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PROVIDING ECOSYSTEM SERVICES AT BUSINESSES

KIMBERLY ANN ELKIN

ABSTRACT

In Oklahoma, few projects exist that incorporate ecosystem services 
into business sustainability plans. A literature review was completed 
to analyze how ecosystem services have been incorporated into 
businesses.  Methods include a quantitative approach with 2 case 
studies using primary and secondary data from literature searches 
as well as using the Ecosystem Services Identification Tool (ESII).  
Results showed varying ways businesses incorporate ecosystem 
services.   This research provides businesses with the option to 
incorporate ecosystem services into their business plans and utilize 
a model of pre and post ecosystem services. 
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INTRODUCTION

The objective of this study is to demonstrate how ecosystem 
services can be incorporated into land management decisions for 
the benefit of people and nature. How can the Ecosystem Services 
Identification Tool (ESII) be utilized to create baseline and 
future scenarios for land management decisions that will benefit 
ecosystem services?  This study is directed by the following 
research question: 1) Do businesses choose to implement 
ecosystem services projects based on an existing environmental 
sustainability plan? The hypothesis for this research is: Businesses 
chose to invest in ecosystem services based on an environmental 
sustainability plan. Finding the answer to this research question 
is guided by a quantitative approach. The quantitative component 
involved using the Ecosystem Service Identification and Inventory 
Tool (ESII). This research provides businesses with options to 
improve ecosystem services for water quality and quantity.

Ecosystem services (ES) are the benefits that nature provides 
humans. These services include water filtration, carbon 
sequestration, flood protection, pollination, and cultural places of 
significance. It is projected that by 2050, 66% of the population 
will be living in urban centers (United Nations, 2014). This makes 
ES provisions crucial in urban centers. Many cities have been 
degraded due to roads, buildings, large concentrations of people 
in one area, automobiles, and pollution. This has caused many 
habitats to be lost, and ES to be degraded (United Nations, 2014). 
The conversion of Earth’s land surface to urban uses is one of 
the most irreversible human impacts on the global biosphere (Seto 
et al., 2011). It hastens the loss of highly productive farmland, 
affects energy demand, alters the climate, modifies hydrologic and 
biogeochemical cycles, fragments habitat, and reduces biodiversity 
(Seto et al., 2011). Forest degradation has been occurring at a 
fast rate which has impacted ES (Seto et al., 2011). This research 
highlights how the Ecosystem Services Identification Tool (ESII) 
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can be utilized to create land management decisions that will 
benefit nature. This research is important because it will provide 
opportunities for local and state governments to get involved in 
implementing ES. This study is directed by the following research 
question: 1) Do businesses choose to implement ecosystem 
services projects based on their leadership and financial 
resources? The hypothesis for this research is: Businesses chose 
to invest in ecosystem services if there is an environmental 
sustainability plan as part of their strategic planning.

Around half of the world’s forests have disappeared according 
to the World Wildlife Federation (World Wildlife Fund, 2018). 
This is enough cause for concern to protect the remaining habitat 
and create new habitat. Highlighting the importance of ES that 
different habitats provide will allow for greater protections to be 
put in place. Foley et al., (2005) examined how land use activities 
degrade the global environment which undermines ES, human 
welfare, and long-term sustainability of human societies. Quality 
of life is affected by ES in urban environments as Bolund et al., 
(1999) found. Quality of life is directly tied to human health which 
includes access to clean water and sanitation and responsible 
consumption and production.  

Human health has been impacted by poor air quality, degraded 
drinking water, and lost interactions with the natural world. 
The World Health Organization (WHO) revealed that there is a 
correlation between ecosystem services in preventing disease 
and sustaining good health (Millennium Ecosystem Assessment, 
2005). The World Health Organization reports that forest clearance 
and climate induced changes have led to impacts on ticks, midges, 
and mosquitoes which alters transmission of lyme disease and 
malaria (Millennium Ecosystem Assessment, 2005). Ecosystem 
services have a much larger impact on ecosystem health, human 
health, and the economy than many people realize.

Kearns, 1998 demonstrated that ES life support services provided 
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$33 trillion American dollars on all 40 known ES. Voluntary 
incentives can be offered rather than regulation when incorporating 
ES into projects as Goldman, 2007 revealed. Many cities are more 
inclined to provide ES when incentives are involved rather than 
state or federal regulations. The current Trump administration 
is relaxing federal environmental regulations and putting 
environmental regulations back in the hands of state government 
(National Public Radio, 2019). Deregulation of 45 environmental 
regulations since 2017 have occurred and another 46 environmental 
regulations will be removed in the next few months (National 
Public Radio, 2019). 

In this paper, one case study will be presented from one city in 
Oklahoma, Norman. Norman is the third largest city in Oklahoma. 
This case study highlights ES provided by Hitachi Vantara 
Computer Products America, Inc. on 66 acres that their building 
resides on.  Hitachi Vantara  is looking at what ES exists and 
what they can do to maintain the habitat and increase habitat for 
wildlife that exists year-round or migrates through their property.  
This study will analyze the ES provided at one site and provide 
policy implications for ES. This research will contribute to the 
implementation of urban conservation policy utilizing ecosystem 
services.  In the coming section we begin by undertaking a 
review of relevant literature. Next we present a brief profile of the 
study area.  Next is a discussion on methods and the associated 
statistical techniques employed in the study. Discussion of 
findings and water policy implications will be discussed at the end 
of this research paper. The research question states: Do businesses 
choose to implement ecosystem services projects based on 
their leadership and financial resources? It is important to 
incorporate ecosystem services into land management decisions 
for businesses because 60% of the land in the United States is 
owned by private individuals and corporations. This research 
paper justifies the case for implementing new policy at the local 
and state levels so that property owners can implement ecosystem 
service projects on their property. It provides justification for the 
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importance of maintaining and enhancing ecosystem services. 

LITERATURE REVIEW

Ecosystem services is the benefits nature provides to humans and 
defines human well-being. Some ecosystem services are carbon 
sequestration, reducing carbon dioxide levels, water filtration, 
flood reduction, and pollination. The Millennium Ecosystem 
Assessment (2005) defines human well-being as the following: 1.) 
basic material for a good life: secure and adequate livelihoods, 
enough food at all times, shelter, clothing, and access to goods; 2.) 
Health: feeling well, healthy physical environment, clean air, and 
access to clean water; 3.) Good social relations: social cohesion, 
mutual respect, ability to help others, and provide for children; 
and 4.) Security: secure access to natural and other resources, 
personal safety, security, and freedom of choice and action. Posner 
et al., 2016 demonstrated that ES provides many modes that are 
important to humans. Increasingly, human well-being is being 
affected by changes in the ecosystem. The Institute for Public 
Policy and Research (2018) found that climate change, massive 
loss of species, top soil erosion, forest felling, and acidifying 
oceans are having an effect on ecosystem services.

Ecosystem Services can be described with many functions 
including natural ecosystem benefits to cultural values to aesthetics 
(Bolund et al., 1999). The United Nations 2014 and 2018 found 
that ES is vital to our existence. Existing literature ranges from 
the benefits of mangroves to coastal communities, honeybees as 
pollinators for crops, water filtration, carbon sequestration, and 
the cultural significance of natural settings to humans. Ecosystem 
services has also been described as the benefits to human welfare 
provided by organisms interacting in ecosystems. Ecosystem 
services is also known as a nature-based solution. Based on this 
literature review, ES is important for human and environmental 
health. The literature supports the concept that ES is vital to the 
economy and well-being of the people that utilize it on a daily basis. 
Frantzeskaki (2018) found that nature-based solutions must be: 1.) 
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Aesthetically pleasing to citizens; 2.) Green urban commons must 
be created; 3.) Trust in the local government and the experiment 
must occur; and 4.) Diversity and learning from social innovation, 
collaborative governance, integrating into urban agendas, and 
learn and replicate in the long term.

Everyone depends on the Earth’s ecosystems and services. In the 
last 50 years, ecosystems have been changed by humans for growing 
demands of food, freshwater, timber, fiber, and fuel leading to the 
loss of Earth’s diversity (Millennium Ecosystem Assessment, 
2005). Raw materials provide for a diverse amount of materials 
such as wood, biofuels, and fibers from wild or cultivated plant 
and animal species (United Nations, 2018). Freshwater provides 
for the flow and storage of water (United Nations, 2018). Wild 
plants and mushrooms provide medicinal cures in popular and 
traditional medicine as well as pharmaceuticals (United Nations, 
2018). This is the basis of all ecosystems and their services.

Lower income people rely on fishing and living off the land due to 
this being a cheaper way to live which can be affected by changes to 
ecosystem services. Also, lower income people live in floodplains 
and along the coast which supports their way of life. These areas 
are more prone to changes due to rising sea levels, floods, and 
more catastrophic weather events. This leads to poverty and social 
conflict. The slow degradation of ecosystems has not kept pace 
with growing pressures and demands (Millennium Ecosystem 
Assessment, 2005). Blaber (2007) found that mangroves which are 
located along coastal areas and typically on islands with people of a 
lower economic class are important to protect to lessen the impact 
from hurricanes. Danielson et al. 2005 found that mangroves 
helped lessen the impact from tsunamis. Oropeza et al., (2008) 
demonstrated that mangroves were vital to the California fishery. 
Tilman et al., (2001) found that agricultural driven climate change 
is occurring with many changes in ecosystem services. The World 
Resources Institute 2013 found that ES impacted assessments of 
habitat for the benefit or detriment of nature. 
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CATEGORIES OF ECOSYSTEM SERVICES

Ecosystem services are grouped into four categories which 
includes provisioning, regulating, supporting, and cultural. The 
Environmental Protection Agency 2011 and Environmental 
Protection Agency 2013 found that ecosystem services were vital 
to the Chesapeake Bay and that these ES goods provided for the 
environment to function properly. 

1. Provisioning includes the production of food, water, timber, 
and fiber (United Nations, 2018).  All ecosystems provide the 
conditions for growing, collecting, hunting, and harvesting 
food (United Nations, 2018). Ricketts, T.H. 2004 showed a 
correlation between the health of tropical forests and coffee 
production. 

2. Regulating includes the control of climate, disease, food, 
waste, and water quality. Regulating services includes 
maintaining the quality of air and soil, providing flood and 
disease control, and pollinating crops (United Nations, 
2018). Most regulating services are taken for granted because 
they are often invisible, and once lost can be impossible to 
repair (United Nations, 2018). Klein et al., (2006) found that 
pollinators were dependent on the services that the ecosystem 
could provide in order to pollinate plants properly. 

3. Supporting includes nutrient cycles, soil formation, 
photosynthesis, and oxygen (United Nations, 2018). The 
University of Florida (2014) found that the economics of 
the state could be improved by investing in right of way 
vegetation. By not mowing rights of way along roads to 
provide natural habitats, less herbicides were used, and less 
time was spent mowing therefore saving the state money 
(University of Florida, 2014). White 2017 showed that 
marine protected areas for reef shark conservation helped 
the fishery and the economy on those islands. Providing 
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living spaces for plants and animals and for a diversity of 
plants and animals is the supporting portion of ecosystem 
services (United Nations, 2018).

4.) Cultural includes aesthetic, spiritual, and recreational benefits 
(United Nations, 2018). The non-material benefits that are 
provided by the ecosystem such as aesthetic inspiration, cultural 
identity, sense of home, and spiritual experience related to the 
natural environment (United Nations, 2018). Morcillo et al., 
(2013) highlighted that ecosystem services were vital to cultural 
ways of life. These categories cover a broad range of services 
provided to humans from the ecosystem. Research supports that 
the environment is in multiple levels of crisis (United Nations, 
2014; World Wildlife Fund, 2018). This crisis has a lot to do with 
ES being lost.

ENVIRONMENTAL DESTRUCTION

There is a fast pace of environmental breakdown occurring, 
and this is affecting ES. This will have negative implications 
for societies which encourages us to make some transformative 
changes in our lifestyles and behaviors. The Institute for Public 
Policy and Research (2018) calls this the age of environmental 
breakdown with food supply issues occurring such as increased 
prices. This will lead to civil unrest and increased human 
migrations. This breakdown of the natural environment is leading 
to disruptions in ES such as provisioning, regulating, supporting, 
and cultural services. Irreversible changes are occurring with 
emerging disease, abrupt alterations in water quality, creation 
of dead zones in coastal waters, collapse in fisheries, and shifts 
in regional climate (Millennium Ecosystem Assessment, 2005). 
Typically, ES destruction affects the poor because they rely more 
on ES (Millennium Ecosystem Assessment, 2005). 

Provisioning services affect how good our water quality is which 
in turn affects human health. In Coal County, West Virginia, 
mountain top removal for coal mining is having detrimental 
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effects on water quality and human health (Science of the Total 
Environment, 1977). Iron, arsenic, and sulfur are entering surface 
water and groundwater which is where many residents get their 
drinking water. Mountain top mining has led to the burying of 
streams which affects ecosystem services (ES). Groundwater 
wells are unregulated in this area of the United States. This leads 
to increased human health effects occurring such as inflammation 
in the body, cancer, rashes, restrictive airways, and dermatitis. 
This is pitting coal mining jobs against clean water and human 
health. Often, the economy and environment are working against 
each other without society realizing that we need the environment 
in order for the economy to function properly (Tercek et al., 
2013). Loft et al., (2015) found that ES proper governance was 
important in order for nature to function as naturally as possible. 
The Massachusetts Department of Fish and Game (2012) found 
that ecological restoration was good for the economy. Brink et al., 
(2012) found that nature is the new green economy and provides 
ES that benefit our economy. Weihau et al., (2017) showed a 
correlation between protected areas in China for the benefit of ES. 
The environment provides ES, and many people don’t realize the 
benefits until environmental degradation is occurring and human 
health is being affected. Scientific American (2018) reported 
declines in insect species that are occurring at an alarming rate. 

Insects provide many of the pollination services needed to grow 
crops and feed people around the world. Habitat loss, pollution, 
and pesticide use are leading to the 2.5% decline in insect biomass. 
Scientific American (2018) predicts that a 40% extinction rate 
will occur by 2100 for insects which will directly affect the crops 
consumed by humans. Insects are beneficial in our ecosystem and 
food chain. Loss of fruits will occur due to decreased pollination 
services from insect decline. Many scientists refer to this as the 
sixth mass extinction event. A change in agricultural practices must 
occur if we are to prevent the sixth mass extinction event of insects. 
To prevent future destruction of our ES, a change in how we protect 
the environment will determine how the ecosystem functions with 
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all of its services. The Millennium Ecosystem Assessment (2005) 
also indicated there are many drivers of change. These include 
the following: 1.) Change in local land use and cover; 2.) Species 
introduction and removal; 3.) Technology adaptation and use; 4.) 
External inputs such as fertilizer use, pest control, and irrigation; 
5.) Harvest and resource consumption; 6.) Climate change; and 
7.) Natural, physical, and biological drivers. Cities are looking for 
natural solutions to these environmental issues. 

Frantzeskaki (2018) offers seven lessons for planning nature-based 
solutions in cities. Since 80% of the world’s population will be 
living in cities by 2050, it is important to protect ES in these areas. 
Many businesses are looking for ways to help the environment 
and lower their costs of conducting business. Businesses use 
services and contribute to ecosystem changes (Millennium 
Ecosystem Assessment, 2005). Businesses can’t function if ES are 
degraded or out of balance (Millennium Ecosystem Assessment, 
2005). Businesses experience direct and indirect impacts from the 
ecosystem. Ecosystem service degradation is based on consumer 
preferences, supplier relationships, stockholder expectations, and 
competitor strategies (Millennium Ecosystem Assessment 2005). 
Degradation of the ecosystem can lead to loss of capital asset which 
is an economic loss. Appleton, A.F. (2005) found that investing in 
the watershed upstream of New York City would save the city 
$250 million. Improvements in the watershed upstream of the city 
helped filter the water for New York City residents by planting 
more trees which helped filter the water and provide stream-
bank stability to keep sediment out of the water.  The mayor and 
city council decided to save money by protecting the watershed 
upstream of the city.

Decision making is key to establishing ES. Bagstad et al., (2013) 
found that ES was integrating into public and private sector 
decision making via seventeen ES tools. Eight evaluative criteria 
were used to rate the performance of ES tools for readiness in 
widespread applications in public and private decision making. The 
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objective of this study was to grow the demand for comprehensive 
analyses of ecological and socioeconomic consequences of land 
management decisions. The hypothesis was that ES valuation 
was useful in decision making. As part of this project, the Bureau 
of Land Management launched a pilot project to assess the 
usefulness and feasibility of ES valuation as input into decision 
making. Methods consisted of secondary data with literature 
reviews and interviews with 77 colleagues. Seventeen ES tools 
were identified to assess and quantify the model value and/or 
map ES. An ES based management tools database was utilized. 
Evaluative criteria consisted of quantification, uncertainty, and 
time requirements. Quantification was conducted by mapping 
the value of ES by communicating resource management trade-
offs. When conducting environmental impact assessments, what 
new insights does ecosystem service (ES) analysis offer versus 
business as usual?  Each of the ES tools differ in widespread usage 
for ES projects depending on whether it is for the private or public 
sector. Decision makers felt that time and cost requirements were 
the deciding factors in choosing to run quantitative ES models for 
widespread usage.  Incentives for incorporating ES can be useful 
to decision makers and landowners. There are many examples 
from around the world.

Several ES projects exist around the world. Ruckelshaus et 
al., (2015) looked at 20 pilot demonstration projects across the 
world and created six lessons with what they learned from these 
projects. The objective was to move from scientific knowledge to 
real world decision making. The hypothesis was that each science 
policy engagement will traverse these pathways to a different 
extent and stages can be used to track the progress that isn’t 
always linear. The first pathway within the framework is scientists, 
local experts, stakeholders, and decision makers providing data 
and information. Methods used included ranking models where 
the transition from the current landscape to new conditions via 
specific activity will give the largest relative returns for several 
water funds objectives. A quantitative service estimation model 
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was used where investments will give the largest annual benefits. 
A fixed budget with investment portfolios using land use/land 
cover maps was utilized for water funds.  An approach was tested 
to see where chances of early success and replication are high 
due to strong leadership and partners, clearly defined authority 
of decision-making pathways and demonstrated interest in using 
ES information in decisions. This results in producing analyses 
and disseminating the results. The Biodiversity and Ecosystem 
Services (BES) approach identified success points which can track 
changes, define ultimate goals of policy shifts, and improve BES 
and human well-being. Biodiversity and Ecosystem Services is 
most often achieved when indirect influence exists on long term 
development of policy. This indirect influence depends on the 
following: 1.) Who participates actively in discussions; 2.) How 
negotiations about an issue are framed; 3.) What goals, options, 
and technical knowledge are emphasized; and 4.)The visibility of 
the issue to the public. The lessons learned included the following: 
1.) Include BES as part of science policy process; 2.) Keep it simple 
by easy to use and understanding of decision support tools; 3.) 
Empower local experts with technical tools for ongoing learning; 
4.) It is not always about the money; 5.) Relate biodiversity and 
ES changes to livelihoods and other well-being metrics; and 6.) 
Clearly and honestly report the degree of uncertainty. Government 
is the key when deciding to incorporate ES. Sometimes, voluntary 
incentives will work, but some landowners will want payment 
for their services. Payment for ecosystem services is important to 
consider because it provides incentive to upstream landowners to 
protect the water source that is providing water to a growing city 
downstream.

All of the literature provided in this section supports the need 
to incorporate ecosystem services (ES) into our daily lives and 
businesses. Some of these studies were conducted in cities around 
the world, and a similar methodology will be applied to two cities 
in Oklahoma. The study area details will be presented in the next 
section. This study supports the gap in literature as it relates to 
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how ES can benefit businesses that want to improve these services 
on their lands.

STUDY AREA

One case study is located in Norman, Oklahoma (Figure 1). 
Norman is located in Cleveland County. This city is located in 
Central Oklahoma with 122,843. Norman is home to the University 
of Oklahoma with a student and faculty population of 31,678, and 
the National Weather Service Headquarters which employs 1,000 
people. Hitachi computer products is also located in Norman. The 
economy of Norman consists of federal and state employees and 
private businesses.  The median per capita income for Norman 
is $50,714. Females comprise 50% of the population and males 
comprise 50% of the population. Ethnic makeup of Norman is 77.4 
% Caucasian, 5.2 % African American, 5.1% Asian and 13.3% 
other (normanok.gov/demographics/2019). Norman receives 
water from five lakes in Oklahoma City and Atoka (owrb.ok.gov). 
An additional pipeline is currently being constructed (Water 
Unity Agreement, 2017) to bring water to Oklahoma City from 
Southeastern Oklahoma (waterunityok.com).

Hitachi Vantara is located in Norman, Oklahoma and produces 
computer products at their facility. The facility sits on 66 acres of 
land with a mix of hardwood and evergreen trees along with open 
prairie fields (Figure 2). Hitachi Vantara is located in the Bishop 
Creek Watershed which eventually flows into the Canadian River. 
Hitachi Vantara has over 100 employees at this location. Semi-
trucks arrive on a daily basis to ship computer products across the 
country and eventually around the world. 

METHODS

A mixed method included qualitative data with qualitative 
techniques using primary and secondary data. Primary data was 
collected from the field at each site. YardMap (Figure 2) was 
utilized to identify habitat features on the property. Yardmap is 
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a user-friendly way to input data from a property and upload 
photos of progress when utilizing ways to improve habitat on 
that property. YardMap allows people to make observations on 
properties such as the type of flowers or wildlife present. YardMap 
can be utilized by anyone who wants to see what types of plants 
and animals are living in their neighborhood. It uses Google Maps 
to highlight where the property is located and has built in features 
to input plant and animal sightings. This field data was input 
into the Ecosystem Services Identification Tool (ESII). This tool 
is an iPad app and web interface that lets people understand the 
benefits nature provides and incorporates the value of nature into 
decision making. This tool helps identify baseline ES (Figure 3) 
and allows the user to input data for future ES scenarios (Figure 
4). This will assist in development recommendations so that future 
development can incorporate ES benefits from nature. 

Secondary data was collected using Google Scholar to find peer 
reviewed literature and gray literature which is not peer reviewed 
for this study. Ecosystem services was typed into the search engine 
for Google Scholar to find articles related to ES. A total of 35 
articles were utilized for this study. This mixed methods approach 
uses qualitative and quantitative data.

JMP 13 Statistical Software is a business unit of the Statistical 
Analysis System (SAS) and was used to analyze the data and create 
statistical outputs.  Data was analyzed using regression analyses to 
look for trends in variables such as those produced from the ESII 
computer program. JMP 13 utilized a spreadsheet where data was 
entered into columns and rows. Data was analyzed using statistics 
generated by the program.  Statistics utilized included regression 
analyses to look for trends in the variables gathered from the ESII 
program. 

JMP 13 allows the user to calculate r-squared, standard deviations, 
and regression analyses for both linear and multivariate functions. 
Linear graphs can be created along with different types of modeling 
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and cluster analysis. For this research, linear regression analyses of 
dependent and independent variables were utilized to see if trends 
existed in the ecosystem service variables that were collected 
using the ESII tool. Independent variables were habitat type 
and infiltration. Dependent variables were water filtration, water 
quality/water temperature regulation, water quantity control, and 
erosion regulation. Standard deviations and r-squared values were 
created to see if any significant statistics existed to determine what 
variables were the most important to ecosystem service function.

FINDINGS

The type of habitat present has a big influence on the water quality, 
water filtration, water temperature, infiltration, nitrogen removal 
properties, erosion regulation, and water quantity. These ecosystem 
services and functions were found to be of statistical significance 
based on the ESII Tool that was utilized for this research. The 
ESII Tool is based on percent performance. On a scale from zero 
to one, how well that ecosystem service or function is performing 
is based on where that service or function falls along the gradient. 
The closer the value is to one, the better that service or function is 
performing. The closer that value is to zero, the worse that service 
or function is performing.

Infiltration and habitat type are the independent variables while 
percent performance and water quality parameters are the 
dependent variables. The habitat type is an independent variable 
that controls how the ecosystem services and functions will 
perform. Habitat controls every aspect of the environment, and 
when a habitat is allowed to function as naturally as possible, then 
the ecosystem services and functions will perform at the highest 
percentage possible for that habitat type. 

Those features of the property with more open prairie land have 
the ability to absorb more water, which allows for greater percent 
performance of water filtration. Concrete sidewalks and asphalt 
roads on certain areas of the property didn’t allow for water to filter 
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into the ground due to less water holding capacity on those parts 
of the property. Concrete and asphalt shed water off the property 
at high rates, which doesn’t allow for absorption of water to occur. 
This leads to increased runoff events which cause excessive 
amounts of flooding in the city of Norman when a large amount 
of rain falls in a short amount of time. These types of rainfall 
events are occurring more frequently now. Nitrogen removal is 
still occurring on this property but at smaller percent performance 
rates than on a property with more habitat and less concrete and 
asphalt. Water is allowed to filter more on a property with natural 
features such as soil and vegetation. Figure three depicts all of the 
ecosystem functions and services available.

Figure five highlights the water quantity and water temperature of 
the Hitachi property. The ability of the land to absorb water is higher 
when there is a large percentage of land available to absorb rainfall. 
Around the office building of Hitachi, there is more concrete and 
asphalt due to sidewalks and parking areas for employees. Rainfall 
is not readily absorbed by asphalt and concrete due to non-porous 
structures existing in this type of material. Water quality is higher 
in habitats that have the ability to capture and filter pollutants 
such as open prairie fields and forested habitats (Figure 6). Water 
temperature is affected by water that runs off concrete, which is 
hotter than the surrounding landscape (Figure 7).

Figure 5
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DISCUSSION OF FINDINGS

After further analysis of ES on one business property in Oklahoma, 
water quality, water quantity, infiltration, and erosion regulation 
are intricately related. Existing literature shows that water quality, 
water quantity, infiltration, and erosion regulation is integral in 
maintaining ES.  Seto et al., (2011) stated that conversion of land 
to urban landscapes has led to ES being lost. Hitachi Vantara and 
the Oklahoma City Zoo have undeveloped properties that still offer 
ES. Protection of existing landscapes is integral to preserving ES. 
Water quality is affected by conversion of undeveloped land to 
urban centers. Runoff from developed landscapes can lead to water 
quality contamination in watersheds due to sediment, nutrients, 
chemicals, and trash washing off into the watershed. 

Water quantity is also affected by developing landscapes to 
meet future urban demands. The ability of the landscape to 
allow infiltration of water and reduce erosion has been lost 
when development occurs. Seto et al. 2011 found that degrading 
landscapes led to many ecosystem service processes being lost. 
Zou et al., (2017) found that Eastern Red Cedars absorb large 
amounts of water from the landscape. Due to less fire on the 
landscape, this has allowed Eastern Red Cedars to take over in 
Oklahoma. While Eastern Red Cedar is considered a native tree 
in Oklahoma, it is now considered invasive due to the Oklahoma 
landscape being taken over by this tree. The ability of Eastern Red 
Cedars to absorb large amounts of water makes for limited water 
to a watershed (Zou et al., 2017).  Eastern Red Cedar have been 
shown to take up as much as 26 gallons of water per day. (Zou 
et al., 2017). Hitachi Vantara’s property had several Eastern Red 
Cedars leading to reduced water infiltration to the groundwater. 

Soil structure is another important component of habitat. The 
ability to keep soil intact as much as possible is an important 
function of ES. This will ensure that water can be retained in 
the soil for future times when dry conditions persist without any 
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rainfall to infiltrate the soil. Soil has many components to it that are 
beneficial to landscapes such as microbes, water holding capacity, 
nutrients, and earthworms. 

Foley et al. (2005) demonstrated that degradation of habitat can 
lead to changes in human health. Human health is intricately tied 
to a functioning ecosystem that can provide food and water to 
sustain life. Maintaining landscapes to provide for ES will allow 
businesses to contribute to a healthy environment. 

As the Millennium Ecosystem Assessment 2005 pointed out, 
businesses can’t function without ES. The quality and quantity of 
water provided is directly related to land management decisions. 
Urban conservation policy is an important component of any city’s 
long-term planning. By incorporating ES into urban conservation 
policy, businesses have the opportunity to provide clean water and 
adequate water supplies for a growing population. It will take more 
than two businesses making changes to their land management for 
a cumulative positive ecosystem effect to be recognized.

Frantzeskaki (2018) demonstrated that nature-based solutions 
to urban conservation policy must be enacted. Nature-based 
solutions will provide avenues to improving water quality, water 
quantity, infiltration, and erosion regulation. These ES were the 
most important statistically when analyzing all the ES measured on 
the two properties in Oklahoma. With the incorporation of nature-
based solutions, ES can be preserved and enhanced in order for 
businesses to contribute to ecosystem health. Ecosystem services 
(ES) are integral to the health of our environment and people. 
Maintaining habitat in cities will help alleviate the pressures that 
cities place on the environment. Ecosystem services are destroyed 
due to many activities that take place in a city on a daily basis. 
Ecosystem services will also provide a healthier environment for 
people. People and nature must be able to thrive together in order 
for ES to benefit the environment.
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CONCLUSION

The Ecosystem Services Identification Tool (ESII) is an important 
program that will assess the ES of any property. Businesses will 
be able to identify baseline ES and can determine future ES 
dependent on what changes they are willing to make to their 
property. Government can identify ES also since they own 40% 
of United States lands. There also is a financial cost to implement 
improvements to properties to incorporate ES. Businesses must 
have the financial incentive and ability to implement ES on their 
properties. 

Businesses will have to decide what ES are important to achieving 
their sustainability mission. Businesses will also have to look at 
the cost benefit analysis of incorporating changes to their property 
to benefit the landscape. An economic study of the environmental 
benefits of incorporating nature-based solutions (Figure 8) would 
be of importance to businesses. Nature-based solutions can be 
incorporated at a much lower cost to businesses than destroying 
those ES. Everyone has a responsibility to care for the environment 
in order to provide nature and people the best ecosystem that can 
sustain all of their needs.

Hitachi Vantara has sustainability built into their business plan. 
This allows for staff and financial resources to be utilized for 
the benefit of the environment. This business has the ability to 
provide staff and financial resources to this research. This allows 
for greater flexibility when sustainably designing properties to 
provide for ES. 

Businesses could incorporate ES into their plans so that the impact 
of the business on the environment is small. Businesses have the 
ability to incorporate ES for a healthier environment. Hanson et al., 
(2012) has designed a method that allows businesses to develop 
strategies that assist their impact on the ecosystem. This will 
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help businesses equate the health of the environment with their 
bottom line (Hanson et al., 2012). This structured methodology 
helps managers develop strategies to manage business risks and 
opportunities arising from the dependence on ecosystems (Hanson 
et al., 2012). 

With this methodology put in place for businesses to incorporate 
ES into their daily business functions, they can transform their 
impact on the environment which affects their bottom line. To 
prevent future destruction of ES, a change in how we protect the 
environment will determine how the ecosystem functions with all 
of its services. 

Ecosystem service degradation is based on consumer preferences, 
supplier relationships, stockholder expectations, and competitor 
strategies (Millennium Ecosystem Assessment, 2005). Businesses 
could change their supply chain by investing in products that are 
environmentally friendly. If a business was able to promote their 
products as environmentally sustainable, consumers would be 
more apt to protect the environment in their daily lives. 

POLICY IMPLICATIONS

The literature provided within this research highlights the 
importance of ES to the daily functioning of people and nature. 
The results of this research also demonstrate that certain ES must 
be maintained in order for the environment to function. Businesses 
can incorporate nature-based solutions that provide for ES in 
their sustainability planning. Business management plans can be 
updated to reflect the necessary changes needed to provide for ES 
on their properties.

Many cities have incorporated ES into their planning process. 
New York City invested in upstream land management practices 
to ensure that water quality and water quantity are protected for 
the city of New York City’s water supply. Landowners upstream of 
New York City were paid to improve land management practices 
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on their property to benefit the water quality of the water supply. 
Hitachi Vantara is a global organization with a sustainability plan 
already developed. This plan can incorporate ES to provide for 
better watershed management activities associated with their 
property. The Oklahoma City Zoo has an opportunity with current 
construction to implement ES. 

Starting at the local level, changes to ordinances and zoning 
laws can help cities achieve ecosystem service protection. At 
the grassroots local level of government, this allows for greater 
input from the public about how they would like to see their cities 
designed to benefit nature. Ecosystem services is the benefits nature 
provides to humans. Without ecosystem services, humans will not 
be able to function at their full potential.  Appendix one highlights 
how ES can be incorporated into the design of properties when 
trying to capture the benefits that nature provides to humans. Local 
level changes can eventually lead to state policy changes. When 
people see projects on the ground, it provides a visual of what 
is possible when it comes to protecting the environment. Every 
business should make it their goal to protect the environment as 
best as possible to ensure ES are protected for future generations. 
Businesses have the ability to change the way they impact the 
environment by incorporating ES into their business plans. This 
will allow for action to be taken by these companies as opposed to 
waiting on changes at the local, state, or federal level. Also, policy 
implementation can start at the local level by city councils allowing 
landowners to incorporate ES into their business landscape. Often, 
people see unkept lawns as rundown and messy parts of town. If 
city councils allow for habitat to provide ES on properties, ES can 
be incorporated throughout the town improving livelihoods and 
the environment.

Policy changes must occur within business leadership. Leaders 
must emphasize the importance of ES to the sustainability of their 
business. To prevent future destruction of our ES, a change in how 
we protect the environment will determine how the ecosystem 



OKLAHOMA POLITICS
VOL. 31 / November 2021

60

functions with all of its services. Businesses have within their 
power the ability to change how their business impacts the 
environment. By investing in ES, businesses can change how 
their investments impact the natural world. By securing stronger 
leadership within businesses, investing in the environment, 
and developing environmental sustainability plans, ES can be 
protected for the continued protection of the environment. People 
like to separate the environment and the economy but without a 
sustainable environment to function in, the economy would cease 
to exist. We have to implement sustainable business practices so 
that the economy can flourish for generations to come. Policy 
changes can happen locally as well as at the state level. State level 
leadership in different entities of state government can advocate 
for ES at state owned properties. This will showcase the benefits 
of ES and how this improves habitat in addition to people’s lives. 
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