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Executive Summary
Bucksport is a small locality situated between the Pee Dee and Waccamaw Rivers in Horry County, South
Carolina. With a population of approximately 700 residents, Bucksport is a lower-income, predominantly
Black community with deep cultural and historical roots in the region. However, the community is
currently experiencing a range of challenges related to environmental impacts, development pressure,
and property rights. Coupled with these struggles around economic development, the area has also seen
significant flooding impacts over the past decade.
Flooding intensity and subsequent destruction from flooding events has increased in recent years,
particularly since Hurricane Matthew in 2016. Although Bucksport residents and other regional
stakeholders have identified several potential factors contributing to Bucksport’s growing flooding
challenges, there have not been any recent studies that comprehensively analyze changes in the
hydrology of the Pee Dee River.
This Master's Project seeks to support the resilience and preservation of the Bucksport community
through a science and policy-based assessment of the factors contributing to flooding in the region. This
report outlines two primary analyses that were accomplished: (1) a survey and analysis of existing
hydrologic data for the watershed, including precipitation and discharge trends of the Pee Dee River and
(2) an exploration of the local, state, and federal policy landscapes relevant to ongoing flooding risks and
resilience in the region. By examining these two critical factors around flooding, this report aims to serve
as a blueprint to inform next-step decisions and actions that the community may take to appropriately
address such issues.
In addition to the project analyses, the report also highlights products that were specifically developed
for the Bucksport community, including policy resources and an ArcGIS StoryMap web tool. These
products were created to facilitate an understanding of the analyses that were completed, and to
provide a means for Bucksport to share its story around flooding and spur further action to address its
associated challenges.

Recommendations
1. Pursue new state and federal funding sources that will target flood mitigation and resilience efforts.
2. Steer local adaptation actions to focus on planning and projects that will accommodate for
increased flooding.
3. Prioritize watershed-scale flood mitigation projects at the county level to alleviate future flooding
impacts.
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1 Introduction
1.1 Overview of Yadkin - Pee Dee Watershed
The Yadkin – Pee Dee watershed encompasses 7,221 square miles across 24 counties and 93
municipalities in Virginia, North Carolina, and South Carolina (NC DEQ, 2018). The Yadkin River
represents the upper portion of the watershed and feeds into the Pee Dee River as it flows through
several large reservoirs into South Carolina. Once it transitions into the Pee Dee River, the basin
becomes free flowing for 230 miles until it reaches Winyah Bay at the mouth of the Atlantic Ocean.

Figure 1-1: Yadkin-Pee Dee Watershed boundary. Image credit: American Rivers.

The Yadkin – Pee Dee River serves a variety of purposes throughout the watershed, although North and
South Carolina present clear contrasts in its usage and surrounding development. North Carolina has
largely leveraged the river for water supply and energy-production purposes, allowing it to serve as a
primary source of drinking water for several metro areas, including Winston-Salem and Highpoint
7

(American Rivers, 2021). Conversely, in South Carolina, the Pee Dee River has limited surface-water
withdrawals and development aside from small-scale projects (SC DNR, 2013).
Both states have also faced significant challenges around development in recent decades. North
Carolina has seen rapid growth around increasingly populous cities such as Winston-Salem and
Charlotte. South Carolina’s rising development is more concentrated along the coast, including the
southeastern section of Horry County. In general, expanded development has not only placed growing
stress on water supplies, but also led to evolving water pollution and runoff issues in urbanized areas
(American Rivers, 2021).
Despite increasing land development in pockets of the watershed, forests and wetlands still cover much
of the region (NC DEQ, 2018). This includes several federally protected areas, including the Blue Ridge
Parkway, Pee Dee National Wildlife Refuge, Uwharrie National Forest, and Waccamaw National Wildlife
Refuge which surrounds Bucksport. Farmland (i.e., combined pastureland and cropland) comprises the
second largest landcover for the watershed.

NLCD Land Cover
Types
Open Water
Developed Land
Forests
Barren Land
Wetlands
Pastureland
Cropland
Shrub/Herbaceous

Area (Percentage of Total)
Yadkin – Pee Dee
Watershed

Bucksport

3%
12%
34%
0.2%
21%
7%
16%
7%

0.5%
13%
33%
0.3%
34%
2%
11%
6%

Table 1-1: Landcover of the Yadkin - Pee Dee River watershed and Bucksport CDP based on 2019 National Land Cover Database
(NLCD) ArcGIS data.

1.2 Community of Bucksport, South Carolina
1.2.1 Bucksport Community Background
Bucksport is a census designated place (CDP) of 745 residents in Horry County, South Carolina (US
Census Bureau, 2019). Located at the confluence of the Pee Dee and Waccamaw Rivers, Bucksport
represents a lower-income, predominantly Black community whose history is closely tied to the region’s
land and waterways. Bucksport residents embrace the history and roots of past generations that lived in
8

the region and ultimately seek to preserve the cultural heritage that is central to much of the
community’s character.
In recent years, Bucksport has faced a range of challenges related to environmental impacts,
development pressures, and property rights. Ongoing equity issues for Bucksport residents are
particularly connected to legal difficulties over heirs’ property rights as well as the region’s commercial
growth and housing buyout pressures. Specifically, although Bucksport’s population has rapidly
decreased in size by 23% since 2010, Horry County has seen concentrated growth near Myrtle Beach;
the county’s population size has increased by approximately 30.4% since 2010 (Liu, 2021).

Figure 1-2: Bucksport CDP Boundary within Horry County, SC and greater Yadkin – Pee Dee Watershed.
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1.2.2 Association for the Betterment of Bucksport
The Association for the Betterment of Bucksport (ABB) is comprised of residents from Bucksport, SC who
are committed to increasing social equality through participatory decision-making and community
engagement. ABB has worked closely with American Rivers and other local organizations and institutions
to address issues connected to the social, economic, and environmental health of the area. This
assessment was rooted in ongoing communication and collaboration with members of the ABB to
remain as community focused as possible. Residents serve as critical subject matter experts for the
region. Notably, long-term resident Kevin Mishoe serves as ABB’s current president and has led local- to
national-scale advocacy efforts for the community.

1.2.3 Background on Local Flooding
Due to its position between the Pee Dee and Waccamaw Rivers, much of Bucksport is located within
FEMA’s designated 100-year flood zone (see Figure 1-3). Nearly 300 properties in the CDP have at least a
26% chance of being severely affected by flooding in the next 30 years (First Street Foundation, 2020);
however, few significant flood incidents were reported in the area prior to Hurricane Matthew in late
September to early October 2016. Following the destructive storm in 2016, the community has observed
an increasing number of flood events with growing intensity and property damage. Although certain
events can be primarily attributed to large-scale storms, such as recent hurricanes Matthew and
Florence, flooding has also begun to occur more regularly without major fronts moving through the
region. This was illustrated by large precipitation events in June 2020 and February 2021.
Key considerations for variation in flooding frequency and intensity may include anthropogenicattributed impacts, such as land use changes and water control structures, as well as climate-attributed
impacts, e.g., natural climate variability or climate change from increasing greenhouse gas emissions.
Bucksport residents have specifically indicated more frequent occurrences of what have been described
as “rain bombs”, i.e., short, intense bursts of precipitation within a limited area (Holleman, 2019).
Moreover, severe, recurring flood impacts are often caused by a combination of these factors, although
certain attributes can have a greater influence on flood intensity and/or frequency. As Patterson et al.
(2012) summarize, “disentangling the potential effects of changing climate vs. anthropogenic changes
on streamflow is challenging.” This assessment primarily focuses on analyzing climate-attributed
influences on flooding and how they impact the hydrology of the Pee Dee River surrounding Bucksport.
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Figure 1-3: Map of preliminary FEMA flood zones for Bucksport, including damage from Hurricane Florence in 2018. Both 100and 500-year flood zones went into effect in December 2021. Image credit: Horry County, SC.
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1.3 Our Approach
Objective 1: Identify potential hydrologic drivers behind increased flooding.
There are many factors that can influence regional flooding. Our analysis focused on evaluating
discharge and precipitation data to better characterize the risk of flooding in the Bucksport area.
Historical discharge data was evaluated to determine the frequency and magnitude of flood events and
understand the impact high flow events can have on the community. In addition to flood-frequency
analysis, evaluating trends in precipitation events, especially intense rainfall events, would help provide
a foundation for further granular hydrologic analyses.
Objective 2: Examine relevant flood policy programs and funding opportunities.
The flood policy background (see Appendix 7.2) includes a summary of relevant federal, state, and local
policies. The policy section outlines potential grant funding opportunities for mitigation and resilience.
The critical analysis highlights some structural funding issues that have historically made it difficult for
underserved low-income communities to access flood mitigation resources. The policy landscape is
constantly changing, so our analysis pays particular attention to newer grant programs and how they
can be leveraged by communities like Bucksport. The index of grants and technical assistance
opportunities is intended as a reference guide for community and partners.
Objective 3: Develop products for Bucksport to better address flooding challenges.
Drawing from the hydrologic and policy analyses, we created a web product that Bucksport residents
and community partners can use for future flooding studies as well as advocacy and outreach efforts.
The primary deliverable for the community is a StoryMap that highlights the project's analyses and
community perspectives on recent flood events.

2 Data and Methods
2.1 Hydrologic Analysis
The first part of this study examined historical discharge and precipitation data to identify potential
hydrologic drivers behind increased flooding in the community. We conducted a variety of analyses to
analyze trends and contextualize the flooding experienced by the Bucksport community.
United States Geological Survey (USGS) stream gages were identified in the region in and around
Bucksport (see Figure 2-1). Gages along the Waccamaw and Greater Pee Dee Rivers were selected for
their proximity to Bucksport (see Appendix 7, Table 7-1).
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Figure 2-1: Selected USGS stream gages and USGS and NOAA precipitation gages near Bucksport, SC. The blue arrow indicates
the selected USGS stream gage used for analysis, located near Bucksport. The Red arrow indicates the NOAA and USGS
precipitation gage used for analysis, located in Conway.

2.1.1 Discharge
The magnitude and frequency of flood events in Bucksport was analyzed using a log-Pearson Type III
distribution (see Appendix 7.1.1 for further details on this analysis). This method of flood-frequency
estimation follows similar methods performed by USGS in their Scientific Investigations Reports for
South Carolina (Feaster, et al., 2009; Feaster et al., 2014). Recurrence-interval flows were calculated for
the seven USGS stream gages; however, the primary gage we used in our analysis was Pee Dee River at
Highway 701 near Bucksport (ID: 02135200). This gage was selected for its proximity to Bucksport and
its period of record.

2.1.2 Precipitation
We obtained our precipitation data from two sources: the National Oceanic and Atmospheric
Administration (NOAA) and the United States Geological Survey (USGS). The National Weather Service
(NWS) under NOAA does not have any official precipitation gauges in Bucksport; however, they operate
several precipitation gages in the surrounding area. We used data collected from a gage in Conway, SC
(ID: USC00381997) because it was the gage with the longest period of record relatively close to
Bucksport. The straight-line distance between the NWS precipitation gage in Conway and the USGS
discharge gage in Bucksport is 13.08 miles. Unfortunately, the NWS precipitation gage in Conway ended
its data collection in 2014. To gain a more complete picture of precipitation and to examine recent
precipitation trends, we also analyzed data from a USGS precipitation gage in Conway, SC with a period
of record extending from 2006 to present day.
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2.1.3 Climate Projections
To assess whether changes in precipitation can be attributed to climate change or natural climate
variability, we used the University of California Merced’s online tool to downscale the CCSM4 Global
Climate Model with RCP8.5 emissions scenarios. RCP8.5 represents a higher emissions pathway, often
referred to as the “business as usual” scenario (Leggett et al., 1992). Under the “MACA” method
(Multivariate Adaptive Constructed Analogs), we downscaled global climate projections to Bucksport’s
approximate location in Horry County. Spanning three states, the Yadkin - Pee Dee watershed is
included in both the Piedmont and Coastal Plain physiographic regions of the Southeast and certain
natural climate characteristics can widely vary across the region. As such, consideration of climate
change trends and projections should be downscaled to the coastal Southeast to best represent future
risks and impacts to the Bucksport community.

2.2 Flood Policy Literature Review
To better understand the flood policy landscape, we conducted a general literature review of federal,
state, and local policy documents. The scope of this review included policies related to flooding, natural
disasters, planning, hazard mitigation, resilience, and equity. We closely explored the FEMA and HUD
websites for policy descriptions, funding sources, and grant application information. We reviewed the
Horry County Government website for flood and hazard mitigation planning information. For academic
literature, we used social science research databases available through Duke University Library. After
identifying general policy trends, we narrowed the focus to review potential funding sources that could
be leveraged to support flood mitigation and adaptation projects.

2.3 Community Engagement
Authentic community engagement and effective listening were key components of our project to ensure
that our research and deliverables aligned with the goals of the community. Communication and
engagement primarily took place through bi-weekly meetings of the Bucksport Community Partnership.
The Partnership is comprised of representatives from several organizations including American Rivers
(facilitator), Southern Environmental Law Center, Coastal Carolina University, Furman University,
Winyah Rivers Alliance, and Carolina Wetlands Association. The team includes consultants who partner
with and support the community of Bucksport. The participation of different universities and non-profit
organizations provided a diversity of perspectives and skill sets, which proved invaluable during
consultation in shaping the scope of our project.
Another important part of our community engagement was a visit to Bucksport in October 2021. Our
team joined a tour organized by ABB for members of the Bucksport Community Partnership. The tour
highlighted how water typically flows through the community during a flood event as well as particular
landscape features that may exacerbate flooding, including obstructed ditches and failing culverts.
As a final deliverable for ABB, we developed an ArcGIS StoryMap to aid Bucksport in sharing their story
and advocating for resources to combat flooding. The web tool will ideally complement local and state
advocacy efforts and supplement relevant grant applications. General highlights include a brief history
14

of select flooding events, a compilation of news coverage of the flooding, hydrologic findings, policy
resources, and Bucksport Community Partnership resources. Components of the tour were also included
to further share community perspectives and illustrate key aspects of the area’s localized flooding.
The StoryMap can be accessed through: https://arcg.is/mvW44

Figure 2-2: October 2021 tour through Bucksport community to highlight areas of flooding, including Bucksport Landing (right
image), and stormwater infrastructure weaknesses, such as obstructed ditches (left image), and to discuss next steps to address
those challenges. Image credit: Nadia Swit.

3 Findings
3.1 Hydrologic Analysis
Our hydrologic analysis aimed to answer two questions: are floods increasing in magnitude and are
floods increasing in frequency? Our findings indicate that not only is the Pee Dee River near Bucksport
experiencing higher levels of discharge, but those larger discharges are occurring more frequently.

3.1.1 Flood Frequency and Magnitude
The peak discharge associated with reported flood events was identified and compared to the return
period and exceedance probability calculated by the log-Pearson Type III distribution (see Figure 3-1).
Significant flood events reported by the Bucksport community or in the media were compared to the
estimated exceedance probabilities and return periods in the frequency distribution calculated from the
historical discharge data.
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Figure 3-1: Log-Pearson Type III calculation for Pee Dee River at Highway 701 near Bucksport, SC (gage ID: 02135200). Flood
frequency statistics include the exceedance probability and recurrence interval of a flood event occurring in any given year.
Given historical data, the exceedance probability describes the likelihood of a certain discharge will be equaled or exceeded. The
recurrence interval, or return period, suggests the average occurrence (in years) of that flood event occurring over a long period
of time. Here, four major flood events indicated by Bucksport community members are highlighted: October 2016 following
Hurricane Matthew (blue); September 2018 following Hurricane Florence (red); June 2020 following Tropical Storms Arthur and
Bertha (green); and February 2021, which occurred out of hurricane season (purple).

Frequency of high intensity storms occur on a more regular basis than their frequency period suggests
(see Table 3-1). In the case of the four identified storm events from 2016-2021, design floods predicted
from the frequency analysis with the same discharge magnitude are estimated to occur every 50-, 75-,
or 100- years. However, following Hurricane Matthew in 2016, these extreme flood events are occurring
biannually, rather than their predicted recurrence.

Flood Event

Highest
Discharge (cfs)

Percent chance
exceedance

Recurrence
interval (years)

October 2016
September 2018
June 2020
February 2021

121,000
137,000
106,000
110,000

1.3%
1%
2%
2%

75
100
50
50

Table 3-1: Flood frequency statistics of major recent flooding events in Bucksport. Most reported flooding events coincide with
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major storms: Hurricane Matthew (2016), Hurricane Florence (2018), and Tropical Storm Arthur and Tropical Storm Bertha
(2020). The February 2021 flooding event occurred outside of hurricane season.

To determine if there has been a significant trend in flood magnitude, we first looked at whether
discharge on the Pee Dee River has been increasing. Using the Mann-Kendall test, a “non-parametric
test that is frequently used to determine statistically significant trends in hydro-meteorological data”
(Gumus et al., 2022), we determined that there is a significant positive trend in discharge on the Pee
Dee (p < 0.05) (see Figure 3-2).

Figure 3-2: Daily discharge on the Pee Dee River at Bucksport (USGS gage: 02135200) from 2008 to 2021 measured in cubic feet
per second. The blue line depicts the trend using the LOESS smoothing method.

We also replicated the analysis conducted by the Environmental Protection Agency (EPA) in their River
Flooding climate change indicator. The River Flooding indicator examines annual maximum discharges to
determine whether peak flows are increasing or decreasing and uses daily discharge data to determine
whether flood frequency is increasing or decreasing (EPA, 2016). To determine how flood magnitude has
been trending, we looked at peak discharge events on the Pee Dee River. This analysis requires taking
the annual instantaneous maximum discharge from each year and running a Mann-Kendall test to
determine whether or not there has been a monotonic trend. We determined that there is a significant
increasing trend in annual maximum discharges (p < 0.05) (see Figure 3-3).
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Figure 3-3: Annual maximum discharge on the Pee Dee River from 2008-2021. Blue trend line indicates significant monotonic
trend.

To determine if there has been a significant trend in frequency of flooding, we chose to look at the 20year flood event which has a 5% chance of occurring each year. According to our log-Pearson Type III
analysis, the 20-year flood event occurs at a discharge of 76,191 cfs (see Figure 3-1). We examined the
total number of flooding events that have met or exceeded this threshold from 2008-2021 and ran a
Poisson regression, a standard method used to analyze count data (Coxe et al., 2009). Our regression
showed that there has been a statistically significant increase in frequency of the 20-year flood event
during the period of record (p < 0.05) (see Figure 3-4).
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Figure 3-4: Total daily discharge on the Pee Dee River at Bucksport, SC. Red circles indicate discrete flood events where discharge
exceeded the 76,191 cfs threshold associated with the 20-year flood. Discrete flood events are separated by a period of at least
15 days.

3.1.2 Precipitation
Our hydrologic analysis also characterizes precipitation trends in the region. We created a daily annual
maximum series (AMS) of precipitation data from the period 1894-2014. AMS “represent one of the
most important and readily available measures of extreme rainfall and are used frequently as inputs to
assessments of flood risk” (Westra et al., 2013). A Mann-Kendall test identified a significant increasing
trend (p < 0.05) (See Figure 3-5).
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Figure 3-5: The maximum of daily total precipitation recorded for each year from 1894-2014 in Conway, SC. The red line
indicates a positive significant trend.

An analysis of seasonal precipitation trends found that historically, Conway received significant increases
in rainfall during April and August while more recently, precipitation has increased significantly in
October (see Appendix 7.1.2).

3.1.3 Climate Projections
Downscaled projections using the MACA method indicate that average annual precipitation will increase
under the RCP8.5 emissions scenario. These findings were confirmed using both the CCSM4 GCM (Figure
3-6) as well as the average of 20 available GCM’s within University of California-Merced’s online tool
(Figure 3-7). In conjunction with hydrologic findings, projected precipitation changes in the region
further reflect the necessity for long-term responses to both increasing and lasting water levels in
Bucksport.
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Figure 3-6: RCP8.5 climate projections for total annual precipitation in inches using the CCSM4 GCM downscaled to

Bucksport. The time series analysis shows that, on average, precipitation will increase under the “business as usual”
emissions scenario. A Mann-Kendall statistical test was conducted for the increasing trend with a resulting p-value
of 0.028, indicating a significant change over time in the climate change projections.
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Figure 3-7: RCP8.5 climate projections for total annual precipitation in inches. Boxplots show that, on average,

across all provided Global Climate Models, precipitation will increase under future emissions scenarios. Coordinates
were chosen to cover both Bucksport and Conway to coincide with precipitation data from USGS gages. “Each
marker in the box plots represent an individual GCM's projections for the years indicated in the indicated season.
The future projection is calculated by averaging the yearly values of the variable's average over the indicated
season. The average over 30 years of data gives an indication of the climate for that variable in the future period”
(Abatzoglou, 2013).

3.2 Policy Analysis: Streamline Funding Opportunities for Communities
There have been recent shifts in federal and state policy goals to include more emphasis on resilience
and pre-disaster planning. (See Appendix 7.2 for a summary of relevant policy background). These shifts
in policy have been accompanied by growing sources of funding dedicated to flood resilience and
mitigation. Certain types of federal funding for flood resilience and mitigation projects are largely
available through competitively awarded grants. The application process can be difficult to navigate,
which may be a barrier for those without the technical knowledge or time necessary to prepare a
competitive application. A 2021 GAO Disaster Resilience report (GAO-21-140) about FEMA’s hazard
mitigation programs summarized that interviewed state and local officials reported that the “grant
application processes were complex and lengthy” and recommended that FEMA streamline the grant
22

process (Government Accountability Office, 2021). The grant application process frequently requires
significant capacity, which can make it difficult for smaller, low-resource communities.
In recent years, state and federal policies have emphasized more proactive planning, mitigation, and
resilience in response to the changing nature of disasters. The growing recognition of the need for more
investment in flood mitigation and resilience has brought a corresponding growth of federal programs.
The focus and challenge for Bucksport and similar communities is accessing the funding necessary to
implement appropriate projects. Much funding for flood mitigation is still awarded through competitive
grants, which means sub-applicants need to respond clearly to all criteria to prepare competitive
applications. The Bucksport Community Partnership can capitalize on current momentum and new
funding opportunities for resilience projects and investment in flood mitigation measures. Table 3-2 and
the Appendix’s policy background identify sources of funding that could be helpful for Bucksport and
similarly situated communities to help mitigate hazards and adapt to more flooding. While there are
more new sources of funding, there remain historical and structural barriers that need to be addressed
to ensure equitable access and distribution of funds.

3.2.1 Key Funding Opportunities
The following chart includes a description of the funding sources and eligible project types. It should be
noted that typically communities are not applying directly to federal funding sources.
Funding
Source
Building
Resilient
Infrastructure
and
Communities
(BRIC)
FEMA

Community
Development
Block Grant
Mitigation
(CDBG-MIT)
US
Department
of Housing

Description
Launched in 2020, this
program is administered by
FEMA and aims to promote
hazard mitigation.
Grant funds can be used for
capacity building, resilient
infrastructure, nature-based
solutions, and partnerships,
among other efforts.

This program aims to support
pre-disaster resilience efforts.
HUD also administers CDBGDR (Disaster Recovery) for
recovery after a presidentially
declared disaster.
CDBG-MIT can be used for
capacity building to analyze

Eligibility
Requirements
Local governments
can be sub-applicants
and work with
partners in preparing
application materials.
They must have an
approved hazard
mitigation plan.
State must have
received a federal
disaster declaration in
the last 7 years.
Grantees are states,
counties, and cities
that can then disburse
funds for selected
projects. The State of
South Carolina
received $157 million
in CDBG-MIT grant
funds in 2018
23

Bucksport Relevance
This is a flexible source of
funding that can be used
for a range of resilience
projects, making it
particularly relevant for
Bucksport. Non-profits can
be partners in the
application process.

Because funding can be
used for improvements to
community facilities, the
Bucksport community
center is a key space for the
community and could be
prioritized for investment.

and Urban
Development
(HUD)

Flood
Mitigation
Assistance
Grants
Federal
Emergency
Management
Agency
(FEMA)
National
Coastal
Resilience
Fund
National Fish
and Wildlife
Foundation
(NFWF)

SC Disaster
Relief and
Resilience
Reserve Fund
SC Office of
Resilience

disaster risks and update
hazard mitigation plans,
promote adoption of risk
reduction policy, and support
coordination of funding from
non-federal sources.
These grants provide funding
for mitigation projects for
properties threatened by
repeat flood losses. Projects
include flood control, flood
diversion, floodplain
restoration, stormwater
management, and wetland
restoration.

(South Carolina Office
of Resilience, 2021).

To be eligible, the
structures addressed
by the project must be
under the National
Flood Insurance
Program.

Flood mitigation
projects could be
implemented in Pee Dee
and Waccamaw
watersheds.

The Fund can be used for
restoration projects to
minimize storm impacts.
Funding can be used for
targeted assessments about
restoring natural features.

Projects must be
implemented in the
National Coastal
Resilience Fund
(NCRF) Coastal Areas.

Local wetlands in Pee Dee
and Waccamaw watersheds
could be assessed for
potential restoration.

The funding can be used for
implementation of the
Statewide Resilience and Risk
Reduction Plan. In addition to
disaster relief, the funds can
be allocated for hazard
mitigation and infrastructure
improvements.

To be eligible, the
county where projects
are located must have
received a federal
major Disaster
Declaration for 2020
and 2021 hurricanes
or wildfires (NFWF,
2022).
The funds are largely
intended to fill gaps
for projects not
covered by Hazard
Mitigation and other
grants. (Section 48-6270, Disaster Relief and
Resilience Act).

Funds can be used for
supporting relocation away
from identified hazardous
areas, infrastructure to
mitigate flood impacts and
protect property, and
restoration of flood
projects in the Pee Dee and
Waccamaw.

Table 3-2: Grants and funding opportunities.

See Appendix Table 7-2 for grant technical assistance opportunities and organizations that provide can
offer technical assistance.
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4 Discussion and Recommendations
Findings from the hydrologic analysis indicate that flood events have increased in both frequency and
intensity around Bucksport since 2016. Further, changes in the hydrology of the Pee Dee River may be
correlated with more frequent, extreme precipitation events with projections that these trends will
continue in the future due to climate change. Ultimately, our results highlight that the flood events seen
in recent years around Bucksport are not random occurrences; precipitation events and associated
floods of higher magnitude are likely to become the new normal for the region, and communities, such
as Bucksport, should plan accordingly to adapt to and reduce damages from evolving flood hazards.
Given this, the following recommendations aim to provide adaptation and mitigation actions for the
community to live with future flooding. These next-step actions and resources were also developed with
the recognition that most Bucksport residents do not wish to relocate or participate in flood buyout
programs. As summarized in the Horry County Flood Resilience Master Plan Draft: “[Bucksport] is a
socially close-knit community with a general reluctance on the part of residents to move to other areas
of Horry County, because that would mean having to leave friends and family” (Horry County
Government, 2021, p. 31).
Coupled with these recommendations is the necessity to better understand other potential influences
on flooding, including land use changes and local stormwater management practices. Although these
factors alone are not likely to be primary drivers of flooding, they may be interconnected and lead to
exacerbated impacts on the community. In particular, conducting a targeted, granular assessment in
certain areas of the Bucksport community may lead to the alleviation of certain flooding stressors, such
as poor stormwater drainage during heavy precipitation events. As such, additional spatial and
hydrologic data collection may be necessary at the local scale, including water level monitoring during
flood events to best understand where to target local adaptation and mitigation projects.

4.1.1 Recommendation #1
The Bucksport community should continue to collaborate with local partners to pursue a variety of
funding sources that target flood mitigation and resilience efforts.
Since 2021, ABB and organizations within the Bucksport Community Partnership have initiated grant
applications to further study the watershed and address local flooding impacts. These applications have
built a critical foundation to support Bucksport’s resilience. We recommend that the community and
partners continue to apply for regional grants that will fund adaptation and mitigation projects.
Potential funding sources include BRIC, CDBG-MIT, Flood Mitigation Assistance Grants, NFWF Coastal
Resilience Fund, and the SC Disaster Recover and Resilience Fund. See Table 3-2 above for a list of
relevant grants as well as eligible activities.
There are specific approaches through which future grants and projects may take our hydrologic findings
into account. As such, Recommendations #2 and #3 reflect opportunities to not only mitigate flood
impacts for existing structures and facets of the community, but also develop adaptation measures that
will accommodate larger amounts of water in the area and assist with long-term resilience priorities.
25

4.1.2 Recommendation #2
Resilience and adaptation projects should address a future for Bucksport to live with more frequent
flooding.
Findings from the hydrologic analysis highlight that Bucksport will experience increased precipitation
and recurring flood events in the future. To reduce potential exposure and impacts, the community
should immediately look towards adaptation and mitigation projects that can accommodate high-water
levels on properties. To complete community-level resilience measures, there are two specific
investment approaches that Bucksport and Horry County should consider: (1) further planning around
the continuity of essential services during flood events and (2) investment in physical infrastructure that
will be able to accommodate increasing water levels.
Invest in the continuity of essential services during flood events
With recurring flooding and projections for increasing precipitation, it is vital that Bucksport residents
have access to emergency management plans and that essential services are maintained during flood
events. The Horry County Master Resilience Plan Draft identifies roads in Bucksport as being particularly
vulnerable to flooding (Horry County Government, 2021). The county has a duty to maintain essential
services like drainage and passable roads, so investment can be made to promote safety during flood
events. Comprehensive planning and county partnerships with local utilities should address contingency
plans to ensure continuity of other essential services like water and electricity. Additional
communication and evaluation may be needed to identify the barriers and resources to ensure the
continuity of services.
Invest in physical infrastructure to minimize harm from flooding
Structures are likely to face increasing exposure to flood waters in the future. As such, adaptation
actions should prioritize the health and safety of Bucksport residents through accommodation-focused
projects that support the community’s existing physical infrastructure. Examples of accommodation
actions typically include property elevation and fortification of both residential and commercial
structures. The community center has been identified as an important location, so specific attention
should be placed on protecting the integrity of the building during floods. A further analysis of the
feasibility of specific infrastructure projects is necessary with guidance from local and regional planners.

4.1.3 Recommendation #3
Advance the analysis and implementation of watershed-scale flood mitigation projects.
Given the increasing magnitude of flooding identified in the hydrologic analysis, solutions to alleviate
water levels would be most effective at the watershed scale. Appropriate projects may include both gray
and green infrastructure although Bucksport residents have noted their desire to maintain the rural,
natural qualities of their community in any future flood mitigation actions. In their Nature Based
Solutions Guide (2021), FEMA outlines a range of potential green infrastructure projects to reduce flood
impacts, which may serve as a resource for the community in their review of potential options to include
in grant applications.
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Given the community’s desire to focus on flooding solutions that utilize the region’s natural systems,
green infrastructure practices or “nature-based solutions”, have been identified as feasible options at
this time. Watershed-level mitigation actions from the guide specifically include wetland restoration,
floodplain protections, and land conservation (FEMA, 2021). Based on the rate of wetland loss within
Bucksport over the past two decades, prioritization of wetland protection and restoration projects may
also serve as a starting point to lessen potential influences of land use changes on the region.
Additionally, evaluating the performance of existing wetland habitat and any potential loss in wetland
function due to degradation from development within Bucksport would aid overall watershed-level
mitigation and restoration plans. However, our project does not provide the technical or engineering
expertise to evaluate or recommend specific natural based solutions options beyond general
opportunities.
As FEMA describes, watershed-scale actions require long-term planning and coordination to become
effective (Nature Based Solutions Guide, FEMA, 2021). This will involve collaboration with partners both
within and outside of the Bucksport community to identify how watershed-scale projects can be
achieved. In 2021, Bucksport received a grant from American Rescue Plan funding for rain gardens. Sitescale projects such as these are unlikely to provide the necessary absorption to alleviate the scale of
flooding recorded in the community but can be viewed as one part of the many interconnected actions
that will be necessary to reduce flood risk. Overall, it is recommended that nature-based solutions be
considered complementary to broader flood mitigation efforts throughout the Pee Dee River watershed.
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5 Conclusion
This assessment aimed to identify the primary drivers behind increased flooding in the Bucksport area.
Our hydrologic analysis highlights that the area is experiencing larger floods and underscores the fact
that major flood events are occurring with increasing frequency. In addition to the described changes in
the Pee Dee River’s hydrology, climate change projections reflect that increasing precipitation will likely
exacerbate flooding in coming decades. Overall, our findings support the conclusion that the increased
flooding in Bucksport over the past several years is not an anomaly. Flooding is now a regular
occurrence. Hazard mitigation and adaptation planning should address this new normal.
Future flooding will have varying impacts on the Bucksport community depending on the adaptation and
mitigation measures that are implemented in coming years. Our examination of the relevant policy
landscape indicates that although disaster and hazard mitigation funding require areas of significant
reform at the federal level, there are nevertheless tools in place that can support Bucksport in
alleviating further flood impacts. A focus on funding for larger-scale, watershed-level adaptation
projects that are interconnected with the Pee Dee River may alleviate drainage issues and better store
and slow floodwaters from entering the community. Yet, to preserve the community’s heritage and
properties, adaptation measures will also necessitate accommodation-focused projects that involve
investment in transforming physical infrastructure to exist with future flood waters. Coordination with
local, state, and federal partners will be essential through this process to ensure that the community has
the capacity and resources to promptly implement adaptation projects.
In terms of future steps for the community, we recognize that this assessment serves as a preliminary
piece in a larger effort to address and respond to the flooding challenges in Bucksport. Notably, the
assessment did not include an analysis of the potential influences of changing land use and associated
stormwater runoff on flooding in the community, two interconnected aspects which should be explored
to better understand how smaller-scale, localized actions may alleviate certain points of flooding.
Components such as these where more granular data analyses are necessary should be completed in
conjunction with identification of the larger hydrologic trends within this report. We hope that with this
foundation, Bucksport residents and other stakeholders will be able to take the future steps necessary
to comprehensively examine additional factors surrounding the community’s flooding and develop
further plans and actions to alleviate future flood impacts.
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7 Appendices
7.1 Hydrologic Analysis Appendix
Seven USGS gages were considered for hydrologic analysis. However, the Pee Dee River at Highway 701
near Bucksport, SC (Gage ID: 02135200), was selected for the main analysis.

Gage Site Name
Bull Creek near
Bucksport, SC
Pee Dee River at
Highway 701 near
Bucksport, SC

Gage ID

Years of Record

Watershed

021108044

1989-2000

Carolina Coastal - Sampit

02135200

2001-2022

Carolina Coastal - Sampit

Whites Creek near
Wallace, SC

02129590

1979-1995

Lower Pee Dee

Pee Dee River near
Bennettsville, SC

02130561

1990-2022

Lower Pee Dee

02131010

1996-2022

Lower Pee Dee

02110705

1989-1994

Waccamaw

02110802

--

Waccamaw

Pee Dee River below Pee
Dee, SC
Waccamaw River at
Highway 501 near
Conway, SC
Waccamaw River at
Bucksport, SC

Table 7-1: List of select USGS gages in the Pee Dee watershed

7.1.1 Flood Frequency Analysis
Log-Pearson Type III Analysis was selected to estimate the magnitude and frequency of 2-, 5-, 10-, 25-,
50-, 100-, 200-, and 500- year recurrence-interval floods at the selected Pee Dee River at Highway 701
near Bucksport gage. To perform the flood frequency analysis, the Flow Analysis Summary Statistics Tool
for R (fasstr) was utilized. Analysis methodology replicates that from the U.S. Army Corps of Engineers,
Hydrologic Engineering Center’s (HEC) Statistical Software Package (HEC-SSP). The log-Pearson Type III
distribution is recommended to define annual flood series by the Interagency Advisory Committee on
Water Data (IACWD), Hydrology Subcommittee (as cited in Feaster et al., 2009). The analysis is
characterized by three parameters (mean, standard deviation, and weighted skew).
Log-Pearson Type III is guided by a set of assumptions from the provided data. When looking at higher
return periods, or recurrences over 100 years, that exceed the actual recorded peak discharge events,
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the analysis is extrapolating these potential results from the available data. These assumptions are also
closely tied to the geography of the region, which are also subject to change over time. Accordingly,
analysis results using the log-Pearson Type III will always inherently have a certain level of uncertainty
that must be recognized with the provided results.

7.1.2 Precipitation
Using a seasonal Mann-Kendall test, we determined that over the period of record of the NOAA gage
(1894-2013), Conway received significant increases in precipitation from February to September and in
November with especially significant increases occurring in April and August (p < 0.0001) (see Figure 71). We also applied a seasonal Mann-Kendall test to the USGS precipitation data and determined over
the period of record (2006-2021), Conway received a significant increase in precipitation in October (p <
0.05) (see Figure 7-2).

Figure 7-1: Precipitation data measured at NWS precipitation gage in Conway, SC from 1894-2014. Precipitation is highest
during June-September months.
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Figure 7-2: Precipitation data measured at USGS precipitation gage in Conway, SC from 2006-2021. Precipitation remains high
during June-September months.

7.1.3 Climate Change Considerations
7.1.3.1

Climate Change Literature

When analyzing the hydrology of the Pee Dee River and its implications for flooding, a key factor for
consideration is the impact that climate change may have on future streamflow for the region. In
climate change literature, climate trends generally indicate greater extremes in precipitation patterns:
periods of drought will be exacerbated while precipitation events will become more intense
(Chattopadhyay and Jha, 2016). Accordingly, precipitation is likely to increase more so in early spring
months, i.e., February and March, followed by greater periods of drought in late summer and fall
(Patterson et al., 2012; Chattopadhyay and Jha, 2016). Recent studies have found that “many of the
national-scale studies that have found increasing streamflow trends also found increasing precipitation
trends, indicating a climatic driver to streamflow change” (Patterson et al., 2012; Lettenmaier et al.,
1994; Lins and Slack, 2005; Andreadis and Lettenmaier, 2006).
However, both observed and projected climate change in the region have been described as “spatially
complex due to the interacting influences of global climate change and natural large scale climate
oscillations including El Nino-Southern Oscillation, Atlantic Multi-decadal Oscillation, the Pacific Decadal
Oscillation” (Li et al., 2011). These naturally occurring changes in regional climate not only make it
36

difficult to place timeframes on global climate change impacts, but they also influence the ability to
project future trends, such as potential increases in precipitation.
Interconnected with other drivers to hydrologic alterations, changes to land use, particularly loss of
forest and wetland cover, will also exacerbate climate change impacts. Patterson et al. (2021) note that
“consistency between climatic and hydrologic trends would suggest that climate change is an important
driver of streamflow trends, but would not distinguish between, or quantify, the relative importance of
changing climate vs. anthropogenic impacts.” As such, climate change impacts should be taken into
consideration with other factors discussed within this report; human-related influences, such as water
control and land use changes, likely all have some form of impact on flooding downstream and further
attention and policy actions should acknowledge the varying scope of watershed-level impacts.
7.1.3.2

MACA Method and Inputs

The Multivariate Adaptive Constructed Analogs (MACA) method is “a statistical downscaling method which
utilizes a training dataset (i.e., a meteorological observation dataset) to remove historical biases and match
spatial patterns in climate model output” (Abatzoglou, 2013). Utilizing the MACA method to develop
downscaled climate projections came with several potential approaches, including choices of a Global
Climate Model (GCM), coordinates for downscaling, and an appropriate emissions scenario. As a note,
using GCM’s inherently brings a degree of uncertainty which should be acknowledged when
incorporating climate change protections into future planning. Uncertainty primarily stems from “(1) the
drivers of anthropogenic change associated with greenhouse gas, aerosols, and land use change; (2) the
sensitivity of the climate system to these changes; and (3) natural unforced variability” (Abatzoglou,
2013).

The CCSM4 (Community Climate System Model 4) GCM was chosen to analyze precipitation projections
based on guidance from Dr. Wenhong Li as well as a comparison of its outputs for historical precipitation
data with the USGS precipitation gage data within our primary hydrologic analysis. When determining
the most effective emissions scenario to use for projections, the MACA method offered either RCP4.5 or
RCP8.5 (Representative Concentrated Pathways) scenarios. RCP4.5 is considered an intermediate
scenario in which emissions are reduced by 2040 (Leggett et al., 1992). On the other hand, RCP8.5
represents the “business as usual” scenario in which emissions continue to increase in conjunction with
the current trajectory (Leggett et al., 1992). RCP8.5 was ultimately chosen as it was considered to
provide a more realistic portrayal of future climate projections based on current emissions. Dr. Li was
also consulted to confirm the use of RCP8.5 over RCP4.5.
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Figure 7-3: Change in average annual precipitation based on RCP8.5 projections across all provided Global Climate

Models between data from 1971 and 2000 and projections for 2040 – 2069 (left) and 2070 – 2099 (right).
Projections are specified for December through May; this time frame was chosen as it reflects traditionally wetter
months in the Southeast and periods in which the region typically receives higher rainfall. Maps of the United States
on the top and bottom highlight that precipitation is projected to increase under both emissions scenarios. Maps of
the US in the middle show medium to low standard deviation for the Southeast and represent lower uncertainty for
projections compared to other regions in the United States (as areas illustrated in green shades).

7.2 Policy Resource Appendix
7.2.1 Federal Policy Background
In the mid-twentieth century, the role of the federal government became more codified in coordinating
the response to natural disasters. Launched in 1968, the National Flood Insurance Program was
established to restrict development in floodplains and set up an insurance system to compensate
homeowners for losses. The NFIP leverages flood mapping and risk analysis to identify and calculate
premiums. Among other measures, the Disaster Relief Act of 1974 put into effect the presidential
disaster declaration, which is important in opening designated funding sources after disasters. Created
by Executive Order in 1979, the Federal Emergency Management Agency (FEMA) emerged as the
coordinating agency for disaster management and planning. Passed in 1988, the Robert T. Stafford
Disaster Relief and Emergency Assistance Act ushered in a more systematic federal disaster approach
and established more standards for states and local governments to design disaster preparedness and
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hazard mitigation plans. In recent years, amendments and policies have offered a more explicit focus on
pre-disaster planning and resilience.
7.2.1.1

Moving Towards a Focus on Mitigation and Resilience

The predicted increase in frequency and intensity of flooding related to a changing climate threatens
health and safety of residents and properties across the country and policy responses are changing
(GAO, 2021). Focusing only on the recovery and rebuild phase in the disaster management cycle leaves
less time for the preparation and mitigation. To respond to the changing nature of flooding and
disasters, there is a growing emphasis on hazard mitigation and resilience in federal government
programs. Released in 2019, the National Mitigation Investment Strategy is a national strategy that
emphasizes the importance of mitigation and coordination to reduce risk from natural hazards
(Mitigation Framework Leadership Group, 2019).
FEMA plays an important role in supporting flood mitigation and resilience efforts. The 2018 Federal
Disaster Recovery Act introduced the Building Resilience Infrastructure and Communities program,
which replaced the pre-disaster mitigation (PDM) grant program and provides more flexible funding. The
stated goal of the BRIC program is to “promote a national culture of preparedness and public safety
through encouraging investments to protect the nation's communities and infrastructure and through
strengthening national mitigation capabilities to foster resilience” (FEMA POLICY FP-104-008-05, FEMA,
2022). In addition, the US Department of Housing and Urban Development (HUD) has implemented new
programs to promote more resilience in areas experiencing flooding and repeated disasters. The
Department of Housing and Urban Development’s Community Development Block Grant- Mitigation
(CDBG-MIT) is another program support mitigation “activities that increase resilience to disasters and
reduce or eliminate the long-term risk of loss of life, injury, damage to and loss of property, and
suffering and hardship by lessening the impact of future disasters” (CDBG-MIT, HUD, 2021). Bucksport
and communities across the country are dealing with chronic and frequent flooding events that may not
be severe enough to warrant a disaster declaration, which is why funds not attached to a specific
disaster can be so important. Programs like BRIC and CDBG-MIT represent important funding
opportunities to better prepare for and respond to recurrent flooding.
In addition to more emphasis on pre-disaster planning and mitigation, in recognition of historic
inequalities, several recent federal policies have communicated a goal of more equitable investment.
The first executive order signed by President Biden was “Executive Order 13985: Advancing Racial Equity
and Support for Underserved Communities Through the Federal Government.” The Biden
Administration launched the Justice40 Initiative which dedicates 40 percent of federal investments in
climate projects to benefit historically disadvantaged communities. Specifically, of the $1 billion the
Administration set aside for FEMA’s new Building Resilient Infrastructure and Communities program a
portion is designated for marginalized communities (White House, 2021). Further, updates in NFIP’s Risk
Rating 2.0 focus on equity.

7.2.2 State Policy Background
In response to flood challenges particularly along the coasts, the state of South Carolina has dedicated
new resources to address flooding. In 2018, Governor McMaster signed Executive Order 2018-50 which
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authorized the creation of the South Carolina Floodwater Commission. Order vested the Commission
with the mission to evaluate flood risks and make recommendations for response and mitigation (SC
Executive Order No. 2018-50). A few years following the creation of the Floodwater Commission, the
state created a new office dedicated to resilience efforts, summarized below.
In 2020 the South Carolina Legislature passed S.B. 259: SC Resilience and Recovery Act which designated
the creation of the South Carolina Office of Resilience to organize resilience and recovery efforts in
South Carolina. The Office is prescribed to work in coordination with federal, state, and local agencies
and non-governmental partners (SC Code 48-62-20). The Disaster Relief and Resilience Act has the
stated goal to increase the state of SC’s resilience to natural disasters and flooding events with planning
support, funding, and coordination (SC Code 48-62-10). Of note, the Act outlines ‘Strategic Statewide
Resilience and Risk Reduction Plan’ which mandates local planning efforts and provides
recommendations for actions to decrease the state’s vulnerabilities to flooding (Section 48-62-30). The
Disaster Relief and Resilience Act also designates two funds: it allocates money for local communities to
use for disaster relief assistance as well as targeted hazard mitigation planning (Section 48-62-50).
Additionally, the South Carolina Resilience Revolving Fund makes available low-interest loans and grants
to local governments for buyouts of properties located in floodplains in addition to restoration projects
(Section 48-62-310). For communities like Bucksport, the Plan and two Funds outlined in the Act
represent a growing focus on resilience and new dedicated sources of funding for flooding mitigation
efforts.

7.2.3 Local Policy Background
Local governments play an instrumental role in disaster management as they are the ones primarily
responsible for hazard mitigation planning and the immediate response. Leveraging state and federal
support, Horry County has been signaling increased commitment to resilience efforts in recent years. In
October 2021, the County released a draft of the Flood Mitigation Master Plan. Funded through FEMA’s
Hazard Mitigation Grant Program (project F #30 S #251), the project focuses on flooding and connects to
Horry County All Hazard Mitigation Plan. The stated goal of the plan is to “identify long-term strategies
that will reduce flood risks and vulnerabilities along the Waccamaw and Pee Dee Rivers and the
Intracoastal Waterway in unincorporated Horry County” (Horry County Flood Resilience Master Plan
Draft, October 2021).
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7.2.4 Additional Resources
7.2.4.1

Grant Writing and Technical Assistance Resources

As noted above, the grant writing process can be difficult to navigate. Non-profits and university
members of the Bucksport Community Partnership have supported the community in grant application.
The following are some additional technical assistance and grant writing resources.

Resource
BRIC Direct Technical
Assistance

Anthropocene Alliance
Grants.gov

Description
BRIC offers a competitively awarded assistance technical assistance
program. Applicants can submit a brief letter of interest highlighting
capacity needs. Priority is given to economically disadvantaged
communities and those that have not received FMA, PDM, or HMGP grants
within the previous 5 years.
This is a network of grassroots groups that can connect communities with
scientific consultations and grant writing support.
A federal database of general grant resources that includes videos with
application tips.

Table 7-2: Technical assistance and grant-writing support opportunities

7.2.4.2

Heirs’ Property Resources

Many of the homes in Bucksport are held in heirs’ property arrangements which has been identified as a
barrier to accessing disaster recovery funding (Roberts, 2021). In case of heirs’ property, which a
common housing arrangement for Black families across the American South, the land is held in
communal ownership and lacks a clear title, which has historically made it difficult for residents to
access disaster funding. In fall of 2021, FEMA expanded the documentation options for accessing
assistance in response to Executive Order 13985. According to the updated policy, in absence of a title,
people can provide alternative proof of occupation, like home repair receipt or mail. In addition to this
shift in policy, there are complementary legal and non-profit support options for heirs’ property
establish a clear title and access support. While the updates to the policy around heirs’ property
represent an effort to be more accessible, eligibility requirements for funding can be a barrier to full
participation. The following table includes a list of organizations that provide legal consultations and
educational resources regarding heirs’ property.
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Organization

Key Services Provided

Center for Heirs’ Property
Preservation

Legal support and education

(Charleston, SC)
Black Family Land Trust
(Based in NC, also serving SC & VA)

Education for landowners about estate planning,
intergenerational financial management, conservation
easements, and options for land use (timber, etc.)

Land Loss Prevention Project

Litigation and policy advocacy

(Durham, NC)
Heirs' Property Retention Coalition

Coalition of organizations across the South – a hub for
connecting communities to resources

Table 7-3: List of organizations engaged in heirs’ property advocacy
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