
Environmental Science & Policy xxx (2015) xxx–xxx

G Model
ENVSCI 1771 No. of Pages 12
The value of urban ecosystem services in New York City: A spatially
explicit multicriteria analysis of landscape scale valuation scenarios

Peleg Kremera,*, Zoé A. Hamsteadb, Timon McPhearsona

aUrban Ecology Lab, Environmental Studies Program, The New School, United States
b Environmental Policy and Sustainability Management, Milano School of International Affairs, Management and Urban Policy, The New School, United States

A R T I C L E I N F O

Article history:
Received 5 March 2015
Received in revised form 5 April 2016
Accepted 8 April 2016
Available online xxx

Keywords:
Urban ecosystem service
Spatial multicriteria analysis
Landscape
Ecosystem services valuation

A B S T R A C T

Mapping, modeling, and valuing urban ecosystem services are important for integrating the ecosystem
services concept in urban planning and decision-making. However, decision-support tools able to
consider multiple ecosystem services in the urban setting using complex and heterogeneous data are still
in early development. Here, we use New York City (NYC) as a case study to evaluate and analyze how the
value of multiple ecosystem services of urban green infrastructure shifts with shifting governance
priorities. We first examined the spatial distribution of five ecosystem services – storm water absorption,
carbon storage, air pollution removal, local climate regulation, and recreation – to create the first multiple
ecosystem services evaluation of all green infrastructure in NYC. Then, combining an urban ecosystem
services landscape approach with spatial multicriteria analysis weighting scenarios, we examine the
distribution of these ecosystem services in the city. We contrast the current NYC policy preference –

which is focused on heavy investment in stormwater absorption – with a valuation approach that also
accounts for other ecosystem services. We find substantial differences in the spatial distribution of
priority areas for green infrastructure for the valuation scenarios. Among the scenarios we examined for
NYC, we find that a scenario in which only stormwater absorption is prioritized leads to the most
unevenly distributed ES values. By contrast, we find least variation in ES values where stormwater
absorption, local climate regulation, carbon storage, air pollution removal, and recreational potential are
all weighted equally.
We suggest that green infrastructure planning strategies should include all landscape components that

contribute to the production of ecosystem services and consider how planning priority alternatives
generate different ecosystem services values.

ã 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

In the four decades since the introduction of the concept of
ecosystem services (ES) as a way to capture human society’s
dependence on the natural environment, rapid developments in
the field have transformed it from a theoretical and conceptual
framework into a policy-supporting, accounting and evaluation
tool (e.g., Burkhard et al., 2012a,b; Ehrlich et al., 2012). More
recently, the study of urban ES is emerging as an important
research frontier for the incorporation of the benefits of
ecosystems for urban health and well-being (Kremer et al.,
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2015) and as a tool for improving urban sustainability (Elqmvist
et al., 2013) and resilience (McPhearson et al., 2015, 2016).
However, major challenges remain in assessing and valuing
individual urban ES, as well as in understanding the spatial
distribution, tradeoffs and synergies of multiple services at the
citywide scale (Haase et al., 2014). In this paper, we conduct a
citywide assessment of multiple urban ES of green infrastructure in
New York City (NYC) and examine how alternative policy and
planning priorities in the city could affect the distribution of ES
values across the landscape.

1.1. Policy and planning priorities for ecosystem services in NYC

NYC has emerged as a leader for incorporating ecosystem
services into urban planning and policy (Hansen et al., 2015). Over
the past decade the City has steadily increased its attention to the
lack of adequate stormwater absorption in the city, which, due to
osystem services in New York City: A spatially explicit multicriteria
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its historical combined treatment of waste and stormwater, results
in tens of billions of gallons of combined sewage and stormwater to
overflow annually into adjacent waterways, negatively affecting
aquatic ecosystems and recreation opportunities in the city (Cohen
and Ackerman, 2011). As part of a cost-benefit analysis of grey
versus green infrastructure for increasing stormwater retention,
NYC created the Green Infrastructure Plan (2010), which allocates a
total of US$2.4 billion over 20 years designed to control 10% of
stormwater absorption using green infrastructure to reduce
combined sewage overflows by approximately 1.5 billion gallons
per year (New York City Department of Environmental Protection
2010; McPhearson et al., 2013a).

The NYC Green Infrastructure Plan has been heralded globally as
an innovative example for cities to incorporate ecosystem services
into urban decision-making. However, while other ES such as local
climate regulation and recreation are addressed in multiple city
publications and plans (McPhearson et al., 2014; Hansen et al.,
2015), this major investment in green infrastructure was designed
to improve a single ecosystem service, stormwater absorption,
highlighting the potential missed opportunities of planning and
designing new green infrastructure to simultaneously provide
many other important ecosystem services for urban resident
health and well being. We examine how decision-making for a
single ES priority affects the value of ecosystem services across the
urban landscape in NYC and compare it to alternative priorities,
including the possibility of equally prioritizing green infrastructure
for multiple services by applying weightings in a spatial multi-
criteria analysis. Extending the ES landscape evaluation approach
(Burkhard et al., 2009) to the urban landscape, we use weighting
scenarios in a spatial multicriteria analysis (SMCA) to analyze the
distribution of multiple urban ES across the NYC landscape.

1.2. Spatially explicit ES assessment

In order to use the ES approach as a tool for planning and
decision-making, new methodologies and tools are needed to map,
model and value ES at the local and regional scales (Crossman et al.,
2013; Haase et al., 2014). Mapping ES illuminates spatial patterns
relating to the distribution of ES potential, and allows an
examination of the spatial relationship between ES and benefiting
populations (Naidoo et al., 2008; Bastian et al., 2012; Crossman
et al., 2013; Burkhard et al., 2012a,b). While the total quantity
provided is a meaningful measure of some ES (such as food
production), other ES are highly dependent on their spatial context
(for example, flood protection is more important in places that are
vulnerable to flooding) (Andersson et al., 2015). In these cases,
spatially explicit and scale sensitive analysis is essential for ES
assessment.

Measuring concurrent change in different ecosystem services
over time and space is important to address trade-offs and
synergies for the purposes of planning and decision making
(Buckland et al., 2005; Weber et al., 2006; Koniak et al., 2010;
Müller et al., 2011; Tallis and Polasky 2009; McPhearson et al.,
2013b). However, because different ES are measured in different
units, are sensitive to scale (Andersson et al., 2015) and are valued
in different ways (Erik Gómez-Baggethun et al., 2013), it can be
challenging to assess multiple ES in a particular location.

1.3. Landscape approach to ES assessment

The landscape approach to ES assessment suggests that
landscape’s properties, structure and function are integral to the
assessment of the capacity of the landscape to provide different ES
(Bastian et al., 2012; Frank et al., 2012; Müller et al., 2011; Burkhard
et al., 2009; Larondelle and Haase 2013; Hamstead et al., 2016).
Further, it has been proposed that connecting specific landscape
Please cite this article in press as: P. Kremer, et al., The value of urban ec
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properties, at the landscape scale, and the ES they support can help
with challenges in ES mapping and assessment of multiples ES
(Müller et al., 2011; Burkhard et al., 2009). One approach utilizes
land use and landcover as representatives of physical and social
processes across the landscape. In this approach, ES values are
assigned to landscape units based on expert opinion (Burkhard
et al., 2009), by linking land use, land cover and landscape metrics
to ES (Frank et al., 2012; Bastian et al., 2012; Kroll et al., 2012), or by
modeling the relationship between ecological processes and land
use and land cover patterns (Nelson et al., 2009; Larondelle et al.,
2014). While approaches differ significantly, there is common
agreement that accurate ES assessment requires integrating land
use and land cover information with spatially-explicit ecosystem
function indicators (Müller et al., 2011). Still, ES assessment at the
landscape scale only enables the study of ES individually. To
combine different types of indicators into a coherent framework,
multicriteria analysis needs to be integrated with the landscape
approach to spatial ES assessment.

1.4. Multicriteria and spatial multicriteria ES analysis

Multi-criteria analysis (MCA) is useful for addressing the
challenges posed by ES trade-offs and synergies, and the difficulty
in communicating ES assessments to planners and decision makers
(Koschke et al., 2012; Gret-Regamey et al., 2013). MCA is a
methodology and a decision support concept that enables analysis
of multiple variables, which are often characterized by limited
comparability (Martinez-Alier 1998). The flexibility to analyze
multiple variables under the framework of MCA makes it useful for
understanding and evaluating social-ecological issues, and has
been applied widely in environmental decision making (Martinez-
Alier 1998). From a technical perspective, MCA involves scaling,
ranking and aggregating variables through weighted optimization
procedures. Although there is little guidance in the literature on
how best to determine ranks and weights used in ES MCA
procedures, there is a growing understanding that such methods
are essential for understanding the relationship between ecologi-
cal processes and societal valuations (Müller et al., 2011). Often, ES
are weighted by means of expert and public stakeholder
engagement (Bryan et al., 2011; Calvet-Mir et al., 2012). We use
current policy and planning priorities in NYC (Hansen et al., 2015)
to create a decision-making context to illustrate how the SMCA
approach can be useful in elucidating how priorities affect the
value of ES across the landscape.

Spatial MCA (SMCA) is a form of multicriteria analysis in which
the geographic distribution of criteria or events influences the
results of the analysis (Malczewski, 1999). The geographic
component can be based on explicit (i.e. where a particular spatial
aspect such as location, shape, size is used as the criteria) or
implicit (i.e. where the criteria is derived from spatially related
phenomenon) spatial criteria (Malczewski, 2006). Further, SMCA
analysis can be alternative-based – in which predetermined
alternatives are evaluated – or value-based, where preferred
alternatives emerge through the assignment of value across space
(Zucca et al., 2008), thus allowing for ES trade-off analysis and
decision-making support. When evaluating spatial criteria, aggre-
gation is performed in spatial, thematic or both dimensions (Zucca
et al., 2008).

Developing SMCA methods for evaluating urban ES is important
because it can provide new decision-support tools to identify
trade-offs among potentially competing priorities for improving
planning for ES. Nonetheless it is challenging. Urban systems are
characterized by spatial heterogeneity that complicates spatial
analysis (Cadenasso et al., 2007) and requires data at a fine spatial
and spectral resolution, which is often unavailable or expensive to
obtain. The fragmented nature of urban green infrastructure makes
osystem services in New York City: A spatially explicit multicriteria
6), http://dx.doi.org/10.1016/j.envsci.2016.04.012
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Table 1
Total area and percent of different landcover classes in NYC.a

Landcover Total area (km2) % Cover

Tree canopy 158.9 20.2%
Grass/shrub 140.7 17.9%
Bare earth 10.3 1.3%
Water 20.2 2.6%
Buildings 154.1 19.6%
Roads 119.3 15.1%
Other paved surfaces 184.3 23.4%

a Based on 3 ft (1 m) landcover classification (MacFaden et al., 2012).
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urban ES discontinuous. In addition, because ES that are relevant in
the urban context are often mediated by social structures and
physical infrastructure (Andersson et al., 2015), evaluating them
requires many different types of variables. Examples of SMCA
applied in the urban context include a modeling platform for
evaluating urban ES tradeoffs for site planning (Gret-Regamey
et al., 2013), evaluation of floodplain landscape management
practices through their ES outcomes (Sanon et al., 2012), and the
selection of a suitable management regime for an urban park
(Srdjevic et al., 2013).

A spatially explicit multi-criteria analysis approach that
considers patterns of urban ES distribution could be a valuable
tool for guiding investment, evaluating potential trade-offs among
goals for urban ES production, and overall decision-support. For
instance, a spatial MCA can help to reveal which portions of the city
benefit from multiple ecosystem services and which area are less
well served. Such understanding can support development of
ecological landscape that are productive from multiple perspec-
tives- for example providing recreation and managing storm water
overflows in the same locations. The integration of a landscape
approach within the SMCA framework allows for this type of
spatial prioritization.

In this study, we combine a landscape approach to assessing
and mapping urban ES with SMCA scenarios and explore how
different weighting systems affect the spatial distribution of
aggregated urban ES values. Using NYC as a case study, we assess
multiple urban ES across the entire city landscape and discuss how
different planning priorities affects the distribution of ES values
across the urban landscape.

2. Study area

New York City is the largest of all U.S. cities, with over eight
million residents and over 10,500 people per km2. Along with a
large diversity of built landscapes, including high-rises, multi-
family buildings and single family homes, there is also a wide
variety of urban natural areas and green infrastructure.
Throughout the five municipal boroughs of Manhattan, Brooklyn,
Queens, Bronx, and Staten Island, there are approximately
113 km2 of city parkland, nearly 40% (44.5 km2) of which
harbours freshwater wetlands, salt marshes, rocky shorelines,
beaches, meadows and forests (NYC Department of City Planning,
2010). At least 140 formally designated rare animal species are
found in these ecosystems (McPhearson et al., 2013a). These
urban natural areas provide ES – only some of which have been
well documented and described – to the city and its residents
(McPhearson et al., 2014). So far, the city has treated storm water
management as the most crucial service provided by green, blue
and brown spaces in NYC, and a number of efforts are underway
to help address challenges associated with the discrepancy
between supply and demand of this services. Storm water
management is primarily of concern during heavy precipitation
events that occur each year, when combined sewer overflows
(CSOs) from the city’s combined storm-sanitary sewer system are
released into local waterways. Through a $1.5 billion public
investment, the City has adopted a green infrastructure approach
to addressing CSO management by transforming impervious
surfaces in vacant lots, streets and other spaces that will absorb
storm water and prevent water pollution (New York City
Department of Environmental Protection, 2010). Although NYC
has a high density of green space (see Table 1), recreational
access – like other urban ES – is unevenly distributed across the
city’s neighbourhoods (McPhearson et al., 2013a). Over 1.5
million New Yorkers live more than a 10-min walk from a park
and areas with low number of parks disproportionately located
in Queens, Brooklyn and Staten Island (NYC Mayor’s Office of
Please cite this article in press as: P. Kremer, et al., The value of urban ec
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Environmental Coordination, 2013). Although city agencies and
local organizations continue to develop natural areas that
provide important urban ES, they tend to be unevenly distributed
across the city landscape and across demographics (Kremer et al.,
2013; Miyake et al., 2010).

3. Methods

3.1. Ecosystem services quantification

We constructed and assessed five ecosystem services indica-
tors, including stormwater absorption, local climate regulation,
carbon storage, air pollution removal, and recreation. The selection
of these ES was based on a literature review to determine the ES
most relevant in the urban sphere, the urban ES that have played a
role in decision making in NYC and data availability (McPhearson
et al., 2013b; Haase et al., 2014; Hansen et al., 2015). For each pixel
in the landscape, we quantified all ES indicators using landcover
data (MacFaden et al., 2012), and additional GIS datasets such as
soil type, elevation, and population density. In addition we used
literature based coefficients (McPhearson et al., 2013b), modified
to accommodate the pixel-based landscape approach to ES
quantification. We then normalized ES indicators according to
Eq. (1) to derive relative values on a scale of 0–100. Inorm is the
value of the ES indicator at a given pixel (i), standardized to a scale
of 0–100. imin and imax correspond to the minimum and maximum
of indicator value.

Inorm¼ i � imin

imax � imin
�100 ð1Þ

A pixel resolution of 1 m, corresponding to the finest spatial unit
in this study � the landcover layer (MacFaden et al., 2012) – was
used to construct the ES indicators from various spatial datasets
that are detailed below. All datasets were resampled to this
resolution. A limitation of working with data at different spatial
resolutions is that the results reflect the accuracy of the most
coarse source dataset used (Gotway and Young, 2002; Chen and
Stow, 2003).

3.2. Indicator construction and assessment

3.2.1. Stormwater absorption
To quantify the potential to mitigate runoff by infiltrating

stormwater, we used the methodology developed in USDA TR-55
(USDA, 1986). TR-55 methodology identifies curve numbers (CN)
that describe the proportion of runoff for a given rain event while
taking into consideration land cover type, soil characteristics, and
the fact that infiltration capacity of soils change over the course of a
storm. Hydrologic Soil Groups were derived from the NYC soil
survey (New York City Soil Survey Staff, 2005) and landcover
categories were derived from the NYC 2010 landcover dataset
(MacFaden et al., 2012). Using the TR-55 (USDA, 1986USDA, 1986,
pp. 2–1) formula we calculated inches of runoff during a 24 h,
osystem services in New York City: A spatially explicit multicriteria
6), http://dx.doi.org/10.1016/j.envsci.2016.04.012
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5 inch (127 mm) rain event as follows:

Q¼ P � 0:2Sð Þ2
ðP þ 0:8SÞ ð2Þ

where Q is runoff in inches for a P-inch rain event, and S is the
potential maximum runoff after runoff begins derived from the CN
by:

S¼1000
CN

� 10 ð3Þ

Stormwater absorption (X) was calculated as the percent of rain
absorbed in a pixel. Similar to Whitford et al. (2001), we use an
index of stormwater absorption coefficient that represents the
proportion of precipitation that will be retained during the rain
event calculated as

X¼1 � Q
P

ð4Þ

3.2.2. Local climate regulation
The cooling effect of vegetation, water and soil in the city is

assessed using surface temperature as captured by the low gain
thermal band (6_1) of Landsat TM 7 sensor. A Landsat TM 7 scene
of NYC from July 15, 2011 was used to derive surface temperature.
Data selection was determined by Landsat data availability of
scenes in the summer season with minimal cloud cover (<10%).
Since the scene contains data gaps, an additional scene (August
10, 2010) was used to fill the gaps using the mosaicking tool in
ENVI 4.8. Values in the gap filling layer were adjusted based on
the mean and standard deviation of values in the 2011 dataset as
suggested by USGS (2013). Surface temperature data was then
combined with landcover data to compare the temperature of
pixels covered by vegetation, water and soil to the temperature of
impervious surfaces. Similar to Schwarz et al. (2011) the following
index is used to assess the local climate regulation effect in each
pixel (i):

Local climate regulation indicator (i) = Temp (i)/Temp (m) � 100

(m) represents the mean surface temperature of pixels covered
by tree canopy, grass\shrub, water and bare earth.

3.2.3. Carbon storage
Carbon storage was estimated for coarse vegetation, fine

vegetation and soil carbon. Carbon storage for coarse vegetation
was evaluated based on Nowak and Crane’s (2002) estimate that
trees in NYC store 7.3 kgC/m2 of canopy area. The metric used to
estimate carbon storage of fine vegetation was derived from a
Chicago-based study that measured the carbon storage of
herbaceous plants in two city blocks to be 0.18 kgC/m2 (Jo et al.,
1995). This carbon storage for herbaceous plants estimate is
limited in that it is derived from a small sample over a limited area
– two city blocks – and may not be representative over an entire
study area. Considerably lower than their estimate for the carbon
storage of grass, we chose to err on the side of a conservative
estimate for the carbon storage of fine vegetation. The metric for
Table 2
Summary of literature review values used to estimate air pollution removal services o

Pollutant Coarse vegetation 

SO 2 1.32 g/m2yr (Nowak et al., 2002) 

NO2 2.54 g/m2yr (Nowak et al., 2002) 

PM10 2.73 g/m2yr (Nowak et al., 2002) 

O3 3.06 g/m2yr (Nowak et al., 2002)
CO 0.58 g/m2yr (Nowak et al., 2002)

Please cite this article in press as: P. Kremer, et al., The value of urban ec
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soil carbon is based on Pouyat et al. (2002) estimate of C density of
urban soils of 8.2 kgC/m2. There are also limitations in using the
soil carbon metric estimated by Pouyat et al. (2002), as variations
in land use and land cover distributions can lead to variation in
carbon density of soil (Pouyat et al., 2006). For more details see
McPhearson et al. (2013b).

3.2.4. Air pollution removal
Air pollution removal rates by coarse and fine vegetation were

estimated using metrics from an urban forest survey of trees in
Brooklyn, New York, which took place in 1994 during non-
precipitation periods (Nowak et al., 2002), and a survey of
pollution removal rates of vegetation – including short grass –

on green roofs in Chicago over a one-year period, from August 2006
to July 2007 (Yang et al., 2008). From these studies, we use metrics
for the removal of SO2, NO2, PM10, O3 and CO for coarse vegetation,
and SO2, NO2, and PM10 for fine vegetation (Table 2).

3.2.5. Recreation potential
The recreation indicator is constructed using park locations and

the population density in close proximity to parks. Population
density around parks was calculated as the mean population
density (U.S. Census Bureau, 2010) in all block groups that are
within 500 m of each park. Each park pixel is assigned the mean
population density value calculated for the park, where population
density is an indicator for the level of potential use of the park by
people living in close proximity to it.

3.3. Multicriteria aggregation framework

The purpose of the multicriteria procedure in this study is to
produce a spatially explicit aggregated ES values enable compari-
son of the overall ES potential across the study area. For this
purpose, spatially explicit layers of ES, calculated across the NYC
landscape and normalized into 0–100 scale are used as the
indicator scores, reflecting a relative low-high level of provision.

We used four scenarios to compare different valuation
combinations of ES. The scenarios that we constructed are based
on current priorities of NYC agencies as outlined in the
introduction. We constructed the weighting scenarios to demon-
strate the potentially different baselines upon which planning
decisions can be based in the consideration of new green
infrastructure. The scenarios are constructed to exemplify the
spatial distribution of aggregated ES values given different
planning priorities. Although this process is a hypothetical
exercise, it is grounded in an expert understanding of the current
policy priorities and covers a variety of possible valuation
outcomes. We exemplified different possible preferences by
establishing hierarchies of weights. S1 is a reference scenario in
which the actual preference of the city is disregarded in favor of a
non-weighted valuation representing a case in which, either
weights are impossible to determine, or all ES are considered to be
of equal importance. In S2 we emphasize the importance of
stormwater absorption, but retain the preference of other ES at a
low and equal weight. S3 is based on a moderate hierarchy where
f coarse and fine vegetation.

Fine vegetation

Short grass: 0.65 g/m2yr (Yang et al., 2008)
Short grass: 2.33 g/m2yr (Yang et al., 2008)
Short grass: 1.12 g/m2yr (Yang et al., 2008)

osystem services in New York City: A spatially explicit multicriteria
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Table 3
Weights assigned to urban ES indicators for four scenarios.

Indicators S1 S2 S3 S4

Stormwater absorption 0.2 0.6 0.35 1
Local climate regulation 0.2 0.1 0.3 0
Carbon storage 0.2 0.1 0.05 0
Air pollution removal 0.2 0.1 0.1 0
Recreation 0.2 0.1 0.2 0
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stormwater absorption is followed by local climate regulation, and
recreation. These three criteria are often discussed by the city as
important components for its sustainability planning (McPhearson
et al., 2014; Hansen et al., 2015). The first three scenarios include all
the indicators as stated by the city in current ES related policies. In
addition, we constructed a scenario in which the de-facto
preference of the city, measured by its monetary investment, is
placed on a single criteria- stormwater absorption (S4).
Fig. 1. Urban ecosystem services indic

Please cite this article in press as: P. Kremer, et al., The value of urban ec
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We created scenarios through a weighted aggregation of the
values in each pixel of the five urban ES indicator rasters according
to the scenario weights outlined in Table 3.

3.4. Comparing scenarios

To compare the results of the different scenarios, we compared
the average weighted ES score within each of NYC’s 59 community
districts. We selected community districts as the unit for
comparison because they represent the scale at which much of
the local decision-making in NYC takes place, and because the
relatively limited number of community districts enables mean-
ingful comparison. There are certain areas in NYC – such as Central
Park in Manhattan, Prospect Park in Brooklyn and Jamaica Bay’s
Gateway National Recreation Area – that are not under the
jurisdiction of any community district. These areas are comprised
of large green and blue open spaces that are managed at the city,
state, or federal level. In each borough, average ES scores of all
these areas were combined and treated as an additional data point.
ators for five ecosystem services.

osystem services in New York City: A spatially explicit multicriteria
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Table 4
Annual total production of two urban ES – carbon storage and air pollution removal.

Landcover Carbon storage (kg) Air pollution removal (kg)

tree canopy 1.16E + 09 1.63E + 06
grass/shrub 2.53E + 07 1.21E + 06
bare earth 2.54E + 09 –

Total 3.73E + 09 2.83E + 06
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4. Results

4.1. Urban ES indicators

We computed and mapped urban ES indicators for stormwater
absorption, local climate regulation, carbon storage, air pollution
removal, and recreation at the pixel level across the city. The
resulting maps show variation in the supply of urban ES over space
(Fig.1). For two of the urban ES indicators calculated – air pollution
removal and carbon storage – a citywide total urban ES production
can be aggregated based on the per-pixel results. We estimate total
carbon storage of trees, shrubs, grass and soil at over 3.7 billion kg
and air pollution removal by trees, shrubs and grass at 2.8 million
kg annually. Detailed results are presented in Table 4.
Fig. 2. Results of multi-criteria analysis based on five scenarios: Scenario 1: all urban ES
equally low value to all other urban ES; Scenario 3: Moderate hierarchy; Scenario 4: o

Please cite this article in press as: P. Kremer, et al., The value of urban ec
analysis of landscape scale valuation scenarios, Environ. Sci. Policy (201
4.2. Comparison of multicriteria evaluation scenarios

The resulting citywide urban ES aggregated value maps are
presented in Fig. 2. They show the spatial variation in UES values
across the city as a result of the application of different the
weightings combinations in the SMCA.

To further compare the results of the four scenarios, we used
average UES scores within each community district in NYC. The
results are presented in Fig. 3, where average UES scores for
scenarios 1–4 for each community district are organized by
borough. Details of urban ES average scores and variation for each
community district are available in the supplemental materials.
The widest variation among community districts – indicated by
standard deviation of value scores – occurs in scenario 4, which
values only stormwater absorption, indicating that stormwater
absorption is unevenly distributed across the city (Table 5). By
contrast, the least variation in service levels among community
districts is produced by scenario 1, in which all ES are weighted
equally.

The overall lowest ranking community district is Manhattan’s
community district 5 (105 in Fig. 3 and supplemental materials)
located in Midtown Manhattan. This area is generally characterized
by low density of green spaces, and thus urban ES scores are
consistently low across the five scenarios for district 5. Variation
between scenarios in this community district is also among the
lowest in the city. Other community districts with overall low
 are equally valued; Scenario 2: high value attributed to stormwater absorption and
nly stormwater absorption is considered.

osystem services in New York City: A spatially explicit multicriteria
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Fig. 3. comparison of weighted urban ES scores in the five scenarios across community districts in the five boroughs of NYC. The spikes in Manhattan, Bronx, Brooklyn and
Staten Island represent large open green and blue spaces that are managed at the city, state and federal level. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Table 5
Deviation of value scores across community districts.

S1 S2 S3 S4

Standard deviation 3.58 4.46 3.75 6.21
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urban ES scores such as the Williamsburg and Greenpoint
neighbourhoods in Brooklyn (301) and Hunts Point in Bronx
(202) also show low variation between the scenarios. In all of NYC’s
boroughs, the highest urban ES scores are located within areas that
are not under the jurisdiction of community districts. This is not
surprising because these areas are mostly large green and open
space areas under city, state or federal protection (such as Central
Park in Manhattan and the Brooklyn, Queens and Staten Island
Gateway National Recreation Areas). Manhattan’s Central Park, for
example, is an area with both high urban ES scores and high
variation in scenario scores. These high scores are driven by
population density, which impacts the recreation component,
most valued in scenarios 1 and 3.

At a finer scale, this spatially explicit multicriteria scenario
analysis approach also enables a detailed examination of local
determinants of urban ES scores and can support urban planners
and decision makers in ecosystem based planning decisions. Fig. 4
is an example of the local spatial distribution of the results of
scenario 1, where all ES are weighted equally, in different locations
across the city.

Fig. 5 shows the different ES outcome of different scenario in
Morningside Park in the Upper West Side of Manhattan where
values of a patch of trees range from 74 (S1) to 52 (S4) with the UES
value in scenario 1; 1.5 times larger than that of scenario 4. This is
explained by a combination of moderate stormwater absorption
Please cite this article in press as: P. Kremer, et al., The value of urban ec
analysis of landscape scale valuation scenarios, Environ. Sci. Policy (201
capacity and high recreation value due to the area being a park and
the high population density in the neighborhood. This example
shows that the valuation of urban ES is highly sensitive to the
priorities that are applied in planning or other contexts.

5. Discussion

The results of the multicriteria scenario assessment developed
in this paper demonstrate that urban ES values can vary across
locations and scenarios, and highlight important issues in the
utilization of ES value in urban planning and policy priorities.
Ecosystem services are produced across the city by many types of
green infrastructure including backyards, gardens, vacant lots and
street trees. Planning for and implementing green infrastructure
strategies in the city for the provision of urban ES should take into
account all types of green infrastructure, and should meet multiple
ecosystem services goals. The challenge is to understand how
different planning priorities influence the ES values across the
urban landscape.

Understanding spatial variation in the provision of ecosystem
services within urban landscapes is particularly important for
issues of equitable access to urban ES (Henrik, 2013). In NYC, we
demonstrate that an inequitable access to urban ES is a reality.
Some areas in the city exhibit overall low urban ES production,
particularly midtown Manhattan, South Bronx, East Harlem, and
North and East Brooklyn. These areas present different challenges
for urban planning. For example, the lowest ES scores in Manhattan
are produced in a community district 5 (105 in Fig. 3) with 51,000
residents. In this district residential buildings occupy less than 7%
of the area and 65% is comprised of commercial and office
buildings. In contrast, in Brooklyn, the lowest ES scores are
osystem services in New York City: A spatially explicit multicriteria
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Fig. 4. Urban ES valuation results at the local scale. Results of Scenario 1, in which all ES are weighted equally, are presented for different areas in the city.
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produced in community district 1 (301 in Fig. 3) with population of
173,000 and that more than 40% of its area is comprised of
residential and mixed land uses. Similarly, in Queens the lowest ES
scores are found in a community district that is overwhelmingly
residential. Mapping ES production and values such as we present
here can help planners identify priority areas where large
populations are inequitably underserved.

SMCA valuation procedures are highly sensitive to the choice
weights. It is well established that environmental and social
conditions vary greatly across heterogeneous urban spaces
(Haase et al., 2014), and thus the application of a particular
valuation scheme can prioritize certain localities over others. In
this study, the priority given to stormwater absorption in current
city planning and policy is used as a starting point for examining
how alternative priorities affect the distribution of ES value across
the landscape. The sensitivity of this approach to urban
environmental and social variation emphasizes the need for
planners, managers, and decision-makers to examine multiple
urban ES priorities simultaneously. We chose weights that are a
reflection of current City priorities (McPhearson et al., 2014;
Hansen et al., 2015; The City of New York 2013; Puryear et al.,
2015; New York City Department of Environmental Protection,
2010).

However, alternative weighting scenarios in the SMCA would
drive other variations in valuation. We found that spatial patterns
changed across the city when different valuation schemes were
applied. Scenario 4, the only scenario that was comprised of a
single criteria and that represents the de-facto current NYC
priority, shows the highest deviation across community districts.
Using this indicator as guidance in the development and
application of green infrastructure solutions will produce more
unevenly distributed urban ES. Adding additional criteria to the
analysis produces different basis for prioritization. Fig. 6 is a map
representation of the difference between Scenario 4 and Scenario
1. Here we demonstrate specific changes in value of ES across the
Please cite this article in press as: P. Kremer, et al., The value of urban ec
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landscape as a function of alternative planning priorities. Scenario
1, where all ES are equally weighted, shows marked different in
how the value of ES is spatially distributed compared to Scenario 4,
which prioritizes stormwater absorption above all else. We argue
that the use of SMCA is a tool useful for evaluating and iteratively
improving planning prioritization when seeking to include
ecosystem services in urban development, design, and other
landscape level plans. Additionally, though we’ve examined the
variation in ES value across the entire city, the high spatial
resolution allows comparison of planning priorities at very local
scales applicable for neighborhood or individual site planning.

For actual urban ES valuation, developing a valuation procedure
that includes diverse stakeholder groups is important (Bertram
and Rehdanz, 2015; Buchel and Frantzeskaki, 2015; Hauck et al.,
2013), though – depending on the city or urban context – can be
challenging to convene and coordinate. Buchel and Frantzeskaki
(2015) identify distinct preferences of user groups in parks and
suggest that urban planning can accommodate such varying
preferences by offering multiple park designs. Similarly, facilitat-
ing stakeholder participation in the valuation process would
increase the accuracy and relevance of urban ES valuation.
However, planning processes that are able to accommodate such
variation require flexibility and the ability to apply differing green
infrastructure solutions across the city. Local knowledge can bring
new vulnerabilities and needs to light, and may be used to
contribute not only to the SMCA weighting criteria, but also to the
choice of indicators (Seppelt et al., 2011). For instance, population
density is a limited way to calculate the recreational value of parks,
and people’s experience of safety or comfort in neighborhood
parks could bring important knowledge to bear on the ways in
which recreation is mediated. The combined ES evaluation and
SMCA process makes the indicators transparent, and further
analysis could test different indicators for calculating ES based on
community participation processes.
osystem services in New York City: A spatially explicit multicriteria
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Fig. 5. comparison of aggregated ES values in scenarios 1, 2, 3 and 4 in Morningside Park located in Manhattan’s upper west side.
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The approach we followed, which uses spatially explicit
calculations of physical properties of urban ES, is useful because
it allows for fine resolution, quantitative evaluation of ecosystem
services across the city’s landscape. This enables us to account for
urban ES generated by urban spaces – such as vacant lots and
residential backyards – that are not always considered as
ecosystem services providers, and provides the details needed
for decision-making support at local scales in addition to the “big
picture” needed for decision-making at the city scale.

Yet, to be useful for planning and policy making, spatially
explicit ES data need to be analyzed and presented in a way that
enables discussion and comparison of contextually meaningful
units of analysis. A challenge in using the landscape approach is
that we often work in a grid cell platform – a unit that carries little
meaning in urban planning. To be able to discuss the spatial
distribution of urban ES in meaningful units, aggregation is
Please cite this article in press as: P. Kremer, et al., The value of urban ec
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required, and the choice of spatial aggregation unit may influence
our ability to detect spatial variation. For example, units that are
particularly valuable for the purpose of urban planning – such as
the NYC Community Districts used in this study – might be too
coarse for the analysis of tradeoffs among different UES.

Further complication arises from the complex governance
structure of urban ES. While Community Districts are important
planning units in NYC where most local decisions are made, the
highest provision of urban ES takes place in areas that are outside
the jurisdiction of community districts. Urban ES are socially and
ecologically produced (Andersson et al., 2015). Improving gover-
nance of ES in order to meet urban planning goals will require both
better linkages with stakeholders at the level where ES are
produced, as well collaboration across Community Districts
emphasizing the need to link citywide planning with more local
planning initiatives.
osystem services in New York City: A spatially explicit multicriteria
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Fig. 6. spatial representation of the mathematical difference between Scenario 1 and Scenario 4. Red hues represent areas in which values of Scenario 4 are larger than Values
of Scenario 1 and blue hues represent the opposite. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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6. Limitations of this study

Limitations of this study have to do with the spatial data used
and the valuation scenarios. Spatial data is acquired from different
sources at different resolution and accuracy. Resizing and creating
composition of different spatial layers for the calculation of urban
ES inevitably introduces inaccuracy (Gotway and Young, 2002). For
example, in the local climate regulation we use landcover data at
1 m resolution and surface temperature derived from data at 60 m
resolution. The resulting indicators represent the accuracy at the
60 m resolution. Further, deriving the surface temperature data
required a processes of gap filling that introduced inaccuracies
related to differences in temperature in the different dates the data
was collected. The indicators chosen to quantify urban ES are
simple representations of far more complex processes although
they are commonly used in urban ES assessments (Haase et al.,
2014). For example, using per-pixel calculations for the assessment
of ES potential requires an assumption that ES supply and use
coincide in space thus ignoring the spatial dynamics of ES flows
Please cite this article in press as: P. Kremer, et al., The value of urban ec
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between supply and demand (Bagstad et al., 2013). Finally, the
SMCA analysis based on expert understanding of current policies
and trends in ES governance in NYC provides limited perspective
on the values of urban ES. To provide a more comprehensive and
accurate measure of urban ES values would require a broad
stakeholder participatory valuation process.

7. Conclusion

As cities seek to increase both the amount of urban green space
and the performance of those spaces to meet various urban
planning goals for equity, resilience, and sustainability, decision-
support tools that can demonstrate the value of important urban
ES, including for recreation, air pollution removal, stormwater run-
off retention, local climate regulation, and carbon storage will be
increasingly needed. SMCA has potential to support urban
decision-makers in examining multiple urban ES priorities
simultaneously to understand impacts for individual and multiple
values of urban ES at a given location, as well at the citywide scale.
osystem services in New York City: A spatially explicit multicriteria
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Among the scenarios we examined for NYC, we find that a scenario
in which only stormwater absorption is prioritized leads to the
most unevenly distributed ES values. By contrast, we find least
variation in ES values where stormwater absorption, local climate
regulation, carbon storage, air pollution removal, and recreational
potential are all weighted equally.

Combining the landscape approach to ES assessment with an
SMCA procedure can inform holistic decision making regarding
conservation priorities, patterns of distribution and access to urban
ES, and the identification of ES hot and cold spots important for
understanding inequity issues with respect to access to urban ES
benefits. SMCA is highly sensitive to the indicators selected to
represent ES values, but explicitly recognizes these assumptions,
and allows decision-makers to consider multiple factors that
contribute to ES in a local context. We suggest that adding this
approach to the current suite of urban planning, policy, and
governance tools can aid decision-making in ways that could help
to maximize investments in urban green infrastructure for
multiple ES benefits to improve livelihoods and human wellbeing
in cities.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/j.
envsci.2016.04.012.
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