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Executive Summary

Ecosystem services can be broadly defined as any benefit that people receive from the

environment. The ecosystem services we consider in this report are those that have quantifiable
monetary value. We assess that monetary value by looking at how peofibe @ayycosystem

service in a market, or what they would have to pay to replace or conserve the service. By

|l ooking at multiple instances of economic pre
ecosystem services.

When ecosystem services are lost thexginie replaced through restoration or with manmade
alternatives, or the public must do without those benefits. If they are not replaced we will
eventually suffer the consequences, be it through human health impacts due to poor air or water
quality or a derease in opportunities to enjoy a healthy ecosystem through wildlife watching,
hunting, or fishing. In both of those cases there are real consequences to both our quality of life
andeconomy in Maryland.

The values contained in this report are intendee¥aluating tradeoffs and informing decision

making, but do not indicate market value or compensatory value. While in some cases we

consider market values as part of the value equation, the assessment broadly quantifies the many
ways people valuethemat al environment, yielding a Asoci a
services ifMaryland.

The economic value of ecosystem servites natural landen Marylandis significant, totaling
$8 billion every yearfor the seven nemarket services we value leeFor comparison, the
economic impact of the agriculture sector in Maryland totaled $8.25 billion in Zdd8nwater
mitigation is the largest service from natural systems, tot&@ng hllion, followed by wildlife
habitat at $2.6 billion. Groundwategchargenutrient uptakesurface water protection, carbon
sequestratiorand air pollutant removal tot&ll.3billion, $417 million, $247 million, $235
million, and .41 million of benefits per year, respectiveljhese values are in addition to the
marketed economic contributions from outdoor recreation and resource extraction.
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The Natural Resources of Maryland

The people of Maryland benefit from the natural environment in many different ways. Forests
clean the air, wetlands clean the water andohesapeakBay provides fish and crabs. These benefits

people gain from the environment caamdllectively referred to dscosystem Services (ES)

Figurel). Though ecosystem services can be categorized in differentiveyey are commonly
divided into four major categoriegrovisioning services(e.g. timber, firewood, foodjegulating
senices(e.g. water purification, wildlife habitatyupporting services(e.g. nutrient cycling, soll

formation) anccultural services(e.qg. rereation, spiritual benefits).

Photo Credit DNR Photo Contest Justin Prahl 2014

! Millennium Ecosystem Assessment (2005)
2Boyd and Banzha®2007)
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Figure 1. Natural resources provide benefits, subject to drivex of change (from US EPA Envirdlas,
2016)
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Table 1. Ecosystem ervices in Maryland*

Ecosystem Service Forest Freshwater Coastal Chesapeake Crop
Wetlands Wetlands Bay Agriculture
Reduce Stormwater Runoff + + +
Control Flooding + + +
Recharge Groundwater + + +-
Uptake Nutrients + + +
Reduce Air Pollutants +
Sequester Carbon + + + + +/-
Wildlife Habitat + + + +
FoodProvision + + +
Recreation + + + +
Timber +

*The + symbol indicates that the ecosystem type provides the servicetegmibol indicates that the
system can either have a positive or negative effect on the service.

Maryland is the eightemallest state in the United States, comprised of 9,772 square miles but
has the 18 largest economy with a state domestic produé3d.3 billion dollars in 20£6During the
recent economic recession Maryland was one of the few states to magaagomic growth, due to a
strong reliance oemploymentnd spending dhe federal governmerthehigh tech industryand trade.
Farming contributed&25billion to the Maryland economy in 20%2nd commerecial fishing in the
Chesapeake Bay contributet.8 billion in direct sales in 201The forestry industry in Maryland is the
5" largest industry in the state, employing 14,000 people and geneapfinaximately$2.2 billion
dollars annuall} Maryland is known for its diversity and is referred td.iide America or America in
Miniature due to the high variability in climate, geology, elevation, and ecology. Maryland has five
distinct terrestrial physiographic regions and surrounds the majority of the Chesapeake Bay, the largest

estuary in the Unite8tates.

Maryl andds Physiographic Regions
Maryland is located in the Midtlantic region of the United States and is comprised of five

physiographic regions. Going froeast to wst the physiographic regions are the Coastal Plain Province,

% Bureau of Economic Analysis (2017)

* Ferris and Lynch (2013)

® National Marhe Fisheries Service (2014)
® Rider (2010)
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the Piedmont Plateau Province, the Blue Ridge Province, the Ridge and Valley Province, and the
Appalachian Plateau Province. The majority of the state isedatively lowelevation, as evidenced by

the fact that the average elevation is @4y feet abve sea level

79" 78°W 77" 76" 75"W
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Figure 2. Physiographic regions in Maryland. From Maryland Geological Survey.

Middle Atlantic Coastal Plain

This Eceregion encompasses the eastern and western shores of the Maryland portion of the
Chesapeake Bay, nearly one half of the statebs
coastal and freshwater and has a relatively flat elevati@d®minant forest types are lobleBiortleaf
pine and oalgum.The Coastal Plain Province is comprised of deep unconsolidated sediment, ranging
from 7,874to 39,370 feetThese sediments support several deep aquifers in this region

Northern Piedmont
Thefall line (the region where hard crystalline bedrock meets softer sedimentary bedrock) forms
the boundary betweehd Piedmont and Coastdhi eceregions in Maryland. Elevation begins to
increase in this region and Qblckory forest dominatedn contast, the Piedmont Province is composed
primarily of igneous and metamorphic bedrock such as schist, gneiss, gabbro, phyllite, slate, and marble.
This hard substrate does not support large aquifers.
4
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Blue Ridge, Ridge and Valley, and Appalachian-Regions

A small stretch of the Blue Ridge epegion is in Maryland and is dominated by mixed oak
forests. Extending south, the Blue Ridge-eegion is one of the most biologically diverse regions on the
east coast of the United States, supporting many endpnit®s. The Blue Ridge region is underlain by
igneous and metamorphic rocks. The Ridge and Valley and Appalachian Provinces are somewhat similar
geologically. They are underlain by folded and faulted sedimentary rock; minerals commonly occurring in
these egions are quartzite, limestone, shale, sandstone, and ddlomite

These ecaegions become increasingly mountainous and are dominated by mesophytic (moisture
loving, due to the high rainfall) mixed oak forest. The highest elevations in Maryland areniestheith

the highest point being Backbone Mountai3,860feet abovesea level

Maryl andds Climate

Maryland is diverse climatically considering that it is a small state. The western portion of the
state averages lower temperatureslasgprecipitation (average of 48°dnd36 inat the extremes) than
the eastern part of the state (with state high alenerages of 59° F and 48.8.imhe Chesapeake Bay
and Atlantic Ocean play a major part in ameliorating temperatures and promotingd iraithfialeastern
portion of the state while the higher elevations of the Appalachian Mountains in the west create lower

temperatures.

Forests in Maryland

Forests in Maryland provide many benefits to people. They help to maintain air and water quality,
build and maintain soil, sequester carbon, and provide habitat for wildlife, maintaining biodiversity, along
with providing recreational opportunities and timber, forming the base of the forest products industry. The
state of Marylad is 40% forested, covel 2.7 million acresf land. Seventy six percent (76%) of forest
l and in Maryland is privately owned. 5%jperyedrand o6 s
led to a loss of 79,000 acrekforest land to development between 1986 and L ®ce 1999 forest
land area in Maryland has mostly stabilized with reforestation and afforestation balancing land lost to

development. The state has mandated that forest cover be maintainedaaitdiddmany cases requires

" Edwards (1981)
8 MDNR (2012)
®Widmann (1999)

p
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that forest land lost to developnidse replacethrough the Forest Preservation AcMechanisms to
foster restoration of degraded land and mitigation of pollutants in order to restore the environments
capacity to produce ecosystem servigesstill not sufficient to ensure provision @bsystem services
While programs do exist (the Conservation Reserve Enhancement Program, Maryland Forest
Conservation Act)hey do not explicitly consider ecosystem serviddany forest landowners will sell
their land when it is economical, at the pairitere they would receive greater economic benefit from

selling it for development than keeping it as silviculture or for preservation value.

Photo Credit StepherBadger 2016

Freshwater Wetlandén Maryland

Maryland contains 342,626 acres of freshwatetlands, with the vast majority (>99%) classified
as palustrine (meaning that they do not have flowing water). The remaining small percentage of
freshwater wetlands in the staterigerine or lacustrine, meaning that they occur along with a river/stream
or lake, respectively. Wetlands are defined as areas that meet two or more of the following criteria; 1.
wetland hydrology (are flooded for a&dst a portion of the year) 2etlandvegetation occurs or 3ydric

% Maryland House Bill 706 (2013)
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soils (meaning soils that have charactiics formed through flooding events). Wetlands often form at the

boundary between a water boayd.lakes, rivers, strears, the Chesapeake Bay) and upland areas.

Wetl ands that occur apart from a watertiohendy are t

wetland classifications and occurrence in Maryland see the Maryland Department of the Envignment

webpagéNetlands and Waterwal§ysor t he US Fish and Wildlife Servic

document?.
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2 Tiner and Burke (1995)
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Coastal Wetlande Maryland

Coastal (or estuarine) wetlands occur rehlend intersects saline (9altater. In Maryland, this
predominately means the Chesapeake Bay and its estuaries, although the Coastal Bays on the Atlantic
coast also contain coastal wetlands. Coastal wetlanddtaredivided into low and high marsh, with the
low marsh being inundated by daily tides and high marsh only being flooded by storm events. Coastal
wetlands are typically composed of emergent vegetation, with species like cord grass (Spartina
alterniflorg) inhabiting the low marsh and salt marsh hay (Spartina patens) or cattail (Typha latifolia) in
the irregularly flooded high marsh.

The Chesapeake Bay

The Chesapeake Bay is an incredibly productive ecosystem and is the largest estuary in the
United Statedlt provides commercial and recreational harvests of fish, oysters, and crabs, and supports a
multi-billion dollar boating industryThe Chesapeake Bay has been heavily impacted by overfishing,
excess nutrient and sediment lo&dsn agriculture and devgbmentcausing anoxic dead zones, and
diseases, particularly in oysters. This has led to populations of commercially important species far below
historic highs. In response to thie states in the Chesapeake Bajexshed (Maryland, Virginia,
Pennsylvania, Delaware, West Virginia and New York) signed the Chesapeake Bay Watershed
Agreement, setting goals to improve the health of the Chesapeak&Hgagconomic value of many of
theecosystem servicage corsider inthis study, in particular the reduction of sediment and nutrient
loads, is driven by the goal of improving the healtthef Chesapeake Bayd its accompanying
ecosystem service$he ecological functions of the Bay does sequester some carbon and rbitrtbgen
these are fairly minor compared to the value of the commercial fifbrespecies such as Blue Crab,

Striped Bass, and Menhaden, or the value oirthestries surrounding recreation the Bay.
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Photo Credit William Whaley 2017 DNR Photo Contest

Maryland Land -Use

Maryland has developed rapidly in the last 40 years and is noW thest densely populated
state.Development impacts the supply of ecosystem services, reducing the natural capital of the state. In
the case of certain services, like air quality and flood prevention, an increasing population also increases
the demand for the servicehe first landusemap was produced in 1973 and the most recent map is from
20103, so we preserihe map of landise in 1973 and 2010, along with totals for luse change over
this periodin Fgures 3 and 4Developed land has increased dramatically over this period,dryl60%.

This has come at the expense of agricultural lands (decrease of 19%) and forest land (decrease of 8.5%).

3 Homer et al. (2015)
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Figure 4.Maryland land-use in 2010

Protecting land from development through purchases by thelstzik,or federal government,

conservation easements, or preservation bypmofits or private citizens are all important tools in

ensuring that future generations enjoy the same benefits and quality of life as previous ones. Currently
lands in some forrof protection total 22% of the state. State programs focusing on increasing protected

lands in the state are Program Open Space along with easement programs like Maryland Environmental

Trust, Rural Legacy, and Maryland Agricultural Land Preservation.

11
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Figure 5.Protected lands in Maryland
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How We Calculatethe EconomicReturn on
Environment

If society is to preserve ecosystem services fundamentaiman life, we must be atie
accurately measure their ecological outputs, as well as their economic value. Even though each of these
services benefits society economically, they are not all currently represented in economic markets across
Maryland. While the value of provisioning@ cultural services, such as fish, crabs, timber, and
recreation are well understood and accounted for within our economic system, the value of regulating and
supporting services, such as stormwater management and nutrient uptake, are more diffixndifyo qu
and thus more difficult to incorporate into an economic market. In the absence of known economic
values, these services are treated as free subsidies for society (termed a positive market externality in
economics). Society and individuals ben&bin their existence, but are not typically held financially
responsible for the management or protection of thesenawsket benefits.

In a market system, land use decisions are often driven by opportunity cost, favoring the most
profitable option giva the constraints of governmental regulation and policy. When the economic value
of ecosystem services are not explicitly included in resource management dettigienis, an increased
risk of natural lands being lost, which threatens ecosystem hewlthagural productivity potentially
impairing the welbeing of current and future generations. In order to better preserve the integrity of
ecosystem services provided by Marylandébés natur al
guantify andncorporate the economic value of these services, thereby creating an additional incentive for

responsible land stewardship and informing decision making by state and local governments.

Beyond their intrinsic value, natural systems provide millions d&doof social and economic
benefits every yedr a triple bottom line to communities and residents. Triple bottom line refers to
accounting for social and environmental costs and benefits on the same balance sheet as economic ones.
Just as financial analigsexpress return on investments, new methods are now available to express
naturedés annual value to the economy in terms of
value that people place on the work of the environment through considerationreedifgeancial
patterns, such as costs avoided, market prices, the cost of regulations, or premiums for real estate value

based on proximity to open spaces. Such estimation of economic benefits of ecosystem services to society

13
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allows policy makers, busingss and residents to view natural systems as a portfolio of financial assets
rather than a commodity. Accounting for ecosystem
Environment o6 of a region, can serveietydsawhole.t er est s

The benefits of using an ROE valuation system are summarized in Table 2.

Table2. Bendits of a Rturn on Environment valuation system

1 Nature's complex system is conveyed in a simple bottom line whistderstandable to a broad
audience.

2 Dol | ar s, as a financi al measur e, under scor e
living, economy and sense of place.

3 Dollars also convey a level of significance or priority to allowletter tradeoff analysis.

4 | Monetary estimates of the value of natural system services can be applied within decision framew
related to land use, tourism and economic development.

5 Discussion of natural system cover types, services, andviiiags can engage key stakeholders in an
educational process that can help other organizations in their missions.

6 |While any numeric model will engender healt|
this issue on the table in fulleiv so policy makers and citizens are aware of its relative importance.

Natural systems work 24 hours a day, 365 days a year without cost to taxpayers, and may generate
economic benefits for a single function or for a function that provides seevides. Beyond these
continuous services, like mitigating air pollution or providing wildlife habitat, nature also provides a form
of insurance or risk management. Natural systems increase the resilience of an area to the effects of
climate change, deeasing the risk of flooding and allowing more rapid recovery after severe weather
events. In contrast to residential, commercial and industrial areas which require public or private
investment for services, intact natural areas require little more theat{ioo. Though ecosystem
services are inherently renewable, the realization of continued benefits requires ecosystem productivity
and biological diversity. Once ecosystem integrity is lost, these services are replaced, typically at the
t ax payer srésocietxwvllegowitbout the former ecosystem services being provided. Unlike
economic assets which typically recover value relatively quickly after losses, this ecolelggsaty

portfolio of assets can take 50 to 100 years to recover its full set\o€es.

14
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Through explicit economic valuation of ecosystem services and biodiversity, the relative value of
protecting certain natural system services can be clearly conveyed to policy makers, investors and
homeowners, highlighting ecosystem conservat®a practical lonterm business strategy. It is
almost always a better economic decision to conserve natural lands than restore them at a later date,
as the future investments necessary to replace wiost iwill likely be more expensive than

employng smart growth development policy that preserves natural lands.

A numberof recent studies have demonstrated ithiatcost effective to invest in ecosystem
services, like preservirfgrest buffes along a river or stream, avoiding having to remedi&tavater

either downstream or when it is extracted for use.

T Riley (2009 found that costs of riparian buffer restoration in the San Francisco Bay region of
California were less than a quarter of building and maintaining a stormwater/urban runoff tteatmen
plant to perform the same nutrient reduction function. In fact, this underestimates the difference in
costs given the different time horizons of the options (the natural buffer will last in perpetuity while the

treatment plant will only last ~50 years).

Kramer et al. (2008 compared forested buffers near Wisconsin lakes with septic updoades
reducing nutrient loading tdé lakes. In the 25 instancasidied the forested buffer was found to be

the more affordable option for nutrient reduction in all but one case.

f Keystone Conservation Trust evaluatedsystem service benefits in 5 Pennsylvamianties®,
finding that for every dollar invested in cangation seven dollars of ecosystem service value is
returned. These findings ioknced the Northhampton Co. (Pennsylva@iammissioners in

increasing their open space budget by $2.2 miliiorfiscal year2016.

1 New York City invested $1.5 billion irahd preservation in the watershed of their drinking water
source, ensuring the high quality of their drinking water. This investment avoided having to build a

$10 billion water treatment plarit

4 Riley (2009)

5 Kramer et al. (2006)

18 ehigh Valley Planning Commission (2014)

" New York State Department of Environmental Conservation (2015)

15
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Biophysical and Economic Value

All ecosystem serviceslefinad here agcological workwhich benefithuman welbeing,termed
fifi nalenecsoesryvsitces o bfy?hd®etwaddimensidnd Biaphysitalavalue and
economic value. Biophysicébiotic and abiotic components of the environmeatye is the actual
guantity of the ecological function that is yielding an economic benefit, e.g. grams of carbon being
sequestered, cubic meters of water being recharged to the aquifer, etc.. The biophysical value is
equivalent to the Benefit Relevamidicator in the suggested ecosystem serviceahfodthe US federal
agencie¥. Economic value is the difference between the price paid for a good and what a consumer
would be willing to pay i.e. the consumer surplus. However, this information is ndlyesstained for
ecosystem services. Often one dimension may have been assessed, such as what a consumer would be
willing to pay through contingent valuation or what a consumer has paid through a travel cost analysis;
but it is very rare for a study to hmassessed both dimensions, so that an economic value can be
determined. This is why the monetary output of these assessments is expressed in terms of economic
preference rather than economic value. In the approach presentediariiimth biophysicahnd
economic quantifications are essential in performing an economic analysis of ecosystem services. A
biophysical quantity without a connection to a consumer is not a service, and a person without access to a
guantity of ecological work cannot consumetligse factors are considered along with the fact that the
demand function of the consumer will change with the biophysical supply. For example, a wetland in the
Canadian boreal forest is taking up nitrogen and phosphorus, but this is not an ecosygterif gexe
is not a population being impactedibypaired conditionsn downstream waterbodies. While it is
difficult to imagine a situation where a consumer has no access to any ecosystem bempaces,
situations unconducive for human life like sp&reavel there are many situations where biophysical
supply is constrained and demand increases, such as during droughibrsimlithe American southwest

where water supplies are limited.

Types of Economic Value
The type of value we most often considemarket value which is the price of a good or service in a
market. From the market price economists calcuatesumer surplusthe difference between what

someone paid for a good or service and the most they would have been willing to pay. Hovevest f

8 Boyd and Banzhaf (2007)
¥ Olander, et al. (2015)
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ecosystem services a market does not exist. Many diffecermnarket valuationmethods have been
proposed. They range from asking a sample of people what they would pay for an ecosystem service
(contingent valuation to using the price of proximalomes to estimate the value people place on being
near natural areabédonic pricing, evaluating what it costs to visit a hatural ateavel cost analysis
However, all of these methods have well known flaws. For example, contingent valuatigeds teub
hypothetical bias, meaning that people are likely to-ovemderstate what they would actually pay for
something. Hedonic pricing and travel cost analyses do not actually measure the ecosystem service (ES)
and can easily conflate benefits frone #acosystem with other values. These methods are typically biased
towards measuring immediate economic vieling, discounting longer term values, such as
intergenerational equity.

Social Valuemeasures the benefit of something not just at the levekofth ndi vi dual (i . e.
willingness to pay for a good or service), but the benefit to a group of people. This type of valuation is
particularly appropriate for valuing ecosystem services, as very often benefit the public as a whole (i.e. a
public value) and do not have traditional markets. This analysis calculates the social value of ecosystem
services, where society overall is benefiting from the work of the environment. It is important to note that
while social value is an inclusive measure of thrdiits that the public gain from the work of the
environment, it is not the same as market or compensatory value, and the values presented here are not
meant for that purpose. Social value is intended to be used to inform decision making aofidrade

rather than market exchanges.
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ACCOUNTING FOR MARYLANDOS ECOSYST
SERVICES (AMES)

To address the need for better economic valuatic
natural resources, tfiéehesapeake and Coas tBEadnomRend Social 8cerxcesCent er
has developed spatialmodeling frameworkfiAccountingforMar yl andodos Ecosystem Ser
(AMES). The goal of the AMES model framework is tfodd T 1) to quantify the biophysical value of
ecologicalwork spatially across thstateand 2) to estimate the economic value, orggee, of this
work. We rely upon existing spatial maps of the biophysical supply of ecosystem services (i.e. metric
tons (mt) of carbon sequestered, cubic metefsgfrgroundwater recharge, etfrom federal and state
agencies (see proceeding sections for specific data sources), The model outputs a series of spatially
explicit maps, which capture variation in the biophysical and economic value of individual ecosystem
services performed in forestdwetland areas, as well as the total value of atlaurring ecosystem
services across the state of Maryland. AMES currently incorpotesecosystem servicesarbon
sequestration, wildlife habitat and biodiversity, storm water mitigation, groundvater recharge,
surface water protection,nutrient uptake andagricultural benefits. Figure 6illustrates the AMES

model framework.

We determined the ecosystem services to be considered in this work to be ecological functions that
positively impact huran welltbeing, i.e. the ability to meet basic human needs and satisfaction, or avoid a
decrease in welbeing, i.e., as measured by a change in final ecosystem goods and services, which are not
already being valued in a market or proxy market (e.g. tirmbemreceation, respectively)rhe market
ecoprices we do consider (e.g., for carbon and water) have been either induced by regulation (i.e.,
carbon) or regulated by government (i.e., water supplied from a public utility). The services that remain
are thee suitable for evaluation through the ciwe method. The method has the following steps:

1. Quantify the biophysical flow in the studied ecosystem. Ideally this would be done with field
measurements or a simulation model of the particular system to lbateda btilacking these

measuresiterature \alues for the studied system coblel substituted.

2. Calculate relevant egorices for ecological work performed in the system ustigty;categorize

the eceprices based on the type of environmental produetyater, soil, carbon, etc.).
18
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3. Calculate the ecosystem value for each category by applying equaBdeed pages 222).

4. Sum individual ecosystem service values to fimeltotaleconomicvalue of the ecosystem

services providedybthe system

Forest and wetland areas across Maryland were identified using a combination of two datasets:
NASA LiDAR for tree canopy covétand a unification of the National Wetland Invenfdgnd
DNR wetland inventori. The biophysical value of individual ecosystsemvices within these forest
and wetland areas was then quantified using a set of unique ecologicabdals. For some
services, the AMES framework leverages the power of existing external ecological models, while
other services are modeled internalbyng a combination of GIS data inputs and published ecological
thresholds. Each suodel produces a pgixel (30 m)estimate of the amount of biophysical output
produced by a given service across the state.

2 Hurtt (2016)
2L US Fish and Wildlife Service (2016)
% Maryland Departmet of Natural Resources (1995)
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Assessing Maryland's Ecosystem Services (AMES)
Modeling Framework
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Pricing the EnviRroincreeont : The fAEcoO

One mechanism which has been developed to put a social economic value on the work
performed by the environment is teeoprice. The eceprice is defined as the ratio of dollar amount
that haseen paid to preserve or restore ecosystem services, or cost avoided, to the change in
ecol ogi cal functi on, where doll ar amounts based
valuation of these servicdé’. Again, this is necessary because thesdcgay largely exist outside of
traditional markets. The eqwice reconciles the biophysical value of the environment with economic
value and extends the capability to suggest monetary values for the work of the environment to be
used when evaluating mareagent alternatives, ecosystem service markets, or formulating policy.
The value generated through the-@cice is not the same as market value and is not meant to imply

landowner compensation for services provided.

As an example of the utility of the egoice, consider nutrient management activities carried
out by a private land owner in Maryland. This private landowner can plant a riparian forest buffer on
their land that will take up a certain estimated amount of nitrogeis quantity of nitrogen cid
then be sold on the MD nutrient marketplace to municipalities needing to meet their mandated water
quality goals for a certain dollar amount. Another example is payment made for reducing nitrogen
loads to the Chesapeake Bay through the Maryland BsipRé¢ion Fund, where water users pay a
fee used to retrdit water treatment plants in the state, and through installation of best management
practices for nutrient reduction (riparian buffers, wetland restoration, etc.) in the watershed. The
amount paiger pound of nitrogen is calculated for each instance of society investing in nutrient

reduction, and then averaged in order to estimate how society values nitrogen reduction, overall.

Depending on the way society is paying for ecological work thepgce can be formulated
as:

Equation 1. Change in biophysical service / Change in MarkePEce = marginal increase
in ecosystem service, units are biophysical quantity of service / cost of generating the marginal

increase, in $

% Campbell and Tilley (2014a)
2 Campbell and Tilley (2014b)
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Equation 2. Avoidance EeBrice= ecosystem load avoided, units are biophysical quantity of

the load / cost of avoiding the ecosystem load, in $

Equation 3. Replacement/Damages feize = ecosystem service lost, units are biophysical

guantity of service / cost of replacing the segyin $

The economic value of each ecosystem services wagddrom the work of Campbéflwhich
analyzed 60 instances in which money has been exchanged for the work of the environment. These
instances spanned a range of payment types, including@eguor vy programs (e. g. Ma
restoration fee, stormwater management fee), NGO investments (e.g. purchases by the Conservation
Fund, Ducks Unlimited), market exchange (e.g. Regional Greenhouse Gas Initiative purchases,
nutrient trading in Pennsylva), or tax incentives (e.g. benefit of enrolling land in conservation
programs). Because society pladdtering valueson different ecosystem services, observed dollar
amounts paid were categorized by relevant ecosystem service. For each service, an average was
calculated for each payment type. For each individual service, the mapped biophysical output values
were then naltiplied by the average eqwice, to produce peixel estimates of the eqwice of each
service across the state of Maryland. Finally;girel eceprices for each individual service were
summed, to produce an estimate of the economic value ofbafystem services occurring in a given

area.

The following section outlines the data and models used to assess each ecosystem service, as well
as an estimate of the spatial distribution and economic value of these serviceMacytzssd The
map of the spatial distribution of each ecosystem service also contains a table summarizing the annual
economic value of the service, the minimum value, the maximum value, the average value, and the
acreage in thetatethat was includedl'he appendix to this docweant details the procedures used in
ArcGIS.

% Campbell (2017)
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ResultsforMar yl anddés Ecosystem S

Carbon Sequestration

Carbondioxide(C9) i s a natwurally occurring greenhouse g
which plays a critical role imaintaining a climate suitable for life on this planet. Though beneficial to
life, rising atmospheric concentrations of &Wer the past century have been linked to increases in
climate variability and change at local, regional, and global scales. ti@gvpast 30 years, climate
researchers have worked to quantify the flux of carbon between sources and sinks in the carbon cycle.
Forested areas have been identified as one of the major carbon sinks existing on Earth. During the
process of photosynthesteees remove CgOrom the atmosphere, releasing oxygen) @nd converting
carbon (C) to |l ong term storage within the woody
an immense amount of carbon in standing trees, and have the potential to continue sequestering carbon as
they grow. Wetlands alsoVma large capacity for sequestering carbon, particularly coastal wetlands
which have high primary production and produce less methane (a gas which contributes to warming), than

freshwater wetlands.

In 2009, TheMarylandGreen House Gas Emissionsdgetion Act (GGRA) was signed into law,
requiringthe statgo reduce statewide GHG emissions by a minimum of 25% by 202016 it was
updated and a new goal was set of reducing emissions 40% byB2Q3@nsion of forested area is one of
the most strgjhtforward and economical ways to mitigate &@issions and combat global change.
Increasing forested area across the state could thus play a significant role in meeting state implemented

GHG reduction goals.

Quantifying Carbon Sequestration across the Andscape

Forest extent across Maryland was delineated usingidiae-derived Percent Tree Cangpyhich
identifies tree coveat a 30 m resolutioand the NLCD Landise/Land Cover dataset only for the portion
not mapped using LiDAR over the Aberdeenviing Ground military basésee appendix for method
used) The rate and amount of carbon sequestration within forests and wetlands varies spatially across
Maryland. The primary soursef variation in forested areas is tr@ge andpecies composition, Wi
deciduous trees such as oaks and hickories sequestering more carbon than do evergreen trees such as

pines and hemlocks. Carbon sequestration rates for hardwoods (deciduous), softwoods (evergreen),

23



I AAT O1 OET ¢ A1 O - AOUIlI AT AGO %Al OUOOAI 3AOOEAAO

mixed forest, and shrubland wetegen from the USFStree landscape online téband ranged fror.4

Mt per hato 3 Mt per ha, excepting outlier valued/etland extent was delineated using a DNR wetlands
dataset, which identifies wetland areas as freshwater palustrine forested, emergent, and estuasie.
wetland areas, forested wetlands (swamps) and coastal wetlands tend to sequester higher amounts of
carbon than do freshwater wetlands with emergent vegetatiovever, fresh and brackish wetlands also
emit methane, a greenhouse gas. These emidsawpesa global warming potential greater than the carbon
sequestered for freshwater wetlands, decreasing as the salinity of the water increases. Above a salinity of
18 methane emigsms are negligible (see Tablg Average sequestration rates for eachiavet type

were determined based on scientific literatlré\verage sequestration rates for each forest and cover

type were applied to calculated yearly carbon sequestration potential per unit area across the landscape.
Sequestration rates for both forasd wetland areas are summarizedable 3.

Table 3. Carbon sequestration rates by salinitylass

Mean C Rate Mean C Rate
Wetland System N Sites (g/m2/yr) (MT/halyr) Deviation
Estuarine
Fresh 30 391.72 3.92
Oligohaline 15 293.01 2.93
Mesohaline 47 206.70 2.07
Palustrine
Emergent 11 333.41 3.33
Forested 18 106.15 1.06
Verificed Carbon Standard (VCS) Average®® 1.46

% USDA Forest Service (2016)
2"Versar (2003)
8 RestoreAme r i Estaadiey2016)
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Table 4. Methane emission rates byadinity dass

Mean CO2 equiv C equiv C equiv
(MT ha'yr | (MT ha'yr
Salinity Class | N Sites| (MT ha'yr?) Y Y (g m2yr?)
Tidal Freshwater

(<0.5 ppt) 9 0.8203 20.5083 5.5881 558.81
Oligohaline

(0.5- 5.0 ppt) 6 0.4568 11.4208 3.1119 311.19
Mesohaline

(5.0- 18.0 ppt) 13 0.192 4.8 1.3079 130.79
Polyhaline

(> 18 ppt) 6 0.0085 0.2125 0.0579 5.79

Net Carbon Sequestration
Biophysical Value (mT/yr)

\
Net Carbon o Ak R
Sequestration R ) '
Minimum 0.0035 15.75
Maximum 0.90 0.09
Average 0.10 - 4
Total 1,721,226.88 1,883,558.79| |
Net Carbon Sequestration (m T/yr)
“ carbon loss
(74 <005
3 00s5-01
@B o1-015
R o15-02
= 5 X s
8 02-02s 0 125 25 , i /
o 02 ——— — Miles — 8
& /
4 ,
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Figure 7. Carbon sequestration in forests and wetlands across Maryland

Valuing Carbon Sequestration

We usethe Social Cost of Carb&tcalculation(anestimate of the costs of climate changes,
federal standard established by the US EPA, to value carbon sequestration in Mév@arse $14per
mt of carbonthe midpoint of the Social Cost of Carbon, in this wofkis ecosystem service totals

$233.7 millian for the state, figure @isplays totals for each county and carbon sequestration per acre by
county.

Net Carbon Sequestration Benefits -

Economic Value ($/yr) &

Net Carbon

Sequestration

Area (ha)

Minimum

<$0.01

10.924.65

Maximum

§125.00

0.18

Average

$13.80

Total

$239,662,361.80

1,562,849.73| |

Net Carbon Sequestration Benefits (S/yr)
T3 <s5

3 s5-510

@3 s10-s15

o8 si15-s520

o s20-525

o s e e Miles

Figure 8 Economic value of carbon sequestration by forests and wetlands in Maryland

2 Interagency Working Group on Social Cost of Cart2e1.3
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Wildlife Habitat and Biodiversity

Forests in Maryland support a variety of plants and animals. Some of which are important for
hunting such as deer, turkey, or bear and others thadrarerendemic species like the Delmarva Fox
Squirrel(Sciurus niger cinereQ®r Short Eared Ow(lAsio flammeus A healthy, biologically diverse
ecosystem is essential to providing habitat for wildlife, and ultimately, through maintaining the ability of
the ecosystem to function, all of the other ecosystem services being provided by natural lands. Without
the linkages and interactions that different species convey to the system many of the ecosystem services
considered would be lessened, or not exisli afar example, a diverse system is key to developing
healthy soils, which in turn supports a higher capacity to recharge groundwater, store water on the

landscape to reduce runoff, and store carbon.

Quantifying Wildlife Habitat and Biodiversity across the Landscape

We looked at the size of habitat, degree of connection to other habitats (scored through the MD Green
Infrastructure model}, and presence of rare species or habitats (scored through the MD BioNefmodel)
Landin the top two ranks of MD Bidetwasassigned the®land 2° quintile of value, respectively. Land
in the Green Infrastructurgasassigned into quintiles based upon their score, and assigned corresponding
values. Forests and wetlands occurring outside both models were given the lowest quintilégiaiee.

10 displays the Wildlife Habitat and Biodiversity Index across Maryland.

0 Weber(2003)
31 MD DNR (2016)
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Photo Credit Susan Burkholder DNR Photo Contest 2015

Wildlife Habitat and Biodiversity Index ‘(:)'
Biophysical Value (

Wildlife Habitat and Biodiveristy Index
@8 1-20
3 20-40
R 40-60
8 s0-%0

&€ =0-100 —— e— Miles

Figure 10Wildlife Habitat and Biodiversityndex across Maryland

Valuing Wildlife Habitat and Biodiversity

Cost to preserve natural land (irvestments made dyucks Unlimited, Conservation Fund, habitat
banking§>3*34%5% annualized over 15 years, period that tax benefit can be spread. This averages $1023
per acre of natural land. Instances of payment used to calculate the averpgeeaxfonildlife habitat
and biodiversity are summarizedTable along with the estimated tax benelihevalue of habitat for

rare and threatened sjExas characterized by price paid for habitat banking or was assumed to be the

32 USDANRCS(2009

% Ducks Unlimited (2014)
34 Conservation Fund®2014
% The Baybank2012
%MD DNR (2016
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maximum value, ssigned to Tier 1 and 2 of BioNand the 100 values of the Green Infrastructure score
scaling linearly with the Gl scerin all areas outside of BioNt¢r 1 and 2 (e.g. an area with a Gl score

of 50 would be assigned an economic value of 0.5 * $283 per 30 m pixel = $141).

The spatial distribution of the economic value associated with wildlife habitat and biodiversity across
Marylandis illustrated n 11. This service totals $2.6 billion for Maryland every ydhe second highest

total found for ecosystem services considered in this study

Table4. Ecoprices used to calculate the biodiversity and wildlife habitat ecosystem service value

Biophysical Category and Measure Eﬁ; Units Cliégﬂs:g?ign
Wetland Reserve Program $1,125| $/acre Investment
Ducks Unlimited $1,223| $/acre Investment
Mid -Atlantic Conservation Fund $1,726| $l/acre Investment
Tr outl_lca:)brigagrsgglgi:gi/ erage $3,499| $/acre | Cost of Regulation
el arl\-l/:bFit;:l; g?qzll(rl:] SI:H i $5,748| $/acre | Cost of Regulation
pﬂﬁg;a%%?gggeh o $6,025| $/acre | Cost of Regulation
ConservatiToar:( grigﬁment ir_1 MD $933 | $/acrelyr Taxbenefit
(15 year?\rféak?(fri\z{(?rirgeiﬁ;ig; benefit) $1,023| Hacrelyr T
High Estimate (Tax benefit + Habitat Banking) $1,282| $/acrelyr q
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Economic Value ($/yr)

Wildlife Habitat and Biodiversity Benefits

Wildlife Habitat and s vl eea in
Biodiversity e {a2)
Minimum $1.00 69.242.31
Maximum $283.00 21,448.44
i Average $132.83 -
Total $2,648,167,790.00) 1,794,324.15
Wildlife Habitat and Biodiversity Benefits (S/yr)
3 <ss50
(% $50-5100
% s100-5150
O s5150-5250 0 125 25 50
o 5250 e Miles

Photo Credit Stephen Badger 2016
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Figure 12 a) Sumof wildlife habitat/b iodiversity ecosystem service by county b) average value per
acre by county

Air Pollutant Removal

The forests of Maryland play an important role in reducing air pollution in the state. Trees remove
pollutants from the air by absorption through leaf stomata and interception by leaves. The forest soil is
also a large and important sink for air pollutdiks carbon monoxide. This ecosystem service is
especially important due to its effect on human health. The polluemtsved from the ainy trees can
have many negative effects on human health, causing or exacerbating bronchitis, cardiovascular stress,
and asthma. A study led by David Nowak of the US Forest Service ((/$8)d that forests remove
over 17 million tons of air pollutants in the United States, avoiding nearly $7 billion in air pollutant

caused medical costs.

3" Nowak et al. (2014)
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Air Pollutant Removal acrossthe Landscape

Trees remove more air pollutants with a greater impact on human health in urban areas. The study
done by the USFS looked at the reduction of both human mortality and respiratory ailments due to fewer
air pollutants, finding the effect was stumore pronounced in urban areas than rural, cluesto the
combination of there being more people to benefit and worse air pollution in urbarnTaisas.
information is available for the continental United States throughttiee landscape todrhis study
combined modelling of the removal of air pollutants by t(ses figure 13and what would be the
resulting health costs of the removed pol®*)utants

Urban areas are defined as having a popula@msity greater than 2,500 people in the census area.

Photo Credit Tawes State Office Building, Stephen Badger 2014

3 US EPA (2012)
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Air Pollutant Removal
Biophysical Value (kg/yr)

Air Pollutant 4 ~
Removal kg yr £x ()
Minimum 0.0049 19.348.9200
Maximum 11.11 18.545.04
5 Average 546 =
I Total 108,835,576.30)| 1,794,995.91
Air Pollutant Removal (kg/yr)
6 <2
& 2-4
i 4-6
o 6-s 0 125 25 50
Pl -3 e Miles

Figure 13 Mass of air pollutants (sum of theix considered here)removed by tree canopy across

Maryland

Valuing Air Pollutant Removal

We use the economic impact that tree air pollution removal has on health costs. The air pollutants

taken up by trees would otherwise cause health ailments in the populace at a certain known rate, with a

certain known cosfThe removal rates bydaes and the resulting economic benefit of reducing air

pollution has been quantified by the US Forest Service and made available throdugrethedandscape
tool’°. Removal rates and values of air pollutaars summarized ifiable5.

39 USDA Forest Service (2016)
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The spatial distribution of air pollution removal and associated economic valuesMargkndis
illustrated infigure 14 This service totals $140 million per year for Maryland, with the highest values for

counties in the Baltimor®Va s hi ngt on

Baltimore), along with Baltimore City.

corridor

(Prince

Table5. Ecoprices used tocalculatethe air pollution removal ecosystemservice value

Georgeds,

Pollutant Removal (kg / yr) Value ($/yr, m2) | Eco-Price ($/ kg)

CO 1,479,582.57 $593,939.18 $0.40

NO2 11,037,156.64 $1,235,843.5( $0.11

03 72,442,391.97 $42,872,606.89 $0.59

PM25 2,867,290.05 $83,937,759.74 $29.27

SO2 4,663,672.71] $122,014.09 $0.03

PM10 16,142,334.6€ $20,466,421.99 $1.27

Total 108,632,429.5€ $149,228,585.17 $1.37
Area (m2) 25,630,890,300.0( - -
Canopy (m2) 12,520,784,221 .4} - -
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Economic Value ($/yr)

Air Pollutant Removal Benefits

Air Pollutant Removal Benefits (S/yr)
d <s10
g7 $10-825
d¥ s25-s50

Air Pollutant 1 A
Removal $yr &x (h)
Minimum <$0.01 5222997
Maximum $16847 621.36] >l /
5 Average $7.19 - rf(
Total $143,320,944.10| 1,794,995.91 {\

A $50-5100

af <s100

0 125 25

—— ee— Milcs

Figure 14. Economic value of air pollutants reduced by tree canopy in Maryland
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Figure 15a) Sum of air pollution ecosystem service by county b) average value per acre by county
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Flood Preventionand Stormwater Mitigation

Forest canopieimtercepts a portion of precipitation during rainfall events, while ground vegetation
and pervious soil in forests and wetlands further slows the surface flow of water, allowing formtportio
infiltrate into the soilTogether, these ecosystems functio decrease the rate and volume of rainfall
discharge into waterways, decreasing flood risk during storm events. Increasing urbanization of the state
of Maryland is resulting in a state covered by an increasing amount of impervious surface, yielding mor
runoff when it rains. This creates several probldngher risk of homes or businesses being floothes,
runoff carries pollutants with it, decreasing water quality, high volumes of water can erode the banks of
streams and rivers, and less land islalsée for water to seep into the ground to recharge drinking water
aquifers. Forests help to mitigate all of these problems; comparatively little water runs off forest land in
an average storm, much of it seeps into the ground and what dad$ doas ot carry the nutrient and
sediment load that urban runoff does. Increasing the amount of forest land in a watershed can help

decrease the cost of treating polluted water and protects this precious resource for future generations.

Quantifying Flood Prevention across the Landscape

Several factors determine the amount of stormwater runoff that is stored on the landscape. Riparian
areas and forests and wetlands in watersheds with high impervious area upstream receive larger amounts
of stormwater runoff. The pe of soil, presence of floodpigiwhether in a riparian aregpe of wetland
and the impervious surface percentage of the surrounding watatsfeedor into how much water runs
off into the area and the ability of the area to absorb that watesf tlése factors were considered when
ranking the ability of forests and wetlands in Maryland to reduce stormwater runoff. This rank was
related to the stormwater ecosystem service by observing the range of stormwater volumes treated by

forests or wetlansl

A modified version oftie Watershed Resource Registry Stormwater Preservation‘fheds|
used to rank the relative capacity and stormwatet dmsoss the landscape frord {figure 16) The
model was modified by removirtgrgeting classifications frottie model (targeted ecological areas,
stronghold watershed, etafd adding factor for slope of the landscap&o the ranking algorithmWVe
used the Maryland Stormwater Design Mafitahd the Virginia Stormwater Management Handdok

“O\Watershed Resource Registry (2016)
“I MD Department of th&nvironment(2009)
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to estimate theange of stormwater volumes treat@dble 7 displays the depth of stormwater treated

attributed to the ranking for forests and for wetlands.

Table 6. Ranking of forest and wetland potential for mitigation of stormwater runoff andldoding

Flood Pevention/ Stormwater Mitigation Index

51

LA

2
3
4
5

£

\ %
\R\\

0 12.5

25

50
Miles

W g
%

‘“’/

Forest, depth treated (m/yr) 0.5 0.75 1 1.25 1.5

Economic Value (per acre) $517 $776] $1,034| $1,293] $1,551

Wetland (depth treated, m/yr) 0.75 1 15 2 2.25

Economic Value (per acre) $803| $1,071| $1,606| $2,141| $2,409

Flood Prevention and Stormwater Mitigation Index {b

Biophysical Value ("
o

sl i

Figure 16 Index of flood prevention/stormwateritiyation across Maryland

*2\/A Department oEnvironmentalQuality (2013)
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Valuing Flood Preventionand Stormwater Mitigation

Instances of payment used to calculate the averagpreeoofflood prevention andtormwater
mitigation are summarized iFable 8. We considered the Stormwater Remediatiof*faed numerous
cost estimates for stormwater infrastructure, as prepared by King and Hagan for the State of Maryland in
2011 and the benefits forests and wetlands have in reducing flood insprancemé’. This is the
largest service we considered, totaling $3.1 billion per year in Maryfapode 17) Figure 18 shows how

this service varies by county in total value and on a per acre basis.

Table 7. Eco-price used to @lculate theflood prevention/ stormw ater mitigation ecosystemservice
value

Biophysical Category and Measure Eﬁ&; Units Cli)s(gns:g?iin
Flood insurance benefits $0.05 $/n* runoff avoided Cost Savings
Average Stormwater Remediation fee $0.18 | $/cubic meter (1¥) runoff Tax
Erosion and Sediment Control $0.22 | $/n® stormwater treated | Replacement cost
Vegetated Open Channels $0.35 | $/nt® stormwater treated | Replacement cost
Wet Ponds and Wetlands (New) $0.38 | $/nt® stormwater treated | Replacement cost
Urban Grass Buffers $0.38 | $/nt® stormwater treated | Replacement cost
Urban Nutrient Management $0.52 | $/nt® stormwater treated | Replacement cost
Urban Forest Buffers $0.54 | $/n7 stormwater treated | Replacement cost
Bio-swale (new) $0.57 | $/n7 stormwater treated | Replacement cost
Dry Detention Ponds (new) $0.63 | $/nT stormwater treated | Replacement cost
Dry Extended Detention Ponds (new) $0.63 | $/nT stormwater treated | Replacement cost
Wet Ponds and Wetlands (Retrofit) $0.71 | $/n7 stormwater treated | Replacement cost
Infiltration Practices w/o Sand, Veg. (New) $0.71 | $/n? stormwater treated | Replacement cost
Average Replacement Cost $0.48 $/nT stormwater i
Average of Tax Cost Sagci)r;gt;s, andReplacement $0.33 $/n? stormwater q

3 MDE (2014)
*King and Hagan (2011)
> Joyce and Scott (2005)
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Economic Value ($/yr)

Flood Prevention and Stormwater Mitigation Benefits

Flood Prevention
and s yr! Area (ha)
Stormwater Mitigation
Mini $1.00 17,120.16
Maximum $345.00 40.357.71
i Average $153.33 -
Total $3,116,716,266.00 1,829,362.86

S5 <$100
% $100-5150
2 5150-5200

P 5200-5250

» 5250

Flood Prevention/ Stormwater Mitigation Benefits (S/yr)

—
!
ol
3y P S
- i f
0 125 25 50 R o

L

Figure 17. Economic value of flood prevention/sormwater mitigation ecosystem service across

Maryland
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Photo Credit EA Vaughn Wildlife Management Area
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Figure 18 a) Sum of flood prevention/stormwater mitigation ecosystem service by county b)
average value per acre by county
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Taylor Island Wildlife Management Area

Groundwater Recharge

Groundwater recharge represents the portion of precipitation that percolates through the soil and
enters underground aquifers. Approximately 50% of Maryland residents rely on groundwater as a
drinking water source, particularly in Southern Maryland and on the Eastern Shore. While water scarcity
is not currently as critical of an issue in Maryland as it is in other parts of the United States, groundwater
recharge is a vital component of securiihg water supply of the state for the future, particularly in the
face of a growing populatioBesides drinking water groundwater is important for maintaining flow of
rivers and streams important for recreation and wildlife halbteats of southern Malgnd relyon the
Patapsco and Magothy Aquifers for drinking water supplgboth aquifers have been identified by
MDE as Water Management Strategy areas due to concerns with excessive drawdown and potential

saltwaterintrusion

Quantifying Groundwater Recharge across the Landscape

The underlying geology across the landscape is the primary driver of the rate that water enters
unconfined and confined aquifers. The amount of impervious surface and soil condition also affect the
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amount of water reaching aéprs. The USGS National Hydrography Database (NHD) spatial assessment
of groundwater recharféis the data source on which we rely for our assessment.

Groundwater Recharge Potential ‘Q
Biophysical Value (¢cm3/m2/yr) B
—— /
} /F)
Jl S «
» 1
| . &
e '\\. b
7 i\ i -
b L =
h ( ey
' &
4\
Groundwater Sy Avea ks N
Recharge CHLEBLE ye {x3)
Mini 99.00 85599
Maximum 27540 765|
Average 185.49 - ‘,r'lé'
Total : 235500219 | | ¢

Groundwater Recharge Potential (cm3/m2/yr) ?
S5 <150
95 150-175 % & b ’,:?: I/”"'?
& 175-200 B - 2 /
Y ! g
5 Le @ J
‘ 200-22 0 12.5: 25 50 \]:,“- AR A {
» 25 —— e— Miles s { ?
L3S { i
A {

Figure 19. Groundwater recharge across Maryland

Valuing Groundwater Recharge
In assessing the valwé groundwater recharge Marylandwe considered the average municipal

price of water ifMlaryland”, value of water for recreati6f®, and the cost of investment in watershed

6 USDA NRCSUSGS (2016)

4" WashingtorSuburbanSanitationCommission(2016)
“8 Reardon (2007)
“9Roland (unpub.)
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protectio?(Table 8) These values average $0.35 p&mmater. Instances ofggment used to calculate

the average eeprice of groundwater recharge are summarizehinie 8.

The spatial distribution afroundwater rechargend associated economic values achkdagylandis

illustrated infigures 19 and 20, respectivellhis service total$1.26 billionper year for Maryland.

Figure 21 shows the value of the groundwater recharge service by county.

Groundwater Recharge Benefits

Economic Value ($/yr)

Groundwater
A Area (ha
Recharge $yr {s3)
Minimum $1.00 28.397.16
Maximum $138.00 0.81
Average $66.59 -
Total $1,261,936,554.00 1,705,579.74,
Groundwater Recharge Benefits (S/yr)
S5 <825
95 $25-850
P 550-575
5.
’ =00 0 12.5: 25
» >s100 ——— — Miles

Figure 20. Economic value of groundwater recharge in Maryland
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Table 8. Ecoprices used to alculatethe groundwater recharge ecosystem servicealue

: : Eco- . Exchange
Biophysical Category and Measure Price Units Classification
M unicipal water supply 0.88 $ per i Market Price
Investment in Watershed 3
Protection 0.084 $/m of water supply Investment
) Norrmarket
Average for recreation 0.073 $ per m Analysis
Average for Groundwater $0.35 $ per i q
County Comparison
100,000,000 -
90,000,000 -
80,000,000 -
70,000,000 -
S 60,000,000 -
= 50,000,000 -
o
& 40,000,000 -
30,000,000 -
20,000,000 -
10,000,000 -
0 u
> > P == 9 = x = Hawwumw —
sts55sfo3locssEsesfBcsE8gs
TSEe=o8°EL88s555*Es22ss2E8 8§
=<T::5080 S 00O T T CO”SCE"_EQ’_
<o 8 E s T = S 3 & 2z S
c = a s 39 = =
z g = £ 0o
o
a)
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Figure 21 a) Sum of flood prevention/stormwater mitigation ecosystem service by county b)

average value per acre by county
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Surface Water Protection

About half of thewater supply in Maryland is sourced from reservoirs. Natural lands are
exceptionally important in maintaining water quality in reservoirs, reducing the cost to treatténe
water supply standarfs*. The five major resepirs in Maryland, LociRaven, Liberty, Pretty Boy,
Tridelphia, and Rocky Gorge are the major water saforeesidentof the densely populated
BaltimoreWashington corridor. The forests and wetlands within the watersheds of these reservoirs are of
unique economic value, aslp to provide clean watereducing the cost of treatmeatid avoiihg the
cost of expensive water treatment plant upgrades to maintain quality standards.

Quantifying Surface Water Protection aross the Landscape

While there are other smaller instanoésurface water for wateupply in Maryland we focusedo
the watersheds of the five major reservoirs in Maryland for this analysis. The smaller sources were more
difficult to quantify the amount of water being supplied and the economic benefitfofdises in the

watershean thewatersource(figure 22)

Tridelphia Reservoir Photo CrediGervase Ryback

*0Warzniak et al. (2016)
*L Elias et al. (2013)
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P |

Surface Water Protection Benefits

Economic Value ($/yr)
o2

-
’ , ol S
! Surface Water Protection Benefits (S/yr)
§5 <s150
\\ P s150-5300
/ 1 #» >s300
fi i
) : 37
Surface Water 5 ~
Protection $yr £a(ha)
\ "17 ) Minimum $1.00 931.68
i ‘ Maximum $304.00 40,519.08
0—3:6_12.\41'1 es Average $198.84 -
Total $247,344,710.00 111,955.68
S 1 . ] £\

Figure 22 Economic value of surface water protection in Maryland

Valuing Surface Water Protection

We used a different value for the surfacater protection ecprice, averaging cost savings of
water treatment from having trees in the water&tédhe municipal price of wat&y and the cost
avoided of having to upgrade a treatment plant to advanced tredriferge average $1.52 pet of
water.Almost all of this service is concentrated in four countigtimore, Carrol, Howard, and
Montgomery, totaling $245 of the $246 million of value per Yégure 23)

*2HDR (2013)
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Table 9. Biophysical category and masure

Elias et al. 2013,

Water treatment costs reduced $0.02| $/m”"3 [ avoided cost| Warzniak 2016

$/m"3

water
Provision of municipal water in MD $0.79| supplied| market price | WSSC 2014
Costs aoided of upgrading to advanced
treatmenfacility $3.76 | $/m"3 | avoided cost| HDR 2013
average $1.52 | $/m"3

County Comparison

140,000,000 -
120,000,000 -
100,000,000 -
80,000,000 -

$ per year

60,000,000 -
40,000,000 -

20,000,000 - I I
0 - .

Figure 23. Sum of surface water protection ecosystem service by county
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Nitrogen Removal

Addressing the impacts of nutrient pollution is critically important taGhesapeake Bay watershed.
The Chesapeake Bay is a classic example of an overexploited resource, with impacts from overfishing
being compounded by nutrient pollution. Historically, the forests and wetléids Ghesapeake Bay
watershedibsorbed nutrieibads resulting from agriculture, urban land use, and waste products.
However, in the past century, the capacity of our natural lands to absorb excess nutrient loads has been
exceeded due to population growth coupled with forest and wetland loss. Jhad baexcess nutrients
entering the Chesapeake Bay. Excess nutrients in waterways cause harmful algal blooms, which then
decompose and deplete oxygen levels in the water, leading to increased dead zones and poor water
guality. This process, known astephication, negatively impacts the health of the Bay and impbdes
ability of fisheries to be productive. In order to restore the Bay from its degraded state, we must replace
the services that were being performed by ecosystem services by eithéngesttural lands or

implementing nutrient removal technologies, both costly options.

Quantifying Nitrogen Removalacross the Landscape

Forests and wetlands in watersheds with high amounts of urban or agricultunagésnekceive and
takeup higher gantities of nutrients. Forests and wetlands have a finite ability to take up nutrient inputs
and a number of factors work to determine the quantity of nutrients absorbed, including the type of forest
or wetland and the timing of nutrient inputs (more s will be taken up during the growing season).
Through literature review it was found that in estuarine wetlands salinity is a significant factor in the
ability to process and store nitrogen, with more saline wetlands tending to be more efficiengennit
removal. Freshwater wetlands in floodplains process and store higher quantities of nitrogen than isolated

wetlands.

The USGS SPARROWSpatially Referenced Regression on Watershed Attrigtitasdel simulates
the loading of nitrogen and phosphoagsoss the Chesapeake Bay watershed based endand
incoming nutrients from other watersheds, and atmospheric deposition. Loading rates are then used to
assign low, medium, and high nutrient uptake réftgare 24)based on a range of uptake rateddoests
and wetlands taken from the academic literature. Average nutrient uptake rates for each forest and

wetland category are summarizedliable 10

%3 Ator et al. (2011)
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Nitrogen Removal Potential ‘Q
Biophysical Value (kg/m2/yr) _‘,’
— ,:z/’—'
| R
Jj/ 4
£ .
al s \\ /f
s
Nitrogen Removal kg m>yr’ Area (ha)
Mini 0.00000007 0.27
Maximum 1.98 1.89
. Average 0.000014 -
Total E 2,290,992.12
Nitrogen Removal Potential (kg/m2/yr)
] <0.0001
"] 0.0001-0.001
7] 0001-001
mll oo1-01 0 125
M o — e— Milcs

Figure 24. Potential for removing nitrogen across Maryland
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Table 10. Nitrogenremovalrates for forests and wetlands in Maryland

Ecosystem Type Nitrogen Reference
Removal Rate
kg/halyr
Forest
Low N Loading Watershed 5 CBP 2008*
Mid N Loading Watershed 10 CBP 2008
High N Loading Watershed 12 CBP 2008
Floodplains Wetlands
Low N Loading Watershed 30 CBP 2008
Mid N Loading Watershed 80 CBP 2008
High N Loading Watershed 150 CBP 2008
Depressional Wetlands
Low N Loading Watershed 10 CBP 2008
Mid N Loading Watershed 25 CBP 2008
High N Loading Watershed 50 CBP 2008
Estuarine Wetlands
Tidal Fresh(0-2.5 ppt) 1750 Merrill & Cornwell 2000°
Brackish(2.5-18 ppt) 300 Merrill & Cornwell 2000, Kemp
2006°
Salt(18+ ppt) 900 Thomas & Christian 2001

** Chesapeake Bay Program (2008)
%> Merrill & Cornwell (2000)

%% Kemp (2006)
*"Thomas & Christian (2001)
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Valuing Nitrogen Removal

We valuenitrogen removaby observing the average cost to remove nutrients using best management
practice’, what the state provides for the BMP cost share progeamd through the Bay Restoration
Fund®, and the price on nutrient trading marRet$his averages $8.36 perrlirogen or phosphorus.
Instances of payment used to calculate the averagprimeoof nutrient uptake are summarizedahle

11

The spatial distribution of stormwater mitigation and associated economic valueshargssdis
illustrated infigure 25 Urbanand agriculturalands are particularly important nutniesourcesand
forests and wetlands in watersheds with high incidence of theseadasdend to have high values of the
nutrient removal service (see Figure.Zkhis service totals $402.6 ridn per year for Maryland.
Dorchester and Somerset counties have the highest totals and per acre values for this service due to the
abundance of high salinity wetlands in these coulsies figure 26 for totals and per acre values in each

county)

Table11. Ecoprices used to calculate thenitrogen removal ecosystem service value

Biophysical Category and Measure IEr(i:((:}e Units Cli)s(gir;i?:r;%iin
MD BMP Cost-Share Program $3.67 $/kg N Cost of regulation
BMP, Conservation planning $4.64 Costs/kg N Avoidance cost
BMP, Grass buffers $5.26 Costs/kg N Avoidance cost
BMP, Forest buffers $6.95 Costs/kg N Avoidance cost
Chegggrézrllte-rézglr\}galtnershed $8.38 $/kg N Market price
BMP, Conservation tillage $15.49 Costs/kg N Avoidance cost
BMP, Cover crops $15.53 Costs/kg N Avoidance cost
BMP, Wetland restoration $24.20 Costs/kg N Avoidance cost
Bay Restoration Fund $29.33 $/kg N Cost of regulation

8 Talberth et al. (2015)

*MD Department ofAgriculture(2014)

% MDE (2015)

1 PA Department oEnvironmentalProtection(2014)
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BMP, Enhanced nutrient management $37.93 Costs/kg N Avoidance cost
BMP, Barnyard runoff control $38.46 Costs/kg N Avoidance cost
BMP, Pasture fencing $59.16 Costs/kg N Avoidance cost
BMP, Nutrient management $60.70 Costs/kg N Avoidance cost
BMP, Prescribed grazing $83.34 Costs/kg N Avoidance cost
Average for Nutrient Management BMPS | $31.97 Costs/kg N Avoidance cost
Average for Nutrients $18.34 $/kg N

Nitrogen Removal Benefits

Economic Value ($/yr)

Nitrogen Removal S yr‘l Area (ha)
Minimum $1.00 1141542
Maximum $400.00 1.121.58
Average $21.05 - [r'
Total $416,960,289.00 1,782,789.57| |
Nitrogen Removal Benefits (S/yr)
] <s4
] s4-$7
mll s7-ss
all ss-si6 0 125 25 50
Bl st —— — Miles

Figure 25Economic value of nitrogen removal ecosystem service across Maryland
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Figure 26 a) Sum of nitrogen removal ecosystem service by county b) average value per acre by

county
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Recreation

OQutdoor recreation i s v e andwhiladuuwarkdoes ndtiocludkar yl an d ¢
assessing this value, there are other sources for thisiafion The US Fish and WildlifeService last
conducted a survey study in 2011 whiohnd that people spent nearly $1.3 billion dollars a year on
wildlife viewing, hunting, and fishingn Maryland®. The Outdoor Industry Association conducts annual
estimates of the economic impact of outdoor recreation on the US economy and for eadihetate
found that the Marylandutdoor industry generated $bdlion of consumer spending, 109,000 jobs, $4.4
billion in wages and salaries, and $98illion in state and local taxes in 26167 2010 study
specifically for Maryland Parks found thiliey have an economic impact of $650 million per year and
support over 10,000 jobs in MarylddFigure 27shows opportunities for outdoor recreation in
Maryland including public lands, water access points, and trails. The Maryland DNR has several online
tools to help users find recreational opportunities, including the Maryland Trail Atlas, Water Access
Guide, Fishing Access, and Recreation AtMany of these resirces can be accessed through mobile
devices on the Access DNR app.

Photo Credit James Corbett DNR Photo Contest 2015

®2U.S. Department of the Interior (2011)
% Qutdoor Industry Association (2017)
% Doughtry (2011)
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Recreational Opportunities
Maryland State Lands

@ DNRLand
“N\_~ Land Trails (Small Scale)
3 Equestrian Trail Head Parking

1 Public Hunt Area
*  Water Access Site - Small Scale

0 125 25 50
—— e—— Miles

Meryland Department of Natural Resources, Rodney Vese Jr., Rodney Vese Jr, DNR Land Acquis ition and
Planning, Wildlife and Heritage Service

Figure 27. Recreational pportunities in Maryland (from Maryland Trail Atlas)
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ECOSYSTEM SERVICE SUMMARY

When totaling the sevestosystem services from natural lands in Maryland considered in this
assessment (air quality, carbon sequestration, nitrogen removal, surface water protection, groundwater
recharge, wildlife habitat, and flood prevention/stormwater mitigation) we estintiese services
provide $8.0 billion of benefits every year to the people of Mary{figdre 28) Counties with large
areas of forests and wetlands tended to have higher total and per acre values (figine t28).largest
services (flood preventidistormwater mitigation and wildlife habitat) form the majority (71%) of this
totak,The work presented here does not include alll of
ecosystems; we do not include benefits already accounted for in economicsrsadteas outdoor
recreation hunting and fishing, aniimber extractiorand will be adding ecosystem services specific to

the Chesapeake Bay in future work.

Ecosystem Services across the Landscape

Each ecosystem service varies across the landscapenGertaces, like air pollution,
stormwater mitigation and flood control, are a function of both the supply (e.g., amount of air pollutants
removed) and demand (e.g. population vulnerable to the air pollution). On a per acre basis these services
were foundo generally be higher in suburban settinggreas of high vulnerabilityDther services were
only supply based, and tended to be higher in rural areas, like wildlife habitat provision. When viewed in
total counties with larger areas of forests andawets had higher ecosystem service values, as one would
expect. Counties with greater wetland areas, particularly Eastern Shore counties with large areas of
coastal wetlands like Dorchester and Wicomico, tended to have the highest per acre values. n averag
coastal emergent wetlands in Maryland average $2,623 per acre, forested terrestrial wetlands averaged
$2,292 per acre and forests averaged $1,546 per acre of benefits supplied every year. In total, these yearly
benefits are $572 million for coastal ement wetlands, $1.59 billion for forested wetlands, and $5.9
billion for terrestrial forests in Maryland. The maximum per acre ecosystem service value observed was
$5,816 per acre per year, however this confluence of high value ecosystem services theso@menon

maximum value observed was ~$4,500 $ per acre per year.
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Figure 28 Sum of the economic value of all seven ngnarket ecosystem services across Maryland
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Figure 29.a) Sum of all noamarket ecosystem services by county b) average value per acre by
county
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Discussion

IMPLIC ATIONS OF THE ECOSYSTEM SERVICE
ASSESSEMENT

There areananyimplications and potential applications of the ecosystem services assessment of
Maryland Ecosystem service values can be considered when deciding how municipalities or counties
meet stormwater or nutrient reduction go&lsosystem servicealues could be used to comparettttal
benefit ofstormwater reduction optiotetweergreen and greinfrastructure. The return on investment
(ROI) is a commonly used economic metric to evaluate the net benefitkiig an investment
Ecosystem services can be factored into the benefits of an investment decision in an activity that
positively impactshe environment, like conserving natural land, restoring degraded lands to a more
natural state, or instituting a regulation designed to improve or protect natural lands. The following are

examples where the results of this study could be influential $e tthecisions

In Action: Conservation Return on Investment

Areas of the state having the highest per acre values of ecosystem services could be prioritized for
conservation, minimizing the potential loss of services when lands are developed or othgractedm
by anthropogenic activity. State, federal and county government along with land trusts could prioritize
land acquisition in these regions and incentivize transfer of development rights (TDR) away from
watersheds of particularly high value. Ecosyssamvice information is available by land parcel to be
considered along with other factors when the state is prioritizing Program Open Space investments
through the Parcel Evaluation Tool and several outreach events have been conducted with the Maryland

land trust community.

In Action: Evaluation of Ecological Impacts

These results can be used to evaluate the ecosystem service value that is lost when natural lands
are developed in the state. Once the quantity of ecosystem service loss is quantifiedi bié cequired
that a commensurate value be replaced through restoration or paid for in fees. This will require mitigation
ratios or fee rates greater than what is currently required, as the loss of mature forests or wetlands is
typically replaced with newlplanted forests or restored wetlands which lack the full functioning capacity

of mature ecosystems, and their associated ecosystem services. This approach is currently being put into
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policy by the Maryland DNR, with a pilot evaluation already complefedratural gas line impact at

Fair Hill State Park. The compensatory value was accepted and paid by the Eastern Shore Natural Gas
company. This approach does have limitations in that a monetary investment will still have a time lag
between spending on tesation or management activities, still possibly not fully compensating for value
lost, and should be combined with a holistic, long term, approach at the watershed scale for projecting

impacts of development on ecosystem function, combined with plaafforgs to avoid these impacts.

Planned: Restoration Return on Investment

Comparison of the cost of implementing certain programs to the uplift in ecosystem services
through expanding or restoring natural lands (e.g. reforestation, wetland restosatipojential
application othis analysis. The addition of ecosystem service value allows additional benefits of
restoring natural lands to be realized, incentivizing restoration of degraded systems. Restoration activities
are most apprajate in more impaed regionshere ecosystem services like stormwater mitigation and
nutrient removal will be highekVe plan on including ecosystem service when evaluating restoration

opportunities through the DNR and our funding programs.

Planned: Regulatory Return onnvestment

Results indicate that regulations like Critical Area protection and low density zoning that reduce
allowable impervious cover and the intensity of development likely provide a high return in terms of
ecosystem service value for a relatively liomestmentExamples includ®esource Protection Zones
(RPZ)or conservation districts in the State. Protected larats shown to be very effective in identifying
high value areaand managing them in a manner that maximizes the value of services, qpbtn
current protected landshould be maintaineahd that additional investment in protecting natural lands is
justified. State ownedands have an average valueb@600 of ecosystem services per acre, compared to
$1717per acre for alhaturallandsin the state At the local level, Zoning and Subdivision regulations are
the regulatory documents governing developm&wcognizing the valuecosystem servicdmvein the

land use planning procegdll likely lead to additional investment in presetiea and restoratian

An additional potential application of these results is evaluation of @dwaiomic valués being
lost when natural lands adevelopedn thestate Once the quantity of ecosystem service loss is
guantified, it could be requidethat a commensurate value be replaced through restoration, thus ensuring
a no net loss of ecosystem services in the county. Initial work indicates that this would require mitigation

ratios greater than what is currently required, as the loss of matestsfor wetlands is often replaced
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with newly planted forests or restored wetlands which lack the full functioning of mature ecosystems, and

the associated ecosystem services. A directatdoss approach does have limitations, and should be

combined wih a holistic, long term, approach at the watershed scale for projecting impacts of

development on ecosystem function, combined with planning efforts to avoid these impacts. A difficulty
with the application of a AfAassess atevhat pbimt ansecosysteamgsui r e me
impacted enough by development to substantially degrade the function of that system. Ecosystems may

be resilient enough to withstand a certain degree of impact or loss to the system without overall

irreversible degradin to the overall function of the system. However, at some point impacts can

drastically degrade the entire system. The degree and extent of such impact is opecyfdepate and

further research.

Photo Credit Michael Evermeir DNR Photo Contesi£0

Comparison to Previous Ecosystem Service Valuations in the Chesapeake Bay Watershed
Several studies have valued ecosystem services in the ChesBpgakatershed. Kauffman et

al®® drew from a broad selection of economic and ecosystem service studies to assess the socioeconomic

value of the Delaware portion of the Chesapeake Bay watershed. In assessing ecosystem services, the

authors rely upon existing studies which use the bemnafister method to estimate ES values in their

% Kauffman (2011)
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studied systems. Based on the madeviewed in Kauffman et athey estimate the ecosystem service

value from forsts in the Chesapeake Bay watershed portion of Delawée $13,887/acrely and
freshwatemvetlands to be $13,351/acrely, or $1.4 and $1.1 billion per year total benefit to the region,
respectively. Phillips and Mcg®analyze the economic benefits of implementing the Chesapeake Bay
Clean Water Plan (or Blueprint), showing the natural benafitently provided and the anticipated

increase due to the Blueprint. Their baseline value of natural benefits in the Chesapeake Bay watershed
was estimated to be $107 billion per year, and the implementation of the Blueprint was estimated to
increase thermual benefits to the region by $22 billion per year. The per acre values for forests and
wetlands used in the study were $2835 per acre per year and $1447 per acre per year, respectively.
USEPA (2012) examined the impact of considering certain ecosystgites in the algorithm for

optimizing Chesapeake Bay restoration strategies to meet federally mandated Total Maximum Daily Load
(TMDL) requirements in the watershed. The authors found that when the value of ecosystem services was
considered, when optimizy net costs, the total cost of meeting the restoration goals increased by $83
million (from the baseline of $218 million), but an additional $148 million of ecosystem service benefits

were added due to the restoration of more natural land area.

The studes summarized here rely upon existing research and the benefit transfer method to
determine the value of ecosystem services in the Chesapeake Bay wat&SH&d 2 Philips and
McGeeare more inclusive in the ecosystem types and services they carwsitgmared to the work we
present; the largest service in their study was aesthetics from open water, measured by increases in home
prices associated with water quality, while the USEPA work is more restrictive in both the services and
the range of values neidered. Kauffman et al. consider a similar range of values as this study, but add
valuation methods for ecosystem services instead of averaging them, yielding higher per area values.
None of these studies are directly comparable to our results, blitistrative of the range of valuation

methods in practice and the fact that the results we present fall within this range.

% Philips and McGee (2014)
67 Krieger (2001)

% Johnston et al. (2002)

% Breunig (2003)

“NJ DEP (2007)

"L Weber (2007)

2 Ingraham (2008)
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Double Counting

The potential for double counting is mitigated in this analysis by considering the multiple ways
that society payfor different ecosystem services all together, rather than separately. It could be argued
that considering the sale value of the land for conservation and the value of land for provision of other
ecosystem services would be double counting; however, thiedand is sold or put into easement for
conservation purposes the intent is most often to preserve the land for wildlife habitat rather than other
services. This is particularly true in the case of organizations existing exclusively for this purpose, such as
Ducks Unlimited. Even if the payment is partially intended for preserving services, like clean air and
water, the ecgrices we consider for nemildlif e services are different ways to pay for the service,
independent of their conservation value. In a practical sense, revenue could potentially be generated from
carbon sequestration on a land that is conserved, independent of what was paid to corlaed/éthe
wildlife habitat.

Uncertainty

We are measuring two aspects of ecosystem services, the biophysical value angtioe eiwo
arrive upon a dollar value, both aspects of which have a degree of uncertainty that isrcedpehen
considered togher®, For many of the ecosystem service categories there is a large range of values,
reflective of the many different ways people pay for the work of the environment. While this could be
seen as a weakness of the method, it also demonstrates that tammabdcial preference is being
captured and considered when arriving upon average expected values for the services. We do not present
the full range of potential end values, because we are attempting to gain a holistic view of ecosystem
service value, ahthe detailed values in the distribution do not represent how society as a whole values
the work of the environment. Again, scale is of utmost importance in assessing ecosystem services. The
method we present is best suited to a large scale where paye@mnisms are uncertain. At this scale
the alternative is almost always benefit transfer where only one value along the scale of values presented
is chosen. Consequently, the arrived upon value will likely either over or underestimate the representative
value for the ecosystem service. On a smaller scale, where a specific payment mechanism or policy
decision is being sought, another method to assess either social or individual preference may be more

suitable particularly if time and funds are available gospecific study

3 Ingwersen (2010)
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The Ecosystem Service Paradox

A paradox is a selfontradicting condition. In the case of some ecosystem services, the economic
value can be considered a paradox because it reflects the positive economic aspect of the natural system,
but the economic value of the service may increasetural lands are lost. For instance, the stormwater
ecosystem service is greater in watersheds with a higher impervious surface percentage and the air quality
service is highest in the more densely populated counties. While this is logical from amiecono
perspective, it does mean that it is not advisable to use maximum ecosystem service provision in the state
as a desirable endpoint for policy or as the goal function of a model. These results are most useful in

evaluating current condition tradeoffsdaglecision making.

Conclusiors

It is becoming increasingly clear thats necessary to consider the economic value of ecosystem
services in our decision making in order to ensure a sustainable and resilient future. Ecosystem service
valuationrevealstkh economi c contri butions of natwural | ands,
environmento that natur al | eodialysviews enwironmetreal f or r esi d
protection and the continued provision of ecosystem serves as a socéalthratindividual,
responsibility. Accordinglysocial preference is a more appropriate economic perspective to value
ecosystem services compared with individual preferematicularly when informing decision making
by a representative governmehhevalue of ecosystem services generated here recognizes the non
market contributions made by natural lands, not typically considered in degiaking by public and
private entities and incorporates these values into the deaigikimg processes, whichlikely to
increase the lonterm sustainability of the social, economic, and ecological system of Maryland, and the
well-being of her citizenryThe spatial study analyzésw ecosystem services change over the State both
in biophyscal supply and economitemand with applications for how we conserve, restore, and regulate

natural lands.

A When considering the value provided on a per capita basis, every citiziEmyddndbenefits by
$1,3330f ecosystem service value every year, bitHper month. For aatext, that roughly equathe

averageelectric in the State in 2015

" US EIA (2016)
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A Marylandhas abundant natural resources and associated ecosystem denvials®, has a
growing population and accompanying development. The lstatargely effectively targeted protection

of many of their most important ecosystems, such as riparianardagetlands

A The information included in this report can be used to provide support for preservation and
conservation decisions and help to identifyrioritize high value areas for additional conservation or

preservation.

A Although there is an abundance of natural resources wiftaistatedevelopment m@ssurds also

high to meet the ends of a growing population and econ®ing places particulamportance in using
information like ecosystem service assessments to prioritize where growth should be allowed, and which
parts of thestateare most important to protect as intact ecosystems for the benefit of the rural economy

and future generations.

A The implementation of, and use of Ecosystem Services Assessment, is also a consideration for
future policy debate which seeks to balance the sometimes competing interests between development and
conservation. It can be used as a benchmark for undergjahedi economic costs of ecological impacts

associated with human activities.

Future Work and Next Steps

The work presented in this report represents
economic benefits from the natural environment. @egaosystem services are currently in a
preliminary stage ahwill be added at a later détemitigation of coastal storm surge, coastal erosion
reduction, urban heat island amelioration, and services specific to SAV aedlmgds The raw data
presentedhere is available on Maryland iMap and the data will be available to view through Maryland
GreenPrint irFebruary of 2018We will continue to update these data as new information on the supply

and economic benefits of ecosystem services becomes available
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