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Abstract 
 

Recent scientific research has demonstrated the multitude of ecosystem services and 
functions provided by wetlands. Despite the astronomical cost that would be required to replace 
these vital services with manmade mechanisms, humans have a long history of filling and 
destroying wetlands for development. Recent decades have seen wetland protection improve 
under the aegis of Section 404 of the Clean Water Act (CWA). The CWA requires compensatory 
mitigation for wetlands destroyed during development, but specific mitigation requirements 
remain vague and many projects continue to fail.  
 

Developing better wetland mitigation site selection would provide improvements to 
mitigation without requiring a CWA amendment. Sites have traditionally been chosen based on 
geographic or monetary convenience. This study explores an increasingly popular method of 
selection: GIS prioritizations. GIS prioritizations can increase the efficiency, repeatability, and 
transparency of site selection. This project analyzes a case study in Cook Inlet, Alaska utilizing a 
GIS prioritization to locate high quality mitigation lands to compensate for a bridge proposed by 
the Knik Arm Bridge and Toll Authority. Mitigation is required because the construction will 
destroy 390 acres of wetlands. To determine the most appropriate mitigation locations, 3047 
nearby parcels were evaluated using 8 selection criteria. The results ranked all parcels and 
identified the most suitable sites to compensate for the proposed effects of the bridge.  
 

This study also compares the effectiveness of GIS prioritizations to other selection 
methods. GIS prioritizations were determined to be the most efficient technique for analyzing 
and ranking thousands of parcels. Initiating mitigation planning with a GIS prioritization can 
effectively direct fieldwork to just a subset of potentially high value wetlands. Hopefully better 
site selection with GIS prioritizations can improve overall wetland mitigation. Such 
improvements would not only fulfill the mitigation requirements under the CWA, but also 
effectively preserve remaining wetlands for future generations. 
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1: Introduction 

It has been argued that wetlands are among the most important ecosystems on Earth 

(Mitsch and Gosselink 2007). Wetlands provide invaluable ecosystem services such as flood 

control, ground water replenishment, sediment and nutrient retention and export, water 

purification, wildlife and fish habitat, and recreation and tourism. While wetlands have long been 

appreciated for their role as habitat to economically important fishery and game species, people 

are only now beginning to recognize the importance of many of the attributes listed above. 

But, in order to protect these vital ecosystems, we must first understand the current legal 

system protecting them. This report will detail the legal framework concerning wetland 

protection, Section 404 permitting through the Clean Water Act (CWA), and the process of 

compensatory mitigation if Section 404 permits are granted. While the CWA does offer some 

degree of protection to wetlands across the United States, we are still far from reaching the goal 

of “no net loss”.  

Second, to better illustrate how a compensatory mitigation project might be planned, and 

how these mitigation lands could be selected, this project also highlights a case study from 

southcentral Alaska. This case study details a GIS prioritization to identify potential 

compensatory mitigation lands that I performed in collaboration with the Great Land Trust in 

Anchorage. This project was proposed and contracted by the Knik Arm Bridge and Toll 

Authority (KABATA), who have proposed a bridge project to connect downtown Anchorage 

with the Matanuska-Susitna Borough across the inlet, and will need to identify suitable 

mitigation lands if their project is approved.  
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By focusing on the details of this case study, we will not only be able to locate suitable 

mitigation lands in the Knik Arm region, but we will also be better equipped to analyze the 

suitability of GIS prioritizations for wetland mitigation site selection in general. However, this is 

not the only method. In addition to GIS prioritizations, this paper will also evaluate a number of 

other site selection methodologies. Clarifying the strengths and weaknesses of various site 

selection techniques will allow managers and planners to use this information to make the best 

choices for their individual projects.  
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2: Wetland Mitigation in the United States 

In order to understand how to improve wetland mitigation planning and permitting, it is 

first crucial to understand the existing legal framework and the historical background of the 

existing laws and methods. Although wetland loss is a global problem, and conservation is 

needed worldwide, the detailed wetland protection history discussed in this paper will focus on 

wetland mitigation in the United States. This section will discuss the importance of wetland 

ecosystems, the current state of wetland loss, wetland protection and mitigation laws, and the 

process by which mitigation lands are selected.   

2.1: Importance of Wetlands 

Although wetlands were considered wastelands throughout much of U.S. history, and 

millions of acres were filled, often with government support, only in recent decades have 

Americans discovered that wetlands are actually valuable ecosystems that provide a plethora of 

ecosystem services. Some of these irreplaceable services include the provision food through 

hunting and fishing, recreation, and water supply and storage. Wetlands also function as 

important environmental sinks and filters by retaining certain pollutants and sediments and 

markedly improving water quality. Additionally, through their unique hydrology, many wetlands 

provide flood protection and stormwater control (Braddock 2007). Wetlands also provide nursery 

areas for many economically important fisheries, such as shrimp, blue crab, and flounder, and 

habitat for endangered or threatened species (Richardson 1994). Because the cost to replace these 

functions through man-made mechanisms would be astronomical, it is crucial we continue 

protecting the functional wetlands in existence today. However, from the continuing wetland 
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losses of wetlands described below, it is clear that still more needs to be done to protect our 

country’s remaining wetland resources.   

2.2: Current state of wetlands 

It is estimated that wetlands cover an area of 7-10 million km2 globally, or about 5-8% of 

Earth’s land surface. However, due to the alarming rate at which wetlands are being lost, this 

area is only around 50% of the global area originally containing wetlands (Mitsch and Gosselink 

2007). Much of this loss is due to human development and although coastal counties make up 

only 17% of the land area in the U.S., they contain 53% of the country’s total population 

(Crossett et al. 2004). Worldwide, 70% of the population lives along the coasts. It is therefore not 

surprising that of all the wetland types, coastal wetlands in particular are experiencing an 

especially acute threat (Mitsch and Gosselink 2007). These trends of wetland loss and the growth 

of coastal populations hold true in the United States and worldwide.  

While the rate of wetland loss has slowed in the past few decades due to regulations, the 

United States was still losing wetlands at a rate of 58,500 acres per year between 1986 and 1997 

(Cylinder et al. 2004).  This loss is mostly driven by conversion to agricultural land, flood 

control projects, and urban development (Cylinder et al. 2004). In fact, except for Alaska, 

Hawaii, and New Hampshire, no state has lost less than 20% of its original wetlands (Cylinder et 

al. 2004).  Although Alaska is the state with the greatest wetland area (700,000 km2) and has lost 

less than 1% of its wetlands, this is not a reason to ignore the losses that do occur. To the 

contrary, it would be wise to conserve these functioning wetland ecosystems to begin with, and 

avoid the immense losses seen throughout the rest of the country and the world. Also, while 

Alaska does have huge tracts of wetlands, most are peat bogs and other palustrine wetlands. Only 

1.3% of Alaska’s wetlands occur in the coastal zone (i.e. estuarine wetlands) and of those, only 
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16.9% (about 1500 km2) are vegetated (Hall et al. 1994). It is therefore crucial to conserve these 

relatively unique and pristine wetland ecosystems in Alaska.  

To support a large and rapidly increasing population, infrastructure, such as roads, 

bridges, buildings and public facilities, is an ongoing necessity. In many coastal cities 

development often results in the filling and destruction of wetlands. In fact, many cities such as 

New York City, Washington D.C., and Boston, took shape mainly through the drainage, fill and 

development of these wetlands (Salvesen 1990). Although the Clean Water Act (CWA), which 

will be described in greater detail later, provides protection for wetlands, it does not prohibit 

their destruction; only their unpermitted destruction. Some infrastructure projects, such as ports 

and bridges, require the destruction of wetland habitats and the law, through the CWA, then 

requires mitigation. The laws regulating the permitted development and subsequent mitigation 

for disturbed wetlands will be discussed in the following section.  

2.3: Wetland protection and mitigation laws 

As the United States was originally expanding and developing, wetlands were not always 

afforded the same protection they have now. In fact, through the U.S. Department of 

Agriculture’s Swamp Lands Acts in the 1800s, federal regulations for wetlands were initially 

meant to remove rather than protect them (Cylinder et al. 2004). The situation has progressed 

greatly since the 1800s, and there are now a series of laws and regulations protecting wetlands, 

which will be discussed in this section. The two main policies that will be discussed here are the 

Rivers and Harbors Act and the Clean Water Act.  

The Rivers and Harbors Act indirectly provided early protection for wetlands. The Army 

Corps of Engineers (Corps) was originally granted the responsibility to undertake river and 

harbor improvements for navigation through the Act of May 10, 1824, but by enacting the Rivers 
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and Harbors Act (RHA) in 1899, Congress expanded the Corps’ authority over permitting 

activities in navigable waters, which also encompass many wetlands (Cylinder et al. 2004). As 

we will see below, the Corps maintains this authority to permit activities in navigable waters 

under the Clean Water Act as well.  

The goal of the RHA was to ensure development activities would not interfere with the 

navigability of coastal waters, requiring a permit for the “discharge of any refuse matter” into 

navigable water (33 U.S.C. 406 section 13). While this may have inadvertently protected some 

wetlands under the guise of navigation, during the beginning of the environmental movement in 

the 1960s, the Corps began to use their authority under the RHA to deny permit applications 

purely based on public interest in fish and wildlife resources (Cylinder et al. 2004). Although the 

RHA still exists today, the environmental concerns facing wetlands are almost entirely dealt with 

by the Clean Water Act now. 

The Federal Water Pollution Control Act (FWPCA) was originally passed in 1948 as a 

bill to fund the construction of municipal water treatment works and to encourage other 

voluntary measures to improve water quality. In 1972, however, when almost 500,000 acres of 

wetlands were being destroyed each year (Hey and Philippi 1999), the FWPCA was amended 

and renamed as the Clean Water Act (CWA). This amendment transformed the Act from a 

funding vehicle to a regulatory mechanism. The most significant transformation for our purposes 

was the establishment of a permit program in Section 404 that regulates the discharge of dredged 

or fill material into “waters of the United States” (Hough and Robertson 2009). The passage of 

the CWA in 1972, with its goal to maintain and enhance the quality of the nation’s water, was 

catalyzed by the growing concerns about unregulated impacts to other significant water bodies, 

and wetlands outside the jurisdiction of the RHA. The CWA not only had a different focus than 
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the RHA, which was mainly about navigability, but the addition of Section 404 to the CWA also 

brought specific protection to wetlands for the first time. 

The passage of Section 404 did, however, create a unique division of authority. While 

most of the CWA, such as Sections 301 and 402, gives full authority to the Environmental 

Protection Agency (EPA) to manage water quality by regulating the discharge of pollution, 

Section 404 is different. Here, the Corps has the primary authority, and can regulate discharges 

of material, while the EPA’s role is now mainly oversight.  

At first glance, it seems incongruous that the Corps, a subdivision of the United States 

military, would oversee the most comprehensive federal regulatory program concerning the 

protection of the ecological value of wetlands and other waterways. And indeed, historically, the 

Corps’ regulatory focus was confined to structural issues related to navigation of these waters. 

While the mission of Corps’ military program is to provide engineering, construction and 

environmental management services for the Army, Air Force and other federal governmental 

agencies (Cylinder et al. 2004), a civil program also exists. This civil program was developed to 

address three main issues: water infrastructure, environmental management and restoration, and 

response to natural and anthropogenic disasters (Cylinder et al. 2004). Since the 1970s, it has 

been this civil works program that oversees the Corp’s responsibilities under Section 404 

(Cylinder et al. 2004).  

In contrast, the authority of EPA under the CWA to regulate all “pollution” discharge 

activities affecting the “waters of the U.S.” is somewhat modified by Section 404. Although 

Section 404 identifies Corps as the principal authority to regulate discharges of dredged or fill 

material into “waters of the U.S.”, Congress has authorized EPA to have a specific oversight role 

over the Corps (Cylinder et al. 2004). This authority allows the EPA to play a significant role in 
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developing regulations for the Section 404 program and in reviewing the issuance of permits by 

the Corps. Hough and Robertson (2009) point out that while the EPA and the Corps 

collaboratively develop national Section 404 mitigation requirements and policy, coming to the 

same interpretation of specifics within the Act has not been easy. The history of wetland 

mitigation under Section 404 is largely the product of these two federal agencies attempting to 

overcome divergent missions to protect the nation’s wetlands (Hough and Robertson 2009). 

Although the 1972 CWA never specifically mentioned wetlands, they have fallen under 

its jurisdiction through an ongoing evolution of the legal definition of what constitutes “waters of 

the U.S.,” which is repeatedly challenged in court cases. Currently, “wetlands” are now included 

in the term “waters of the U.S.,” but what is a “wetland”? The CWA defines wetlands as “areas 

that are inundated or saturated by surface or ground water at a frequency and duration sufficient 

to support, and that under normal circumstances do support, a prevalence of vegetation typically 

adapted for life in saturated soil conditions” (40 C.F.R. § 230.41). 

Legally, under Section 404(b)(1), the Corps can only issue a permit if there is no 

“practicable alternative to the proposed discharge, which would have less adverse impact on the 

aquatic ecosystem,” or if it will not cause “significant degradation of the waters of the U.S.” If 

the Corps does approve a Section 404 application, the EPA can veto any permit if it is projected 

to have “unacceptable adverse effects” (33 U.S.C. § 1344). Even with these protections in place, 

there are still many situations where a practicable alternative does not exist, and a permit for the 

disturbance or destruction of wetlands is issued, contributing to the continued loss of wetlands 

throughout the United States. 

It was this steady loss of wetlands that prompted The National Wetlands Policy Forum in 

1989 to recommend “no net loss” of the country’s remaining wetlands (Bendor 2009). In an 
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effort to meet this goal, compensatory mitigation became part of the CWA in 1990. 

Compensatory mitigation involves “actions taken to offset unavoidable adverse impacts to 

wetlands, streams and other aquatic resources authorized by CWA Section 404 permits” (73 FR 

19594, April 10, 2008). Regulations for compensatory mitigation were further amended in 2008, 

when the EPA and the Corps issued revised guidelines, which established overall performance 

standards and criteria for the use of different compensatory mitigation methods: permittee-

responsible mitigation (PRM), mitigation banks and in-lieu fee programs (73 FR 19594, April 

10, 2008). This change also improved and consolidated existing regulations, establishing 

equivalent standards for all types of mitigation under Section 404.  

As mentioned above, compensatory mitigation can take various forms. The first is 

permittee-responsible mitigation (PRM). PRM means developers will complete the required 

mitigation themselves. The second is mitigation banking where wetlands are built in advance of 

development activities and the wetland disturbance, often by private for-profit companies, and 

credits of wetland area can then be sold to developers looking to mitigate for projected future 

wetland losses (Mitsch and Gosselink 2007). The third, in-lieu fee programs, allows a developer 

to shift legal responsibility for completing the compensatory mitigation to another Corps-

approved sponsor (Cylinder et al. 2004). Among other things, the 2008 amendments (73 FR 

19594, April 10, 2008) established a preference hierarchy for compensation mechanisms. They 

are: (1) mitigation banks, (2) in-lieu fee programs, and (3) permittee-responsible mitigation (with 

PRM being fairly uncommon). 

The reason for the above preferences stems from the many differences between 

mitigation banks and in-lieu fee programs. The main reason is that in-lieu fee mitigation 

programs often require fees from multiple permitted projects before they can initiate 
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compensation projects, resulting in substantial delays between permitted impacts and 

compensation. In contrast, mitigation banks tend to rely on private investment for initial 

financing and often complete the mitigation before the development is even begun. Also, 

because many in-lieu fee projects take the form of preservation, rather than creation or 

restoration of wetlands, and so do not contribute to the goal of “no net loss”, required 

compensation ratios are generally higher for in-lieu fee programs. Preservation as a form of 

mitigation can be defined as the removal of a threat to, or preventing the decline of wetland 

conditions by an action in or near a wetland. This includes the purchase of land for easements, 

repairing water level control structures or fences, or structural protection such as repairing a 

barrier island (Cylinder et al. 2004). 

There are, however, a number of advantages to in-lieu fee programs. First, in-lieu fee 

programs are generally administered by state governments, local governments or non-profit non-

governmental organizations, while mitigation banks are usually operated by private entities for 

profit. It can be argued that there are certain advantages to non-profits and governmental 

agencies as third-party mitigation sponsors, in that they do not need to earn a profit and are more 

likely to act in the public interest. Also, the 2001 National Resource Council Report stated that 

wetland preservation is important for maintaining wetland diversity within a watershed, and 

achieving the goals of the Clean Water Act. Preservation is particularly valuable for protecting 

unique, rare, or difficult-to-replace aquatic resources, such as bogs, fens, and streams, and may 

be the most appropriate form of compensatory mitigation for those resources (73 FR 19594, 

April 10, 2008). Third, while preservation does not contribute to the “no net loss” goal in the 

short term, in the long term preservation helps reduce wetland losses by removing the protected 

wetland from the pool of wetlands that may be subjected to future development. Finally, there 
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are certain coastal areas, especially in rural and coastal Alaska, where there are few mitigation 

banks and little potential for their development. In these locations, in-lieu fee programs are often 

the best options for compensatory mitigation (73 FR 19594, April 10, 2008). 

Although these CWA regulations are fully in place, they are still relatively recent and we 

are just now beginning to explore and understand the various mitigation strategies available. For 

example, although compensatory mitigation is now an integral part of Section 404, specific 

criteria for mitigation ratios and site selection do not exist. Studies of wetland mitigation projects 

have noticed a disappointingly low success rate in meeting requirements and reproducing 

necessary ecological functions (Hruby et al. 2009). One often suggested reason for this failure is 

poor site selection. In an effort to address this issue, possible methods for selecting an 

appropriate wetland mitigation site will be the focus of the remainder of the paper. 

2.4 Selection of Wetland Mitigation Lands 

 While mitigation can often take place on site, this only occurs through PRM, which is 

becoming an increasingly uncommon method of mitigation with the growing emphasis on 

mitigation banks and in-lieu fee programs. If mitigation does not occur on site, it means a 

suitable compensatory mitigation location must be found elsewhere. The case study discussed 

later in this paper provides an example of when mitigation will not occur on site. The case study 

deals with a wetland mitigation scenario in southcentral Alaska, where there are a lack of 

mitigation banks and a general dependence on using in-lieu fee mitigation to purchase existing 

wetlands for preservation. Given such a situation, there are a number of alternatives for how to 

proceed with mitigation and site selection. 

The most common scenario, which is basically the absence of a systematic method, is 

unsurprisingly the least effective. Astonishingly, a lack of systematic method for selecting 
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mitigation lands for preservation has been the status quo since compensatory mitigation began. 

This method has a number of benefits, however, which has allowed it to persist. For example, 

because mitigation can be located off-site, developers often choose the closest, cheapest or most 

accessible wetland area to mitigate for their project. This requires a low effort and cost compared 

to other methods. The disadvantage, however, is that the wetlands chosen for mitigation may not 

be of high quality, may not adequately represent the wetland functions lost in the development or 

may be located in a region too far away to sufficiently compensate for the wetlands lost. This 

method, while beneficial to the developer in terms of time and money, is often the least effective 

at adequately replacing lost wetland functions.  

A second possible alternative is the development of a watershed level approach. This is 

now a goal of Section 404, although it is not yet required. This approach is based on the idea that 

the water, land and wetland resources are intimately interconnected within each watershed, and 

requires the creation of a watershed plan. Anchorage, for example, does have a Wetlands 

Management Plan (DCPD 1996), but it is unfortunately based on municipality, rather than 

watershed boundaries. A watershed level approach, however, would consider the effects and the 

potential mitigation wetlands at a watershed scale, rather than a local one. Planning at the 

watershed level could also help coordinate multiple wetland mitigation projects. This is crucial 

because all projects in a watershed, however separate they may seem, often affect each other and 

have cumulative effects on the region due to the interconnectedness of the system. Disadvantages 

to this method, however, are that it involves a great deal of time and effort to develop an initial 

watershed plan, as well as to form the variety of partnerships necessary between neighboring 

communities to create a functional watershed approach. Also, because there are no concrete 
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guidelines for developing watershed plans, they can often be vague and result in decision making 

that is similar to the first alternative. 

I, however, propose a third approach. A geographic information system (GIS) can be 

used to prioritize land parcels, allowing planners to combine multiple conservation criteria to 

identify mitigation lands that best match the qualities and functions of the wetlands lost or to 

focus on wetland qualities desired for conservation in the area. An advantage of this method is it 

uses an unbiased selection approach to locate the best mitigation sites. Additionally, it can be 

easily tailored to any size region. The focus can be on the scale of a stream, a town, a watershed 

or a state, making this approach flexible enough to meet the geographic needs of any project. 

However, this method is not without its disadvantages. Scarcity of digital data for some regions 

and lack of knowledge about how to appropriately combine and weight conservation criteria 

detract from this method’s full potential. If used incorrectly, GIS-based prioritizations are no 

better than the status quo method of choosing whatever parcel is most convenient.  
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3: Applications of GIS Prioritizations 

 As mentioned in the previous section, using a geographic information system (GIS) to 

locate wetland mitigation lands has the potential to provide large benefits for the wetland 

protection and mitigation arena. This section will provide a series of examples where GIS-based 

prioritizations have been used for a variety of land conservation and wetland mitigation 

situations. From these, we can analyze the utility and the range of applications of this method. 

3.1: Land Conservation 

Geneletti and van Duran (2008) present an example of how GIS was used to locate land 

conservation areas. They utilized GIS to determine appropriate protected area zoning in a park in 

Italy, which required analyzing multiple land attributes. The main objective of this type of 

ecological evaluation, and many GIS land prioritizations, is to provide criteria and information 

that can be used to identify conservation priorities, and thereby support decision-making in 

conservation (Geneletti and van Duran 2008). Their study successfully incorporated a variety of 

habitat criteria, such as rarity (measured at a local level by computing the cover percentage of 

similar habitat types within the park), species presence, and outstanding natural features.  

Although successful in identifying different areas of zoning within the park, Geneletti 

and van Duran provide a note of caution for planners undergoing similar projects. They 

recognize that planners must first select the most appropriate evaluation framework and 

indicators. Planning and management decisions, such as these, can be strongly influenced by the 

type and amount of information already available, the size of the area, the legislation within 

which the planning exercise needs to fit, and the possibility of collecting new data (Geneletti and 

van Duran 2008). While this does not necessarily deter from the usefulness of this method, these 
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are important caveats to keep in mind when planning a similar GIS analysis, so as to avoid any 

potential biases. 

In another study, Gorokhovich and Vousianiouk (2010) performed a GIS prioritization to 

identify the best natural resource conservation and outdoor recreation land in New York’s Long 

Island Sound. Focusing on all parcels greater than 5 acres within Long Island Sound’s coastal 

area, they were able to successfully identify clusters of vacant parcels that when combined form 

large areas available for conservation. Like Geneletti and van Duran, Gorokhovich and 

Vousianiouk use a variety of evaluative criteria to locate high priority areas, including proximity 

to waterfront, protected open space, tidal wetlands, publically owned land and hydrologic 

features (Gorokhovich and Vousianiouk 2010). Additionally, to prioritize vacant land, the parcel 

size and proximity to natural features and local infrastructure were used as selective criteria.  

Their study also dealt with heterogeneous geographic data. For example, the size of a 

parcel and its proximity to another feature are not measured in the same scale. One way to 

prioritize data like this is to use quantitative, multi-criteria modeling with weights assigned to 

normalize spatial data concerning proximities and areas. Multiplication of each normalized value 

by its assigned weight produces a unique numeric score that is comparable to the scores of other 

criteria and can be used in prioritization scheme. This should not deter planners from combining 

different criteria in a GIS analysis, but it is an important consideration to keep in mind during the 

process. Gorokhovich and Vousianiouk assert that multi-criteria GIS analysis can reconcile 

differences between the physical nature of different datasets to evaluate them fairly in order to 

determine the overall conservation values of the undeveloped land parcels (Gorokhovich and 

Vousianiouk 2010). 
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In another study from West Virginia, Strager and Rosenberger (2007) performed a GIS 

analysis to rank conservation parcels for a local land trust. While Gorokhovich and Vousianiouk 

explained problems with data collected at different scales, Strager and Rosenberger mention that 

often the parcels themselves, the level of analysis interest, are at a much different scale than the 

rest of the data. Because landscape characteristics and parcel ownership information are often 

collected on different spatial scales, difficulties can arise with traditional formulation and 

implementing land use plans at a parcel level (Strager and Rosenberger 2007). This occurs 

because at a regional level, the identified areas for conservation are likely to cover or extend over 

large numbers of parcels. This is a problem common to all landscape evaluations regardless of 

method, but can be easily solved through the use of GIS. A spatial overlay in GIS can identify 

the individual parcels within these targeted areas and their ownership information. Not only were 

Strager and Rosenberger able to combine criteria and parcels with different scales, but they were 

also able to combine a number of conservation criteria together in their prioritization. These 

criteria included size, adjacency to existing protected or public land, multifunctionality (parcels 

supporting more than one targeted characteristic: agriculture, forest, natural heritage, water 

quality) and contiguity.  

Although as we’ve seen, it is common to combine multiple criteria equally to generate 

conservation priorities, depending on the management goals it can be useful to combine or 

weight these criteria differently within one study to produce a series of potential scenarios. 

Geneletti (2004) used a GIS approach to identify conservation priorities among the remnant 

ecosystems within an alpine valley in Italy (Geneletti 2004) and generated several scenarios to 

simulate different evaluation perspectives. Ecological evaluations, such as GIS prioritizations, 

help to link natural features directly to the practice of land management. By identifying the 
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ecologically valuable areas, planning and management can be applied to efficiently maintain the 

areas’ value. But Geneletti (2004) states, “In order to make the results of an ecological 

evaluation operational, they must be conveyed to decision-makers in the most efficient and 

transparent way. This means that the framework adopted during the evaluation (i.e. the criteria 

and indicators) must be made explicit so as to allow tracking of the influence of each factor on 

the evaluation results.” Producing multiple scenarios provides decision-makers with better tools 

to make conservation decisions, by clearly outlining results for different scenarios. 

Geneletti also attempted to present his methods as transparently as possible, by clearly 

outlining the four main steps of his analysis. First, he defined the criteria with which to evaluate 

the forest remnants (rarity, patch dimension, isolation and exposure to external disturbances). 

Second, he performed an evaluation of criteria and developed a GIS database. Third, he 

completed a multi-criteria analysis and ranked the forest remnants. Finally, by altering the 

weighting given to criteria within the analysis, he was able to generate multiple conservation 

scenarios to aid decision-making. Assigning a different weight to each criterion indicates its 

importance relative to the other criteria under consideration. While it is common to simply 

produce a single result from a GIS land prioritization, studies like Geneletti’s are extremely 

useful in weighing a series of management decisions and visualizing the results of various 

choices throughout the conservation planning process.  

3.2: Selection of Mitigation Lands 

 As seen in the previous section, GIS prioritizations have been used around the world to 

locate and identify areas of high conservation priority. Using similar methods, GIS can also be 

used to identify appropriate sites for wetland mitigation and can often provide a method for 

ranking the available options. For example, Brooks et al. (2004) used a GIS analysis to assess the 
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conditions of wetlands by utilizing digital spatial data to locate wetland areas with specific 

characteristics (Brooks et al. 2004).  This assessment was conducted primarily using remote-

sensing imagery. Although this data lacks a certain level of detail, it is still an appropriate and 

efficient way to go about primary planning phases of a project. This study is also a great example 

of using proxy data when accurate data for desired parameters is not available. In this case, 

although land-use data does not completely describe disturbance levels (one of their criteria), 

Brooks et al. (2004) utilized certain classifications of the land-use data, which is often highly 

correlated with landscape and wetland conditions.  

In another example, Carpenedo et al. (2007) developed a map of prioritized wetland 

mitigation sites to increase the effectiveness of wetland mitigation in Georgia. They developed 

and combined 18 layers to assess key wetland functions and values, such as water quality and 

quantity, flood control, flow regulation, wildlife habitat, biodiversity conservation, ecological 

services, recreation, education, connectivity, ease of restoration and scenic value (Carpenedo et 

al. 2007). Because wetland restoration and mitigation can be costly and time consuming for all 

parties involved, site selection is often opportunity driven. When limited resources are a factor, it 

is useful to develop proactive approaches like that of Carpenedo et al. for focusing mitigation 

efforts and only field testing in areas most likely to satisfy management objectives in a cost 

effective manner (Carpenedo et al. 2007).  

Similarly, Kauffman (2007) had a parallel objective: to develop automated GIS tools to 

evaluate parameters used to prioritize a large number of potential wetland restoration sites for 

further on-site feasibility studies within the Coos estuary in Oregon (Kauffman 2007). 

Kauffman’s model incorporated a larger number of parameters, such as area of adjacent wetlands 

within a 1-mile radius, the number of wetlands or other potential restoration sites each site is 
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connected to by streams, percent of a site’s vegetation classified as wetland or grassland, percent 

of sites perimeter adjacent to filled areas, number of road-stream intersections in a site’s 

catchment, percent forested within a site’s catchment, area of adjacent water in a 500 meter 

radius and percent impervious surfaces and road density within a site’s catchment. This study 

had the same goal Carpenedo et al. did: locate wetland areas with a high likelihood of being 

successful mitigation sites to focus more rigorous field testing on, rather than wasting resources 

attempting to locate these areas on the ground first. 

While Kauffman opted to include a wide range of criteria, Cedfeldt et al. (2000) created 

an automated wetland assessment method, which focused on only three wetland functions: flood 

flow alteration, surface water quality improvement and wildlife habitat (Cedfeldt et al. 2000). 

Also, where as Brook et al. (2004) relied solely on widely available satellite data, Cedfeldt et al. 

developed a screening tool using selected predictors from the field-oriented assessment methods 

in addition to widely available data sets such as Digital Elevation Models (DEM) and Landsat 

Thematic Mapper (TM) satellite imagery. In this way, they could add more detail and accuracy 

in the identification of specific wetland areas performing flood flow alteration, water quality 

improvement and wildlife habitat functions.  

This method appears to have been successful, since when Cedfedlt et al. compared their 

model predictions to field tests, in most cases they found agreement between the automated 

predictions of wetland function and the field assessment. This analysis resulted in a 

comprehensive GIS screening tool that could efficiently identify functionally important 

wetlands. The tool can provide resource managers and planners with a way to locate functionally 

significant wetlands, saving time and resources by only directing field investigation to those 

wetlands already identified by the tool as potentially important (Cedfeldt et al. 2000). 



  22 

4: Cook Inlet Case Study 

 Given the previously described background on wetland protection and mitigation laws, 

and the myriad of recent studies describing the many conservation applications of GIS analyses 

we can now delve into the case study in question. Here, a GIS analysis will be used to locate 

priority compensatory mitigation sites in response to a proposed bridge development project in 

Anchorage, Alaska. Although the case study focuses on a single project, it incorporates issues 

relevant to wetland mitigation planning everywhere. In addition, by focusing on the individual 

example of the Knik Arm Crossing project in Anchorage, it is possible to highlight the specific 

players and identify problems or shortcomings with the current wetland protection laws and 

regulations and the manner in which wetland mitigation lands are currently selected. 

Like many coastal cities, Anchorage faces the same dilemma over whether or not to fill 

or dredge the city’s remaining wetlands to provide vital urban infrastructure for a growing 

economy. Also, while the data used in this case study are specific to Alaska, the techniques used 

to identify priority wetland mitigation sites are applicable to any region of the world. Although 

the overall approach can be applied to many cities, wetland mitigation in the Anchorage region 

does pose a number of unique challenges. First, the potential for future development is extremely 

constrained due to undevelopable geographic boundaries such as Knik Arm and the Chugach 

Mountains. Second, the Knik Arm portion of Cook Inlet, across which the proposed bridge 

would span, constitutes the main area of critical habitat for the endangered Cook Inlet beluga 

whales, creating a multitude of implications for development and other commercial and 

industrial activities around the inlet. Detailed background on these issues and about the case 

study in general is provided in the following sections. 
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4.1: Case Study Background 

 The study area for this analysis consists of portions of both the Municipality of 

Anchorage and the Matanuska-Susitna Borough (Figure  1). These two regions are located in 

southcentral Alaska and make up the most populated area of the state. However, despite the 

growing population, this region still has abundant wetlands, functional salmon streams, and the 

Knik Arm portion of Cook Inlet is an important feeding area for Cook Inlet beluga whales. 

While growth and development projects may have beneficial economic impacts, it is crucial that 

any potentially harmful effects on the surrounding ecosystems are also considered. 

 

Figure 1. Study Area. The study area includes areas surrounding Knik Arm from both the MatanuskaSusitna 
Borough and the Municipality of Anchorage. 
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The growing population of this region is becoming increasingly constrained by 

geographic boundaries, and this space shortage is creating a growing need for new areas in which 

to develop. The Matanuska-Susitna Borough (MSB), which has its population center in the 

Palmer-Wasilla area, has experienced particularly rapid population growth in the last few 

decades. In the 1960s, the population of the MSB was just over 5,000 people (Borough 2003; 

MSB 2003). As of the 2009 census, the MSB population is 88,379, a 49% increase from the 

59,322 people who lived there in 2000, making it the fastest growing region in Alaska (Census 

Bureau 2010). This growth can largely be attributed to the proximity of Palmer and Wasilla to 

Alaska’s largest city: Anchorage. The result is a growing number of people who live in the MSB, 

but commute to Anchorage for work every day. With the rapidly increasing number of 

commuters relying on only a single road between Palmer and Anchorage, there has been a 

growing demand for new transportation corridors, which the development of the Knik Arm 

bridge would provide. 

And, as alluded to before, it is the unique geographic setting of this area that creates the 

need for such a bridge in the first place. Because the Chugach Mountains behind Anchorage 

extend so close to Knik Arm, the little developable space that exists has largely already been 

developed, leaving no room for future roads or other development. In contrast, the land to the 

west of Knik Arm is much flatter and many argue that it could provide areas for future economic 

growth and expansion no longer available in Anchorage. Despite support from a number of 

sectors, there are still many opposed to the project.  In fact, it has been referred to as the “bridge 

to nowhere,” because there is so little development on the western side of Knik Arm right now. 

In contrast, the mayors of both Houston and Wasilla claim the Knik Arm bridge is important to 
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their cities and stated, “From the Anchorage end, the project may look like a bridge to nowhere. 

From [their] side, it looks like a bridge to the state's largest city” (ADN 2009).  

4.1.1: Knik Arm Bridge and Toll Authority 

Although not all necessary permits have been granted, and it is still not 100% certain that 

construction will be allowed to proceed, the Knik Arm Bridge and Toll Authority (KABATA) 

has been planning the Knik Arm bridge project for years. Serious planning for the bridge began 

on September 15, 2003, the Alaska Legislature established KABATA through Alaska Statute 

19.75.011 to stimulate economic development by constructing a bridge spanning Knik Arm to 

connect the Municipality of Anchorage and the MSB. The Knik Arm Crossing Project is 

advertized as necessary to meet the current and projected transportation needs of the area, and 

KABATA claims this project will have a number of major benefits. Not only will it provide a 

major link between the two major ports (the Port of Anchorage and Port MacKenzie on the MSB 

side), but it will also provide an alternative north-south route in the event of an emergency. And, 

although there is a mixed reaction to this, the bridge would also facilitate development and 

economic growth on the western side of Knik Arm.  

To date, KABATA has spent more than 7 years and $52 million in planning on the Knik 

Arm Crossing Project (KABATA 2009). In addition to the cost of planning, the first phase of 

construction alone is estimated to cost at least $600 million (KABATA 2009). Due to such a 

large investment, it is in KABATA’s best interest to make sure all the planning and permitting is 

done correctly to avoid any unnecessary delays. KABATA is, therefore, following all the 

necessary steps to complete a series of permits required to begin construction and secure 

adequate funding for the project. A draft and final Environmental Impact Statement have already 

been prepared as mandated under the National Environmental Policy Act (NEPA), and 
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KABATA has engaged in extensive talks with the National Marine Fisheries Services (NMFS) 

about the potential impacts on the Cook Inlet beluga whale, which was recently listed under the 

Endangered Species Act (ESA). Such steps are necessary because the bridge will not only 

disturb the belugas during construction and fill approximately 390 acres of wetlands that provide 

habitat for salmon and other organisms that support the beluga’s ecosystem, but once built the 

bridge itself will have unknown effects on currents and sedimentation that could substantially 

alter the Knik Arm ecosystem itself. It is therefore pertinent to consider and evaluate these 

impacts before commencing construction, since going back will not be an option. 

In addition to the permits for other environmental effects, KABATA will also have to 

apply for and receive a Section 404 permit under the CWA before the construction commences. 

A Section 404 permit is necessary because if the bridge is completed as planned, 350 acres of 

subtidal and intertidal wetlands will be destroyed due to the necessary bridge approaches, as well 

as an additional 40 acres of forested, scrub/shrub and emergent wetlands due to the necessary 

road extensions on the MSB side (Vinson 2010). While it’s often useful to consider a variety of 

construction alternatives and weigh the costs and benefits of each, all currently proposed 

alternatives require a filled causeway following the Anchorage shoreline, bypassing the 

Elmendorf Air Force Base, which will require as much as 2 miles of armor protected intertidal 

fill (Figure 2). Because of military restrictions, this portion of the plan is unlikely to change, 

although it will account for the majority of the wetland losses from this project.  
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Figure 2. Proposed Bridge Site. All current alternatives have the connecting road on the Anchorage side 
bypassing the military lands through the construction of an armored fill causeway. Although this constitutes the 
largest disturbance to wetlands, this portion of the plan is unlikely to change due to military restrictions. On the 
MSB side, however, there are multiple potential connections to existing roads: A shorter extension connecting to 
existing highways in Big Lake and Knik and a longer extension, connecting directly to Willow.  

4.1.2: Anchorage Wetland Mitigation 

While there are a number of improvements that could be made within the CWA and the 

wetland permitting situation itself, any such change would require an amendment to the CWA 

regulations at a national level. For example, this could involve setting specific mitigation ratios 

to ensure an adequate number of acres are restored/preserved, or outlining more detailed 

guidelines on site selection methodology. However, given the proposed time frame of this 

project, there are other more immediate steps that could be taken locally to help guide the 

direction of any mitigation that is required in the Knik Arm Crossing Project. 
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In Anchorage, as in the rest of the United States, when a developer wants to develop a 

parcel containing wetlands, they must first obtain a permit from the Army Corps of Engineers. 

The Corps will look at what proportion of the wetlands will be affected by the development, and 

first work to minimize these impacts by stipulating impact reduction measures or alternative 

development plans (Stephens 2010). In addition, the Corps might stipulate that the developer 

provide something called “wetland credits” as part of the mitigation process. These wetland 

credits will vary by wetland type (Stephens 2010). In fact, in Anchorage there is an additional 

guiding document: The Anchorage Debit-Credit Method (ADCM). The ADCM, created in 1996, 

is a “tool for providing a consistent approach to determining the appropriate amount of 

compensatory mitigation for unavoidable adverse impacts from development and other 

construction projects in aquatic areas” (USACE et al. 2010). This method eliminates arbitrary 

mitigation ratios by using mathematical means to express the adverse effects as debits and the 

beneficial impacts as credits (USACE et al. 2010), and delineating project sites in terms of 

relative ecological value (REV).  

Although the use of the ADCM is recommended, it is not required. Despite being a 

voluntary program, however, it is widely used because it provides a number of benefits, such as a 

scientifically supported technique to inform decisions about compensatory mitigation and a 

common technical framework for discussion. As useful as it is in providing guidance on 

mitigation ratios, the ADCM cannot necessarily select the most suitable location for a wetland 

mitigation site. Analyses to determine the most suitable location are, however, becoming more 

common in the southcentral Alaska region. These are often carried out by organizations with in-

lieu fee agreements in an effort to better guide the mitigation projects they are working with.  
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4.1.3: The Great Land Trust 

There are three organizations in Southcentral Alaska that are approved by the Army 

Corps of Engineers to sell wetland credits for wetland preservation: Su-Knik Mitigation Bank 

South-Central Alaska, the Great Land Trust and the Conservation Fund (Stephens 2010). 

Although each works slightly differently, essentially they all use the money earned from selling 

wetland credits, in addition to grants and other funds acquired from outside sources, to buy high-

value wetlands and place a conservation easement on the property to fulfill in-lieu fee 

arrangements. This addition of grants and other funds allows the preservation of more wetlands 

than was actually developed. By placing conservation easements on a tract of land, these 

organizations legally prevent a property from being altered in a way that would impair its 

wetland function in the future. Although no system is perfect, one significant benefit to in-lieu 

fee mitigation is that it is a monetary solution that is far simpler than the owner/developer having 

to buy a wetland elsewhere or mitigate on site. In addition, a unique benefit to this system is that 

development of wetlands in Anchorage can generate the funds to preserve wetlands elsewhere 

(Stephens 2010).  

In 2010, KABATA entered into a partnership with the Great Land Trust (GLT) to 

identify priority wetland mitigation lands in the Knik Arm area. GLT is a private, non-profit land 

conservation organization founded in 1995 by residents of Anchorage and the Matanuska-

Susitna Valley. GLT has extensive past experience performing GIS prioritizations for 

conservation and wetland mitigation lands, and the GIS prioritization of wetland mitigation lands 

highlighted in this case study was done in close collaboration with GLT staff. A separate report 

documenting the results of this prioritization was produced for GLT for this purpose. 
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In addition to compiling the prioritization, it is also possible that the Great Land Trust 

will ultimately accept responsibility for the compensatory mitigation, through an in-lieu fee 

program, should KABATA’s Section 404 permit be approved. Although no formal agreement 

has been made to this effect yet, GLT is the only land trust in the Anchorage/MSB region and 

has a long history of successful in-lieu fee mitigation projects, including the recent acquisition 

and preservation of a 60-acre parcel on Campbell Creek to compensate for the Port of Anchorage 

expansion (GLT 2010). Because of this experience, as well as GLT’s relationship with the Corps 

and KABATA, GLT is a likely conduit for mitigation in this case as well. 

Given that the likely avenue of wetland mitigation will be through an in-lieu fee 

agreement, it is important to highlight some of the costs and benefits of such a potential 

agreement. Davis et al. (2001) clarify the manner in which in-lieu fee mitigation may serve as an 

effective and useful approach to satisfy compensatory mitigation requirements and meet the 

overall goal of “no net loss” of wetlands. They explain that in-lieu-fee mitigation occurs in 

circumstances where a permittee provides funds to an in-lieu-fee sponsor instead of either 

completing the required mitigation themselves or purchasing credits from a mitigation bank 

(Davis et al. 2001). Although in-lieu fee funds are typically paid to a natural resource 

management entity before the project is implemented, in general compensatory mitigation is not 

completed in advance of project impacts (Davis et al. 2001). Not until payment has been 

received does the legal responsibility for ensuring the satisfaction of mitigation terms actually 

fall on the organization accepting the in-lieu fee, and often funds from multiple development 

projects or outside sources will have to be pooled before land can be purchased. It is this delay in 

wetland mitigation action that most in-lieu fee critics focus on. However, once land is acquired, 

the wetlands and other aquatic resources within the mitigation site will be protected in perpetuity 
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with appropriate real estate arrangements. This could involve conservation easements or 

transferring the title to a Federal or State resource agency or a non-profit conservation agency 

(Davis et al. 2001). 

The Great Land Trust has successfully fulfilled in-lieu fee mitigation agreements many 

times (Stephens 2010). For example, their mitigation efforts have led to the preservation of 12 

acres near the corner of Tudor Road and Lake Otis Parkway containing productive wetlands, 30 

acres of Fish Creek Estuary on the Anchorage Coastal Trail, and a greenbelt along Little 

Campbell Creek conserving salmon habitat, maintaining wetland function, and adding to open 

space. In addition, they partnered with The Nature Conservancy to purchase 160 acres in the 

Palmer Hay Flats State Game Refuge. Experience like this ensures that the Great Land Trust 

would be a suitable candidate for the in-lieu fee mitigation sponsor.  

4.1.4: Cook Inlet Belugas and the Endangered Species Act 

Before discussing how to select wetland sites to mitigate for the Knik Arm Crossing 

project, it is first necessary to discuss one additional layer of complexity concerning this 

particular case. Knik Arm is home to an endangered sub-population of beluga whales. As a 

circumpolar species, the beluga is not endangered worldwide. However, of the five Alaskan sub-

populations, the population of Cook Inlet belugas, which often congregate in the Knik Arm area, 

has been proven to be the most demographically isolated, with the most genetically distinct 

mtDNA (O'Corry-Crowe et al. 1997). This genetic isolation, coupled with high site fidelity, 

makes this sub-population particularly vulnerable to both environmental and anthropogenic 

impacts (Hobbs et al. 2005). 

These factors merited treating the Cook Inlet belugas as a separate management stock for 

monitoring population trends and designing a management plan. The term “distinct population 
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segment” has been included in the Endangered Species Act (ESA) for decades, but it was not 

until 1996 that it was actually defined and corresponding evaluation criteria were listed (61 FR 

4722, Feb. 7, 1996). Without this distinction, it is unlikely that the Cook Inlet beluga would have 

been listed under the ESA. But even with this 1996 addition, and numerous petitions to list the 

declining beluga under the ESA, it was not until 2008 that the Cook Inlet belugas were finally 

listed as endangered. At that point, the estimated beluga population was only 350 individuals, 

and three years later, they still show no signs of population increase. 

One may wonder what this endangered whale has to do with wetland mitigation, but the 

listing of these whales has created serious ramifications for almost every aspect of KABATA’s 

project. When the ESA was developed in 1973, during the suite of environmental laws passed in 

the 1960-70s, it was essentially a statement of cultural principle stating that humans should not 

drive non-human species to extinction. To this day, this act continues to grant particular 

protection to any listed species. The purpose of the federal Endangered Species Act is “to 

provide a means whereby the ecosystems upon which endangered species and threatened species 

depend may be conserved” (16 USC 1531).  Therefore, with this listing, the ESA now requires 

federal agencies to ensure that their actions will not “jeopardize the continued existence of [the 

beluga] or result in the destruction or adverse modification of designated critical habitat of [the 

beluga]” (16 U.S.C. §§ 1536(a)). 

It is this issue of “critical habitat” that has aroused the most attention. Because the ESA 

also establishes a process for designating critical habitat necessary for the survival and recovery 

of a listed species, it requires the development of specific action plans for the recovery of listed 

species, restricts activities perceived to harm or kill listed species or adversely affect habitat, and 

requires federal agencies to ensure that their actions do not jeopardize the continued existence of 
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listed species (16 USC 1532,1536). The ESA also requires that critical habitat be determined 

with a species’ listing, “to the maximum extent prudent and determinable” (16 U.S.C. § 

1533(a)(3)(A)), based on the best available scientific data and taking into account the economic 

impact. The ESA may, therefore, prohibit projects from adversely affecting wetlands and other 

jurisdictional waters considered habitat for listed species, without consultation with or 

permission from USFWS or NOAA. Also, because belugas depend on anadromous fish, such as 

salmon and eulachon, for prey, disrupting wetlands necessary for anadromous fish spawning and 

rearing could also fall under the ESA. In addition to habitat protection, the beluga is also 

protected from a "taking." “Take” is defined as “harass, harm, pursue, hunt, shoot, wound, kill, 

trap, capture or collect, or to attempt to engage in any such activity” (16 U.S.C. § 1538(a)(l). 

Even without a critical habitat designation, the ESA is still pertinent to the bridge project because 

the bridge construction will create a great deal of acoustic noise and disturbance in the inlet that 

has the potential to harass the belugas.  

Because designating critical habitat for the beluga would have immense ramifications for 

the bridge, not to mention the port and the city of Anchorage, no agreement has been reached on 

the final extent of this area. Whether or not Knik Arm, or a part of it, is designated critical 

habitat, KABATA will still have to contend with other segments of the ESA. Because of this, 

KABATA is making all possible attempts to design the construction process to harass the 

belugas as little as possible. Also, although belugas are not typically considered part of wetland 

mitigation criteria, belugas and their prey will be the focus of GLT’s GIS analysis for KABATA, 

in an effort to prepare for any necessary mitigation action based on beluga impacts. 
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4.1.5: A Wetland Mitigation Lands Prioritization 

Given the current process of Section 404 permitting and the potential effects of this 

particular project on Anchorage’s remaining wetlands and the endangered Cook Inlet whale, it is 

crucial to identify the highest value mitigation lands, rather than the cheapest or most convenient. 

What is of “highest value” can vary depending on location, and the criteria used in this study are 

very situationally specific. In this case, a GIS prioritization can most efficiently combine 

multiple important conservation criteria, such as estuarine and intertidal wetlands, anadromous 

streams, areas most used by belugas and areas that are in or near already protected areas. In this 

way, the following prioritization can determine the most appropriate parcels for KABATA to 

focus their mitigation efforts on if they want to compensate for their projected effects on 

intertidal wetlands, belugas and beluga prey species, such as salmon. 

4.2: GIS Prioritization Methods 

ArcGIS, a Geographic Information System (GIS), was the primary tool used to complete 

the Prioritization of Land Parcels for Wetland Mitigation Around Knik Arm. Steps taken to 

complete the project are outlined below.  

4.2.1: Data Collection 

Due to the variety of conservation criteria used in this prioritization, it was necessary to 

collect data from an array of sources. The data layers used in this analysis, as well as their source 

location, are outlined in Table 1. 
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Table 1. Prioritization Data Sources 

Data Source Data Layers 
Matanuska-Susitna Borough Parcels 

Roads 
Hydrology 

Municipality of Anchorage Parcels 
Roads 
Hydrology 
Parks/Protected Areas 

National Wetlands Index (NWI)              NWI MOA and MSB Quads 
MSB Wetlands Mapping Project (06-09)              MSB Wetlands 
National Resources Conservation Service (NRCS) Administrative Boundaries (Protected Areas) 

HUC Boundaries 
Alaska Department of Fish & Game (ADF&G)              Anadromous Waters Catalog 
United States Geological Survey (USGS)              National Land Cover Dataset (NLCD) 
Alaska Department of Environmental Conservation 
(DEC) 

303(d) list of Impaired Waters provided by 
DEC; shapefile created by Elise Leduc 

National Oceanic and Atmospheric Administration 
(NOAA) 

Beluga sightings 
Mudflats 

The Nature Conservancy (TNC)              Conservation Management Status layer 

 

4.2.2: Geographic Scope 

Rather than use a constant buffer around Knik Arm, because many of the criteria in this 

analysis are hydrologically focused, I defined the study area on a watershed basis. I limited the 

study area to sub-watersheds, delineated by 12-digit Hydrologic Unit Codes (HUCs), which were 

immediately adjacent to the Knik Arm HUC, with only three exceptions. One of these, the 12-

digit HUC representing the Big Lake sub-watershed (190205051403), was included in the 

analysis due to high anadromous fish use and a high development threat to the area. The other 

two, the Matanuska River Outlet and the Thunderbird Creek sub-watersheds (190204020709 and 

190204010104 respectively) were included because although they were not immediately adjacent 

to Knik Arm, due to the irregular nature of HUC boundaries, these sub-watersheds are still less 

than 2 miles from the inlet, and have a high hydrologic connectivity to Knik Arm (Figure 3). 
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Figure 3. Study Area. The study area for the wetland mitigation lands prioritization analysis was determined 
using a watershed approach by selecting all 12 digit HUCs immediately adjacent to Knik Arm with the exception 
of three HUCs highlighted in the upper inset. See above description for explanation.  

4.2.3: Parcel Filters 

A set of parcel filters reduced the total number of parcels to a feasible number to pursue 

for conservation projects. First, as with previous prioritizations performed by GLT, I excluded 

Federal and State lands (with the exception of Mental Health Trust and Public University lands) 

due to the difficulty in acquiring these parcels for preservation. Second, I excluded all parcels 

with an area less than 1 acre from the analysis. Finally, a parcel was required to meet one of the 

following filters to be considered for ranking: 

1. Presence of anadromous stream on the parcel 
2. Presence of estuarine, tidal, or tidally-influenced wetland on the parcel 
3. Parcel adjacent to or in a protected area 
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The anadromous stream and wetland filters (1 and 2) select parcels that are ecologically 

similar to the areas that will be filled by the Knik Arm Bridge. Anadromous waters are not just 

indicators of anadromous fish distribution, but also of beluga distribution. Because belugas 

congregate in areas with abundant prey, they are often found near anadromous rivers and creeks.  

After all filters were applied, there were 3,047 parcels remaining for analysis (Figure 4). 

From this, 2,645 parcels totaling 71,978.22 acres were located in the Matanuska-Susitna 

Borough, and 402 parcels totaling 7,324.52 acres were located within the Municipality of 

Anchorage. Together, these areas sum to 79,302.74 acres.  

 

 
Figure 4. Geographic distribution of filtered parcels. To be included in the prioritization analysis, parcels must be 
within the study area, be at least 1 acre in size, not be owned by Federal or State governments and meet at least 
one of the following criteria: contain an anadromous waterbody, contain an estuarine wetland or be in or 
adjacent to a protected area. 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4.2.4: Scoring Criteria 

 The Prioritization of Land Parcels for Wetland Mitigation around Knik Arm utilized 8 

different input criteria: 

1. Presence of an anadromous stream 
2. Area of anadromous stream’s buffer zone  
3. Presence of an estuarine, tidal or tidally influenced wetland 
4. Area of estuarine, tidal or tidally influenced wetland 
5. Area of open water wetlands 
6. Adjacent to or within a protected area 
7. Vulnerability to development 
8. Proximity to high-frequency beluga use areas  

The best available data was used for all criteria. Some of this data, however, required 

processing before it could be used to effectively score the parcels. This section will briefly 

discuss the methods used to process the data used in each criterion of this prioritization. 

1. Presence of an Anadromous Stream 

The Anadromous Waters Catalog (AWC), administered by the Alaska Department of 

Fish and Game (ADF&G), contains two datasets: a line shapefile representing anadromous 

streams and a polygon shapefile representing anadromous lakes. Because there are slight 

registration errors in the parcel dataset, I buffered the AWC streams by 100ft to ensure a parcel 

actually containing an anadromous stream was not missed. Once buffered, I merged this stream 

layer with the original lakes dataset into one AWC layer.  

Also, because the AWC stream data is only available in line form, it is not very accurate 

for wider or braided rivers (Figure 5). To resolve this issue, I used the MSB hydrology polygon 

layer in combination with the AWC line file. I then selected and exported all features from the 

MSB polygon layer that intersected with the AWC shapefile as an additional shapefile, 

representing larger braided rivers, which I then merged with the other AWC data from above. 
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Once merged, I scored any parcel that intersected with the complete AWC polygon area as a “1”. 

Any parcel that did not intersect with the AWC polygon was given a “0” (Map 1, Appendix A).  

 

 
Figure 5. Example of inaccuracies in AWC line file. Map shows anadromous stream designations (dark blue) for a 
portion of the Matanuska and Knik Rivers confluence. Note the amount of river (light blue) that is not designated 
as anadromous. For example, while the marked parcels clearly border anadromous waters, they would not have 
been selected simply using the line file. To resolve this issue, all river polygons from the MatanuskaSusitna 
Borough (MSB) hydrology data that intersected with a line from the AWC were also considered anadromous. In 
this example, everything shown in light blue was, in fact, considered anadromous. 

2. Area of Anadromous Stream’s Buffer Zone 

While it is important to determine the presence or absence of anadromous waters on a 

parcel, it is also useful to rank parcels based on the area of these anadromous features. To 

determine this, I buffered the total AWC layer from the previous criterion by 300ft to 

approximate a riparian zone (or shoreline zone for the lakes). I then intersected this buffered data 

layer with all the parcels, which created a separate output file containing only polygons 
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representing the riparian zones within each parcel, with each one referenced to its respective 

parcel by a parcel ID number. The area of these riparian buffer zone polygons can then be 

calculated and joined back to the original parcel dataset. 

However, because simply using the total anadromous acres on each parcel would give 

some parcels a score of over “100” (essentially weighting this criterion at least 100 times more 

than any other) the anadromous acreage for each parcel was normalized. Normalization usually 

involves dividing all the acreage values by the largest one, so the parcel with the largest riparian 

area is scored as a “1” and every other parcel gets some score between 0 and 1. However, 

because there were a handful of outliers (13 parcels with large anadromous acreages), this 

method would have produced a score of essentially zero for most of the parcels because their 

smaller acreages would have been divided by such a high value. Instead, all parcels with more 

than 100 acres of anadromous area were given a score of “1”, and every other parcel was 

normalized using 100 as the top score. This still creates scores ranging from 0-1, but it doesn’t 

skew the score as much in favor of the extremely large parcels (Map 2, Appendix A). 

3. Presence of an Estuarine, Tidal or Tidally Influenced Wetland 

I combined two different sources to create a total wetland coverage for the study area. 

Because most agencies in Alaska recognize the MSB Wetlands Mapping Project (2006-2009) as 

the most accurate and current wetlands map, I used this data where it was available. However, 

the MSB Wetlands data only covers a region in the Matanuska-Susitna Borough from Susitna 

Flats State Game Refuge to the Matanuska River, and had to be combined with another sources 

to create a complete wetlands coverage for the study area. In areas where the MSB Wetlands 

data were unavailable, I used the National Wetlands Index (NWI) (Figure  6). While the 

Municipality of Anchorage has mapped the wetlands in their region with great detail, this 
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mapping effort did not include estuarine or tidal wetlands, which are crucial to our analysis. 

Therefore, I relied on NWI wetlands data throughout the Anchorage area.  

I selected the following categories from the MSB Wetlands data: “Tidal”, “Tidal 

Drainage” and “Rt” (Tidal Rivers). From NWI, I selected all features classified as “Estuarine”. 

Once these selections were made, both were merged to make one complete tidal and estuarine 

wetland coverage. If a parcel intersected with any of these polygons, it was considered to have 

met the estuarine, tidal or tidally influenced wetlands criterion and was given a score of “1”. If it 

didn’t, it was given a score of “0” (Map 3, Appendix A). 

 

Figure 6. Data sources used to create a complete wetlands coverage. The extent of the MSB Wetlands Mapping 
Project is outlined in green. Data displayed here only include estuarine (NWI) and tidal and tidallyinfluenced 
(MSB) wetlands. Other wetland types exist within this area, but because they are not included in this analysis, are 
not displayed in this figure. 
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4. Area of Estuarine, Tidal or Tidally Influenced Wetland 

While it is important to determine the presence or absence of wetlands, as with the 

anadromous waters areas, it is also useful to rank parcels based on the area of wetlands present. 

To determine this, I utilized the same merged wetland layer used in the presence/absence criteria 

and intersected it with all the parcels. This intersection created a separate output file containing 

only polygons of wetlands within individual parcels, which were each referenced to their 

respective parcel by a parcel ID number. I was then able to calculate the area of these wetland 

polygons within each parcel, and then join this information back to the original parcel dataset.  

However, because some parcels had well over 100 acres of estuarine or tidal wetland, I 

performed a normalization. Again, while this usually involves dividing all the areas by the 

largest value, because there were a handful of outliers (12 parcels with a very large acreage), I 

altered the method of normalization slightly. All parcels with more than 100 acres of 

estuarine/tidal wetlands were given a score of “1”, and every other parcel was normalized using 

100 as the top score. Like the anadromous area, this still creates scores ranging from 0-1, but it 

does not skew the criteria as much in favor of the extremely large parcels (Map 4, Appendix A).  

5. Area of Open Water Wetlands 

This criterion aims to capture large open water wetland complexes that provide a refuge 

for fish and are hydrologic contributors to anadromous streams. This idea is modeled after the 

Kenai Watershed Forum’s habitat suitability analysis for Silver (Coho) salmon, Oncorynchus 

kisutch (KWF 2007) and was also used in GLT’s previous work A Prioritization of Land Parcels 

for Conservation in the Matanuska-Susitna Borough Near Knik Arm. I determined the areas 

comprising open water wetlands by selecting the following wetland categories from the MSB 

wetlands data: Depression, Drainageway, Floating Island, Kettle, Lakebed, Ripple Trough, 
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Spring Fen and Tidal Drainageway with a hydrology classification of 1, as well as all polygons 

classified as Lake. Wetland categories from NWI data included Palustrine areas with the codes 

PEM, PAB and PUB with water regimes listed as F, H, or K and all Lacustrine (lake) wetlands.  

I then selected the wetland categories listed above from MSB wetland and NWI data 

(again, MSB data was utilized where it existed, and NWI was used everywhere else), but only 

those features that were adjacent to anadromous streams were retained. Open water wetlands 

adjacent to the previously selected open water wetlands were then selected, and the process 

iterated until all connected open water wetlands contributing to anadromous streams were 

selected. I calculated the area of these open water wetlands within each parcel. As with the other 

area related categories, I normalized the values for this criterion, with 100 acres being the cutoff 

for outliers (there were 5 parcels with areas larger than this). As before, these large-area outliers 

were given a score of “1”, and every other parcel was normalized using 100 as the top score. 

This still creates scores ranging from 0-1, but it doesn’t skew the criteria as much in favor of the 

extremely large parcels (Map 5, Appendix A). 

6. Adjacent to or Within a Protected Area 

This criterion enhances habitat connectivity. By selecting areas for preservation that are 

already in or adjacent to existing protected areas, the total contiguous area of protected land 

increases. These large tracts of land are important for biodiversity, but also contribute to stable 

and highly functional hydrologic regimes. In addition, from a management standpoint, a few 

larger protected areas are much easier to manage than many small ones.  

To determine protected areas, I relied mostly on a Conservation Management Status 

(CMS) dataset. CMS describes the degree to which land, particularly public land, is legally 

designated and explicitly managed for biodiversity conservation.  Based on the U.S. Geological 
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Survey’s Gap Analysis Program (1998), which provides a framework for assigning conservation 

management status, The Nature Conservancy (TNC) assigned four CMS categories to MSB 

lands (Smith and Geist 2010).  In general, CMS 1 and 2 have a strong emphasis on conservation 

protection and have legal designations that are challenging to change.  CMS 3 may protect 

selected natural features or have minimal development, but the intent of the management is for 

human activities like resource extraction or recreation.  CMS 4 public lands are developed or the 

management intent is primarily for human uses, such as mining.  TNC conservatively assumed 

that all private lands are primarily managed for human use. Protected areas within the 

Matanuska-Susitna Borough used for this current analysis consisted of all parks, refuges, 

recreation areas, and other areas listed in Smith and Geist (2010) as having a CMS of 3 or lower.  

Because this CMS analysis has not been completed for the Municipality of Anchorage, I 

used a different input for this region. A layer defining MOA protected parcels was obtained from 

the Municipality of Anchorage and updated by GLT for previous analyses to include newer 

protected areas and easements, and remove parks that serve a more of a recreation rather than a 

conservation purpose (e.g. baseball fields). I used this preprocessed layer for the MOA region. In 

addition, certain larger parks and reserves, such as the Anchorage Coastal Wildlife Refuge were 

missing from this data, and I selected appropriate polygons from the National Resource 

Conservation Service’s (NRCS) administrative boundaries layer to correct the issue.   

All protected areas were then merged together in a single layer and considered equal for 

the purposes of this analysis. Any parcel that intersected a protected areas was given a score of 

“1”, while all parcels that did not were given a score of “0” (Map 6, Appendix A). 
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7. Vulnerability to Development  

Although I scored all other criteria on a parcel level, because this concept is more 

landscape oriented, I scored vulnerability to development on a sub-watershed (HUC-12) level. I 

modeled the processing for the total vulnerability scores after The Nature Conservancy’s 

vulnerability scenarios created for the Mat-Su Salmon Partnership (2009). While TNC’s original 

version combined 8 different inputs, for the purposes of this analysis, I simplified the total 

vulnerability to development to three inputs: 

 
1. Road density (MSB GIS, 2010; MOA GIS, 2010) 
2. Converted and impervious land cover (USGS National Land Cover Dataset, 2001) 
3. Water quality (ADEC Alaska Clean Water Actions, 2011) 
 
As mentioned before, these factors are inappropriate on a parcel level due to their 

inherently large scale, but can be analyzed on a HUC12 level. I assigned parcels a vulnerability 

score according to what HUC12 their centroid was in. I combined these three factors with the 

following weights: (Road density x 1) + (Impervious land x 1) + (Water quality x 0.5) = 

Vulnerability. Final scoring for this criterion is shown in (Map 7, Appendix A).  

8. Proximity to High Use Beluga Areas 

Because the loss of beluga habitat is one of the main concerns for this mitigation lands 

prioritization, I included a criterion that addressed this issue directly. However, since belugas 

exist in the waters of Knik Arm, and it is not possible to acquire open water (i.e. submerged 

lands) for conservation easements, I performed a series of processing steps to locate coastal lands 

along areas of Knik Arm that are most commonly used by belugas. I relied on two data inputs to 

define high use beluga areas: data from NOAA’s beluga surveys and the locations of mudflats 

(Figure 7). Mudflats have been indentified as a predictive factor for beluga distribution in beluga 

habitat studies (Goetz et al. 2007). 
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Figure 7. Input data for determining high use beluga habitat. Red circles represent beluga sightings throughout 
the Knik Arm area, with larger circles representing a larger group. The tan polygons displayed in this map 
represent areas of known mud flats.  

Before these two datasets were combined, I ran a kernel density analysis from the point 

locations in the beluga sighting data (Figure 8). Based on the number of sightings in each region, 

this function identifies areas with more beluga sightings (displayed in blue) and areas with fewer 

beluga sightings (displayed in light green/yellow). The assumption from here is that areas with 

more sightings are areas most frequently used by belugas. 
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Figure 8. Kernel Density analysis for beluga sightings in Knik Arm. Regions with a high number of sightings will 
appear darker (blue), while regions with a fewer or no sightings will appear lighter (green or yellow).  

I then classified this density output based on Jenks Natural Breaks, reclassified it into the 

values 1-5 (with 5 signifying the highest and 1 the lowest), and then converted it into polygons. I 

then joined these ranked polygons to the mudflats shapefile using a Union function. For areas 

where there was overlap, I added 1 point to the “class” of that area, resulting in a range of 

“classes” from 1-6. Classes 4, 5, and 6 were considered the highest use areas and I exported them 

as separate shapefiles (Figure 9). Because these regions still only represent areas in the water, I 

applied a 3-mile buffer to each class (Figure 9). These zones were then intersected with a 500ft 

buffer around the edge of Knik Arm, and the following scoring regime was applied to areas 

within the 500ft coastal buffer: 
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   Class    Score 
   Class 6      1 
   Class 5    0.66 
   Class 4    0.33 
   Other regions     0 
 

I then applied this scoring system to any parcel that intersected the 500ft coastal buffer, resulting 

in a higher score for parcels along the coast of Knik Arm that were located in a high use buffer 

region (Map 8, Appendix A).  

 
Figure 9. Highest use beluga habitat areas. “Classes” of beluga habitat were buffered by 3 miles to incorporate 
surrounding land. Parcels within 500 feet of Knik Arm that fell within these buffered regions were weighted 
higher due to their proximity to high use beluga habitat areas. 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4.2.5 Summary of Scoring 

I combined the 8 criteria listed in Section 2.4 to calculate overall parcel scores. The score 

for each individual criterion ranged from 0-1 for each parcel. Variables based on presence or 

absence of a feature were binomial, with “0” for an absent feature and “1” for the presence of a 

feature. Continuous variables, such as area and vulnerability had a raw score (ex: acres), which I 

then normalized by dividing by an adjusted high score. This resulted in scoring everything with 

this adjusted high value or higher a score of “1” and all other parcels a score between 0 and 1. 

When combining the criteria, I weighted each factor equally. The combined score could, 

therefore, sum to a maximum score of 8. In actuality, the maximum score came out to 5.65. The 

8 criteria and how they were scored are summarized in Table 2. 

Table 2. Summary of Scoring for All Criteria 

Criteria Score 
1. Presence of an anadromous stream 0,1 
2. Area of anadromous stream’s buffer zone. 0-1 
3. Presence of an estuarine, tidal or tidally influenced wetland 0,1 
4. Area of estuarine, tidal or tidally influenced wetland 0-1 
5. Area of open water wetlands 0-1 
6. Adjacent to or within a protected area 0,1 
7. Vulnerability to development and other threats 0-1 
8. Proximity to high-frequency beluga use areas  0-1 

 
Note: “0,1” denotes a binomial score, while “0‐1” denotes a potentially continuous score with 
fractional values ranging from 0 to 1. 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4.3: GIS Prioritization Results 

 
Figure 10. Final Parcel Prioritization Results. All parcels are displayed here according to their final combined 
scores. Parcels that scored higher, and are therefore the highest quality mitigation parcels, are displayed in 
darker colors. Lighter colors denote parcels with lower scores. 

This prioritization resulted in a final combined score for all criteria listed above for 

each  of  the  3,047  parcels.  Using  this  information,  the  Great  Land  Trust  will  be  able  to 

recommended locations within the study area that best match the ecological functions that 

would be lost during the Knik Arm bridge construction. Parcels displayed according to their 

final score in Figure 10. In addition to displaying the locations of all top‐ranking parcels, I 

also compiled detailed information about each parcel in the shapefile’s attribute table. This 

information not only includes the final score and how the parcel scored for each individual 

criteria,  but  also  includes  owner  name  and  contact  information,  so KABATA  and/or GLT 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will  eventually  be  able  to  contact  landowners  of  top‐ranking  parcels  to  discuss  the 

potential  for  putting  those  lands  into  a  permanent  form  of  conservation.  For  privacy 

reasons,  this  table  will  only  be  included  in  the  final  analysis  report  given  to  GLT  and 

KABATA, and not as part of this document. 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5: Evaluation of GIS as a Mitigation Lands Selection Approach 

Site selection is based on a many factors, but perhaps the most important is geographic 

location relative to the development project. Regulatory Guidance Letter 02-2 specifies that the 

mitigation generally should be within the same area (e.g., watershed, county) as the development 

site, such that the mitigation can be reasonably expected to provide appropriate compensation for 

impacts on the aquatic resource (Cylinder et al. 2004). But in the past, without increased data and 

the ability to map and visualize the potential options, it was difficult to locate the best locations 

within a given area.  

However, technology and methodology has greatly advanced since the advent of wetland 

regulations in the 1970s, and there are now numerous techniques for assessing wetland functions 

and values, as well as locating regions where high quality wetlands will likely to be found 

(Cedfeldt et al. 2000). Most traditional wetland assessment methods relied entirely on local 

knowledge and time consuming site visits to evaluate each wetland area of concern. Now, a more 

efficient and functional approach to wetland site assessment can be performed with the aid of a 

Geographical Information System (GIS) (Cedfeldt et al. 2000). GIS analyses can be utilized to 

first locate a series of potential wetland sites, before employing expensive and time-consuming 

field assessments. Also, a GIS approach can bring objectivity to wetland functional analysis. 

Once specific predictors are established, every wetland can be considered in an unbiased fashion 

(Cedfeldt et al. 2000). 

5.1: Evaluation of the GIS Prioritization Approach 

Although no method is perfect, GIS land prioritizations are an incredibly useful tool and 

offer a number of advantages over traditional techniques for choosing mitigation lands. 

Gorokhovich and Vousianiouk (2010) cite repeatability as one of the main advantages of this 
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method (Gorokhovich and Vousianiouk 2010). The consistency of the method and its 

reproducibility by any GIS-skilled technician with use of only conventional tools means that 

comparable techniques can be applied to multiple projects. In addition to the repeatability, 

Kauffman suggests using the Model Builder approach within ArcGIS can add a level of 

transparency (Kauffman 2007). The processes documented in the Model Builder flow chart 

would then be available as an automated spatial analysis, which can not only be executed 

repeatedly but can easily allow users to visualize, alter, remove and build upon modeled 

processes. Additionally, as new data becomes available, the model can be modified and re-run.  

This repeatability was also mentioned by Boteva et al. (2004) as one of the largest 

benefits of this method. In their study evaluating habitats of conservation significance in Greece, 

the repeatability allowed GIS prioritizations to be used as a consistent basis of comparison of the 

conservation significance between newly identified sites and already existing protected areas 

(Boteva et al. 2004). This consistency is made possible by the selection of strict criteria and a set 

scoring system. Finally, repeatability and transparency are key attributes of the Knik Arm case 

study. KABATA will be able to reference this analysis to justify their choice of particular 

mitigation sites, and clearly show what ecological features will be protected on a specific parcel.  

Another benefit of utilizing GIS to select conservation and mitigation lands is that it can 

select for larger groups or clusters of parcels using targeted spatial analyses. Larger clusters of 

land are important because large areas are more efficient for achieving conservation goals, as 

they allow wider biodiversity and have higher potential for habitat and species migration and 

survival. Large areas can also help in long-term governmental planning and development of 

future environmental policies, as well as in community planning (Gorokhovich and Vousianiouk 

2010). In addition, wetlands with good connectivity and spatial continuity can better perform 
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natural ecological functions (Kauffman 2007). The case study presented in this report could be 

expanded upon with an optimization tool, such as MARXAN, to select clusters of high ranking 

parcels, rather than simply ranking each parcel individually.  

Finally, while lack of data can be a problem, GIS analyses can often use proxy data to 

substitute for specific missing biological data. For example, in the 2004 study by Geneletti, the 

lack of digital data addressing biotic information available was overcome by resorting to abiotic 

indicators. These indicators, such as size, shape and connectivity, have been proposed in 

landscape ecology as good estimates of conservation relevance of ecosystem patches within the 

landscape (Geneletti 2004).  

Often abiotic factors are more easily measured and easily understood than biotic 

parameters. Also, Kauffman (2007) notes that the increasing utilization of GIS in wetland 

restoration planning has been shown to efficiently evaluate factors that are not easily observed or 

measured in the field. With our Knik Arm case study for example, it would have been extremely 

time consuming to survey the area of all open water wetlands on any given parcel, but with a 

simple GIS analysis, this information can be calculated almost instantly. 

While there is a range of benefits associated with performing GIS prioritizations, like all 

approaches, there are also a number of disadvantages to this method. One of the most apparent, 

which has been alluded to before, is the problem of insufficient data. This can create a barrier to 

performing an accurate and efficient land prioritization if access to comprehensive and 

appropriate data is limited. While the quality and quantity of GIS data is consistently growing, 

much of Alaska’s immense area still lacks basic data. Fortunately, this problem will likely 

become less prevalent as time goes on because new studies and projects are constantly adding to 

the library of digital data available for Alaska and elsewhere. For GIS analyses similar to the 
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Knik Arm case study, for example, data availability will likely improve as more projects like the 

MSB Wetlands Mapping Project are done for other parts of Alaska. In the meantime, although 

projects that rely on maps are only as good as the spatial data available, decisions about 

management, restoration, and protection can be still be based on existing data if data limitations 

are acknowledged and the data are used appropriately. 

Gorokhovich and Vousianiouk (2010) identify another potential disadvantage to the GIS 

prioritization approach: the subjectivity of choosing scenarios in a parcel prioritization 

(Gorokhovich and Vousianiouk 2010). Boteva et al. (2004) mirrored this opinion saying that the 

evaluation system itself uses scientific data, but the assessment of the conservation significance 

of the criteria does not, in that the scoring and weighting of criteria are somewhat subjective 

(Boteva et al. 2004). This disadvantage can be ameliorated, however, by conscientious attention 

to the potential for this issue, and basing criteria weightings and scenario choices on sound 

scientific data and expert opinion rather than random choices. GLT’s prioritization for KABATA 

addressed this issue by incorporating expert opinions from NOAA, Alaska Department of Fish 

and Game, USFWS, TNC and many others.  

Overall, while GIS prioritizations are not perfect and data is still lacking in many places, 

it is an extremely useful and cost effective tool for locating land parcels for wetland mitigation 

projects or conservation. With careful attention, potential subjectivity downfalls can be avoided. 

Weighing the benefits and costs of this method, it seems that GIS prioritizations are a useful and 

powerful planning tool and will likely become more common in the future as the technical 

expertise and comprehensive data become more widespread.  
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5.2: Implications for Other Mitigation Projects 

 This case study has implications for wetland mitigation within Alaska, as well as 

throughout the rest of the United States. Within Alaska, for example, this study will be 

particularly useful for identifying specific lands around Knik Arm for wetland mitigation. While 

the analysis is specific to the Knik Arm Crossing Project, the high-ranking parcels would likely 

be suitable mitigation parcels for a variety of coastal development mitigation projects. Also, 

there is the potential that by collecting, processing and compiling data from all the different 

sources utilized in this prioritization, this analysis will make information and data gathering 

much easier for researchers exploring a variety of coastal environmental topics in the Anchorage 

area in the future. 

 This case study also has a number of implications for wetland mitigation nationally. First, 

the issue of data gaps is not unique to Alaska. More comprehensive biological data is needed 

throughout the country, but until more analyses like this are done to show the utility of such data, 

there won’t be a strong enough incentive to increase data collection. Second, although the data 

used in the Knik Arm case study are unique to the area, the general methods of using GIS 

prioritizations as a coastal development tool are useful throughout the country. New 

development projects exist everywhere, and tools like this can not only be used to select wetland 

mitigation sites for any wetland habitats that are lost in the process, but a very similar analysis 

could be used to locate an appropriate location for new development projects in the first place, 

prioritizing areas where the least harm will be done to valuable habitat/conservation areas. 

5.3: Other Available Approaches 

  While few other approaches to wetland mitigation site selection are as well documented 

as GIS prioritizations, it is worth mentioning them. Here, I will compare GIS prioritizations to 
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other approaches currently available for selecting wetland mitigation sites and what the strengths 

and weaknesses of each are. While this list is not exhaustive, it does discuss the most common 

strategies.  

One alternative strategy for wetland mitigation site selection is a watershed approach. A 

watershed approach, which is currently recommended in the new 2008 Section 404 guidelines, is 

based on an understanding of biological factors and that movement of water in a drainage basin 

can determine the ecological functions and characteristics of a site. The Washington Department 

of Ecology, a proponent of this approach, first determines the extent to which ecological 

processes have been altered and then identifies new areas where these processes can most 

effectively be restored and/or protected (Hruby et al. 2009). While sound in theory, the 

disadvantage of this method is that it relies on a watershed plan, which many regions have not 

yet developed and may not have the time and resources to create. Additionally, whether or not a 

plan is available, to efficiently evaluate potential sites for their compensatory functions and 

services, something akin to a GIS analysis would be needed. This is not, however, required. 

Ultimately, GIS prioritizations and watershed approaches can be combined to utilize the theories 

behind a watershed approach while maintaining the efficiency and power of a GIS analysis. In 

essence, I utilized this multi-approach combination by structuring the Knik Arm study area on 

watershed boundaries. 

As an alternative approach, some states and agencies simply rely on a systematic list of 

criteria. For example, the Washington Department of Transportation has guidelines for wetland 

mitigation site selection that include a list of desired criteria desired for a mitigation site. These 

criteria include property size, wetland functions, and watershed (must be located in the same sub-

basin) (WSDOT 2008), but there is no guidance on how to locate a parcel with such features. 
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This same technique was used for a wetland mitigation project in New York. There, they listed 

various selection criteria, which included size of site, existing habitat resources, water resources, 

geologic features and compatibility with adjacent land uses (Beall et al. 1994). While these are 

valid and useful selection criteria, they were only able to evaluate these factors in twelve parcels 

because field-testing sites is costly. With the GIS technologies and remote sensing data available 

today, all the criteria above could have been analyzed in hundreds or thousands of sites, rather 

than just twelve.  

Finally, there are agencies, such as the New Jersey Department of Environmental 

Protection, that have a predefined list of approved wetland mitigation sites (Balzano et al. 2002). 

The advantage to such a system is that each successive mitigation project spends less time and 

resources locating suitable mitigation sites for their individual project. A potential disadvantage 

is that because mitigation sites are preselected, the location eventually chosen might be adequate 

wetland mitigation site in general, but might not possess the specific features needed to 

compensate for any specific project’s impacts. Care would have to be taken to match the features 

of the site selected with those lost from the project, rather than casually picking from a 

predefined list.  

Given the various methods mentioned above, which is the best? The answer may in fact 

be location and situation dependent, where certain approaches are more suitable to particular 

locations. For example, in an area with little digital data available, or in a very small watershed 

where most details are known about all the available mitigation sites, simply having a watershed 

plan or a set of selection criteria may be the best way to proceed with selecting a mitigation site. 

However, where digital data exists for many ecological and biophysical criteria, or where the 

region of interest is too large to effectively survey potential sites in the field, a GIS prioritization 
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approach would certainly be the most efficient. Alternatively, there is also the possibility, as 

mentioned above, to combine the best features of multiple methodologies into one site selection 

procedure. Ultimately, however, it depends on the situation and the resources available and 

planners should familiarize themselves with the various options before beginning a mitigation 

site selection process. 
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6. Conclusions and Recommendations 

It is clear that given the continued loss of wetland acreage in the United States, that 

wetland protection laws are not adequate to meet the goal of “no net loss”. More stringent 

regulations to limit development in the first place would certainly reduce the number of wetland 

acres lost. Often, however, there are cases when development is necessary to provide economic 

growth and vital infrastructure to populous areas. In these instances, when a permit is issued, 

updated compensatory mitigation guidelines could promote more successful mitigation projects. 

One potential change is that the watershed approach could be required, rather than suggested. 

Another would be to predetermine required mitigation ratios in the regulations, rather than leave 

them up to the discretion of individual Corps offices. In the meantime, however, even without 

amending the Clean Water Act, there are ways to improve wetland mitigation projects, such as 

improving site selection. It is this aspect of wetland mitigation that was explored in this project.  

The Knik Arm case study highlighted in this report illustrates the utility and efficiency of 

using a GIS methodology for site selection. Without the use of GIS, many fewer sites would 

have been evaluated, and likely over a much smaller area of the watershed. Here, however, 3,047 

parcels located in all sub-watershed surrounding Knik Arm were analyzed for eight different 

selection criteria, providing a comprehensive overview of the region’s wetland mitigation 

potential for KABATA. KABATA, and any future in-lieu fee partner, can now begin to explore 

potential land acquisition and conservation opportunities on the parcels ranking the highest in 

this prioritization.  

Despite the usefulness and efficiency of utilizing GIS prioritizations for site selection, 

this method may not always be an option. Planners and managers will have to assess the situation 
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in their particular location, determine if adequate data is available to do a similar analysis and 

choose a site selection methodology that best meets their needs. If sufficient data is not available, 

planners could refer to the utility and efficiency of GIS prioritizations as an impetus for more 

comprehensive data collection, rather than ruling out the possibility of performing such an 

analysis.  

However, there are other site selection approaches, such as creating a watershed plan, 

selecting from predetermined sites or using a systematic list of criteria. A watershed plan can be 

useful if the time and resources are available to create one. Such a plan can give an ecosystem 

and watershed level context to a project, rather than relying on municipal boundaries, but it may 

still be difficult to locate individual mitigation sites if the watershed of interest is large. 

Alternatively, choosing from a predetermined list of sites may be the least time intensive for 

subsequent mitigation projects, but there is the potential to choose a site that does not adequately 

reflect the ecosystem functions lost in the disturbed wetland and there may be more appropriate 

sites to compensate for a specific project that are not identified with the list. Finally, a list of 

selection criteria is useful in focusing site selection, but it is unlikely that more than a handful of 

sites will be field tested due to the cost involved.  

Each method has its costs and benefits, which will vary depending on the location and the 

resources available, but none have the efficiency or ability to scan such a large region for 

potential sites as a GIS prioritization. While the above mentioned methods will likely be used in 

combination with GIS prioritizations to start (i.e. using a watershed boundary for the study area 

or using a set list of mitigation criteria to prioritize parcels), given the cost effectiveness and 

comprehensiveness of GIS prioritizations, this method is likely to be increasingly relied upon in 

the future.  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Appendix B: Detailed GIS Methods 
 
Note: Specific file names are given in italics and specific tools and processes are given in bold. 
 
STUDY AREA: 

1. Starting with all HUCs, Select the polygon representing Knik Arm, and go to Data  
Export Data  Export Selected Features to save the Knik Arm HUC polygon as a 
separate shapefile: KnikArmHUC.  

2. Using Select by Location, select features from the HUCs shapefile (HUCs_combined) 
that intersect with the Knik Arm HUC polygon. Save this selection as a separate 
shapefile: HUCs_KnikArm_intersection. This will also include the HUC for all of Cook 
Inlet and Turnagain Arm. Select these two HUCs, Switch Selection and save the 
remaining selected polygons as HUCs_KnikArm_intersected_NOCookInlet. 

3. To make sure other important watersheds in the vicinity are included, Select HUCs 
190204010104, 190204020709 and 190205051403 and save these selected HUCs 
as a separate shapefile: HUCs_ToAdd. 

4. Project both these shapefile products into NAD 1983 StatePlane Alaska 4 FIPS 5004 
Feet: HUCs_KnikArm_intersected_NOCookInlet_stateplane and 
HUCs_ToAdd_stateplane.  

5. Merge these two shapefiles together: HUCs_in_StudyArea. 
6. Dissolve HUCs_in_StudyArea so it becomes a single polygon representing the study 

area: Study_Area. 

PARCELS: 
1. Begin with parcel datasets filtered for previous land prioritizations (the Anchorage 

Wetland Parcel Prioritization Project and the Prioritization of Land Parcels for 
Conservation in the Matanuska‐Susitna Borough), which only contain ownership 
types suitable for land conservation projects such as this. Suitable ownership types 
exclude Federal and State lands, with the exception of Public University and Mental 
Health Trust lands.  

2. Select only parcels 1 acre in size or greater.  
3. After applying all the criteria below to the parcel dataset, use this information to 

filter the parcels that will actually be scored and ranked. Only parcels that contain 
anadromous waters, estuarine, tidal or tidally influenced wetlands and/or are 
adjacent to or within a protected area will be retained for the final ranking. 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CRITERIA: 
Anadromous Waters Presence: 

1. Begin with 2010 AWC data for streams and lakes (2010_scn_arc, 2010_awc_lakes) 
and Project them into Alaska State Plane: (2010_awc_lakes_stateplane, 
2010_awc_streams_stateplane) 

2. Select by Location to select polygons from msbhydrop (MSB hydrology polygons) 
that intersect with the AWC lines. These will represent the larger rivers (rather than 
using a simple line feature): AWCRiverPolygons 

3. Use a polygon representing the Knik Arm region (clip_feature) to Clip each of the 
three above shapefiles to a more reasonable area for easier processing: 
Clipped_AWC_streams, Clipped_AWC_lakes, Clipped_AWC_polys. 

4. Buffer the streams by 100ft to account for registration issues in the dataset: 
AWC_streams_100ft. 

5. Merge AWC_streams_100ft, Clipped_AWC_lakes, Clipped_AWC_polys together: 
AWC_PresenceAbsence_Criteria. 

6. To determine which parcels contain anadromous waters, use Select by Location to 
find parcels that intersect with AWC_PresenceAbsence_Criteria. 

a. Add Field: AWC 
b. Open the parcel layer attribute table and display only the selected rows. 
c. Right click on the AWC field and select Field Calculator and use AWC = 1 as 

the expression.  
d. This should give a value of 1 to all the parcels containing some portion of an 

AWC stream or lake. 

Anadromous Waters Area: 
1. Buffer each of Clipped_AWC_streams, Clipped_AWC_lakes, Clipped_AWC_polys by  

300ft so a zone of anadromous riparian area is included: AWC_streams_300ft, 
AWC_lakes_300ft, AWC_polys_300ft. 

2. Merge these three together: AWC_Merge. 

3. Intersect StudyArea_Parcels with AWC_Dissolve  AWC_parcels_intersect 
4. Add Field to AWC_parcels_intersect:  AWC_Area and use Calculate Geometry to 

determine acres. 
5. Use Delete Field to remove all fields from that attribute table accept the FID_StudyA 

and the AWC_Area.  
6. Dissolve on the FID_StudyA field and SUM AWC_Area: 

AWC_parcel_intersect_dissolve. 
7. Use Add Join tool to join this table to the StudyArea_Parcels table, using the FID and 

FID_StudyA fields to join. 
8. Add Field (AWCAreaNor) to StudyArea_Parcels. Use Field Calculator in the new 

field to normalize the AWC riparian area: Divide each area value (from the previous 
join) by the highest area calculated. 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a. In this case, all AWC riparian areas above 100 acres were given a 1. The rest 
were normalized on 100. 

 
Estuarine, tidal or tide‐influenced wetlands: 

1. Remove the NWI portion where MSB wetland data will be introduced 
a. From a combined projected NWI layer, including the newly digitized 

Anchorage B6 Quad (NWI_All), use a polygon representing the extent of 
Gracz’s data (CIWetlands_polygon) as a Clip Feature within the Clip tool. 
Creating NWI_CIclipped. 

b. Using Union, combine the NWI_All and NWI_CIclipped layers to create 
NWI_CIclipped_Union. 

c. Then use Select by Location to select features from NWI_CIclipped_Union 
that are within CIWetlands_polygon.  

d. Then Switch the Selection. Now, only wetlands completely outside the 
polygon should be selected. Save this selection as a new shapefile: 
NWI_outside. 

2. From NWI_Outside Select all estuarine wetlands by selecting all features with a 
wetland code that begins with “E”. Save selected features as a separate shapefile: 
NWIEstuarine. 

a. If you look closely, however, NWIEstuarine has a few random and isolated 
patches to the east that are likely errors. Manually Select these polygons, 
then Switch the Selection so all the other correct estuarine features are 
highlighted and save that out again as another layer: NWIEstuarine_Fixed. 

3. From the CIWetlands, Select all the features with ecosystem labels of “Tidal”, “Tidal 
Drainage”, or the map unit classification “Rt” (i.e. Tidal Rivers) and save the selected 
features as a separate shapefile: CI_TidallyInflunced 

4. Merge NWIEstuarine_Fixed with CI_TidallyInflunced to get a complete shapefile for 
estuarine, tidal and tidally influenced wetlands in the area: 
Tidal_Estuarine_Wetlands. 

5. Select by Location from StudyArea_Parcels to select those features that intersect 
with Tidal_Estuarine_Wetlands. 

a. Add Field to the StudyArea_Parcels called TidalEstu. Use the Field 
Calculator for all selected features to give them a value of 1. (Only selected 
features should have a value of 1 in the TidalEstu field, the rest should have 
“0”).  

Estuarine, tidal or tidally‐influenced wetland area: 
1. Intersect StudyArea_Parcels with Tidal_Wetlands  Estuarine_Parcels_Intersect 
2. Add Field to Tidal_Parcels_Intersect:  Tidal_Area and Calculate Geometry for this 

field for area in acres. 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3. Use Delete Field to remove all fields from that attribute table except the FID_Tidal_ 
and the Tidal_Area.  

4. Dissolve on the FID_Tidal_ field and SUM Tidal_Area:  
Estuarine_Parcel_intersect_dissolve. 

5. Use Add Join tool to join this table to the StudyArea_Parcels table, using the FID and 
FID_StudyA fields to join. 

6. Add Field (TidAreaNor) to StudyArea_Parcels. Use Field Calculator in the new field 
to normalize the AWC riparian area: Divide each area value (from the previous join) 
by the highest area calculated. 

a. In this case, all wetland areas above 100 acres were given a 1. The rest were 
normalized on 100. 

 
Open Water Wetlands: 

1. From the NWI wetland layer with the section clipped out where MSB wetlands have 
been mapped (NWI_Outside), Select the following wetland types and save to another 
shapefile: 

a. Wetlands with PEM____ in the ATTRIBUT_1 field with water regimes F,H, or 
K: PalustrineEM_FHK 

b. Wetlands with PAB___ or PUB___ in the ATTRIBUT_1 field with water regimes 
F, H, or K: PalustrineAB_UB_FHK 

c. Lacustrine wetlands (L____ in the ATTRIBUT_1 field): Lacustrine 
2. From the MSB wetland layer, Select the following wetland types and save to another 

shapefile: 
a. Wetlands listed under the Ecosystem Field with Depression with a 1 in the 

MapUnit field (ie D1__): Depression1 
b. Wetlands listed under the Ecosystem Field with Drainageway with a 1 in the 

MapUnit field (ie DW1__): Drainageway1 
c. Wetlands listed under the Ecosystem Field with FloatingIsland: 

FloatingIsland 
d. Wetlands listed under the Ecosystem Field with Kettle with a 1 in the 

MapUnit field (ie K1__): Kettle1 
e. Wetlands listed under the Ecosystem Field with Lake: Lake 
f. Wetlands listed under the Ecosystem Field with Lakebed with a 1 in the 

MapUnit field (ie LB1__): Lakebed1 
g. Wetlands listed under the Ecosystem Field with RippleTrough with a 1 in the 

MapUnit field (ie RT1__): RippleTrough1 
h. Wetlands listed under the Ecosystem Field with Spring Fen with a 1 in the 

MapUnit field (ie SF1__): SpringFen1 
i. Wetlands listed under the Ecosystem Field with TidalDrainageway with a 1 

in the MapUnit field (ie TD1__): TidalDrainageway1 and TidalDrainageway1_2 
3. Then Merge all of the above shapefiles together: Combined_OW_Wetlands. 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4. Determine which of the open water wetlands are adjacent to anadromous waters or 
adjacent to wetlands that are adjacent to anadromous waters, etc. To do this, use 
Select by Location to select features from Combined_OW_Wetlands that intersect 
with Anadromous_Open_Water_Polygons and save the output as 
Adjacent_OpenWater1. 

a. Repeat this step, selecting features from Combined_OW_Wetlands that 
intersect with Adjacent_OpenWater1 and save those out as 
Adjacent_OpenWater2, and so on… 

b. Do this until the number of selected features in Combined_OW_Wetlands 
equals the total number of features in the Adjacent_OpenWater# that you’re 
using for the selection. In this case, the final shapefile was: 
Adjacent_OpenWater5. 

5. Merge Adjacent_OpenWater5 with Anadromous_Open_Water_Polygons : OW_Merge 
6. Dissolve OW_Merge to create a simpler feature to intersect with parcels and to 

eliminate any duplicate polygons from the two selections: Dissolved_OW.  
7. Determine the area of open water wetlands in parcels: 

a. Intersect StudyArea_Parcels with Dissolved_OW  OW_Parcels_Intersect 
b. Add Field to OW_Parcels_Intersect:  OW_Area and Calculate Geometry for 

this field for area in acres.  
c. Use Delete Field to remove all fields from that attribute table except the 

FID_StudyA and the OW_Area.  
d. Use Add Join tool to join this table to the StudyArea_Parcels table, using the 

FID and FID_StudyA fields to join. 
e. Add Field (OWAreaNor) to StudyArea_Parcels. Use Field Calculator in the 

new field to normalized the AWC riparian area: Divide each area value (from 
the previous join) by the highest area calculated.   

i. In this case, all wetland areas above 20 acres were given a 1. The rest 
were normalized on 20. 

Slope/flat wetlands: 
 

(Slope/flat wetlands were analyzed in case KABATA had other mitigation  
requirements from upland portions of the bridge construction and road  

extensions, but were not included in the final prioritization) 
 

1. Select wetlands from NWI that fall into the following categories: Aquatic Bed, Lake, 
Other, Freshwater Pond, Freshwater Forested/ shrub, Freshwater Emergent and 
save as NWI_Slope_Flat 

2. Select wetlands from CIWetlands that fall into the following Ecosystem categories: 
Wetland/Upland Complex, Ripple Trough, Relict Glacial Lakebed, Kettle, Headwater 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Fen, Relict Glacial Drainageway, Discharge Slope, Depression and save as 
CIWetlands_Slope_Flat. 

3. Merge these two layers into Combined_Slope_Flat 
4. To facilitate the following intersection step, first Dissolve this layer: 

Combined_Slope_Flat_Dissolve 
5. Add Field to StudyArea_Parcels: SlopeFlat, and using Select by Location to select all 

parcels that intersect with Combined_Slope_Flat_Dissolve, record a “1” for every 
selected feature. 

6. Determine the area of slope/flat wetlands in parcels: 
a. Intersect StudyArea_Parcels with Combined_Slope_Flat_Dissolve  

SlopeFlat_Parcels_Intersect 
b. Add Field to SlopeFlat_Parcels_Intersect:  SFWet_Area and Calculate 

Geometry for this field for area in acres.  
c. Use Delete Fields to remove all fields from that attribute table except the 

FID_StudyA and the SFWet_Area.  
d. Use Add Join tool to join this table to the StudyArea_Parcels table, using the 

FID and FID_StudyA fields to join. 
e. Add Field (SFAreaNor) to StudyArea_Parcels. Use Field Calculator in the 

new field to normalize the Slope/Flat Wetland area: Divide each area value 
(from the previous join) by the highest area calculated.   

i. In this case, all wetland areas above 200 acres were given a 1. The rest 
were normalized on 200. 

Riverine wetlands: 
 

(Riverine wetlands were analyzed in case KABATA had other mitigation  
requirements from upland portions of the bridge construction and road  

extensions, but were not included in the final prioritization) 
 

1. Select wetlands from NWI that fall into the following categories: Riverine and save 
as NWI_Riverine 

2. Select wetlands from CIWetlands that fall into the following Ecosystem categories: 
Riparian and save as CIWetlands_Riverine 

3. Merge these two layers into Combined_Riverine 
4. To facilitate the following intersection step, first Dissolve this layer: 

Combined_Riverine_Dissolve 
5. Add Field to StudyArea_Parcels: Riverine, and using Select by Location to select all 

parcels that intersect with Combined_Riverine_Dissolve, record a “1” for every 
selected feature. 

6. Determine the area of slope/flat wetlands in parcels: 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a. Intersect StudyArea_Parcels with Combined_ Riverine _Dissolve  
Riverine_Parcels_Intersect 

b. Add Field to Riverine _Parcels_Intersect:  River_Area and Calculate 
Geometry for this field for area in acres.  

c. Use Delete Field to remove all fields from that attribute table except the 
FID_StudyA and the River _Area.  

d. Use Add Join tool to join this table to the StudyArea_Parcels table, using the 
FID and FID_StudyA fields to join. 

e. Add Field (RivAreaNor) to StudyArea_Parcels. Use Field Calculator in the 
new field to normalize the Riverine Wetland area: Divide each area value 
(from the previous join) by the highest area calculated.   

i. In this case, all wetland areas above 50 acres were given a 1. The rest 
were normalized on 50. 

 
Protected Areas: 

1. Start with MOAParks and PreservedParcels. Use the Select by Location tool to select 
parcels from PreservedParcels that are identical to MOAParks. Switch Selection to 
then select the parcels from PreservedParcels that are not already accounted for in 
MOAParks and Export those features to a new shapefile: 
PreservedParcels_not_in_MOAParks. 

2. Then Merge PreservedParcels_not_in_MOAParks and MOAParks to create a complete 
layer of protected areas in Anchorage: MOA_ProtectedAreas 

3. Merge this file with other protected area files for the study region 
(Protected_Areas_CMS3, Protected_Areas_CMS_less_than_3, 
Anchorage_Coastal_Wildlife_Refuge): All_Protected_Areas 

4. Use Select by Location to select all StudyArea_Parcels that intersect with 
All_Protected_Areas. Then scan around and manually Select the handful of parcels 
that are clearly directly adjacent to protected areas but were not selected by this 
process due to registration issues.  

5. Open the attribute table for StudyArea_Parcels and Add Field (ProtctArea). Use the 
Field Calculator to input a 1 for all selected parcels and leave all unselected parcels 
as 0s.  

 
Vulnerability: 

1. To create the impervious surface input layer: 
a. Beginning with the USGS’s National Land Cover Dataset layer for impervious 

surfaces for zone 8 in Alaska, Project that raster file to NAD 1983 StatePlane 
Alaska 4 FIPS 5004 Feet: impervsurf 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b. Using the USGS’s National Land Cover Dataset for land cover, Reclass the file 
so Developed High Density, Developed Medium Density, Developed Low 
Density, Cultivated Crops and Pasture/Hay = 1, and the rest of the values = 0: 
nlcd_reclass2. 

c. Use Zonal Statistics as Table to SUM the total cells equal to 1 in each HUC 
based on FID: NCLD_zonalstats2. 

d. Then use Add Join to join the SUM field to the HUCs_in_StudyArea attribute 
table and name it ImperConv 

e. Add Field (IC_Acres) to calculate the area of converted and impervious 
surface within each HUC in acres. Equation: 
[ImperConv]*900*0.000247105381. (Each cell is 30mx30m, which gives you 
900m2, and the conversion from square meters to acres is 0.00247105381). 

f. Then Add Field: PerICinHUC to calculate total percent impervious or 
converted land within each HUC by dividing IC_Acres by HUC_Acres. 

g. Add Field Im_Con_Norm and normalize the PerICinHUC field by the highest 
value. 

2. To create the road density layer: 
a. Create two separate models (one for Anchorage and one for MSB) and set the 

mask for each model to be the boundary of each respective 
municipality/borough. (This will make sure that there is no overlap in 
generated rasters. 

b. Then in each model, use the Line Density tool with MOA and MSB roads as 
inputs for each, resulting in two separate rasters: msbrdden_clip and 
ancrdden_clip. Each of these should run up to the borough boundaries, but 
not over it.  

c. Then use the Mosaic to New Raster tool to create one raster for the entire 
study area: RdDensity. 

d. Then, like before, use the Zonal Statistics as Table tool input the following 
fields: Input feature zone data = HUCs_in_StudyArea, Zone field = FID, Input 
raster value = RdDensity, output table = road_zonal. Check “Ignore No Data” 
and select Mean as a Statistics Type. 

e. Then, using the Add Join tool, add the table to the HUCs_in_StudyArea 
attribute table. 

f. Add Field called RdDensNorm and normalize the RoadDens field by the 
highest value. 

3. To create the 303d listed impaired waters layer: 
a. Add Field to HUCs_in_StudyArea called 303d_list. There are only a few HUCs 

containing impaired waters, so this field can be manually entered. Enter 
either 4 or 5 for HUCs containing impaired waters. 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4. To create a combined vulnerability score, Add Field to HUCs_in_StudyArea called 
Vuln_Score. Use Field Calculator to determine the values for this field with the 
following equation: [RdDensNorm] + [Im_Con_Norm] + (0.5 * [303d_Score]). This 
will weigh the impaired waters criteria half as much as the other two.  

5. Finally, to make sure that this vulnerability criterion on is on the same weighted 
scale as all the other criteria, it must be normalized to one. Add Field called 
Vuln_Norm and divide the Vuln_Score field by the highest value (2).  

6. To attach these scores to the parcels: 
a. Use Feature to Point to create a point feature for all parcel polygons. Make 

sure to check “Inside” so point ends up inside the polygon: 
ParcelCentroidPoints 

b. Intersect ParcelCentroidPoints with HUCs_in_StudyArea: Point_HUC_Intersect 
c. Then, use Delete Field to delete all fields except Vuln_Norm (which will be 

joined back to the parcels) and FID_Parcel (which will be used to join the 
vulnerability scores). 

d. Use Add Join to join this table back to StudyArea_Parcels. Then export data to 
a new shapefile to make the join permanent.  

 
Belugas: 

1. Starting with Beluga_sightings, Project this to State plane: 
BelugaSightings_StatePlane and Clip this file to the study area: 
belugaSightings_inStudyArea. 

2. Then, use the Kernal Density tool with belugaSightings_inStudyArea as the input 
point feature, leave the population field blank, and set the search radius to 5280 (ie. 
1 mile) and save this as output kernal_noF1mi. 

3. This will produce a raster, and will need to be reclassified into integers to turn it 
into a shapefile. Reclass using the following classifications: 0‐0.39 = 1, 0.397‐1.4 = 2, 
1.4‐2.9 =  3, 2.9‐5.2 = 4, 5.2‐10.1 = 5, NoData = 0 and save it as ker_nof1mil_re. 

4. Then use the Raster to Polygon tool to convert this raster to a polygon based on the 
VALUE field: ker_nof1mi_re_poloygon.  

5. From this, Select the features with values in the GRIDCODE field equal to 3, 4 or 5 
and save as kernal345classes.  

6. Dissolve kernal345classes into kernal345dissolve. 
7. Intersect kernal345dissolve with a dissolved mudflats data layer 

(mudflats_dissolved) to produce:  beluga_mud_union. 
8. Add Field to beluga_mud_union called “combined” and use the following equation to 

Calculate Field (GRIDCODE + 1) for all features that have a 1 in the FID_mudfla 
field. This field gives a total score for both beluga sightings and mud flat presence. 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9. Then create 3 new shapefiles representing only those features from  
beluga_mud_union that have a combined score of 4, 5 or 6: beluga_mud_union_class4, 
beluga_mud_union_class5, and beluga_mud_union_class6.  

10. Dissolve each of these: beluga_mud_union_class4_dis, beluga_mud_union_class5_ dis, 
and beluga_mud_union_class6_ dis. 

11. Buffer each of these by 3 miles: beluga_mud_union_class4_buf, 
beluga_mud_union_class5_buf, and beluga_mud_union_class6_buf.  

12. Use these buffers to identify a 200ft wide swath of coast line and Intersect this with 
the buffers: ClassBufferIntersect. 

13. Then score parcels in the following way: 0.33 for lands in the 200ft buffer 
intersected with Class 4, 0.66 for lands in the buffer intersected with Class 5 and 1 
for lands intersecting the buffer in class 6. 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