 

for their ability to provide ecosystem services.  InVEST has three tiers, each requiring 

differing amounts of data and producing different types of outputs.  Tier 1 requires minimal 

spatial datasets that are generally easily obtained from government sources, especially within 

the United States.  Tier 2 is intended to answer questions about the economic values of 

ecosystem services.  Tier 3 takes local ecological processes and landscape dynamics into 

account and requires data specific to the study area.  The Natural Capital Project has so far 

only released a beta version of the Tier 1 tool, which was used in this project.  

 The Tier 1 tool consists of a series of six ArcGIS scripts.  Each script corresponds to 

a single ecosystem service, such as carbon storage, water quality, biodiversity protection, or 
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pollination.  InVEST also has scripts to explore the services of timber production and 

erosion prevention, but, due to lack of data, those scripts were not examined for this project. 

 

InVEST data requirements 

InVEST Tier 1 requires raster format spatial data in which the study area is divided 

into regular grid cells (e.g. 30m × 30m).  Each grid cell in a raster has an X and Y location 

and a value, which can include continuous variables such as elevation or categorical variables 

such as land cover classes. 

The outputs from InVEST are largely driven by land use/land cover (LULC) maps 

and user-supplied assumptions about the nature of ecosystem service provision in each land 

cover class.  Other data required for some InVEST scripts include elevation, soils data, and 

data on threats to biodiversity.  The data requirements and an analysis of the sensitivity of 

model outputs to changes in inputs for each InVEST script used in this project are described 

below.  For more information on any of the InVEST models, including more specific data 

requirements and model limitations, see Tallis et al. (2008).   

 

Carbon 

 The carbon script allows the user to explore the amount of carbon stored on the 

landscape.  At its most basic level, the script requires only a LULC map and a database 

listing the estimated amount of carbon stored in each LULC class.  For example, the 

National Land Cover Database (NLCD) is a spatial dataset, produced by a consortium of 

several government agencies, that covers most of the United States at a 30m resolution 

(MRLC 2001).  The LULC classes from the NLCD relevant to Johnston County include 

deciduous forest, evergreen forest, row crop agriculture, and high-density development, 
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among others.  InVEST requires both the spatial dataset and a database containing estimates 

on the average amount of carbon stored aboveground, belowground, in the soil, and in dead 

organic matter in each LULC class.  At this most basic level, InVEST simply reclassifies each 

grid cell in the study area with the total amount of carbon stored, based on its LULC class.  

Estimates for carbon storage were taken mostly from Smith, et al. (2006), but also from Paul 

et al. (1999) and Neely (2008).  Only aboveground, soil, and dead carbon pools were used in 

the model because data on belowground carbon could not be found in the literature.  The 

results from the carbon model are presented in units of metric tons of carbon per grid cell.   

These results, however, are for carbon storage and not carbon sequestration.  To address 

questions of carbon sequestration, InVEST allows the user to supply current and future 

LULC maps.  The same carbon database is then used to determine carbon storage rates for 

both LULC maps, as well as the difference between the two, which represents the amount of 

carbon sequestered.  This feature allows the user to perform scenario analysis in which the 

LULC class of certain grid cells is changed from row crop agriculture to forest, for example, 

or from wetland to medium density development.  Scenario analysis is explored more fully 

below in the Case Studies section.   

The carbon script also allows the user to input a price per ton of carbon, which is 

then multiplied by the amount of carbon stored in each grid cell to provide an estimate of 

the economic value of the carbon stored on the landscape.  The present value of the carbon 

stored in the future landscape and of the sequestered carbon can also be determined, with a 

user-supplied discount rate. 

The carbon script also allows the user to account for carbon removed from an area 

due to timber harvests.  User supplied maps of timber stands, along with estimates of the 

amount of carbon removed from each stand, are used to recalculate the amount of carbon 
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stored in grid cells that fall within timber stands.  Because these data could not be obtained 

for the study area, this feature was not used in this analysis. 

 

Pollination 
 

The pollination model determines the areas of the landscape important for providing 

pollination services.  Like the carbon script, the pollination script relies heavily on LULC 

data along with two additional databases that describe the pollinator species relevant for the 

study area and the suitability of each LULC class for nesting and food sources for each 

pollinator species.  In the suitability database, suitability for nesting and foraging (i.e. 

availability of flowers) is input on a relative scale, from 0 to 1.  Suitability can also be 

provided for different seasons, if, for example, a certain LULC class has more flowers 

available for pollination in the spring than in the summer.  The user supplies the average 

distance in meters each pollinator can travel from nesting sites to food sources.  The user 

also has the option to indicate which crops the pollinator visits, if the LULC map contains 

individual classes for different crops. 

For this analysis two pollinator species were selected to be included in the model: the 

common honeybee (Apis mellifera) and a native bee species, the orchard mason bee (Osmia 

lignaria).  Suitability of LULC classes and average foraging distances were taken from 

Williams and Tepedino (2003) and Kremen et al. (2004). 

The user must specify which LULC class(es) represent(s) agricultural areas or supply 

a table with information on the locations of specific farms.  This information is then used to 

determine a score, between 0 and 1, for each grid cell representing its relative importance for 

providing crop pollination services.  The score is based on the suitability of each grid cell for 
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pollinator nesting and food source production, as well as the distance of each grid cell from 

agriculture cells.   

Similar to the carbon model, the pollination model allows the user to supply both 

present and future LULC maps for scenario analysis.   

Clearly the usefulness of the pollination tool is highly dependent on the LULC map.  

If the map has different land cover classes for each crop grown in the study area, the tool 

can give a more accurate picture of the importance of each grid cell to the service of 

pollination.  However, in many cases, those data are not available.  The NLCD, for example, 

includes only two LULC classes for agriculture: pasture/hay and cultivated crops.  Therefore 

it is difficult to determine whether any particular grid cell truly benefits from pollination or if 

the crops grown there are even pollinated by animals. 

 

Water quality  

 The water quality protection model is actually a combination of three scripts.  The 

first determines the importance of each grid cell to the provision of water quality services.  

This includes information on topography, as well as nutrient export from each LULC class.  

The second script takes into account the demand for water quality services at user-supplied 

points of interest, such as drinking water intakes.  The third script estimates the economic 

value of water quality services by comparing the services provided on the landscape to the 

estimated cost of treating the water to achieve the same level of water quality.  This project 

focuses on the supply of ecosystem services, so only the results from the first script were 

analyzed.   

 The first water quality script requires a digital elevation model (DEM), spatial data on 

soil depth and saturated hydraulic conductivity (Ksat), a LULC map, and a database of 
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nutrient export coefficients.  A DEM is a raster dataset that has values for the elevation of 

each grid cell.  To make the DEM more suitable for hydrologic analysis, all sinks were filled 

and streams were burned into it.  This allows water to flow across the surface more 

realistically in the models employed by InVEST.  Ksat is a measure of the rate at which 

water flows through the soil; it is used, along with soil depth, to improve the results of the 

DEM-based hydrologic models.  The DEM was obtained from the USGS, and the soils data 

were obtained from the Soil Survey Geographic Database (SSURGO) provided by the 

National Resources Conservation Services (NRCS). 

A LULC map is required to run the tool, along with a database of nutrient loading 

coefficients that predict the amount of nutrients exported from each LULC class in units of 

kilograms per hectare per year.  Nutrient export coefficients for this analysis were taken 

from Reckow (1980).  The database also requires information on the vegetation filtering 

capacity, which is a relative value (between 0 and 100) indicating the ability of vegetation 

buffers to remove pollutants from runoff from each LULC class.  Natural LULC classes, 

such as forests, have higher vegetation filtering values, while classes with more impervious 

surface tend to have lower values.  

The water quality script produces three outputs.  The first is based solely on 

elevation and soils data, and the result is a map of Hydrological Sensitive Areas (HSAs).  The 

HSA map has a score from 0 to 1 for each grid cell based on the likelihood that the grid cell 

will produce runoff that affects other grid cells in the study area.  This provides a general 

measure of how connected each grid cell is to the stream network. 

 The HSA map is then used to calculate Critical Source Areas (CSAs) which account 

for the probability that each grid cell will export pollution, based on its LULC class and the 
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nutrient loading coefficients.  Areas with high nutrient export that also overlap with HSAs 

receive a higher CSA score. 

 The final water quality output accounts for the ability of vegetation buffers to filter 

the pollutants flowing from CSAs.  This output illustrates which grid cells contribute 

pollution to the landscape and which grid cells are important for filtering pollution.  The 

highest scoring grid cells are the most important areas of the landscape for providing water 

quality services. 

 

Biodiversity 

 The service of biodiversity protection is modeled in InVEST by exploring the threats 

to biodiversity.  Rather than including information on species event occurrences or predicted 

distributions (i.e. where species are), the InVEST model focuses on areas that are likely to 

harm or impair biodiversity (i.e. where species aren’t).  This approach is useful because it 

allows the user to examine the general distribution of all biodiversity in the study area, 

instead of examining the distribution of one species or a group of species for which 

occurrence data are available.  Nevertheless, because the InVEST model does not include 

inputs on where species are actually located, the results are highly generalized and offer only 

a relative sense of the importance of areas in the landscape for biodiversity protection.  More 

sophisticated models of species distributions would be more useful if the analysis were 

concerned with only one or a few species. 

 To run the biodiversity model, a LULC map is required, along with a database of 

threats to biodiversity and a database of sensitivity of each LULC class to each threat.  The 

user can identify as many threats as desired, such as distance to roads, development 

likelihood, or probability of wildfires.  For each identified threat, the user supplies a raster 
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spatial dataset with information on the severity of the threat in each grid cell.  For example, 

if the threat is distance to roads, grid cells that are closer to roads should have a higher value 

than more remote cells.   

 For this analysis it was determined that the largest threat to biodiversity would be the 

expansion of human developments.  To examine this, the probability of development for 

each grid cell was modeled using logistic regression.  The 1992 and 2001 NLCD LULC maps 

were compared and areas that changed from undeveloped in 1992 to developed in 2001 were 

coded as 1.  All other grid cells were coded as 0.  The map was randomly sampled for an 

equal number of 0 and 1 cells, along with several variables for each cell including distance 

from roads, distance from existing development, distance from sewers, slope, current 

population, and change in population between 1990 and 2000.  The only variable found to 

be significantly different from zero at the 5-percent level was the distance from roads (p-

value < 0.001).  The model from the logistic regression was input into ArcGIS to create a 

prediction surface, and the prediction surface was transformed to a probability surface using 

the inverse logit function: 

 
1

x

x

e
y

e
=

+
          (2.1) 

where x is the prediction from the logistic model and y is the resulting probability.  This 

probability surface represents the probability of development for each grid cell, which was 

used as the threat surface for the biodiversity model. 

In addition to the list of threats, a database must be included to indicate the relative 

sensitivity of each LULC class to each threat.   

The model then uses this information to calculate habitat integrity, based on the 

LULC class of each grid cell, the sensitivity of the LULC to each threat, and the presence 
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(and/or intensity) of each threat.  Habitat integrity is reported on a scale from 0 to 1, with 

healthier habitat cells scoring closer to 1.   

The model also calculates habitat rarity, a measure of how rare each habitat type is 

on the landscape, by one of two ways.  In the first method, a baseline landcover map is used 

to compare current habitat conditions to historic (i.e. pre-settlement) habitat conditions.  

The ratio of current habitat conditions to historic conditions provides an estimate of how 

rare each habitat type is relative to its historic distribution.   

Because a baseline or historic landcover map is often not available for many study 

areas, InVEST also allows the user to calculate habitat rarity based on user-supplied scores 

of the global conservation status of each habitat type.  This could be something similar to 

the conservation status scale designed by NatureServe, in which critically threatened habitats 

are given a score of 1 and abundant habitats are given a score of 5 (Tallis et al. 2008).  Clearly 

the usefulness of this measure depends on the number of classes identified in the LULC 

map.  For example, the NLCD has only three forest types, including: deciduous, mixed, and 

evergreen.  A LULC dataset with more habitat types would improve the performance the 

habitat rarity model. 

Similar to the carbon and pollination scripts, the biodiversity script also allows the 

user to input a future LULC map for scenario analysis. 

 

Sensitivity analysis 

 Each modeling script in InVEST requires inputs of different spatial datasets, as well 

as several assumptions about the provision of ecosystem services on the landscape.  A 

sensitivity analysis was run to determine the effects of changes of inputs and assumptions on 

the model results.   
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The LULC map is the common thread to each InVEST model, and the results from 

each model could be improved with greater specificity of LULC classes.  The NLCD is the 

most widely available LULC dataset for the United States, but it offers only 15 LULC 

classes.  A much more specific LULC dataset is available for the state of North Carolina, 

called the NC GAP dataset.  This dataset has 81 LULC classes, and natural ecosystems such 

as forests are broken down into far more categories than the three forest classes available in 

the NLCD.  (See Appendix A for comparisons of NLCD and NC GAP LULC classes).  

Because the InVEST models are so heavily dependent on LULC data, the model for each 

ecosystem service was run with the NLCD and the NC GAP LULC datasets.  Model 

outputs were then compared by selecting 100 grid cells at random and performing a paired t-

test to compare the mean scores for each service produced by each LULC map.  Grid cells 

were selected using Hawth’s tools, an ArcGIS extension that generates random points across 

the landscape. 

The sensitivity analysis also examined changes in model outputs resulting from 

changes in model assumptions.  For each tool, the LULC map is combined with a database 

of parameters, such as carbon storage values or nutrient loading coefficients to produce 

model results.  To determine the effects of changes in the coefficients on model outputs, 

each InVEST model was run 20 times, changing the model parameters randomly ±10 

percent in each run.  Fifty grid cells from each resulting ecosystem service map were 

randomly sampled, and the scores of the cells were regressed against the parameters that 

produced them.  
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A tool for bundling services 

 The results from each InVEST script are displayed in a single raster or group of 

rasters that describe the importance of each grid cell for the provision of a single ecosystem 

service.  In order to examine the distribution of the provision of multiple services in the 

study area, a tool was developed to overlay the individual outputs from each script into a 

single output for bundled services.  The tool assigns a score based on importance of each 

grid cell for providing multiple ecosystem services according to the following formula: 

   
1

100
max( )

I
ij

j i

i i

x
y

x
β

=

 
= ⋅ 

 
∑ ,                    (2.2) 

where xij is the score for ecosystem service i in grid cell j, max(xi) is the maximum score for 

ecosystem service i across all grid cells, βi is a weight given to each ecosystem service i, and yj 

is the final bundled ecosystem service score for grid cell j.   

Because some of the outputs from InVEST are in different scales, equation  

(2.2) rescales each grid cell’s individual ecosystem score, xij, from 0 to 100.  A user-supplied 

weight, βi is then applied for each ecosystem service.  This weight can be altered by the user 

as needed in the analysis or planning framework.  For example, if water quality protection is 

seen as more important than other services, it can be weighted more highly. 

This final bundled ecosystem service score for each grid cell is scaled from 0 to 100, 

and to score highly, a grid cell must provide multiple services in sufficiently high amounts 

and/or qualities. 

The Python script and an ArcGIS graphic of this tool can be found in Appendix B. 
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 Applying the bundled services score to parcel data 
 
 Another tool was developed to apply the bundled ecosystem service score to 

property parcel data to enhance its usefulness in conservation planning.  This tool relies on 

the Zonal Statistics feature of ArcGIS.  Zonal Statistics calculates descriptive statistics 

(mean, standard deviation, sum, minimum, maximum, and count) of grid cells that fall within 

specified zones.  The conservation planning tool I developed specifies the zones to be 

individual property parcels, and the tool then calculates descriptive statistics for the 

ecosystem service scores of the grid cells that fall within the boundaries of each property 

parcel.  This tool can be run using the bundled services score and/or any of the individual 

service scores.  This would apply, for example, a bundled services score and/or a water 

services score, etc., to each parcel.   

The score applied to each parcel can be based on any of the descriptive statistics, 

although each has its own biases, as will be discussed below.  Once the score is applied to 

parcels, it can be used to prioritize investment in specific parcels based on their importance 

for providing ecosystem services.  This is explored more fully below, in the Case Studies 

section. 

The Python script and an ArcGIS graphic of this tool can be found in Appendix B. 

 

Study area 

 

 Johnston County, NC is located in the piedmont ecoregion of the state, to the 

southeast of Raleigh, the state capital (Fig. 2.1).  According to the US Census Bureau, the 

estimated population of Johnston County in 2007 was 157,437, representing a 29.2 percent 

increase from 2000.  Data from the NLCD shows that row crop agriculture accounts for 

more than 25 percent of the land cover in the county (Fig. 2.2).  Johnston County also has 
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extensive areas of upland and wetland forest, as well as pasture and hay, and it has a 

relatively small amount of developed area. 

 The National Land Cover Database (NLCD) does not include spatial data on where 

specific crops are grown, but data from the NC Department of Agriculture shows that 

soybeans account for nearly 45 percent of all harvested area in 2007 (Fig. 2.3).  Other 

important crops include corn for grain, flue-cured tobacco, and sweet potatoes.  While 

tobacco and sweet potatoes do not represent the largest share of harvested area, they are the 

two most important crops economically, providing revenues of $39 million and $15 million 

in 2007, respectively.  The revenue from these and other crops gave Johnston County the 

highest total cash receipts from crops across all counties in North Carolina in 2007.  

Johnston County is also the fourth largest county in the state in terms of receipt of 

government payments, receiving $22.5 million in 2007. 

 

 

 

 

 

 

 

 

Figure 2.1.  Johnston County, North Carolina. 
 
 
 
 
 



METHODS 

 21

 

 

 

 

 

 

 

 

 

 

Figure 2.2.  Percentage of area in Johnston County in each LULC class. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3.  Percentage of harvested area in Johnston County occupied by each major crop. 
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3. Results 
 

Sensitivity to land use/land cover map input  
 
 Because the InVEST outputs are largely driven by LULC maps, the sensitivity of the 

outputs to changes in the LULC map used was analyzed.  Two LULC datasets were obtained 

for the study area: the NLCD (mentioned above) and the NCGAP dataset (available at 

http://www.basic.ncsu.edu/ncgap/Index.html).  The NCGAP dataset was developed by a 

consortium of agencies and organizations, including USGS, the NC Natural Heritage 

Program, and NC State Univeristy.  With 81 LULC classes, the NCGAP has far more 

specific information on the distribution of each ecosystem type on the landscape than the 

NLCD, which only has 15 LULC classes.   

 To test the sensitivity of InVEST outputs to the LULC map used, all four ecosystem 

service models were run with both LULC maps.  The model parameters for each service 

were aligned as closely as possible (for example all of the many evergreen LULC classes in 

the NCGAP dataset used the same parameter as the single evergreen LULC class in the 

NLCD).  One hundred grid cells were randomly sampled from each ecosystem service 

output, and the outputs from the different LULC maps were compared in a paired t-test 

(Table 3.1).  The results show that for the services of carbon and pollination the outputs 

from the different LULC classes were significantly different from one another at the 95 

percent level.  The outputs for the services of water quality and biodiversity were not 

significantly different. 

 This indicates that either the two LULC maps are not very similar or the model 

parameters were not aligned closely enough.  Nevertheless, this suggests that, for at least two 

of the ecosystem services, using a different LULC map in InVEST will produce significantly 

different results.  With many more LULC classes, the NCGAP dataset has the potential to 
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be the better choice to use with the InVEST models; however, using the NCGAP dataset 

with InVEST will also require model parameters, such as carbon storage and nutrient 

loading rates, for each LULC class.  The parameter estimates obtained from the literature for 

this project were generally too broad to be used with the NCGAP dataset.  For example, the 

NCGAP dataset has over 40 classes of forest, whereas the literature only has carbon storage 

estimates for 6 forest classes (Smith et al. 2006).  There are even fewer estimates from the 

literature relevant to the NCGAP LULC classes for parameters to be used with the water 

quality, biodiversity, and pollination models.   

 Therefore, while the NCGAP dataset appears to be more useful for the InVEST 

models, the lack of parameter estimates for many of the LULC classes presents a problem.  

For this reason the NLCD was used as the LULC map input for the rest of the analysis in 

this project. 

 

 

Table 3.1.  Results from paired t-tests comparing InVEST outputs using NLCD and 
NCGAP LULC maps as inputs. 
 

Ecosystem 
Service 

Mean 
NLCD 
Score 

Mean 
NCGAP 
Score t-statistic P-value 

Carbon 7.92 8.96 -2.10   0.038 * 

Water Quality 9.42 × 10-5  6.77 × 10-5 0.89   0.378      

Pollination 0.153 0.119 2.45   0.016 * 

Biodiversity 0.486 0.444 1.56   0.121 
 
* Significant at the 5-percent level. 
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Sensitivity to model parameters 

 

 The sensitivity of InVEST outputs to changes in model parameters was investigated 

by running the model recursively with slight changes in model parameters.  The resulting 

InVEST outputs were then regressed against the parameters used to produce them.     

 

Carbon  
 

The results from the sensitivity analysis for the carbon tool indicate that the 

relationship between the model parameters and modeled amount of carbon were highly 

significant and linear, as expected (Table 3.2, Fig. 3.1).  The coefficient on the effect of 

model parameters on the final carbon score is 0.96, suggesting that increasing an input 

parameter by 1 ton of carbon would result in an increase in the output of nearly 1 ton.  

Because the only inputs to the model are the carbon stocks in each LULC class, it is not 

clear why the regression coefficient and r2 value are not equal to 1. 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1.  Total carbon input parameters (summed across all four carbon pools) against 
InVEST carbon model output in units of tons of carbon per hectare. 
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 However, when the carbon model was run with the individual carbon pools as 

explanatory variables, the coefficient on each carbon pool was also not equal to 1 (Table 

3.3).  This suggests that the different carbon pools are treated differently in the model, with 

dead carbon on the landscape having more importance for the final score.  A possible 

explanation for this is that dead biomass is assumed to be essentially inert and therefore 

more likely to continue to store its carbon long term; however this is not mentioned in Tallis 

et al. (2008).   

 

Table 3.2.  Results from regression of InVEST carbon outputs against the sum of the 
model parameters from the four carbon pools. 
 

 Coefficient Std. Error t statistic p-value 

Constant 2.89 3.99 0.725    0.479 

Total Carbon 0.96 0.04  25.502  <0.001*** 

     

F-statistic  650.40    

r2      0.98    
*** Significant at the 0.1 percent level. 

 

Table 3.3.  Results from regression of InVEST carbon outputs using model parameters 
from individual carbon pools as explanatory variables.   
 

 Coefficient Std. Error t statistic  p-value 

Constant 0.86 4.44 0.193    0.850  

Aboveground 0.97 0.05 18.503 <0.001*** 

Soil 0.95 0.05 20.698 <0.001*** 

Dead 1.17 0.29 6.117 <0.001*** 

     

F-statistic     208.30    

r2         0.98    
*** Significant at the 0.1 percent level. 
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Water quality 

 
 The water quality tool runs a series of models to generate several map products.  The 

first of these is the Topographic Index, which, according to Tallis et al. (2008) is calculated 

using the input DEM, ksat, and soil depth rasters.  After running the model, 100 cells from 

the Topographic Index raster were randomly sampled, along with the input rasters used to 

produce it.  The data sampled from the input rasters were used as explanatory variables in a 

linear regression to predict the Topographic Index; however no significant relationships 

could be determined, even with transformations to both the explanatory and dependent 

variables.  Therefore, the process by which InVEST calculates the Topographic Index is 

likely more complicated than could be determined through ordinary least squares regression.   

 The Topographic Index is then used in the InVEST model to calculate the 

Hydrological Sensitive Areas (HSAs), which is a measure of how connected each grid cell is 

to the stream system in the study area.  A regression shows a strong linear relationship 

between the Topographic Index score and the HSA score (Table 3.4, Fig 3.2).  

 

Table 3.4.  Results from regression of Hydrological Sensitive Areas scores against InVEST 
derived Topographic Index scores. 
 

 Coefficient Std. Error t statistic   p-value 

Constant 1.07 × 10-4 2.08 × 10-5      -0.52      0.609 

Topographic Index 4.23 × 10-2 7.19 × 10-4     58.88  <0.001*** 

     

F-statistic 3466.0    

r2 0.99    
 *** Significant at the 0.1 percent level. 

 

 

 



RESULTS  

 27

 

Figure 3.2.  Plot of Topographic Index against Hydrological Sensitive Areas score.   
 

 

Figure 3.2 shows a strong linear relationship between the two variables, with most of 

the scores near zero.  This suggests that according to the Topographic Index, most of the 

landscape in the study area is not very connected to the stream system and thus does not 

have a high HSA score.  Areas of the landscape with a relatively high Topographic Index 

tend to receive higher HSA scores, although without knowing more about how the 

Topographic Index is calculated it is difficult to fully interpret the coefficient on its effect on 

HSA, 4.23 × 10-2. 

The Topographic Index and HSA rasters appear to be calculated using only raster 

maps, such as the DEM or soil depth, as inputs.  The next product calculated by InVEST, 

the Critical Source Areas raster, uses the HSA raster along with user-input nutrient loading 

coefficients to determine the potential for each grid cell to generate nutrient runoff.  The 
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nutrient loading coefficients were taken from Reckow (1980), and the model was run 20 

times with slight changes (± 10 percent) in each coefficient.  A sample of 50 grid cells was 

collected at random from the resulting CSA rasters, along with the HSA and nutrient loading 

coefficients used to produce it.  The CSA scores from each model were then regressed 

against the nutrient loading coefficients for each of the 50 sample points (Table 3.5, Fig. 3.3).  

The results show that the CSA score has a highly linear relationship with the nutrient loading 

coefficients.  However the slope of this relationship was not constant across all sample 

points; some sample points had much steeper slopes than others.  Because each sample 

point from the map has a potentially different HSA score, the slopes from the regressions of 

the CSA scores and the nutrient loading coefficients were then regressed against the HSA 

scores of sample points (Table 3.6, Fig. 3.4).  The results show that the slope of the 

relationship between the CSA score for a particular grid cell and the nutrient loading 

coefficients is highly dependent on the HSA score of that grid cell.  That is, CSA is 

calculated by the formula: 

 CSA = β0
CSA + β1

CSAx,         (3.1) 

where x is the nutrient loading coefficient.  β1
CSA is determined by the HSA score, by the 

formula: 

 β1
CSA = β0

HSA + β1
HSAHSA.        (3.2) 

Substituting (3.2) into (3.1), results in the formula: 

 CSA = β0
CSA + (β0

HSA + β1
HSAHSA)x.        (3.3) 

Equation (3.3) shows that as the HSA score for a particular grid cell increases, the slope of 

the relationship between CSA and the nutrient loading coefficient will increase.  Therefore, 

errors in nutrient loading estimates will not be represented uniformly across the study area; 

cells with higher HSA scores will be affected more than cells with lower HSA scores. 
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 The values of β0
HSA and β1

HSA in this case were 2.19 × 10-10 and 8.90 × 10-5, 

respectively, without additional information it is difficult to know whether those parameters 

would change for other study areas. 

Table 3.5.  Regression results of user-input nutrient loading coefficients on CSA score for 
one sample point from the study area.  
 

 Coefficient Std. Error   t statistic    p-value 

Constant 8.13 × 10-12 1.23 × 10-10        0.07      0.949 

Nutrient Loading Parameter 1.33 × 10-9 5.13 × 10-12    259.33   <0.001*** 

     

F-statistic 6.73 × 104   

r2 1.0     
*** Significant at the 0.1 percent level. 

 

Figure 3.3.  Plot of user-input nutrient loading coefficients against output CSA scores for 
three different sample points.  The slope of the relationship appears to be affected by the 
HSA of the sample point (see Fig. 3.4). 
 

Table 3.6.  Results from regression of slope of the relationship between CSA and the 
nutrient loading coefficients and HSA score. 
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 Coefficient Std. Error t statistic p-value 

Constant 2.19 × 10-10 1.03 × 10-10        2.11    0.04* 

HSA  8.90 × 10-5 8.42 × 10-8 1,057.75  <0.001*** 

     

F-statistic 1.12 × 106   

r2 1.0    
* Significant at the 5 percent level. 
*** Significant at the 0.1 percent level. 

 

 

 

Figure 3.4.  Plot of HSA score against the slope of the relationship between CSA score and 
nutrient loading coefficients.  
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 The CSA raster is then used to determine the final Water Quality Impairment score.  

This calculation depends the ability of the runoff from each LULC class to be filtered by 

natural vegetation, which is input to the model as the filter fraction parameter.  In a process 

similar to the sensitivity analysis of the CSA raster, the model was run 20 times, varying the 

filter fraction parameter ±10 percent in each run.  The resulting Water Quality Impairment 

rasters were sampled along with the CSA and HSA rasters and the filter fraction parameters 

used in each model run.  The Water Quality Impairment scores were regressed against the 

filter fraction parameters for each of 50 sample points across the study area (Table 3.7, Fig. 

3.5).  The negative coefficient on the filter fraction parameter indicates that as it increases, 

the modeled water quality impairment for the study area will decrease.  Similar to the results 

of CSA analysis, the filter fraction parameter had a highly linear relationship with the Water 

Quality Impairment score, but the slope of that relationship was not constant across the 

different sample points.  Unlike the CSA analysis, however, no reason could be found for 

the variation in slope across sample points.  The slopes from the regressions were regressed 

against the CSA and HSA scores, but no significant relationships were found.  Therefore, 

while the Water Quality Impairment score is linearly affected by the filter fraction parameter, 

the slope of that relationship is not constant across the study area.  Unfortunately the nature 

of the change in the relationship between sample points could not be determined.  

Nevertheless, while the coefficient changed across sample points, it was always negative, 

indicating that the Water Quality Impairment score would decrease as the filter fraction 

parameter increases.  This is to be expected as water quality should become less impaired if it 

is assumed that more of the pollutants can be filtered out by natural vegetation. 
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Table 3.7.  Results from regression of the Water Quality Impairment score against the filter 
fraction parameter for one sample point from the study area. 
 

 Coefficient Std. Error t statistic   p-value 

Constant 1.87 × 10-7 2.49 × 10-13 751,946 <0.001*** 

Filter Fraction -1.91 × 10-9  3.59 × 10-15 -533,348 <0.001*** 

     

F-statistic 2.85 × 1011   

r2 1.0    
*** Significant at the 0.1 percent level. 

 

Figure 3.5.  Plot of filter fraction parameter against the Water Quality Impairment score.   
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Pollination 
 
 The pollination score for each grid cell depends on two user-input parameters—the 

suitability of the grid cell for nesting and the availability of food from flowers—as well as the 

distance of each grid cell to the nearest agricultural cell.  The model was run 20 times, 

altering the two user-input parameters within a range of ±10 percent.  The resulting 

pollination scores from 50 randomly sampled grid cells were regressed against the 

parameters from each model run (Table 3.8).  The results of the regressions and Figures 3.6 

and 3.7 show that the relationship between the pollination score and each of the parameters 

is linear, and while the slopes and r2 values are largely similar, the intercepts are different 

across sample points.  The differences in intercepts were investigated by regressing the 

intercepts against the distances of each sample point from the nearest agricultural cell; 

however no relationship could be determined. 

 The elasticities of the model variables calculated from the coefficients for nesting 

and foraging suitability are 0.996 and 0.810, respectively.  This indicates that the parameter 

for foraging suitability is relatively more important for determining the pollination score, as a 

1 percent increase in the nesting suitability parameter estimate would result in nearly a 1 

percent increase in the pollination score, whereas a 1 percent increase in the foraging 

suitability parameter would result in only a 0.81 percent increase in the pollination score.   
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Figure 3.6.  Parameter for nesting suitability plotted against pollination score for four 
sample points from the study area. 

 
Figure 3.7.  Parameter for foraging suitability plotted against pollination score for four 
sample points from the study area. 
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Table 3.8.  Results from regression of pollination score against parameters for nesting and 
foraging suitability for one sample point from the study area.  
 

  Coefficient 
Std. 
Error t statistic p-value 

Nesting 0.248 0.020  -6.95 <0.001*** 

Foraging 0.474 0.019 13.25 <0.001*** 

Constant     -0.142  0.036 13.34 <0.001*** 

     

F-statistic    122.10    

r2        0.94       
*** Significant at the 0.1 percent level. 

 
 
 
 

Biodiversity 
 
 The only parameter to affect the biodiversity score for each grid cell is the sensitivity 

of each LULC class to each threat.  Because only one threat layer was used for this analysis 

(the probability of development), there was only one sensitivity parameter for each LULC 

class.  The biodiversity model was run 20 times, changing the sensitivity parameters ±10 

percent in each run.  The resulting biodiversity scores for 50 randomly sampled grid cells 

were regressed against the sensitivity parameters used in each model run (Table 3.9).  The 

results of the regressions and Figure 3.8 show that the relationship between the sensitivity 

parameter and the biodiversity habitat quality score is linear, although the slope of the 

relationship was not constant across the study area, nor was the intercept.   

 Because the grid cells randomly sampled from the landscape were in different 

conditions of potential degradation, the slopes and intercepts were the regressions were then 

each regressed against the habitat degradation output from InVEST (Tables 3.10 and 3.11).  

This layer is a measure of the strength of the threats in each grid cell.  The results show that 

the habitat degradation score has an inversely linear relationship with both the intercepts and 
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slopes for the relationship between the sensitivity parameter and the habitat quality score.  

That is, the habitat quality score is determined by the equation: 

 0 1

Q Q
q sβ β= + , (3.4)  

where q is the habitat quality score, and s is the sensitivity parameter.  The parameters β0
Q
 

and β1
Q are determined by the following equations: 

 1 11

0 0 1
( )

D DQ
dβ β β− = +  (3.5) 

and 
 

 2 21

1 0 1
( )

D DQ
dβ β β− = + ,  (3.6) 

where d is the habitat degradation value, as determined by InVEST.  Substituting (3.5) and 

(3.6) into (3.4) produces: 

 
1 1 2 21 1

0 1 0 1
( ) ( )

D D D D
q d d sβ β β β− −= + + + ⋅ . (3.7) 

The formula for habitat quality, therefore, is a function of both the sensitivity parameter and 

the modeled degradation of the grid cell itself.  The coefficient 1

1

Dβ is positive, indicating 

that an increase in the habitat degradation value will increase the inverse of the intercept for 

equation (3.7), which actually decreases the intercept.  The coefficient 2

1

Dβ is negative, 

indicating that an increase in the habitat degradation value for a grid cell will decrease the 

inverse of the slope of the relationship between habitat quality (the biodiversity score) and 

sensitivity to threats.   

 Furthermore, the coefficient 2

0

Dβ is negative (though it is not significant at the 5 

percent level).  Therefore the addition of 2

0

Dβ and 2

1

Dβ ⋅d (both are negative values) will 

result in a negative value for the slope of the relationship between the biodiversity score and 

the sensitivity parameter, no matter what the degradation score is (as long as it is not 
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negative itself, which is unlikely).  This is illustrated in Figure 3.8, which shows that even 

though the slope of the relationship changes across sample points, it is always negative.  

Therefore as the sensitivity to threats increases, the habitat quality score decreases, as would 

be expected, and as the habitat degradation value of a grid cell increases, the slope of the 

relationship will become more negative.   

 Similar to the CSA score for the water quality tool described above, the biodiversity 

score for each grid cell depends on more than just the parameter inputs.  Therefore, if the 

parameter estimate is inaccurate, the differences in the biodiversity scores will not be 

uniform across the landscape; each grid cell’s score will depend on its habitat degradation 

value. 

 

 
Table 3.9.  Results from regression of biodiversity habitat quality score against parameter 
for sensitivity to development threat for one sample point from the study area. 
   

  Coefficient Std. Error t statistic p-value 

Constant  1.00 0.0017 582.52 <0.001*** 

Sensitivity -0.09 0.0030  -29.44 <0.001*** 

     

F-statistic 866.80    

r2     0.98       

*** Significant at the 0.1 percent level.  
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Table 3.10.  Results from regression of the inverse of the coefficient on sensitivity with 
respect to habitat quality against habitat degradation. 
 
 
  Coefficient Std. Error t statistic p-value 

Constant  -4.72 × 10-9 9.35 × 10-9 -5.05 0.62 

Degradation -1.15 1.85 × 10-8  -6.19 × 107 <0.001*** 

     

F-statistic      3.84 × 1015   

r2            1.0       

*** Significant at the 0.1 percent level.  

 

 
Table 3.11.  Results from regression of the inverse of the intercept in the relationship 
between habitat quality and sensitivity and habitat degradation. 
 

  Coefficient Std. Error t statistic p-value 

Constant 0.004 0.0007   5.31 <0.001*** 

Degradation 1.112 0.0013     858.60 <0.001*** 

     

F-statistic     7.37 × 105    

r2 1.0       

*** Significant at the 0.1 percent level.  
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Figure 3.8.  Habitat quality (biodiversity score) plotted against the sensitivity parameters 
from five sample points from the study area.  

 
Figure 3.9.  Inverse of the coefficients on the sensitivity parameter plotted against the 
habitat degradation as modeled by InVEST.   
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Figure 3.9.  Inverse of the intercepts from regressions of the biodiversity score and 
sensitivity parameter plotted against the habitat degradation as modeled by InVEST.  
 
 

 

Correlation between services 
 
 To test the potential co-benefits of promoting any single ecosystem service, the 

Pearson’s correlations between services were calculated from a random sample of 100 

gridcells from each ecosystem service output (Table 3.12).  The results show a strong 

positive correlation between carbon and biodiversity, and a slightly weaker, but still positive 

and significant, correlation between biodiversity and pollination.  The correlation between 

carbon and pollination was negative and significant, and all correlations with water quality 

were not significant.   

 Because the water quality score from InVEST is determined largely by topography, it 

follows that the score from that service would not necessarily correlate with the scores from 

other services.  The negative correlation between carbon and pollination is likely due to the 
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fact that forested wetlands, which cover 12.6 percent of the study area, are very important 

for the service of carbon storage and relatively unimportant for the service of pollination. 

 The significant and positive correlation between biodiversity and carbon, and also 

between biodiversity and pollination, suggests that investments in biodiversity projects will 

often produce co-benefits for other services.  This analysis does not suggest that investments 

in all carbon projects will result in declines in the service of pollination; rather, conversion to 

wetland would likely result in declines in pollination, whereas conversion to other natural 

land uses, such as upland forest would likely result in increases in the service of pollination.  

Similarly, individual investments in water quality, such as through the planting of riparian 

buffers, would likely promote other services, including carbon and biodiversity.  However, 

when viewed across the entire study area as in this analysis, the service of water quality 

protection appears uncorrelated with all other services. 

 

Table 3.12.  Correlation coefficients for comparisons between individual ecosystem service 
outputs. 
 

Comparison 
Correlation 
Coefficient t statistic p-value 

Carbon and Biodiversity 0.672 8.99    <0.001*** 

Biodiversity and Pollination 0.324 3.39    <0.001*** 

Carbon and Pollination -0.315 -3.28     0.001** 

Carbon and Water Quality -0.012 -0.118 0.906 

Water Quality and Biodiversity -0.093 -0.92 0.360 

Water Quality and Pollination -0.096 -0.957 0.340 
 

**   Significant at the 1 percent level. 
*** Significant at the 0.1 percent level.  
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4. Case Studies 
 
 To assess the usefulness of InVEST outputs and the associated planning tools in a 

conservation planning framework, several case studies were developed.  The first case study case 

study involves prioritizing parcels on the basis of their current ecosystem service scores.  Other case 

studies involve scenarios of some potential change in future land use, such as afforestation or 

wetland restoration.  For these case studies, InVEST was run with the current LULC map and then 

run again with a hypothetical future LULC map.  The differences between the two maps were 

analyzed to prioritize investment in parcels under hypothetical PES programs.  

 

Prioritization based on current ecosystem service supply  

 
The first case study envisions a hypothetical program to reward landowners for the 

ecosystem services currently provided.  Because Johnston County landowners already receive over 

$22.5 million in government payments (NC Dept. of Agriculture 2009), this type of program is not 

difficult to imagine.  It also gives us the opportunity to demonstrate the prioritization process based 

on the current ecosystem service outputs from InVEST.   

This hypothetical government program promotes ecosystem services generally, so the 

prioritization is based on the bundled ecosystem service score, calculated by the process outlined on 

page 18.  Assuming that the program values all services equally, the bundled service scores were 

calculated using an equal weight of 25 percent for each of the four services.  The resulting bundled 

services raster is shown below in Fig 4.1.  The bundled ecosystem service scores were then applied 

to parcel level data using the Zonal Statistics tool in ArcGIS.  The score can be based on any of the 

descriptive statistics calculated by the Zonal Statistics tool, but each presents its own biases.   

If the score is based on the mean of the grid cells that fall within each parcel, the 

prioritization tends to select for smaller parcels.  Larger parcels with even a few low scoring 
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Figure 4.1.  Current bundled ecosystem services map. 
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grid cells will have lower means than smaller parcels with more uniformly high scores.  A parcel 

consisting of only one grid cell with a score of 60 will rank more highly than a parcel consisting of 

99 cells with a score of 60 and 1 cell with a score of 59.  This is relevant to Johnston County, 

because there are 11,949 parcels consisting of only 1 cell (13.5 percent of all parcels in the county). 

Another statistic that the ecosystem scores could be based on is the sum of the scores of the 

grid cells in each parcel.  Obviously this will tend to select for parcel size over ecosystem service 

score; a parcel consisting of 100 grid cells with a score of 1 would be considered equal to a parcel 

consisting of only 1 cell with a score of 100.   

The problems presented by each of these selection methods are illustrated in two different 

implementations of the hypothetical government payment program.  The first implementation 

would pay the 100 highest scoring parcels.  The second implementation would reward the highest 

scoring parcels until a threshold of 5,000 acres (2,023 ha) is met.  For each implementation, parcels 

were ranked twice: once based on the mean and once based on the sum.  The parcels chosen by 

each method for each implementation can be seen in Figure 4.2, and summary statistics for each 

implementation can be seen in Tables 4.1 and 4.2. 

 As shown in Table 4.1, the top 100 parcels in Johnston County only amount to 45 acres 

when the ranking is based strictly on the mean, and mean acreage of selected parcels is 0.45 acres.  

When the ranking is based on the sum, the top 100 parcels amount to 40,576 acres—over 900 times 

larger than the acreage of the selected parcels ranked by mean.  However, for the parcels ranked by 

sum, the average ecosystem score is lower than the average ecosystem score of the parcels ranked by 

mean, when the ecosystem score is based on the mean of the grid cells in each parcel.  This suggests 

that ranking the parcels by sum selects more for parcel size than for the overall quality and quantity 

of ecosystem service provided by each parcel.   
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Table 4.1.  Summary statistics for the top 100 parcels in Johnston County, NC based on ranking 
parcels by mean and sum bundled ecosystem service scores. 
 

 Mean Parcel Score    

Prioritization 
Method 

Based on 
Mean 

Based on 
Sum 

Total 
acres 

Mean Parcel 
Acreage 

Number of 
parcels chosen 

Sorted by Mean 72.69              103            45               0.45  100 

Sorted by Sum 57.53       105,986   40,576           405.76  100 
 
 

 The next implementation selected parcels ranked by each prioritization method until the 

threshold value of 5,000 acres was reached.  For the mean and sum prioritization methods, the final 

selected parcels represented 4,606 and 4,808 acres, respectively.  However the number of parcels 

selected by each method is different.  The prioritization based on the mean selected 482 parcels for 

the program, with a mean parcel size of 9.56 acres.  The prioritization based on the sum selected 

only 4 parcels for the program, with a mean parcel size of 1,202 acres.   

 
 
 
Table 4.2.  Summary statistics for top 5,000 acres (2,023 ha) of parcels in Johnston County, NC 
based on ranking parcels by mean and sum bundled ecosystem service scores.  Total acres for both 
prioritization methods represent the most parcels each method could select without exceeding 5,000 
acres.  
 

 Mean Parcel Score    

Prioritization 
Method 

Based on 
Mean 

Based on 
Sum 

Total 
acres 

Mean Parcel 
Acreage 

Number of 
parcels chosen 

Sorted by Mean 70.56          2,975 4,606        9.56 482 

Sorted by Sum 66.40 358,137 4,808 1,202.00     4 
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            A                                B 

 
Figure 4.2.  Parcels chosen for a government payment program on the basis of their current ecosystem service scores.  Parcels were 
ranked by either the mean or sum of the ecosystem services scores of the grid cells in each parcel.  The rankings were used in two 
implementations of the program: (A) where the top 100 parcels were chosen and (B), where the top 5,000 acres were chosen.
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 Clearly there are positive and negative aspects of each prioritization method.  Since the 

purpose of the hypothetical program is to reward landowners for the ecosystem services they 

currently provide, the score based on the mean seems most appropriate, as the agency is interested 

selecting parcels with high overall quality and quantity of ecosystem services.  Yet, as Figure 4.2 

shows, ranking parcels by the mean tends to select for smaller (and in this case more dispersed) 

parcels.  If the program faces certain administrative costs (e.g. contracting, monitoring, etc.) for each 

additional parcel it selects, then ranking by the mean would tend to result in a more costly program 

than one prioritized by sum.  However, a program prioritized by sum tends to select a parcel more 

for its size than for the ecosystem services it produces.   

 Therefore, if the administrator of the program wishes to prioritize on the basis of a parcel’s 

mean ecosystem service score, but also wishes avoid selecting many small parcels, the following 

index is suggested: 

 I = m
γ ⋅ ln(a + 1) (4.1) 

where m is the mean ecosystem service score for the parcel, γ is the weight to be placed on the 

ecosystem service score, a is the area of the parcel, and I is the final index score of the parcel.  

Accounting for parcel area in the index avoids selecting for many smaller parcels because larger 

parcels will score more highly.  However, taking the natural log of the parcel area ensures that the 

importance of parcel area will diminish as area increases; this seeks to prevent a parcel scoring highly 

simply because it is larger than all other parcels.  Because the area variable was used with units of 

acres, 1 acre was added to each parcel in the process of calculating the index to prevent single- and 

sub-acre parcels from being assigned negative or zero index values.   

By including the mean ecosystem service score, the index ensures that parcels are not 

selected for size alone.  The parameter γ can also increase the weight the index places on the 

ecosystem service score. 
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 The value of γ will obviously change 

the outcome of the prioritization.  Because a 

prioritization based on mean ecosystem 

service score alone tends to select for smaller, 

high scoring parcels, an increase in γ will 

similarly select for smaller, high scoring 

parcels.  To test this, parcels were prioritized 

using the index (4.1), above, with γ values 

ranging from 1 to 50.  For these 

prioritizations, the second implementation 

was used, in which the program adds parcels 

to achieve a goal of 5,000 acres in the 

program.  Figure 4.3 shows that an increase 

in γ results in the selection of (a) more 

parcels,  (b) higher scoring parcels, and (c) 

smaller parcels.  The relationships between γ 

and number of parcels selected and mean parcel 

area appear to follow logarithmic functions, 

while the relationship between γ and mean parcel 

score is less continuous.  For γ = 30, there is a relatively large increase in mean ecosystem service 

score.  This discontinuity provides a useful point for selecting a value for γ ; at this value, there is a 

large increase in the mean ecosystem service score, without a correspondingly large change in the 

number or size of parcels selected.  While this choice of γ is somewhat arbitrary, the weight to be 

Figure 4.3.  Plots of γ against (a) number of 
parcels chosen, (b) mean parcel ecosystem service 
score, and (c) mean parcel area (acres).  

(a) 

(b) 

(c) 



CASE STUDIES 

49 
 

placed on mean ecosystem service score for an actual government program would have to be made 

on the basis of the preferences of decision makers.  Ideally the program would balance the marginal 

benefits of paying landowners for providing services with the marginal cost of administering the 

program.  However, because a valuation of these ecosystem service benefits has not been 

performed, this is not possible.  Therefore, absent the information about the economic costs and 

benefits of the program, the value of γ = 30 is recommended to be used with the index (4.1) for the 

prioritization of parcels for this hypothetical program.  The parcels selected using this method are 

shown in Figure 4.4. 

 The prioritization using index (4.1) with γ = 30 selected 23 parcels on 4,985 acres, mostly in 

a large area of forested wetlands in the southeastern part of the county.  The average parcel size was 

216 acres, although there were 6 single- and sub-acre parcels chosen (26 percent), and the average 

ecosystem service score was 71.03.  These 23 parcels store 2.11 million metric tons of carbon, and 

the mean scores for each service can be seen in Table 4.3. 

 Interestingly, the selected parcels do not score highly for all ecosystem services.  While the 

parcels score highly for biodiversity, carbon, and water quality, they tend to score lower for 

pollination.  The low score for pollination is likely due to the fact that the selected parcels mostly 

occur in wetlands, and the inputs for pollination models assume that wetlands have relatively low 

suitability for pollinator nesting.  Nevertheless, parcels’ high scores for the other three services led to 

their high bundled services scores and their selection in the prioritization. 
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Table 4.3.  Mean ecosystem service scores for individual and bundled services for 23 selected 
parcels in a program to reward the highest scoring parcels in Johnston County, NC based on current 
ecosystem service scores. 
 

Ecosystem Service Mean Score 

Carbon 86.18 

Water Quality 79.93 

Pollination 18.68 

Biodiversity 99.32 

  

Bundled 71.03 

 

Figure 4.4.  Johnston County, NC parcels selected in current ecosystem services program with 

index (4.1) and γ = 30. 
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Prioritization for planting riparian buffers 
 
 The preceding case study involved payments to landowners for the ecosystem services they 

supply currently.  However, because the services are already being supplied, it is possible that they 

would continue to be supplied, even the absence of payments.  A more efficient use of public funds 

would include payments that induce changes in the amount or quality of services provided by 

landowners.  A change in the amount or quality of ecosystem services provided would require a 

change in land use, such as the planting of riparian buffers, a common land use change incentivized 

by government payment programs.  Programs such as the Conservation Reserve Program (CRP) and 

the Forest Legacy Program (FLP) provide incentives for landowners to plant trees and other 

vegetation along streams and riverbanks to improve water quality, reduce erosion, and protect 

biodiversity. 

 In this example, the government of Johnston County will initiate a hypothetical program to 

pay landowners to plant riparian buffers to improve water quality in the county.  Because Johnston 

County contains so much agricultural land, the main objective of this program will be to mitigate 

nutrient runoff from crop fields.  However, since the buffers will provide a range of ecosystem 

services, including carbon storage and biodiversity protection, the administrators of the program will 

consider planting buffers on any LULC type, not just agricultural fields. 

 Of the more than 88,000 parcels in Johnston County, more than 28,000, or 32 percent, 

occur along streams and would be eligible for the program (Table 4.4).  However in terms of area, 

79 percent of the total area of the county would be eligible.   

Table 4.4.  Statistics for parcels eligible for riparian buffer program compared to total parcels in 
Johnston County, NC. 

 Eligible Parcels Total Parcels 

Number of parcels 28,477 88,331 

Total parcel area (acres) 394,754 498,131 

Mean parcel area (acres) 13.86 5.65 

Largest parcel (acres) 1,409 1,409 
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 To prioritize which parcels should 

be included in the program, a future LULC 

map was developed in which all upland grid 

cells within 60m of the streams were 

reclassified as deciduous forests.  It was 

assumed that the program would not 

disturb wetlands, so those cells were not 

changed.  Each of the InVEST models were 

then run twice: once with the current NLCD 

LULC map and once with the future LULC 

map.  The change in ecosystem services was 

measured to determine which parcels would 

see the greatest benefit from the planting of 

riparian buffers. 

 The parcels were sorted using index (4.1), with a range of γ values, and a value of 5 was 

determined to be appropriate for this prioritization.   The value of the mean ecosystem service score 

declined with a value of γ > 5, while the number of parcels selected increased (Figure 4.5).  The 

likely reason for this is that with larger values of γ, the prioritization selected larger numbers of 

parcels, many of which had lower values for the change in water quality score.  Similar to the 

program to pay landowners for the services they provide currently, described above, the program for 

planting riparian buffers was prioritized for the top 5,000 acres of parcels.  With the value of γ = 5, 

2,406 parcels were selected—far more than in the program described above.  The mean parcel size 

Figure 4.5.  Plots of γ against (a) number 
of parcels chosen, (b) mean parcel 
ecosystem service score for prioritization 
for riparian buffer program. 

(a) 

(b) 
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was 2.08 acres, indicating that this program would involve many small parcels.  Figure 4.6 shows that 

the parcels are also far more spread out than those selected for their current ecosystem services.   

 

Figure 4.6.  Parcels selected for inclusion in a program incentivizing the planting of riparian buffers 
in Johnston County, NC. 
  

 The 2,406 parcels selected would store a total of 887,959 tons of carbon, which is less than 

half of the carbon stored by current ecosystem services program.  The average ecosystem service 

scores of the selected parcels in the riparian buffers program are also significantly lower than those 

from the current ecosystem services program, with the exception of water quality and pollination.   
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Obviously, since the program selected parcels for water quality scores, they are expected to score 

highly.  Furthermore, reclassifying the grid cells in the buffers as deciduous forest created new areas 

of suitable pollinator habitat, so the selected parcels were expected to have a higher pollination score 

than the parcels from the current ecosystem services program, which selected parcels mostly in 

wetlands.   

Despite the fact that the parcels selected in the riparian buffers program tended to provide, 

on average, fewer and lower quality ecosystem services, it is important to note that the riparian 

buffers program represents a change in land use.  The ecosystem services provided by the selected 

parcels would likely not have been provided in the absence of this program.  The current ecosystem 

services program, on the other hand, would have paid money to landowners that are already 

providing the service.  Therefore, while the service provided by the riparian buffers program might 

not be of as high a quality, the program would be more economically efficient by not paying for 

services that possibly would have been provided anyway. 

 

Table 4.5.  Mean scores for each ecosystem service for the riparian buffers programs. 
 

Ecosystem Service Mean Score 

Carbon 46.79 

Water Quality 77.03 

Pollination 44.81 

Biodiversity 55.39 

  

Bundled 56.01 
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Prioritizing afforestation for carbon sequestration 
 

Afforestation for carbon sequestration is one of the most frequently mentioned 

payments for ecosystem services projects.  A market for carbon credits has emerged in the 

United States despite the absence of a policy driver, and this has already led to the initiation of 

several forestry projects.  All of the forestry carbon projects in the United States to date have 

been implemented by private citizens, businesses, or non-profit groups; none of the projects 

has been initiated by the government (Mercer et al., unpublished data).  Nevertheless, with the 

growth in carbon finance for forestry projects, there is a potential for significant co-benefits 

from other services, such as water quality services (Pattanayak et al. 2005).   

In order to better understand this potential, a hypothetical program was envisioned to 

initiate an afforestation project on 5,000 acres of lands in Johnston County, NC.  Natural (e.g. 

wetlands and forests) and urbanized lands were excluded from this program, leaving only row 

crop or pasture lands eligible.  Yet this still leaves more than 187,000 hectares (36 percent of 

the county) eligible for the program.  To simulate this program, a future LULC map was 

developed by reclassifying all row crop and pasture grid cells as deciduous forest cells.  The 

InVEST models were run with both the current NLCD LULC map and the future afforestation 

LULC map, and the differences between the outputs were measured.  Parcels were prioritized 

based on the change in the carbon score, which represents the amount of carbon sequestered 

on the property.  The prioritization used index (4.1), and an analysis determined that a γ value 

of 10 would be useful for the prioritization, because above this value, the mean carbon score of 

the parcels chosen did not increase significantly, while the number of parcels continued to 

increase (Figure 4.7).  The prioritization with the γ = 10 selected 348 parcels, which store a 

total of more than 1.04 million tons of carbon.  Interestingly, the average carbon score of the 

selected parcels is relatively low at 48.47.  This is likely because even though the program 
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Figure 4.7.  Plots of γ against (a) number of 
parcels chosen, (b) mean parcel ecosystem 
service score for prioritization for afforestation 
program. 

prioritized parcels on the basis of the 

amount of carbon sequestered, the areas of 

the future landscape with the highest 

amount of carbon are those that did not 

change in the program—namely the large 

areas of forested wetlands in the southeast 

part of the county.   

The water quality and biodiversity 

scores are relatively high, each at 79, and the 

pollination score, at 50, is higher than in 

either the current services or riparian buffer 

programs (Table 4.6).  It is interesting to 

note that the mean water quality score is slightly, 

but significantly higher for parcels selected in the 

afforestation program than those selected by the riparian buffers program (t-test, p-value < 

0.001).  This indicates that even though the riparian buffers program was prioritized for water 

quality, the afforestation program actually produces higher water quality benefits.  This is 

potentially due to the fact that the parcels selected by the riparian buffers program were 

constrained to be near streams, whereas those selected by the afforestation program did not 

face the same constraints. 

 
 
 
 
 
 
 

(b) 

(a) 
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Table 4.6.  Mean service scores and bundled service score for parcels selected in afforestation 
program. 

 

 

 

 
 
 
 
 

 
 
Figure 4.8.  Parcels selected for inclusion in afforestation program for carbon sequestration in 
Johnston County, NC. 
 
 
 

 

Ecosystem Service Mean Score 

Carbon 48.47 

Water Quality 79.56 

Pollination 50.47 

Biodiversity 79.89 

  

Bundled 64.60 
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Prioritization for wetland mitigation banking 
 

Wetlands provide a wide variety of ecosystem services, including significant water quality and 

biodiversity protection benefits.  The restoration of degraded wetlands is driven in large part by 

section 404 of the Clean Water Act, which restricts the development of natural wetlands.  The US 

Army Corps of Engineers requires that wetlands impacted by development be offset by the 

restoration or enhancement of other wetlands in the same watershed.  There are several options for 

complying with the wetland mitigation requirements, including wetland mitigation banking, in which 

degraded wetlands are restored by a mitigation bank to generate wetland mitigation credits.  The 

bank then sells the wetland mitigation credits to developers as they need them.   

The establishment of wetland mitigation banks offers significant opportunities for the 

enhancement of a wide variety of ecosystem services.  In order to explore these opportunities, a 

scenario was developed in which all degraded wetlands in Johnston County, NC were restored and 

reforested.  A dataset was obtained from the NC Department of Environment and Natural 

Resources (DENR) Division of Coastal Management (DCM) showing the areas of eastern NC with 

potential for wetlands restoration or enhancement.  There are 19,505 parcels in Johnston County 

that contain degraded wetlands, which represents 22 percent of the parcels in the county.  By area, 

however, these parcels cover 67 percent of the county.  Figure 4.8 shows that much of the degraded 

wetlands occur in mixed forest, open water, and developed areas, while a relatively small area of 

degraded wetlands occur on row crop fields or pastures.   

 To enable easier comparison with the other simulated programs, this program also selected 

for 5,000 acres of parcels.  In reality, however, a wetland restoration program would likely occur on 

a much smaller scale.  Furthermore, it is not likely that the degraded wetlands occurring in already 

developed areas would be restored.  However, because these areas make up such a large percentage 
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of degraded wetlands in the county, they were not excluded from the simulated wetland restoration 

program.   

Figure 4.8.  Proportion of degraded wetlands in LULC class. 

 

The conversion to forested wetlands (rather than herbaceous wetlands) is appropriate in 

Johnston County because the DCM dataset indicates that the type of wetland restoration suggested 

for the county involves the planting of native tree species.  Therefore a future LULC map was 

created by classifying all degraded wetland cells as forested wetlands.  This future LULC map was 

used along with the current NLCD LULC map in InVEST model runs to determine the change in 

ecosystem services in the wetland restoration program.  

Although wetlands provide a variety of ecosystem services, the restoration program was 

prioritized for parcels with the largest change in biodiversity score.  Because the riparian buffer and 

afforestation programs were prioritized for water quality and carbon services, respectively, the 

prioritization of the wetland restoration program by biodiversity score allows for comparison of 

different programs prioritized based on different services. 
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Figure 4.9.  Plots of γ against (a) number of 
parcels selected and (b) mean parcel biodiversity 
score for parcels selected in a wetland 
restoration program in Johnston County, NC. 

 The wetland restoration program was 

prioritized using index (4.1) with a γ value of 5.  

Figure 4.9 shows that different values of 

γ resulted in an unusual pattern.  The value of 5 

resulted in the highest mean biodiversity score 

for the selected parcels.  Higher values of 

γ resulted in decreasing mean biodiversity scores 

and an increasing number of parcels selected. 

The prioritization with the value of γ = 5 

selected 3,383 parcels to meet the goal of 5,000 

acres.  As noted above, a wetland restoration 

project at this scale would likely be infeasible in 

practice.  Nevertheless, the program at this scale allows 

for comparison with the riparian buffer and 

afforestation programs, holding the area of each program constant.  The total amount of carbon 

stored by the wetland restoration program was 766,544 tons.  The mean biodiversity score of the 

parcels was 64, and the mean water quality score was 68.  The mean carbon and pollination scores, 

however, were much lower at 42.4 and 39.6, respectively (Table 4.7). 

 
 
 
 
 
 
 
 
 

(a) 

(b) 
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Table 4.7.  Mean service and bundled services scores for parcels selected for a wetland restoration 
program Johnston County, NC. 
 
Ecosystem 
Service 

Mean 
Score 

Carbon 42.39 

Water Quality 67.86 

Pollination 39.62 

Biodiversity 64.37 

  

Bundled 53.56 

 
 
 
Figure 4.10.  Parcels selected for participation in wetland mitigation program in Johnston County, 
NC. 
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Comparisons across programs 

 
 All of the hypothetical programs described here, whether they reward current ecosystem 

services or incentivize future land use change, involve 5,000 acres of parcels.  Some of the programs 

were constrained to certain land uses, such as agriculture, while others were constrained by location, 

such as being near streams.  The parcels selected by each program were also prioritized for different 

ecosystem services.  These differences in the programs led to significant differences in the quality 

and quantity of ecosystem services provided by the selected parcels (Table 4.8, Fig. 4.11).  The 

current ecosystem services program had the highest mean score for bundled services and each 

individual service except pollination, for which it had the lowest mean score.  The afforestation 

program was second to the current ecosystem services program for bundled services and each 

individual service, except for pollination, for which it had the highest mean score.  The riparian 

buffer and wetland restoration programs tended to lag behind the current ecosystem services and 

afforestation programs, especially for biodiversity and bundled services.  The riparian buffer and 

wetland restoration programs also selected far more parcels to meet the goal of 5,000 acres than 

either of the other two programs (Fig. 4.12). 

Ideally, this analysis would examine the opportunity costs of the parcels selected in each 

program, but due to a lack of data on the market value and use value (e.g. crop production) of each 

parcel, this could not be included.  Nevertheless, the assessed tax value of each parcel was included 

in the parcel dataset obtained from Johnston County, and this can be used as a proxy for the market 

value of each parcel.  Figure 4.13 shows that the parcels selected by the current ecosystem service 

program also have the highest tax value.  This could be revealing some amenity value correlated with 

the provision of ecosystem services, such as increased land prices near high quality open space; 

however more research would need to be performed to confirm this.      
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Table 4.8.   Mean ecosystem service scores from four different ecosystem conservation/enhancement programs.  Each program aimed to 
conserve or enhance 5,000 acres of land in Johnston County, NC. 

Program Prioritized by Carbon 
Water 
Quality Pollination Biodiversity 

Bundled 
Services 

Number of 
Parcels 
Selected 

Current Ecosystem Services Bundled Services 86.18 79.93 18.68 99.32 71.03              23 

Ripiarian Buffers Water Quality 46.79 77.03 44.81 55.39 56.01         2,406 

Afforestation Carbon 48.47 79.56 50.47 79.89 64.6            348 

Wetland Restoration Biodiversity 42.39 67.86 39.62 64.37 53.56         3,383 

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.11. Mean ecosystem service scores from the 
four ecosystem conservation/enhancement programs 
in Johnston County, NC. 

Figure 4.12.  Number of parcels selected in the four 
ecosystem conservation/enhancement programs in 
Johnston County, NC. 
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Figure 4.13.  Mean assessed tax value of parcels selected by each ecosystem conservation/ 
enhancement program in Johnston County, NC.  
 
 

 
Figure 4.14.  Mean assessed tax value of parcels selected by each ecosystem conservation/ 
enhancement program in Johnston County, NC in units of $1000 per acre. 
 
 

When the price per acre is considered, however, the riparian buffer and wetland restoration 

programs become the most expensive (Fig. 4.14).  Higher land prices for any of the programs could 

present a problem if the program involved purchasing lands outright, which is the approach often 

employed by traditional land trusts.  The programs described here, however, avoid that problem by 

simply paying landowners for the services they provide and allowing the landowners to retain 

ownership of their land.   
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On the face of it, then, the current ecosystem services program appears to be the most 

appropriate PES program for Johnston County.  It provides the highest score for each service 

(except pollination) with the smallest number of parcels.  However, this would ignore the fact that 

landowners currently providing these services might be more likely to continue providing them in 

the future, even in the absence of the payment program.  Using the probability of development map 

created as an input for the InVEST biodiversity model, the mean probability of development for 

each parcel was calculated.  Figure 4.15 shows that the parcels selected by the current ecosystem 

services program are far less likely to be developed than the parcels selected by the other programs.  

This indicates that payments to owners of the parcels selected for the current ecosystem services 

program would likely be seen as a windfall, and the program would reward practices that likely 

would have taken place anyway.  The parcels selected for the riparian buffer program are in the most 

imminent danger of being developed, with a development probability of 53 percent, while the 

afforestation and wetland restoration programs have slightly lower development probabilities of 39 

and 43 percent, respectively.   

 

 

Figure 4.15.  Development probabilities of parcels selected by each ecosystem conservation/ 
enhancement program.   
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 Although most of the InVEST outputs are presented in relative terms, the output from the 

carbon model is presented in absolute terms, with units of tons of carbon stored per grid cell.  This 

is useful in part because payments for the ecosystem service of carbon sequestration are creating one 

of the most well-organized ecosystem service markets.  Therefore, landowners have perhaps the 

most immediate potential to be paid for the ecosystem services they provide in the form of carbon 

credits.  Figure 4.16 shows that the parcels selected by the current ecosystem services store, by far, 

the largest amount carbon.  However, carbon storage is often not eligible for carbon credits; in most 

cases, the carbon credits can only be awarded for additonal carbon sequestered on the landscape.  

Figure 4.17 shows that the current ecosystem program does not sequester any additional carbon, 

while the afforestation program sequesters more than 122,000 tons of carbon.  Using the Chicago 

Climate Exchange price of $5.50 per ton of carbon ($1.50 per ton CO2) as of March 20, 2009, the 

sequestered carbon from the afforestation project has a total value of more than $660,000, or 

$134.21 per acre.  With a value of $73.28 per ton of carbon ($20.00 per ton of CO2) the total value 

of the project is more than $8.9 million, or $1,728 per acre. 

 
 

 
 
Figure 4.16.  Total carbon stored (million tons) by each ecosystem conservation/enhancement 
program.   
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Figure 4.17.  Additional carbon sequestered by each ecosystem conservation/enhancement 
program.   
 
 
 

Considering the information outlined above, the afforestation project appears to be the most 

appropriate ecosystem conservation/enhancement program for Johnston County.  It combines 

relatively high bundled and individual service scores with a large potential for carbon financing.  

Furthermore, with a relatively low number of parcels selected, the program would be easier and 

possibly cheaper to administer than either the riparian buffer or wetlands restoration programs.  The 

relatively high development probability suggests that many of the parcels would not continue at their 

present land use in the future, so the payments, with a long-term contract to maintain the land in a 

forested state, could prevent the loss of ecosystem services to development at the same time the 

parcels are sequestering additional carbon.   
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5. Discussion 
 

Of the four hypothetical PES programs discussed in the previous section, the afforestation 

program would be recommended.  However, because these programs are hypothetical, and many 

important factors, notably program cost, are not considered, the analysis would need to be extended 

before these tools are used to evaluate actual PES programs.  Nevertheless, this project has 

demonstrated that conservation planning for ecosystem services is possible with currently available 

tools and models, such as InVEST.   

The tools I have developed as part of this project extend the InVEST outputs, by overlaying 

them into a bundled ecosystem service map and then applying the bundled ecosystem service score 

to parcel-level data.  The case studies illustrate how my innovations with the InVEST models offer a 

relatively easy method for determining the spatial distribution of ecosystem services on the 

landscape for use in conservation planning.  The required data are easily obtained, and the outputs 

are clear and straightforward.  The application of the ecosystem service scores to parcel data can be 

used in a wide variety of PES analyses.  The power of these tools lies in the potential for accounting 

for changes in ecosystem services under various land use policies.  Therefore, these tools can be 

used by governments, land trusts, and businesses to help guide land use decisions and conservation 

planning.   

Nevertheless, while these tools are easily applied to many situations, the parameters must be 

selected with caution.  To produce an accurate depiction of the distribution of ecosystem services in 

a certain study area, the user-supplied model coefficients, such as carbon storage or nutrient loading 

rates, should ideally be determined from the study area itself, as the estimates of these coefficients 

from the literature are often only available at very large scales.  Using estimates from the literature, 

however, allows for the analysis of ecosystem service provision quickly and inexpensively, even for 
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large study areas.  Therefore a tradeoff must be made between model accuracy and the ease of use of 

the model.   

Furthermore, because many of the results from InVEST are presented in relative terms, the 

input data often need only be presented in relative terms as well.  Therefore, if the absolute nutrient 

loading rates are not known for a given study area, for example, the relative loading rates would be 

just as useful in running the model, and they are often easier to obtain. 

Even when appropriate InVEST outputs are obtained, however, the use of those outputs in 

the conservation planning framework described here requires additional assumptions.  Specifically, 

the planner must decide how to weight the individual ecosystem service maps when producing the 

bundled services map.  These weights might be determined by the nature of the analysis itself.  For 

example, if the program is designed to maximize carbon sequestration, then that service should be 

weighted more heavily, perhaps 100 percent.  Yet, if the nature of the analysis does not provide clear 

insight as to how to weight the importance of the service, some other criteria will be necessary to 

determine the weights for each service.  In the case studies described above, the ecosystem services 

were weighted equally to create the bundled services score, though it is not clear that that would be 

appropriate for all situations. 

The products of the InVEST models must also be used with caution because they include 

only one part of the economic equation involving ecosystem services.  The Tier 1 InVEST tools, in 

most cases, provide estimates only of the biophysical supply of ecosystem services, which does not 

take in to account the demand for services.  The demand for some services has high spatial 

variability, especially for water quality services.  Therefore, while certain parcels might be important 

for the supply of water quality services generally, these services might only be seen as valuable if they 

improve the quality of water in a drinking water reservoir, for example.  Other ecosystem services, 
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such as carbon sequestration and biodiversity protection, are valued globally, so the demand for 

those services is much less spatially dependent.   

The conservation planning tools developed here, however, are flexible enough to allow for 

the inclusion of demand in the analysis.  One way to account for ecosystem service demand while 

still using the current InVEST outputs would be to adjust the weights used to create the bundled 

services layer based on demand for the services.  Therefore if water services are in high demand for 

a study area, it could be weighted more highly.  Conversely, if few of the crops in a study area rely 

on the service of pollination, it could be weighted less highly. 

If future, higher tier InVEST models account for ecosystem service demand more explicitly, 

those model outputs could be used with the conservation planning tools to create bundled service 

maps.  The conservation planning tools require only a raster map with an ecosystem service score 

for each grid cell.  Whether the score is based on service supply and/or demand is irrelevant.   

 Moreover, the conservation planning tools need not rely solely on InVEST outputs.  As 

mentioned above, the tools only need ecosystem service maps as inputs.  It does not matter if the 

maps were produced by InVEST or by some other model.  Therefore, if an analyst prefers to use 

another model for one or more ecosystem services, those outputs can be used in place of the 

InVEST outputs to run the tools.  For example while the InVEST biodiversity tool assigns a score 

based on threats to biodiversity, other models, such as species distribution models (SDMs) assign a 

score based on habitat suitability for one or more species (Guisan and Thuiller 2005).  The results of 

a SDM could then be used instead of the output from the InVEST biodiversity model to construct 

the bundled services layer.  Similarly the National Biomass and Carbon Dataset developed by the 

Woods Hole Research Center could be used in place of the output of the InVEST carbon model.  

Regardless of whether the InVEST outputs or the outputs from another model are used, this 

type of analysis is important when planning for conservation activities.  As the services provided by 



DISCUSSION 

71 
 

nature become scarcer, emerging markets to pay for these services offer real opportunities to finance 

conservation projects.  However, while many PES programs currently focus on only one ecosystem 

service at a time, these tools demonstrate the benefits that can be realized by planning for the 

enhancement of additional services.  Furthermore, future markets may allow for the bundling of 

payments for multiple services, which would make these tools even more useful. 

This analysis is also important because it examines small changes in ecosystem services 

under different land use scenarios.  Whereas some previous analyses have tried to assign a total value 

to all ecosystem services globally (e.g. Costanza et al. 1997), information on ecosystem services at a 

smaller, more local level is more useful for conservation planning.  Ecosystem services are affected, 

positively or negatively, by decisions made at local and regional levels, so the effects of changes in 

services at these levels should be used to compare alternative land use policies.  While estimates of 

the total value of ecosystem services help to reaffirm the importance of nature’s services to society, 

the effects on ecosystem services from smaller changes in land use, such as those determined from 

the type of analysis presented here, can help society determine how best to protect those services in 

individual land use decisions. 

Nevertheless, while this project has demonstrated that conservation planning for ecosystem 

services is possible using current tools, the process could benefit significantly from improvements in 

the available models.  The InVEST Tier 1 tools offer a very useful first approximation for several 

services, but the tools are still somewhat blunt.  Because the models rely so heavily on LULC maps, 

the usefulness of the outputs is dependent on the specificity of the LULC classes.  Although the 

National Land Cover Database (NLCD) offers easily available LULC datasets for most of the US, it 

only includes 15 LULC classes that are constant across the country.  Therefore a longleaf pine forest 

in North Carolina and a spruce forest in Oregon would both be classified as “evergreen forest” in 

the NLCD.  A LULC map with more specific LULC classes, such as the NC GAP dataset would be 
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able to more clearly distinguish between specific ecosystem types.  However, if the model 

parameters are taken from the literature, as was done for this project, it could be difficult to find 

estimates for many of the LULC classes in the more specific dataset.   

An improvement in tools available to model ecosystem services will likely lead to increased 

attention for ecosystem services from planners and decision makers.  However, one of the more 

promising aspects of ecosystem services is the potential for markets to provide incentives to 

landowners to supply services.  This can happen, to a limited extent, even in the absence of specific 

policy intervention, as with the case of the voluntary carbon market (Hamilton et al. 2008).  The 

potential for PES markets to contribute to significant conservation activities will depend largely on 

the amount of money exchanged in the markets.  Currently, many of the markets are still being 

developed, and there have been few transactions.  However, as these markets become more 

developed and transactions increase, they have the potential to encourage landowners to implement 

land uses to optimize their provision of ecosystem services. 

Because these markets will be driven by the individual choices of landowners, the analysis 

presented here could be improved by pairing the InVEST models with a landowner choice 

simulation model in which landowners can choose to opt into one or more PES programs based on 

the expected benefits and their opportunity costs.  The spatial distribution of land uses based on 

these landowner choices could then be input into InVEST to determine the ecosystem service 

benefits of each program.  These benefits could also be compared to the types of programs 

presented here, which represent more of a top-down approach, in which the conservation planner 

picks the parcels that will optimize the ecosystem service portfolio, regardless of the opportunity 

costs of the landowners. 

The field of conservation planning for ecosystem service is new enough, however, that it 

could benefit greatly from additional study.  Better tools and models could help by giving more 
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precise information on ecosystem service supply and demand.  As these tools become better 

developed and more user friendly, they will also likely receive more attention from conservation 

planners who have traditionally been more concerned with biodiversity and open space issues.   

While more attention from conservation planners would be beneficial for many ecosystem 

service projects, many observers see PES markets as the next major frontier in conservation.  

However, the tools and analyses presented here should be employed to determine the potential 

effects of such markets, including the potential to redistribute services from one area to another.  

Therefore, while PES markets will largely be driven by the individual choices of landowners, 

conservation planners will still need to be able to model ecosystem services to evaluate the 

performance of the markets to ensure that ecosystem services are being conserved and enhanced. 
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6. Conclusion 
 

Despite the limitations of InVEST described here, it offers an excellent opportunity to begin 

to bring ecosystem services into the conservation planning framework.  The models generate useful 

first approximations of the locations important for ecosystem services provision, and they allow for 

at least some quantitative analysis on the outputs.  The case studies shown here illustrate the 

tradeoffs faced in performing conservation work: scarce resources should be spent efficiently to 

ensure the best outcomes for multiple goals, including enhancing multiple services.  By using 

InVEST or other ecosystem service models in developing a conservation plan, a planner can 

determine which areas would not only accomplish the goals of the plan, but also provide multiple, 

high-quality ecosystem services. 
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Appendix A 
 
 
Table A1.  LULC classes from the National Land Cover Database (NLCD). 
 

LULC Code Name Acres 

11 Open Water          4,508  

21 Developed, Open Space        25,205  

22 Developed, Low Intensity          9,780  

23 Developed, Medium Intensity          2,782  

24 Developed, High Intensity             882  

31 Barren Land             547  

41 Deciduous Forest        72,263  

42 Evergreen Forest        54,852  

43 Mixed Forest        21,734  

52 Shrub/Scrub        10,003  

71 Natural Grassland        51,052  

81 Pasture/Hay        52,582  

82 Row Crops       135,232  

90 Forested Wetlands        64,125  

95 Herbaceous Wetlands          3,688  
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Table A2.  LULC classes from NCGAP dataset. 
 
LULC Code Name Acres 

1 Open Water (Fresh)          6,555  

4 Developed Open Space        23,302  

5 Low Intensity Developed        10,375  

6 Medium Intensity Developed          2,821  

7 High Intensity Developed             952  

17 Bare Soil             526  

18 Quarry/Strip Mine/Gravel Pit             399  

39 Atlantic Coastal Plain Dry and Dry-Mesic Oak Forest        53,351  

40 Atlantic Coastal Plain Mesic Hardwood and Mixed Forest          1,925  

66 Southern Piedmont Dry Oak-(Pine) Forest - Hardwood Modifier        26,262  

68 Southern Piedmont Mesic Forest          3,510  

71 
Evergreen Plantations or Managed Pine (can include dense 
successional regrowth)        19,299  

86 Southern Piedmont Dry Oak-(Pine) Forest - Loblolly Pine Modifier          3,788  

93 Atlantic Coastal Plain Upland Longleaf Pine Woodland        62,878  

108 Southern Piedmont Dry Oak-(Pine) Forest - Mixed Modifier          5,229  

125 Successional Shrub/Scrub (Clear Cut)          2,185  

127 Successional Shrub/Scrub (Other)          1,799  

145 Clearcut - Grassland/Herbaceous        27,920  

146 Other – Herbaceous          6,408  

147 Utility Swath – Herbaceous               34  

148 Pasture/Hay        51,035  

149 Row Crop       132,150  

151 
Atlantic Coastal Plain Blackwater Stream Floodplain Forest - Forest 
Modifier          8,176  

152 Atlantic Coastal Plain Brownwater Stream Floodplain Forest                3  

153 Atlantic Coastal Plain Small Blackwater River Floodplain Forest          7,888  

154 Atlantic Coastal Plain Small Brownwater River Floodplain Forest        28,875  

164 Southern Piedmont Large Floodplain Forest - Forest Modifier             902  

165 Southern Piedmont Small Floodplain and Riparian Forest          6,151  

173 Atlantic Coastal Plain Clay-Based Carolina Bay Forested Wetland               37  

175 Atlantic Coastal Plain Peatland Pocosin          5,979  

183 
Central Atlantic Coastal Plain Wet Longleaf Pine Savanna and 
Flatwoods          8,522  
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Figure B1.  ArcGIS model of ecosystem service overlay tool.  The tool takes individual ecosystem service outputs, rescales them from 0 to 
100, and takes a weighted average using user-supplied weights for each service.  The output is a single bundled ecosystem services map. 
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Python script for ecosystem service overlay tool: 
 

 

# --------------------------------------------------------------------------- 

# overlay_script.py 

# Created on: Thu Apr 16 2009 12:07:49 PM 

#   (generated by ArcGIS/ModelBuilder) 

# Usage: overlay_script <Carbon_weight> <Water_Quality_weight> 

<Biodiversity_weight> <Pollination_weight> <Output_Ecosystem_Services_map>  

# --------------------------------------------------------------------------- 

 

# Import system modules 

import sys, string, os, arcgisscripting 

 

# Create the Geoprocessor object 

gp = arcgisscripting.create() 

 

# Check out any necessary licenses 

gp.CheckOutExtension("spatial") 

 

# Load required toolboxes... 

gp.AddToolbox("C:/Program Files/ArcGIS/ArcToolbox/Toolboxes/Spatial Analyst 

Tools.tbx") 

 

# Set the Geoprocessing environment... 

gp.XYResolution = "" 

gp.scratchWorkspace = "S:\\InVEST_Workspace\\scratch" 

gp.MTolerance = "" 

gp.randomGenerator = "0 ACM599" 

gp.outputCoordinateSystem = "" 

gp.snapRaster = "" 

gp.outputZFlag = "Same As Input" 

gp.qualifiedFieldNames = "true" 

gp.extent = "DEFAULT" 

gp.XYTolerance = "" 

gp.cellSize = "30" 

gp.outputZValue = "" 

gp.outputMFlag = "Same As Input" 

gp.geographicTransformations = "" 

gp.ZResolution = "" 

gp.mask = "" 

gp.workspace = "S:\\InVEST_Workspace\\data" 

gp.MResolution = "" 

gp.ZTolerance = "" 

 

# Script arguments... 

Carbon_weight = sys.argv[1] 

if Carbon_weight == '#': 

 Carbon_weight = "0.25" # provide a default value if unspecified 

 

Water_Quality_weight = sys.argv[2] 

if Water_Quality_weight == '#': 

 Water_Quality_weight = "0.25" # provide a default value if unspecified 

 

Biodiversity_weight = sys.argv[3] 

if Biodiversity_weight == '#': 

 Biodiversity_weight = "0.25" # provide a default value if unspecified 
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Pollination_weight = sys.argv[4] 

if Pollination_weight == '#': 

 Pollination_weight = "0.25" # provide a default value if unspecified 

 

Output_Ecosystem_Services_map = sys.argv[5] 

if Output_Ecosystem_Services_map == '#': 

 Output_Ecosystem_Services_map = 

"F:\\Johnston_InVEST\\products\\final_ES_map" # provide a default value if 

unspecified 

 

# Local variables... 

pollen_weight = "F:\\Johnston_InVEST\\scratch\\pollen_weight" 

carbon_weight = "F:\\Johnston_InVEST\\scratch\\carbon_weight" 

wtrql_weight = "F:\\Johnston_InVEST\\scratch\\wtrql_weight" 

wrtqual_max = "F:\\Johnston_InVEST\\scratch\\wrtqual_max" 

carbon_max = "F:\\Johnston_InVEST\\scratch\\carbon_max" 

pollen_max = "F:\\Johnston_InVEST\\scratch\\pollen_max" 

wtrql_rscale1 = "F:\\Johnston_InVEST\\scratch\\wtrql_rscale1" 

wtrql_rscale2 = "F:\\Johnston_InVEST\\scratch\\wtrql_rscale2" 

v100 = "100" 

carbon_rscl1 = "F:\\Johnston_InVEST\\scratch\\carbon_rscl1" 

carbon_rscl2 = "F:\\Johnston_InVEST\\scratch\\carbon_rscl2" 

v100__2_ = "100" 

pollen_rscl1 = "F:\\Johnston_InVEST\\scratch\\pollen_rscl1" 

pollen_rscl2 = "F:\\Johnston_InVEST\\scratch\\pollen_rscl2" 

v100__3_ = "100" 

biodiv_max = "F:\\Johnston_InVEST\\products\\biodiv_max" 

biodiv_rscl1 = "F:\\Johnston_InVEST\\scratch\\biodiv_rscl1" 

biodiv_rscl2 = "F:\\Johnston_InVEST\\scratch\\biodiv_rscl2" 

v100__4_ = "100" 

biodiv_weight = "F:\\Johnston_InVEST\\scratch\\biodiv_weight" 

johnston_mask_img = "F:\\Johnston_InVEST\\raw_data\\johnston_mask.img" 

hsa_y = "F:\\Johnston_InVEST\\products\\Output\\hsa_y" 

nst_tot_cury = "F:\\Johnston_InVEST\\products\\Output\\nst_tot_cury" 

tot_c_cury = "F:\\Johnston_InVEST\\products\\Output\\tot_c_cury" 

qualit_cury = 

"F:\\Johnston_InVEST\\products\\BiodivInputs\\Output\\qualit_cury" 

 

# Process: Zonal Statistics (2)... 

gp.ZonalStatistics_sa(johnston_mask_img, "Value", tot_c_cury, carbon_max, 

"MAXIMUM", "DATA") 

 

# Process: Divide (2)... 

gp.Divide_sa(tot_c_cury, carbon_max, carbon_rscl1) 

 

# Process: Times (5)... 

gp.Times_sa(carbon_rscl1, v100__2_, carbon_rscl2) 

 

# Process: Times (2)... 

gp.Times_sa(carbon_rscl2, Carbon_weight, carbon_weight) 

 

# Process: Zonal Statistics (3)... 

gp.ZonalStatistics_sa(johnston_mask_img, "Value", nst_tot_cury, pollen_max, 

"MAXIMUM", "DATA") 
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# Process: Divide (3)... 

gp.Divide_sa(nst_tot_cury, pollen_max, pollen_rscl1) 

 

# Process: Times (6)... 

gp.Times_sa(pollen_rscl1, v100__3_, pollen_rscl2) 

 

# Process: Times... 

gp.Times_sa(pollen_rscl2, Pollination_weight, pollen_weight) 

 

# Process: Zonal Statistics... 

gp.ZonalStatistics_sa(johnston_mask_img, "Value", hsa_y, wrtqual_max, 

"MAXIMUM", "DATA") 

 

# Process: Divide... 

gp.Divide_sa(hsa_y, wrtqual_max, wtrql_rscale1) 

 

# Process: Times (4)... 

gp.Times_sa(wtrql_rscale1, v100, wtrql_rscale2) 

 

# Process: Times (3)... 

gp.Times_sa(wtrql_rscale2, Water_Quality_weight, wtrql_weight) 

 

# Process: Zonal Statistics (4)... 

gp.ZonalStatistics_sa(johnston_mask_img, "Value", qualit_cury, biodiv_max, 

"MAXIMUM", "DATA") 

 

# Process: Divide (4)... 

gp.Divide_sa(qualit_cury, biodiv_max, biodiv_rscl1) 

 

# Process: Times (7)... 

gp.Times_sa(biodiv_rscl1, v100__4_, biodiv_rscl2) 

 

# Process: Times (8)... 

gp.Times_sa(biodiv_rscl2, Biodiversity_weight, biodiv_weight) 

 

# Process: Single Output Map Algebra... 

gp.SingleOutputMapAlgebra_sa("pollen_weight + carbon_weight + wtrql_weight + 

biodiv_weight", Output_Ecosystem_Services_map, 

"F:\\Johnston_InVEST\\scratch\\carbon_weight;F:\\Johnston_InVEST\\scratch\\po

llen_weight;F:\\Johnston_InVEST\\scratch\\wtrql_weight;F:\\Johnston_InVEST\\s

cratch\\biodiv_weight") 
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Figure B2.  Tool to apply bundled and/or individual ecosystem service scores to property parcel 
data.  The tool uses the Zonal Statistics tool to calculate descriptive statistics for the grid cells that 
fall within each parcel.   
 
 
Python script for parcels tool: 
 
 
# --------------------------------------------------------------------------- 

# parcels_script.py 

# Created on: Thu Apr 16 2009 12:08:35 PM 

#   (generated by ArcGIS/ModelBuilder) 

# Usage: parcels_script <Ecosystem_Service_s__raster> <Parcels_data> 

<Input_Join_Field> <Output_Join_Field> <ES_score_for_parcels_dbf> 

<Parcels_layer_output>  

# --------------------------------------------------------------------------- 

 

# Import system modules 

import sys, string, os, arcgisscripting 

 

# Create the Geoprocessor object 

gp = arcgisscripting.create() 

 

# Check out any necessary licenses 

gp.CheckOutExtension("spatial") 

 

# Load required toolboxes... 

gp.AddToolbox("C:/Program Files/ArcGIS/ArcToolbox/Toolboxes/Spatial Analyst 

Tools.tbx") 

gp.AddToolbox("C:/Program Files/ArcGIS/ArcToolbox/Toolboxes/Data Management 

Tools.tbx") 
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# Script arguments... 

Ecosystem_Service_s__raster = sys.argv[1] 

if Ecosystem_Service_s__raster == '#': 

 Ecosystem_Service_s__raster = "F:\\Johnston_InVEST\\products\\final_es_map" 

# provide a default value if unspecified 

 

Parcels_data = sys.argv[2] 

if Parcels_data == '#': 

 Parcels_data = "F:\\Johnston_InVEST\\scratch\\johnston_parcels.shp" # 

provide a default value if unspecified 

 

Input_Join_Field = sys.argv[3] 

if Input_Join_Field == '#': 

 Input_Join_Field = "NCPIN" # provide a default value if unspecified 

 

Output_Join_Field = sys.argv[4] 

if Output_Join_Field == '#': 

 Output_Join_Field = "NCPIN" # provide a default value if unspecified 

 

ES_score_for_parcels_dbf = sys.argv[5] 

if ES_score_for_parcels_dbf == '#': 

 ES_score_for_parcels_dbf = 

"F:\\Johnston_InVEST\\products\\ES_score_for_parcels.dbf" # provide a default 

value if unspecified 

 

Parcels_layer_output = sys.argv[6] 

if Parcels_layer_output == '#': 

 Parcels_layer_output = "johnston_parcels_ES" # provide a default value if 

unspecified 

 

# Local variables... 

johnston_parcels_ES = "johnston_parcels_ES" 

 

# Process: Make Feature Layer... 

gp.MakeFeatureLayer_management(Parcels_data, johnston_parcels_ES, "", "", 

"TAG TAG VISIBLE NONE;NCPIN NCPIN VISIBLE NONE;MAPSHEET MAPSHEET VISIBLE 

NONE;OWNERNAME1 OWNERNAME1 VISIBLE NONE;OWNERNAME2 OWNERNAME2 VISIBLE 

NONE;ADDR1 ADDR1 VISIBLE NONE;ADDR2 ADDR2 VISIBLE NONE;CITY CITY VISIBLE 

NONE;STATE STATE VISIBLE NONE;ZIP ZIP VISIBLE NONE;BOOK BOOK VISIBLE 

NONE;PAGE PAGE VISIBLE NONE;ACREAGE ACREAGE VISIBLE NONE;MARKET MARKET 

VISIBLE NONE;LASTMOD LASTMOD VISIBLE NONE") 

 

# Process: Zonal Statistics as Table... 

gp.ZonalStatisticsAsTable_sa(Parcels_data, "NCPIN", 

Ecosystem_Service_s__raster, ES_score_for_parcels_dbf, "DATA") 

 

# Process: Add Join... 

gp.AddJoin_management(johnston_parcels_ES, Input_Join_Field, 

ES_score_for_parcels_dbf, Output_Join_Field, "KEEP_ALL") 

 

 


