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Introduction: 

Why Flood Insurance in Residential Areas?

As supporters of pursuing environmental sustainability and social equity, we believe that 

the State of Oregon should play a role in protecting low- to moderate-income households 

from the negative impacts of climate change, including increased risk from natural disasters. 

With encouragement from the State Resiliency Office (SRO) our team decided to address 

a problem facing many Oregonians: rising FEMA flood insurance rates. Rising rates can 

cause economic instability in flood prone communities and the state should address this. 

Fortunately, the State Resiliency Office (SRO) has recognized this problem and would like to 

create a statewide grant program to tackle it. The current primary challenge is that it is not 

easy to know which households would benefit most from a program like this, so we used 

GIS to create a map that allows the SRO to target the most appropriate homes in Clackamas 

County. 

Image 2
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While we believe our method could be applied to every county in the state without running 

into significant challenges, we chose Clackamas County for the following reasons:

a) it is the third most populated county in Oregon, 

b) it is home to an extensive river network, including the Willamette River,

c) it is a geographically diverse county with urban, suburban and rural areas, and 

d) it is one of three counties that make up Portland’s metropolitan area, meaning that flood 

impacts felt in Clackamas County would also impact the largest population center in the 

state. 

We hoped that by picking a county with such extremes (high population, lots of 

waterways) the findings of this paper will be more striking and better demonstrate the 

effectiveness of our methodology. 

Figure 1
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Project Overview in 4 Steps:

1. Flood risk within residential communities innately shapes the desirability, and therefore 

economic viability, of real estate. Given this relationship, flood insurance provides a market 

mechanism for communal economic stability within flood-prone areas. If we accept that flood 

insurance rates provide a baseline of economic stability within flood prone communities, then 

we must also view the potential for community-wide economic disruption with rising federal 

flood insurance rates. 

2. FEMA Flood insurance rates are increasing and properties that receive a Base Flood 

Elevation (BFE) certificate can avoid steeper annual increases in monthly premium rates–

decreasing the cost of ownership for residential property owners in flood hazard areas. 

Our client, the State Resiliency Office, recognizes the potential for economic disruption 

with rising federal flood rates within flood-hazard communities. They would like to offer 

targeted assisted financing (a state-level grant program) to individual property owners who 

hold federal flood insurance, but do not hold BFE certificates. The purpose of the targeted 

financing is to help homeowners purchase BFE certificates and lock-in lower monthly federal 

flood insurance premiums. This would help stabilize overall affordability in existing flood 

hazard residential properties. 

3. The State Resilience Office wants to start a grant program with the Office of Housing 

and Community Services (OHCS) to offer low/no-interest loans to flood insurance holding 

homeowners who need financial assistance in purchasing a Base Flood Elevation Certificate. 

The BFE costs about $1,000 (or more) up front for Pre-FIRM homes, but this is a one-time 

fee that is actually more affordable than being susceptible to future increases in Federal 

Flood insurance premiums. Pre-FIRM homes are a reference to homes built before the county 

adopted federal flood insurance on March 1st, 1978, which is also “the effective date of the 

first Flood Insurance Rate Map (FIRM) for the County, and hence, prior to the date when 
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detailed flood hazard data and flood elevations were provided to the County.”1 (Our map uses 

January 1st 1979 as the FIRM start date to capture potential outliers). We are going to help 

differentiate between Pre-FIRM and Post-FIRM homes in Clackamas County so the state can 

later target income-based financing to individual property owners for Base Flood Elevation 

Certificate. This will lock-in their flood insurance rates to constant monthly premiums, instead 

of leaving them vulnerable to federally mandated annual incremental increases.

4. Floods are cyclical natural disasters which can negatively impact home ownership and 

generational wealth through fundamentally disrupting the real estate market of an entire 

community. Flood Insurance helps to provide a buffer against local economy disruption 

through mitigating financial loss after property has been destroyed. Since flood insurance 

provides economic stability to otherwise unstable real estate markets, many flood-prone 

communities–or at least property owners–are economically dependent upon the FEMA 

National Flood Insurance program. 

Client Statement:

Resilience Programming:  Base Flood Elevation Certificate and Home 
Elevation Program 

Due to reforms to the National Flood Insurance Program in 2012 and 2014, flood insurance 

policyholders living in pre-FIRM (formerly subsidized rates) homes will see their premium 

rates increased to full risk rates. Base Flood Elevation (BFE) Certificates are required to 

determine full-risk rates. For those pre-FIRM properties that do not obtain a BFE Certificate, 

the annual premium rate will continue to rise by between 5 and 18 percent per year.2 BFE 

Certification is the only method of halting the increase of premium rates. 

1 Clackamas County. (2019, January 18). Clackamas County Zoning and Development Ordinance. Retrieved from https://dochub.clackamas.
us/documents/drupal/cb32f93b-e841-4601-aa7c-793b80b3bea4.
2 Sherman, Jacob and Carolyn Kousky (2018). “Local Solutions to Flood Insurance Affordability: Portland’s Flood Insurance Savings Pro-
gram.” Wharton Risk Center, University of Pennsylvania: https://riskcenter.wharton.upenn.edu/wp-content/uploads/2018/11/Local-Solu-
tions-to-Flood-Insurance-Affordability.pdf
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BFE Certificates in Oregon typically cost more than $10003, and many low- and moderate-

income households have difficulty affording BFE Certificates. 

Without a BFE Certificate, premiums often become unaffordable to the property owner, 

leading owners to drop their flood insurance policy which leaves them vulnerable to extreme 

loss with the inability to rebuild. Due to these properties’ relationship to the flood zone and 

increased cost insurance premiums, they often do not carry value in today’s housing market, 

effectively eliminating them from the market. This further contributes to the tight housing 

market and high home prices in Oregon. 

The Office of Housing and Community Services (OHCS) has the opportunity to measurably 

increase the resilience of vulnerable Oregonians, mitigate the risk of flood damage to existing 

homes, and increase the number of affordable homes on the market. This opportunity can 

be capitalized upon by developing a grant program that provides funds to local governments 

and/or Community Action Agencies that can be used to implement programming that 

provides funds to low-income citizens to pay for Base Flood Elevation Certificates, home 

mitigation assessments, and flood insurance consultations.

 Out of these programs, local floodplain managers will gain the information necessary to 

identify properties that will benefit from a home elevation. In turn, the local governments 

may then decide to apply for federal mitigation funding via Oregon Emergency Management 

to complete the elevations which will, in turn, increase the available housing stock to 

Oregonians.  

How does this program support OHCS’ Mission and Statewide Housing 
Plan?4

•  Helps low and moderate-income families remain homeowners and keep their homes 

safe (Page vi, Housing Strategy)

3 Ibid. 
4 Oregon.gov. “Oregon’s Statewide Housing Plan” (2017): https://www.oregon.gov/ohcs/pages/oshp.aspx
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• Helps to “Advance equity and racial justice by identifying and addressing institutional 

and systemic barriers that have created and perpetuated patterns of disparity in 

housing and economic prosperity” (Page 9, Housing Strategy)

• Helps to “mitigate or reverse the effects of gentrification and displacement” (Page 13, 

Housing Strategy)

• Helps to “maintain the quality of the existing housing stock serving low-income 

households in small towns and rural communities” (Page 47, Housing Strategy)

• “Advance collaboration among state agencies” by including DLCD and OEM in this 

programming (Page 47, Housing Strategy)

• Fulfills OHCS’ commitment to the Declaration of Cooperation for the Lents Stabilization 

and Job Creation Project

• Fulfills OHCS obligation outlined in the Oregon State Recovery Plan to “Perform 

or collect, and analyze, housing assessments to identify vulnerabilities to damage, 

strengths, and potential challenges to disaster housing of communities”

First Steps:

1. Use Assessor Data and NFIP Adoption Data to identify pre-FIRM housing stock across 

the State.

2. Overlay pre-FIRM housing data with Special Flood Hazard Areas shapefile.

3. After reviewing quantitative data, if need is discovered, work with DLCD to survey local 

Floodplain Managers to determine their interest in the program.
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Clackamas County at a glance:

Clackamas County is one of three major counties in the Portland Metro region and home 

to 400,000 people, making it the third most populous county in Oregon. It has a median 

household income of $72,408 in 2017 dollars (compared to $56,119 statewide), and a poverty 

rate of 8.0% (compared to 13.2 statewide). It is worth noting that while Clackamas County is 

one of the more affluent counties in the state, much of its wealth is concentrated at the very 

edge of its northwest corner. The upper-class suburbs of Lake Oswego and West Linn are 

located in that region and play a significant role in lifting the county’s AMI. At 1,868 square 

miles, Clackamas County’s area is in the mid-range for Oregon counties.

Geographically speaking, Clackamas County is home to a substantial number of bodies 

of water that form in and/or flow through its boundaries. The largest is the Willamette River, 

which flows across the northwesternmost portion of the county, passing through the county’s 

Image 3
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largest and densest population centers on its way to Portland and the Columbia River 

beyond. The Clackamas River is the second-most prominent river in Clackamas County, 

crossing the length of the county from the southeast to northwest. These two rivers merge 

at the doorstep of Oregon City, the county’s seat and largest city.  Other noteworthy bodies 

of water include the Sandy, Molalla, and Tualatin rivers, and Lake Oswego. Taken together, 

Clackamas County’s rivers and lakes place many of its largest residential areas within the 

100-year floodplains.

Following Tobler’s first rule of geography, which states “everything is related to everything 

else, but near things are more related than distant things,”5 it is logical to conclude that a 

real estate market crash in Clackamas- due to or supported by property loss from flooding- 

would result in immediate and lingering negative economic externalities in both Multnomah 

and Washington counties. This impact on Oregon’s largest metropolitan region would in turn 

lead to further negative externalities across the state. 

As Clackamas County is within the Portland Metropolitan area, it was relatively easy 

to access information and retrieve datasets with nothing more than student credentials 

and name-dropping our client. Most of our layers were made from datasets found on the 

websites of FEMA and the Oregon Department of Land Conservations, while the County Tax 

Assessor’s office provided the critical housing data.

 There are several drawbacks to choosing Clackamas County for this analysis– the 

most prominent being the higher-than-statewide-average AMI, and the geographically 

concentrated population and flood-risk areas. Having explained the reasoning behind 

the choice in our introduction, we also want to suggest counties that would be excellent 

candidates for the next analysis that uses our methods. These include counties with many 

residents living in flood-prone areas (Multnomah, Washington) and counties with lower AMI 

(Lane, Columbia). Despite its high AMI, Washington County would make for an especially 

5 Sui, D.Tobler’s first law of geography: A big idea for a small world? Annals of the Association of American Geographers 94269–277(2004)
Tobler, W.A computer movie simulating urban growth in the Detroit region. Economic Geography 46234–240(1970)
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good candidate due to its high flood risks, as can be seen in FEMA’s 100-Year Flood Plains 

Map for the Portland Area (above)6. 

Data: 

Table 1: GIS Layer Sources

Layer Descriptions:

FEMA’s 100-year flood risk data:

This layer includes the best available “100-year” floodplain data for Oregon as represented 

by FEMA’s Flood Insurance Rate Maps (FIRM). The FEMA flood hazard is defined as the area 

that will be inundated by the flood event having a one percent chance of being equaled or 

6 O’Connor, Katie (2012). “FEMA 100-Year Floodplains, Portland Metro Area, Oregon.” Data Basin: Datasets: https://databasin.org/datasets/
f55b00a6502c4e6ab971e0e89bc4ba3c 
7 FEMA. “Oregon 100-Year Flood Zones” via FEMA’s FIRM map. [Shapefile]. 1:12,000. Updated 01/01/2013. Using: ArcGis [ArcMap]. 10.6.1. 
Redlands, CA: ESRI, 2018.
8 FEMA. “Base Flood Elevation” [Shapefile]. 1:12,000. Updated 01/01/2019. Using: ArcGis [ArcMap]. 10.6.1. Redlands, CA: ESRI, 2018. 
https://www.fema.gov/faq-details/Base-Flood-Elevation-BFE
9 FEMA. “National Flood Hazard Layer” [Shapefile]. 1:12,000. Updated 01/01/2019. Using: ArcGis [ArcMap]. 10.6.1. Redlands, CA: ESRI, 2018.
10 Clackamas County.gov. “GIS Portal: The cartographic boundary for Clackamas County.” https://www.clackamas.us/gis/dataportal.html
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exceeded in any given year; this is also referred to as the base flood, High Risk Area, or the 

Special Flood Hazard Area (SFHA). 

Digital representations of this layer are 

based on the following categories: 1) FEMA 

Effective–the approved current regulatory 

data that is the basis of NFIP regulations 

and flood insurance requirements; 2) 

FEMA Preliminary–a new study that is in 

the preliminary stage of review, not yet 

effective, but where the project is unlikely 

to change and data can otherwise be 

considered current; 3) FEMA Q3–scanned from the existing FIRM “paper maps” to create a 

thematic overlay of flood risks. The Q3 flood layer is designed to be a tool for general hazard 

awareness and floodplain management. Its spatial accuracy varies and data from this source 

should be used with caution–it is not to be used 

for making a single site flood hazard determination. 

4) State Digitized–created by digitizing the paper 

FIRMs using orthophoto control for areas in the 

state that had no digital representation of the FEMA 

floodplain. While the quality is considered good 

there is no quality control and users should apply 

similar caution as with the Q3 data.11 

Clackamas County Tax Parcels: 
Updated 27 January 2016

This layer reveals the individual tax parcels for Clackamas County using data from the 

county tax assessor’s office. The tax assessor’s office collects this data to make it easier 

to fulfill its goal of administering “state property tax laws, including appraisal, assessment, 
11 FEMA. “Oregon 100-Year Flood Zones” via FEMA’s FIRM map. [Metadata]. 1:12,000. Updated 01/01/2013. Using: ArcGis [ArcMap]. 10.6.1. 
Redlands, CA: ESRI, 2018. https://www.arcgis.com/home/webmap/viewer.html?useExisting=1&layers=178b7dd7e13642d68b1f5bc4cbe21f12

Figure 2

Figure 3
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tax collection, and mapping services to property taxpayers and taxing districts.”12 This 

paper uses the tax parcel data to distinguish which homes should be targeted for the flood 

insurance assisted financing program. 

FEMA’s Base Flood Elevation: Updated 01 January 2019 

The Base Flood Elevation (BFE) is used to show the elevation of the water in the event of 

a flood. From the FEMA metadata: “The 

computed elevation to which flood water 

is anticipated to rise during the base flood. 

Base Flood Elevations (BFEs) are shown 

on Flood Insurance Rate Maps (FIRMs) 

and on the flood profiles. The BFE is the 

regulatory requirement for the elevation or 

floodproofing of structures.”13

FEMA’s Flood Hazard Area: 
Updated 01 January 2019

Flood risk information. The specification for the horizontal control of FIRM Databases is 

consistent with those required for mapping at a scale of 1:12,000. This file is georeferenced 

to the Earth’s surface using the Geographic Coordinate System (GCS) and North American 

Datum of 1983.

The FIRM is the basis for floodplain management, mitigation, and insurance activities for 

the National Flood Insurance Program (NFIP). Insurance applications include enforcement 

of the mandatory purchase requirement of the Flood Disaster Protection Act, which “... 

requires the purchase of flood insurance by property owners who are being assisted by 

Federal programs or by Federally supervised, regulated or insured agencies or institutions in 

the acquisition or improvement of land facilities located or to be located in identified areas 
12 Clackamas County Tax Assessor. (2016, January 27). Clackamas County Tax Parcels. Retrieved from https://www.clackamas.us/at.
13 FEMA. “Base Flood Elevation” [Metadata]. 1:12,000. Updated 01/01/2019. Using: ArcGis [ArcMap]. 10.6.1. Redlands, CA: ESRI, 2018. 
https://www.fema.gov/faq-details/Base-Flood-Elevation-BFE

Figure 4



15

having special flood hazards, “ Section 2 (b) (4) of the Flood Disaster Protection Act of 1973. 

In addition to the identification of Special Flood Hazard Areas (SFHAs), the risk zones shown 

on the FIRMs are the basis for the establishment of premium rates for flood coverage offered 

through the NFIP.14

Clackamas County Line: Updated 01 January 1988

Created using a variety of local and state data sources, including data from Clackamas, 

Multnomah, Washington, Clark, and other surrounding counties. File and composition 

methods were reviewed by local data partners in July 2010. Note that positional accuracy of 

the file may vary depending on the available data used.15 This layer has been clipped to only 

include Clackamas County.

Housing Data: Updated 04 March 2019

These data were provided by Will Gaston who is a State Resiliency Officer for OHCS. The 

data contain the addresses, tax lots, parcel size, year built, and other information about 

every house in Clackamas County. In order to create a map of which houses are in the 100-

year floodplain, we needed housing information. Using an address locator provided by the 

Regional Land Information System (RLIS)16, we were able to geocode each address and 

create a point where each house is located. Some data were not able to be geocoded due to 

insufficient addresses–about one percent of all the addresses.17

Methodology:

 In order to make this map, we had to find the appropriate data specific to Clackamas 

County. The previous section addressed where we found those data and a brief description 

14 FEMA. “National Flood Hazard Layer” [Metadata]. 1:12,000. Updated 01/01/2019. Using: ArcGis [ArcMap]. 10.6.1. Redlands, CA: ESRI, 
2018.
15 Clackamas County Tax Assessor’s Office. (2019, March 04). Clackamas County Housing Data. Retrieved from Clackamas County Housing 
Data.
16 Metro Regional Government. (2019, January 01). RLIS Address Locator. Retrieved March 7, 2019, from http://rlisdiscovery.oregonmetro.
gov/?action=viewDetail&layerID=2751
17 Gaston, Will (2019, March 04). Clackamas County Housing Data. Retrieved from Clackamas County Housing Data.
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of each layer. To bring everything together, we clipped everything to the Clackamas County 

line. We combined the BFE, the 100- and 500-year floodplains, and the Flood Hazard Area 

from FEMA into one group layer to allow us to assess flood risk in a manner consistent 

with FEMA guidelines. We then turned to the housing data. We had some difficulty finding 

disaggregated housing data, but through our client we were able to access data for each 

house in Clackamas county. The housing data were the key part of the final deliverable and 

once we found it we were able to identify which houses were at risk of flooding. The housing 

data included addresses, tax parcel numbers, and the year in which each house was built. 

Using a address locator from RLIS, we were able to geocode each house as a discrete point 

on the map. With over 100,000 individual houses, the resulting map was overwhelming. 

We used a multi-ring buffer to identify houses within 100, 200, 300, 400, and 500 feet of 

the floodplain. Not every house within the multi-ring buffer would be eligible for targeted 

financing so we used the year built to create a definition query to sort houses built before 

1979 from houses built in 1979 or later. Most houses within the floodplain were built before 

1979. The client can now identify which homes are eligible for BFE certificates when they 

combine the final map with household income data.  

Limitations:

Our map has three limitations that are worth outlining: the lack of data on income per 

household; the choice of Clackamas County over other Oregon counties; and the absence of 

considerations for how climate change might impact flood conditions. 

Our map uses tax parcels to indicate the location of individual homes, but we don’t know 

who owns the land and therefore we don’t know the income attached to those homes. What 

we have is the year it was built, which allows us to determine whether it is pre-FIRM, and the 

year it was assessed by the tax assessor. Because higher income earners can own low-value 

property, this is a considerable limitation for our map as it is now. During the research phase 
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we learned that the county assessor does have this essential data via state tax records, but 

the assessor’s office removed that layer when they handed the dataset to us.

Instead of relying on the tax assessor, we could access neighborhood census block data 

through the Census Bureau, but that data would be far from perfect for our needs.  This 

is because the census data we can access, which reveals homeowner incomes by block 

groups, will not represent the single lots we use on our map. Another problem is that our map 

reflects the relationship between individual homes and floodplains, not between floodplains 

and neighborhoods. There might be a neighborhood of 150 homes where only ten homes 

sit in the floodplain. However, a block group dataset would make it impossible to single out 

those ten and further determine which would benefit from our grant program.

To give our client a better idea of how they would be able to use our map and where in 

Clackamas County they might choose to begin the search for low-income homes in the 

floodplain, we used the Census Bureau’s website to find the AMI for each of the county’s 

15 cities (below). While this layer offers some insight into where low-income homeowners 

are most likely to live, this is far too broad a brushstroke to be of much help to our client.  
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That being said, as a state agency our client could access the county assessor’s complete 

dataset, which would make it possible to create a more detailed map with our methodology.

Table 2: Area Median Income for Clackamas County cities from US Census

The second limitation in our analysis is in the choice of county. While we believe that 

our methodology could be applied to every other county in the state, choosing a populous 

county with communities concentrated around significant bodies of water for our first 

analysis meant that finding precise data for Clackamas County was not difficult. This might 

not be the case in more rural counties that do not have a robust collection of data sources 

and datasets, requiring more time and effort to use our method effectively.

Clackamas County is also wealthier than most other counties. It has a median household 

income of $72,408 in 2017 dollars (compared to $56,119 statewide), and a poverty rate of 

8.0% (compared to 13.2% statewide). This suggests that there could be fewer low-income 

residents who could benefit from this program than in other Oregon counties.

While Clackamas County is home to many rivers with wide floodplains, its flood risks 

are nothing compared to neighboring Washington County. Despite having an even higher 

AMI, Washington County would be the next candidate to study using our methodology. The 

main reasons we did not make it the subject of this paper is because a) we did not realize 

Washington County’s dramatic flood risks until after we begin our study of Clackamas, and 

b) the amount of data points that a Washington County study would produce may require a 

different approach (and more powerful computers) than what we used for Clackamas County. 

Finally, our analysis does not take climate change into consideration. The threats presented 

by climate change means that it is more difficult to pin down where exactly flooding will 

occur and how bad it will be, even or perhaps especially in areas that have a history of 

flooding and watershed studies. It is worth noting that one of the more dramatic effects 

climate change is expected to have produce in Oregon is a reduction of the snowpack in the 

Cascade Range. More unpredictable snowmelt could have a profound impact on Clackamas 

County, as most of its local waterways begin at the foot of Mt. Hood.



19

Significant Risks:

By reducing the cost of purchasing flood insurance, the SRO’s new program risks 

promoting further developments in the floodplains. This would not only put more homes 

at risk of flood damage, but also result in FEMA raising the insurance to the point where 

increasing access to BFE certificates would be pointless. Back in 2010 local environmental 

groups sued18 FEMA for issuing flood insurance to homes in Oregon floodplains. These 

groups argued that by issuing flood insurance to these homes, FEMA was ignoring the risk 

these homes posed to wildlife and habitats, which would be a violation of the Endangered 

Species Act. As a result, FEMA tightened the rules for who qualifies for its flood insurance. 

Since the SRO relies on federal funding, it needs to be cautious when implementing 

programs such as this one. 

The second significant risk that the SRO needs to be aware of is the possibility of pricing 

low-income residents out of their homes after their homes have been improved with help 

from SRO grant money. Subsidy-fueled improvements could place the homes in a higher tax 

bracket, which would defeat the entire purpose of the program. 

Conclusion: 

Our spatial analysis is meant to serve the singular purpose of making it easier to know 

which households in Oregon are most in need of assistance when it comes to purchasing 

flood insurance. 

Little did we know when we started, this project has a multiplicity of stakeholders with 

inherently contentious interests. The state community housing office wants to maintain a 

viable housing stock by keeping flood rates affordable; FEMA wants to raise rates to improve 

the solvency of their flood insurance program; local communities would prefer economic 

stability to periodic disruption by destruction; environmental advocates would prefer that 
18 Learn, Scott (2010). “FEMA lawsuit settlement could make building in Oregon floodplains tougher.” The Oregonian: https://www.oregonlive.
com/environment/2010/07/fema_lawsuit_settlement_could.html
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development not take place within the natural habitats along the floodplains and everything 

in-between. Our simple analysis and recommendations are going to provide tools for 

streamlining understanding of where interventions would be most strategic and impactful. 

These tools will also enable policy makers to come to the best decisions possible with the 

data available.

It is almost certain that any action undertaken on behalf of the state will be inherently 

contentious with the interests of one or several stakeholders, including environmentalists, 

housing advocates or city-specific neighborhood associations. Therefore, the state should 

offer a comprehensive series of analyses to justify and defend the case for this particular 

subsidy program in order to ensure resilience of the program in the face of likely future legal 

challenges.

Since our floodplain data is based off of Clackamas County’s last major flood in 1964, 

our map allows us to plan for the next 45 years and beyond. Moving forward, our client, the 

State Resilience Officer, will take our methodology and findings as an outline for expanded 

programming throughout the state.

As a final note, we would like to point that our map has far more applications than we had 

in mind when we created it. The knowledge of which structures in Oregon currently sit in a 

floodplain, even without knowing which belong to low-income residents, could be used by 

many agencies to address countless problems facing our state. Planning agencies could use 

our map to determine where to locate flood-mitigation infrastructure like bioswales; agencies 

responsible for sewers could use our map to better understand where and why the system 

will be over capacity during a rainstorm; transportation agencies could use this information 

to plan for road washouts; emergency services could use our map to establish which homes 

are most at risk in a flood; disaster relief planners could use our map to learn which residents 

are likely to be stranded during that flood; and the Department of Land Conservation and 

Development might use our map to figure out where they might have an easier time returning 

developed land into a natural habitat. The list of applications could go on for pages, and we 

are confident that our client will be able to come up with of even more.
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Appendix A: Final Project Summary for Client

Project Mission:

This project is meant to provide the Oregon Office of Housing and Community 
Services(OHCS) with a framework for understanding the potential risks and locations 
associated with BFE subsidies.  

Research Questions:

• Where is flood risk across Clackamas county?

• Where are there residential developments along the floodplain?

• Where are pre-FIRM versus post-FIRM residential developments along the floodplain?

Methodology:

Figure 5
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Our team has compiled information from the Clackamas county assessor, FEMA and RLIS 
to construct a coherent map package that displays where Pre-Firm homes exist along the 
floodplains in Clackamas county.1  

Conclusion: 

Any action undertaken on behalf of the state  will be inherently contentious with the interests 
of some stakeholder: likely environmentalists, housing advocates or city-specific neighborhood 
associations. Therefore, the state should offer a comprehensive series of analyses to justify 
and defend the case for this particular subsidy program in order to ensure resilience of the 
program in the face of likely future legal challenges.

Future contacts:

We would recommend communicating with both the Bureau of Environmental Services (BES) 
and the Portland Housing Bureau (PHB) in order to gain perspective on a similar initiative that 
took place in the city of Portland previously.2 

Final Analysis:

Our final map shows us that there is a higher proportion of pre-FIRM homes in cities with 
lower AMI: Milwaukie & Johnson city. The cities with high proportions of post-FIRM homes 
have a higher AMI: Lake Oswego & Happy Valley. Due to this trend, we would suggest that the 
state begin piloting low-income subsidies in cities with lower AMI before those of higher AMI. 
Geographically speaking, focusing subsidies along the northeast and southwest floodplain 
developments seem to be ideal for piloting this initiative because:

1. These areas are more likely to have lower area-median incomes. (non-urban)

2. There are less post-FIRM developments along these areas.

3. This strategy would secure housing stock where there presumably are fewer alternatives.

1 In order to run a comprehensive income-specific analysis, we recommend the state utilize the tax information associated with the owners of 
each lot.
2 Contacts have been given to our client, Will Gaston
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Appendix B: Full Extent Map

Figure 6
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Appendix C: Project Flowchart

Figure 7


