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Abstract

This study aimed to identify flood-prone areas along the Pinhoti Trail and
Chinnabee Silent Trail in the Talladega National Forest. Using the Hydrology Flood
Index layer that was created using several essential data layers, the research aimed to
provide campers, hikers, nature enthusiasts, and trail maintenance teams with information
about areas at a higher risk of flash flooding. The Hydrology Flood Index layer rates the
risk of flooding on a scale of 1 to 4, with level 1 indicating a low risk of flooding and
level 4 indicating an extremely high risk. The data layers for analyzing flood hazards for
the Hydrology Flood Index Map include the Soil Survey Geographic Database
(SSURGO), National Land Cover Dataset (NLCD), Slope, and Flow Accumulation. The
study area includes three Pinhoti campsites and the entire length of the Chinnabee Silent

Trail, where high-resolution images were taken after a flood occurred in 2014.
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INTRODUCTION

Outdoor activities have grown over the years, and so have the safety concerns for visitors
(Lee, S. Y et al. 2020) Flash floods, localized flooding that occurs suddenly, usually caused by
heavy rainfall in areas with low elevation, are common and a leading cause of weather-related
deaths worldwide. It is also difficult to forecast and supply warnings for flash floods, especially
for those who are outdoors during the event (Lee, B.-J., & Kim, S., 2019), Flash floods typically
occur in mountainous regions where steep slopes and small catchment areas lead to short
rainfall-runoff response times, triggering events such as landslides in the Southern Appalachians
(Tao & Barros, 2013).

This research aims to find areas prone to high-risk floods around Talladega National
Forest and Cheaha State Park that can be hazardous to people doing outdoor activities such as
hiking, camping, or visiting. Cheaha State Park is a well-visited area in Alabama because it is the
tallest mountain in the Talladega National Forest, at 2,413 feet (about 735.48 m) above sea level
(Fukano, R., 2023). It is also popular due to its vast network of trails and inspiring views, which
attract people from across the United States (Pruitt et al., 2019). The Pinhoti and the Chinnabee
Silent Hiking Trails within the Talladega National Forest are popular trails. Along the trails,
there are many water crossings, some of which could be considered unsafe if flooding occurs in

areas of erosion, due to the areas prone to flooding (Bratton, S. P. et al., 1979).

LITERATURE REVIEW
Northeast Alabama Trails
The Pinhoti Trail in Alabama starts at Flagg Mountain, located in Sylacauga, Alabama,

and ends in Cherokee County, Alabama. From there, it progresses into Georgia. The Chinnabee



Silent Trail is also located in the Talladega National Forest. It is shorter than the Pinhoti but has
breathtaking sites. It starts at Cheaha Creek and goes for six miles with the last portion of the
trail ending at Caney Head atop Talladega Mountain (Forest Service- Chinnabee Silent Hiking

Trail., 2001).

Alabama’s Terrestrial Ecosystem

Alabama'’s diversity comprises 64 types of environmental features, including 25 forests
and woodlands, 11 wetlands, and seven glades and prairies. It is one of the most biologically
diverse states in the United States (Joe Wheeler, 2022). The most widespread native ecosystem
is the longleaf pine woodland, which extends along the Gulf and Atlantic Coastal Plains from
Virginia, south into central Florida, and north into the Piedmont and mountains of northern
Alabama and Georgia (Stokes et al., 2010).

The national forests in Alabama, especially Cheaha State Park, are known as national
treasures, bringing in tourists all year round (Cheaha State Park. Alapark, 2019). The forests of
Alabama are home to 900 species of birds, mammals, reptiles, amphibians, and fishes, including
endangered and threatened species such as the gopher tortoise, eastern indigo snake, and the red-

cockaded woodpecker (National Forests of Alabama. Encyclopedia of Alabama).

Alabama's Waterways

Alabama's waterways are known for their exceptional biological diversity, due to having
the largest variety of fish species in any river in the United States (Warren, M. L., & Burr, B.
M.,1994). This is also why Alabama is known as America’s Amazon. (Robertson, David J.,

2023). Alabama has 17 major river systems encompassing 132,000 miles of channels (Rivers of



Alabama Gallery., 2023). One of the waterways we are looking into that crosses the Pinhoti
River is the Hilliabee Creek.

Heavy rainfall in Alabama can cause significant flooding in the state's rivers and streams
(April, G. C., & Raney, D. C., 1980). This flooding can lead to a high risk of erosion, landslides,
and downed trees due to waterlogging and seasonal rainfall patterns (Jurgen Kreuzwieser, Heinz
Rennenberg., 2014). The months with the most rain in Alabama are January through April, with
the highest monthly frequency occurring in March (Lecce, S. A., 2000). Even though storms are
unpredictable, it is always important to be aware of the risk of flooding in an area, especially
during these months. It is worth noting that storms can also occur in June and July, which are the
hottest months in the state. Fall and spring are popular for hiking and outdoor activities (Teton,
2016).

Floods are hard to predict due to their rapid formation (Acosta-Coll, M et al., 2018).
There are no early warning systems in place for flash flooding. It is hard to predict where
flooding will occur and how much rainwater would occur for this to happen. The Federal
Emergency Management Agency (FEMA) has created maps that are based on historical
hydrologic data, community input, topographic surveys, hydrologic analysis, and hydraulic
analysis (ADECA, 2021). FEMA maps may not be reliable for hazards on trails since they are

made for flood hazards in residential areas.

Flash Flooding Hazards
Flooding can be a concern for hikers, campers, or any outdoor enthusiasts. When
planning, before going outdoors, it is best to see the weather forecast and know where you will

be taking a trip (Camotrek Staff., 2022). This is why a Hydrology Impact Index model of the



area may prove valuable. A Hydrology Impact Index model is one approach to modeling the
potential flooding areas by rating them on a scale of 1 to 4, with 1 representing extremely low
flood risk and 4 representing high risk. (Nashwan, M. et al., 2018). The Hydrology Flood Index
was created using the Arc Hydrology toolset with four layers: Soil, National Land Cover Dataset
(NLCD), Flow Accumulation, and Slope. These layers are individually weighted based on their
significance in causing flooding or hydrology issues compared to other layers. Additionally, the
data is compared to past flooding reports by FEMA and hikers to determine which areas have
been flooded in the past. Since FEMA’s flood maps are based on historical data for residential
areas the Arc Hydrology toolset will be heavily relied on and could help indicate areas with
higher potential to flood. With this, over time, you can see changes in the landscape and
indications of elevated risk according to the flow accumulation tool from Esri (Jacinto, R. et al.,
2015).

Usually, flash floods can occur if there is enough rainfall, while flooding usually happens
after several days of rain. It is important to never underestimate the danger of flash floods
(Camotrek Staff., 2022). Sometimes, unexpected rain occurs when it is not forecasted or
detected by Doppler radar. This can happen due to a short-lived storm called a microburst, which
occurs between radar scans (Wilson, J. W. et al., 1984). Wet microbursts are known for their
high wind shear, which can be strong enough to cause airplane accidents (Maaz, M. A., 2022).
They are also likely to bring intense hail and substantial rainfall. Light rain that is too small to
show up on radar can also contribute to unexpected rain events (Tuttle, J. D. et al., 1989). An
example of flash flooding from a microburst was in July 2019 in Saks, Anniston, Alabama
(Nunnally, B., The Anniston Star., 2019). A neighborhood of Lenlock Lane and Wildoak

experienced a wet microburst which caused 4 feet of standing water. FEMA did not identify this



neighborhood as a flood zone risk, even after the 2018 flooding. Another example was found on
County Road 24 in Heflin, Alabama, near Lake Hillabee and Morgan Lake. On March 22, 2022,
this location also had flash flooding, connected to Choccolocco Creek, which flooded
neighborhoods and the Choccolocco Creek Park (Kortright, A., The Anniston Star. 2019,

February 22).

Flood Indices

Flooding can be measured by a flood index, which is a tool that helps explain the
frequency or intensity of a flood in a particular area. Several other flood indexes can be used,
including the Flood Vulnerability Index, Flood Hazard Index, and Social Flood Risk Index.
These indexes show either how often an area is to have a severe flood or the potential of the
likelihood it would ever flood in a location and the severity of it (Tascon-Gonzélez, L. Y. etal.,
2020).

In the Jackpine watershed in Canada, DEM (Digital Elevation Model), network stream
data, and Arc GIS (Geographic Information Systems) Hydrology toolset were used to create a
Hydro Index model for flood predictions and hydrology predictions (Li, Z., 2014). Rainwater
tends to follow the naturally formed paths created by fluvial networks on higher slopes. These
streams have formed over time due to the erosive action of water. As rainwater flows down the
slopes, it follows the path of least resistance, which is often along the existing fluvial network.
This process helps to guide the water along a predictable path, which can be beneficial for
managing water resources and mitigating the risk of flooding (Bloemen, P., 2017). In the Walnut
Gulch Experimental Watershed and Las Trampas Creek Watershed, Arc Hydro was used to

investigate the properties of hillslope curvature and the impact of curvature on peak flows



(Lapides, D. et al., 2022). Flood indices have been used for a lot of reasons including analyzing
and predicting rainfall patterns, assisting emergency services, local authorities, and individuals in
devising effective strategies for planning and responding to flood events, and identifying the
potential risks and hazards associated with floods.

Flooding events provide valuable data that highlights the areas that are prone to flooding
along with the frequency of events and level of risk associated with each area. This information
can be instrumental in identifying and mitigating the potential dangers. For predicting flood risk,
we would obtain a Digital Elevation Model (DEM) and apply it to the Flow Accumulation of the
Arc Hydro tool set. (Strapazan, C., & Pettut, M., 2017). This would highlight areas of erosion
due to potential flooding. The Arc Hydrology toolset uses DEM to see if an area is prone to
flooding (Bajabaa, S. et al., 2013). DEM is used to define the slopes, the hydrographic network,
the delimitation of the basin's slopes, and the extraction of the physical characteristics and water
streaming from an inlet (Sami, K et al., 2013).

The Guadalupe River Basin in Texas has been utilized as an example for data modeling
in Arc Hydro GIS (Goodall, J. 2003). The Arc Hydro GIS model is specifically designed for
analyzing river overflooding caused by excessive rainfall. This data example can also be useful
in evaluating floods on trails by identifying rivers and streams that intersect and may potentially

overflow.

Study Site
The Pinhoti Study Area starting location is in Flagg Mountain, located at Sylacauga,
Alabama with coordinates 32.97814, -86.354578, and ends at Indian Mountain in Cherokee

County, Alabama with coordinates 34.0225995, -85.4560683 Fig 2. The Chinnabee Silent Trail



is located in the Talladega National Forest, in Cheaha Mountain, which is the Study area Fig 1.

It starts at Cheaha Creek and goes for six miles with the last portion of the trail ending at Caney

Head atop Talladega Mountain (Forest Service. (2001).

Figure 1. The Pinhoti Trail and The Chinnabee Silent Trail of Alabama

Figure 2. Pinhoti Trail of Alabama
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The study area is within the Choccolocco Creek Watershed, which is an area known for
flood hazards (William Wesson, 2022). The study areas of the Pinhoti and Chinnabee Silent
Trails are part of Cleburne County and are by the Calhoun County borderline by Oxford, AL,
and Anniston, AL. The terrain varies from steep mountains to gentle valleys with elevations
ranging from 1,500 ft to 2,500 ft on the trail and is 15 miles long. The bedrock is composed of
Clastic metamorphic sedimentary rock (Keith, A., 2008). There are a few bodies of water that
surround this portion of the Pinhoti such as Jackson Creek, Turner Creek, Gold Mine Lakes,
Creghton Lake, Abel Lake, Morgan Lake, and Hillabee Lake. The focus is on Hillabee Lake
since the river cuts through the Pinhoti Trail several times and the main body of water is next to

the trail by County Road 24.



METHODOLOGY

Field Survey

In this paper, we analyzed both the Pinhoti and the Chinnabee Silent Trails located in
Cheaha State Park Fig 2 and the geo-hydrological risks, such as landslides and downed
trees, that surround the trail. A field survey on the Pinhoti Trail was conducted gathering data
from downed trees, erosion, streams, and hazards blocking the trail, invasive plant species,
signage, campsites, and debris along the trail. This data was collected using Field Maps
Designer in ArcGIS Online. The point layer was used as the feature layer and the map was set to
offline mode for data collection on site. The data that was collected were: Erosion, Invasive
Species, Natural Hazards, Human Hazards, Trail Features, and Photos. This was collected using
Field Maps on a Trimble or my Samsung S21 when | was out on the trail. The app Field Maps

was used on these devices.

Data that Impacts Flooding

Many factors can impact or even cause an area to flood. Factors were chosen for
consideration based on findings from a project on flooding in Calhoun County, and include
Elevation, Distance from the Stream, Land Use, Flow Accumulation, Slope, and Soil. (Khadka,
P.etal., 2022).

The data that was used at the end of this research were: Soil, Flow Accumulation,
National Land Cover Dataset (NLCD) also known as Land Use, and Slope. It was easier to do it
based on counites than watersheds since you can see easily what counites the Pinhoti Trail runs

through.
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Slope Data

The Slope Data is based on areas of lower elevation that were assigned as a higher risk

for potential flooding. When creating the data, we used a DEM Fig 4, which can be downloaded

from nationalmap.gov (Kelmelis, J. A. 2003).

N

F R

et e’
Chinnabee Silent Trail DEM Pinhoti
Vake

Pinhoti Trail moz

7043

>Digita| Elevation Model (DEM)

Figure 4. Map of DEM merged and were Figure 5. Map of Slope for the trials Pinhoti

clipped based on AOI. and Chinnabee Silent Trail

Figure 6. Map of Slope before and after reclassification
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These DEMS were then merged and clipped based on the Alabama counties layer Area of
Interest (AOI) where the Pinhoti Trail goes through. The Counties layer came from ArcGIS
online (Alabama Counties, 2018). Elevation can be used to find the area of lower and higher
terrain. However, for this research, slope was used because it takes into account the area of high
elevation to lower terrain, not just high points. We had to reclass the Slope Data Fig 5 based on
the reclassed version of the Flow Accumulation Data. The Reclassification for the Slope data

was based on Elevation.

Value Label

172142 0.001 - 1.721

5419005  1722-5419

13361362 542-13.361

30421425 13362 - 30421

67.066185  30.422 - 67.066

Table 1. Reclassification for Slope Data
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NLCD

The National Land Cover Dataset (NLCD) provides descriptive data characteristics of the
land surface such as urban, agricultural, forest, and grassland (Earth Resources Observation and
Science, 2018). The land cover can be a major part of why an area may flood. For example,
Forests have deep-rooted trees that aid in drainage, while pavement in residential areas has poor

drainage and can cause flooding.

i i i Shrub/Scrub/Grassland/
Chinnabee Silent Trail - B oraftin
— Cultivated Crops

i ; Trail Developed

Pinhoti Trail R

— [ | Devgnpeg Mec:‘nm Tntensity/
Deve Intensi

National Land Cover e

Dataset NLCD Woody Wetiands/Emergent
Herbaceous Wetlands.

ClassName B Open Water

- Deciduous Forest/Evergreen

ForestMixed Forest

Figure 7. National Land Cover Dataset (NLCD) for the trials Pinhoti and Chinnabee Silent
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Most of the area of interest is covered with forests, while some parts have grasslands. The
type of trees, vegetation, and soil are the main factors that aid in erosion caused by hydrology
issues. The NLCD data came from the USA NLCD Land Cover (USA NLCD Land Cover.
Arcgis.com) and clipped to the Counties AOI. The NLCD data was reclassified based on the

number of classes from the reclassed version of the Flow Accumulation Data.

When choosing which groups to merge for the NLCD data, we had to group those with
similarities. For example, those with the category “forest” were grouped and all categories of
“residential” were grouped into one group. The reason these categories are grouped, based on
class, is that they have the same effect on areas prone to flooding. If you grouped a pasture and

residential area, it would be inaccurate since fields can drain water better than pavement.

Figure 8. National Land Cover Dataset (NLCD) Before and After Reclassifying
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1911540
623200
237298
202470
39028739
22537266
6662849
2886768
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BA1ED

Land Cover

Open Water
Developed Open Space
Developed Low Intensity
Developed Medium Intensity
Developed High Intensity
Barren Land

Dedducus Forest

Evergreen Forest

Mixed Forest

ShrubySaub
Grassland/Herbaceous
Pasture/Hay

Cultivated Crops

Woody Wetlands

Emergent Herbaceous Wetlands

Table 2. Reclassification for NCLD Data

Flow Accumulation

OBJECTID * Value Count
68428854
23723021
8740686
1437434
1103167

Land Cover

Deciduous Forest/Everg...
Shrub/Scrub/Grasslandy...

Developed Open Space...

Woody Wetlands/Emer...

Open Water
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The Flow Accumulation data was built based on the tool Flow Direction that comes from

the Arc Hydro Toolset, which is the direction the stream flows in each neighboring terrain cell
with a low elevation difference or Slope (Flow Direction. Hydrology Analyst). DEM is also a

representation of the bare ground (bare earth) topographic surface of the Earth excluding trees,

buildings, and any other surface objects (USGS, 2022). After building the dataset for Flow

Direction, we can use it to build the Flow Accumulation Data. This data can be combined with

other hydrology features for a weighted sum in the project. (Zhang, H. et. al., 2017).
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Flow Accumulation data is used as the basis for reclassifying all other data layers in this
project, as the classes in the Flow Accumulation cannot be recreated. Any changes made to the
number of classes in the Flow Accumulation Layer will not be based on the values assigned by

Esri the data accumulation tool.
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Soil
The Soil data is used to determine if the soil in the region has good drainage (Bell, J. C. et

al, 1994). Soil samples across the region were collected, but | noticed areas where the data was

inaccurate. Due to the impact the soil layer made on the index, | reached out to USDA and

Areas in the circle with a red square are the
missing data from the collector. It just fills space
with inaccurate data.

Chinnabee Silent Trail
Pinhoti Trail

Soil
T Group A
T Group B
Group €
B Group D
BN Group ATD
B Group /0
I Group /O

Figure 11. Soil Data on the Pinhoti and Chinnabee Silent Trail

found that the data collected was determined by the ones hired by each county to collect. Also,
if the data was not collected, then old data from the years 1899-2005 was put in its place. In Fig
11 you can see how the data becomes more edged and box-like. These are the areas where the

data is incorrect or missing by the county line.
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It was revised from the other layer USA SSURGO - Soil Hydrologic Group (USA
SSURGO - Soil Hydrologic Group). In Fig 12 and Fig 13, the layers were compared because
this particular layer is crucial in determining the flood index across multiple counties. The layer

must be seamless and based on accurate data, as the information provided in Fig 11 may not be

sufficient in this regard.
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Figure 12. Soil Data Figure 13. Soil Data Revised

This data from SSURGO (SSURGO Soil layer. Arcgis.com) was downloaded for each
Section the Pinhoti Layer ran through: Middle Tallapoosa, Lower Coosa, Upper Coosa, Upper
Tallapoosa, Middle Coosa. We merged the layers from the downloaded section and clipped them
to the Counties AOI layer. However, since the layer was a feature class, we needed to convert it
into a raster to use it for the weighted sum. The weighted sum function only works with raster
layers. We will convert the layer based on the soil drainage classification. To maintain the
accuracy of each cell in the raster, we will choose an output cell size of 1. If a different number is

selected, the cells may merge incorrectly based on their values. For example, an area with poor



drainage value may be combined with a nearby area with good drainage value, resulting in an

inaccurate representation of the actual drainage patterns.

Output Cell Size

M

Figure 14. Output cell Values Size

Figure 15. Soil Data SSURGO Feature to Raster based on Soil Drainage Class
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the number of classes in the reclassification derives from the Flow Accumulation layer. When it
comes to grouping, the focus is on the poor drainage classes because each has distinct qualities
that may lead to inadequate water drainage. In Fig 11 of the other SSURGO data, we combined
all the poor drainage classes into a single group. However, this approach posed a challenge when
comparing it to the FEMA Flood Data layer, which was provided by Esri (esri_landscape2.,
2023). This is because, in the black circle, the blue area (Group D) represents the county line. As
previously mentioned, the layers in this SSURGO dataset were collected by workers for each
county or using older data that may be inaccurate. This caused the area to be a poor flooding

zone even though that is not true at all.

FEMA Flood Index
0.2% Annual Chance Flood Hazard
[ 1% Annual Chance Flood Hazard

~ Group A/D/Group B/D/Group C/D

00102 04 06 08

o e e e e Miles

Poor SO|I Dramage versus FEMA Flood

Figure 16. Soil Data SSURGO Feature to Raster based on Soil Drainage Class



21

In the new SSURGO dataset, when we focus on the poor drainage classification, we can
see that the area bordering the county line in Fig 16 is now seamless, giving it more accurate soil

data.

FEMA Flood Index

~ 0.2% Annual Chance Flood Hazard
| 1% Annual Chance Flood Hazard
{71 Regulatory Floodway

__ I Excessively drained

| Well drained/Somewhat excessively drained

B Moderately well drained

| ] Somewhat poorly drained
Poorly drained

00102 04 06 08

1 e e s Miles

New SSURGO Poor Soil Drainage versus FEMA Flood Map

Figure 17. New Soil Data SSURGO Feature to Raster based on Soil Drainage Class

In Fig 17 we grouped the well-drained classes and left the poor drainage on their own to
see if there is a change in the poor versus somewhat poor drainage classes since this is what we

are focusing on for the soil data.
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Flood Index

After we identified the datasets that have an impact on flooding or hydrology issues, we
collected the relevant data and created a Flood Index to help us determine which areas were at
risk of flooding or other hydrology issues. To verify these areas, we consulted published articles,
reports from other hikers and campers, and ground truthing.

The datasets shown in Fig 18 were ranked based on their impact on flooding and other
hydrology issues. They were then weighted together to determine their contribution to flooding
and other hydrology issues in each area. The weights are initially calculated using the Analytical
Hierarchy Process (AHP) calculator, which is a mathematical method that assists decision-

makers in determining the priority weights for criteria. (Goepel, K. D, 2022).

Figure 18. Weighted Sum layers and the result
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By utilizing the weighted sum feature of ArcGIS Pro, we can generate a flood index by
considering the previous layers that have been created. Any errors or issues with these layers

may lead to inaccurate or misleading results in the final weighted sum. Therefore, it's crucial to

ensure that all the previous layers are created properly and contain accurate data Fig 19.

‘\ = G

With the wrong soil g /
T Y : J - - Layer weighted it X
Sl S ; 5 ey 1 i affected the Data
Chinnabee Silent Trail g ‘¥

Pinhoti Trail

5 Alsbama_Counties_Outline
Hydrologic Hazards
=

Figure 19. Incorrect Weighted Sum Map due to Soil layer

In Fig 20 the weighted sum tool was used on these layers to create the final Hydrology
Impact Index Map that will be used to determine areas with possible flooding compared to the

FEMA flood data map (esri_landscape2., 2023).
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When we ran the layers from Fig 20 with the values based in Fig 18, we came up with a
Hydrology Impact Index Data Map, which is a valuable tool utilized to pinpoint regions that are
at an elevated risk of experiencing flood-related issues.

We will refer to this map to identify areas with potential flooding hazards and to compare
it with the ground truth data. To ensure that our findings are consistent and accurate, we will be
comparing both the map and ground truth data with the FEMA Flood Zone Layer Map. By doing

S0, we can gain a better understanding of the flood-prone areas (esri_landscape2., 2023).

Atlanta
0«

Chinnabee Silent Trail
.
Pinhoti Trail

>

Hydrology Impact Index

Level 1
Level 2
Level 3
B Lovel 4
B Lovel S
[ Counties Outline

Figure 21. Weighted Sum creates the Hydrology Impact Index
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Hydrology Impact Index Results

The Hydrology Impact Index was used to identify areas on the trails prone to flooding or
other hydrological issues. We selected four locations as our focus areas. Looking at the
campsites in low-lying terrain and near streams it was noted that even if the Flood Hazard Index

was low it was still a potential flood hazard zone based on ground observations.

Areal

Located on the Pinhoti Trail, coordinates
Latitude 33.543523 Longitude -85.753007, is surrounded
by two crossings of Hillibee Creek, where one must cross
to continue the Pinhoti Trail. This information from the
map is based on ground truthing and from areas near
streams and on identifying with older data of special

flood zones known as the 100-year floodplain (Zheng, X

A : -
Fig 22. Area 1 Campsite (Photo
evidence and ground truth. Credit: Allie Field, Jacksonville
State University Trails Science
Institute)

et. al 2018). This data alone is based on historical
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Pinhoti Trail
>
FEMA Flood Index
0.2% Annual Chance Flood
Hazard
1% Annual Chance Flood
Hazard
] Regulatory Floodway
Water Flowline
Véater Flowlne
Bodies of Water
nhoti Campsites

Figure 23. Area 1 Campsite FEMA Map

In Fig 23 you can see that the campsite does not come close to the flood hazard according
to the FEMA Data. We will next look at the Hydrology Impact Index Data Map that was created
for this research project and compare it to the FEMA Data. In Fig 24 we can see that this data is
very different from the FEMA data. We can see that in the area where you must cross the stream
to continue the Pinhoti Trail, you are crossing an area of a potential Level 1-3 flooding hazard,
depending on the total rainfall in the area for a flash flood to occur. In the area, there is

documentation of this location to flood and ground truth evidence from March 22, 2022.
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Figure 24. Area 1 Campsite FEMA Map and Hydrology Impact Index

As previously mentioned, in areas affected by hydrology issues, you are likely to see more
fallen trees due to their roots becoming waterlogged and weakened, making them susceptible to
wind. Additionally, there may be higher levels of erosion on the trails as water carries sediment

away from its original location. (Bertol, I. et.al., 2003).
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Pinhoti Trall

>
FEMA Flood Index

Erosion Areas on the
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Figure 25. Area 1 Campsite Erosion on the trail

In Fig 25 areas in the Hydrology Impact Index had some sort of erosion as evidence that
hydrology has some type of impact on the erosion in the area. Here in Fig 26, you can see that
the area is in a Level 1 zone according to the Hydrology Impact Index Data. In the image you
can see that the area has minor root exposure over time due to water, after rain, washing the soil

down the slope.



Erosion Areas on the
Pinhoti

ErosionTra

Figure 26. Area 1 Minor root exposure in a Level 1 on the Hydrology Impact Index
(Photo Credit: Allie Field, Jacksonville State University Trails Science Institute)

The area has minor root exposure. Surrounding this location is Hillibee Creek, which

runs down the slope into Lake Hillibee and from there to the Choccolocco.
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Figure 27. Area 1 Minor erosion areas near the Campsite (Photos Credit: Allie Field,

Jacksonville State University Trails Science Institute)
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Erosion Areas on the
Pinhoti

In these maps, you can see the areas of erosion were minor, but they are in a Level 1 zone

according to the Hydrology Impact Index, where the crossing of the stream and the campsite is

on a Level 2-3. This area on March 22, 2022, was flooded and the water was higher than the

regular water level that day. The data | collected was meant to be used as a ground truth to

compare with the Hydrological Index that was created. However, due to unfavorable weather

conditions, the Trimble device kept losing its connection, causing the recorded GPS location to

be incorrect. As a result, the location was manually noted down, and the data was collected again

on a day with better weather conditions to ensure its accuracy.




Area 2

Located on the Pinhoti Trail, coordinates Latitude
33.748761 and Longitude -85.579964, is a campsite that is
downbhill from a stream that flows into Shoal There are several
fallen trees surrounding the area, which could indicate a
potential risk of water runoff into the creek. This water could
saturate the soil around the trees and cause the root systems to

weaken over time, resulting in waterlogged or root rot trees.

Additionally, wind may cause them to fall during this process. Figure 28. Area 2 Campsite

by Shoal Creek (Photo
Credit: John Graffeo)

weakened by the soil being washed away, which may lead to windthrow. It is also noticed in Fig

It is important to note that the trees' support system can be

29 that there are areas surrounding the Campsite of incisions and root exposure where the stream

runs through to go to Shoal Creek.
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Figure 29 Area 2 Camp Site near Shoal Creek
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Area 2, Fig 30, is also located, according to the Hydrology Impact Index, in Levels 2 and 3. This
is a stronger indication of potential hydrology issues or flooding hazards in that location.
According to the FEMA Flood Zone map the campsite is also located in a “1% Annual Chance
Flood Hazard”. Meaning that there is a 1 percent chance within that year of a flood to occur in
that location (The 100-year flood completed. The 100-Year). This is also called the 100-year

flood plain (Flood zones. FEMA.gov). With Flooding, there will be a higher indication of

erosion such as in Fig 31.
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Figure 30. Area 2 Camp Site FEMA Flood Index and Hydrology Impact Index
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In Fig 30, we can see that this location has flooded before according to FEMA since this means
that the data was collected as a historic value (Flash flood emergency for parts of Jefferson,

shelby co.).
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Figure 31. Area 2 Campsite Areas of Erosion and Creek Crossing (Photos Credit: John
Graffeo, Jacksonville State University Trails Science Institute)

In Fig 32 the image of the trail is eroding in the area above is the stream that goes down the trail

and to Shoal Creek Fig 33.
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Figure 32. Trail Eroding (Photo
Credit: John Graffeo, Jacksonville
State University Trails Science
Institute)

Figure 34. Windthrown Tree on Trial
(Photo Credit: (Photo Credit: John
Graffeo, Jacksonville State University
Trails Science Institute)

¢ A e

i:igtjre

33. Water Crossing on Trail

(Photo Credit: John Graffeo,
Jacksonville State University Trails
Science Institute)

Figure 35. Windthrown tree on Trail
(Photo Credit: (Photo Credit: John
Graffeo, Jacksonville State University
Trails Science Institute)
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Also, near the Campsite some trees were windthrown Fig 34, Fig 35, Fig 36. In both Fig 34 and
Fig 35, they are both next to the creek where water can rise and take soil away. In Fig 34, itis
also below where the stream meets Shoal Creek, so that can also cause the area to erode quicker
since it is also noted that portions of the trail were eroding Fig 32 by the water crossing in Fig

33.
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Figure 36. Windthrown trees near the campsite and Shoal Creek (Photo Credit: John Graffeo,

Jacksonville State University Trails Science Institute)
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In Fig 36 you can see that the FEMA Map does cover some of the areas that the Hydrology
Impact Index Data does cover, but not all of it. In the area that is not touched by the FEMA map,

we can see issues with water going downhill.

Area 3

Located on the Pinhoti Trail, coordinates Latitude 33.878118 Longitude -85.551654, is
i ] S

located by Terrapin Creek Fig 37. This area is in the
FEMA Flood map and the Hydrology Impact Index
Data layer. This area has a history of flash flooding.
However, prior to collecting data on hydrology
damage or reports of flooding, there were no
concerns about the flooding. This was because there
wasn't much residential development in the area,
and dams had been built to help mitigate the
flooding. The area was primarily used for

agricultural and livestock purposes. However, it was

Figure 37. Area 3 by Terrapin Creek
(Photo Credit: Allie Field, Jacksonville
State University Trails Science
Institute)

reported in previous years that the creek was known
as "untamed" due to the flooding, which caused
water runoff and erosion, changing the landscape that surrounds the creek. It was also reported
that the flooding even covered the roads to where wagons could not pass, which was the reason
for the dams being built (Rome News Tribute. (2009). In 2017 it was reported that the creek
flooded due to a higher amount of rainfall, which is the same reason that Hillabee and

Choccolocco Creek also flooded in 2022 (Cooper, A., 2017).
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Figure 38. Area 3 FEMA and Hydrology Impact Index Flood Data

In Fig 38 we can see that the campsite is right next to
the creek, which could cause the outdoor enthusiast to be at
risk of flooding, especially during the rainfall peak seasons
since flash flooding comes without warning (Knocke, E. T., &
Kolivras, K. N., 2007). In Fig 38 we can also see a form of
erosion, by which the surface of the soil and other plant

materials are worn away or removed by the force of water,

typically caused by heavy rain or strong water currents,

Figure 39. Overflow erosion

which in our case is heavy rainfall. In this area, we also have  near area 3 (Photo Credit:
Allie Field, Jacksonville State
University Trails Science
Institute)
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an overflow on the trail from the creek. This is due to water that overflows from a river or
stream and carries away excess soil and sediments. This occurs with heavy rainfall. In Fig 39 we
can see the small portion of damage erosion causes, but over time it puts the landscape at risk for
loss of soil fertility since the top layer of soil is washed away, and essential nutrients and
minerals are also carried away, overflow erosion can also lead to landslides, especially in higher
terrain areas. As the soil becomes loose and unstable due to erosion, it is more susceptible to
mass movement. This can be dangerous for communities living in these areas and can result in

loss of property and even lives (Takayama, S., & Imaizumi, F.. 2022).

In Fig 40 we can see also areas that have root exposure where the trees are exposed and
potentially damaged due to erosion of the surrounding soil which happens during heavy rainfall
and wash away the topsoil, leaving the roots of plants and trees vulnerable to damage and
disease. This leads the trees to rot and fall eventually over time, which is another hazard for

those on the trails (Reeksting, B. J., Taylor, N. J., & van den Berg, N., 2014).
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Area 4

The Chinnabee Silent Trail is also located in the Talladega National Forest. It starts at
Cheaha Creek and goes for six miles till the last portion of the trail ends at Caney Head atop
Talladega Mountain at Lake Chinnabee (National forests in Alabama - Chinnabee Silent Hiking
Trail). In Fig 43 we can see the portion where Lake Chinnabee is in a FEMA flood zone and
Level 1- 3 on the Hydrology Impact Index Data. This area is located in a flood-prone zone. The
campground had to be closed down in 2013 due to flooding, as there was a concern for the safety
of the visitors. The flash flooding occurred at night, which caused anxiety for the outdoor

enthusiasts. (Nielsen, G., 2013).
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Figure 43. Area 4 Chinnabee Silent Trail and Hydrology Issues
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On the Lake Chinnabee Recreation flood damage was done due to the flash flooding that
closed this location's campgrounds (Nielsen, G. 2013, May 22). | found the images on
Whiteblaze, by OwenM, who went hiking on New Year's Day of 2013 at Chinnabee Silent Trail.
He claims, “Would have been a rude awakening for anyone camped along the creek... These are
from New Year's Day. | day hiked the Chinnabee from Turnipseed, plus the Lakeshore Trail.
From the debris, and state of the trees, the creek looked like it would have had to have gone from
the familiar stream to being 50-60ft wide and 10ft deep.” (M, Owen., 2014, March 5), where
users were talking about the location being reopened for camping, but concerns are still out there

about the risk of flooding.

In Fig 44 we can see that the impact just does not affect the trail, but also Skyway Drive.
Roads are not designed to properly channel rainwater, so water can accumulate and cause
flooding. In Fig 44, the 3D image shows an area on Skyway Drive, AL-281, where water flows

out onto a flatter surface, creating an ideal place for flooding due to the tributary stream. This
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Figure 44. Chinnabee Silent Trail and Flooding on Skyway Drive



43

area has gravel roads that will deteriorate quickly. It is a part of the Tallapoosa River Basin

Watershed. A tributary stream is a small stream that flows into a larger river or body of water.

In Fig 45, we can see the location on the Chinnabee by Cheaha Creek and Chinnabee
Lake is an area known for flooding. In Fig 45, we can see the arrows pointing down the slope of
the terrain called an incision, which is a groove made by water flow over the years. This is also

the same location as the campsite closing on the trail from flooding.
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Figure 45. Chinnabee Silent Trail and Flooding that overflowed the Trail.
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Addition to Hydrology Impact Index Data
Due to a lack of data about floods in the Talladega National Forest, around the campsites
and trails, | expanded my analysis beyond the Talladega National Forest to include other

locations as additional confirmation of the index at more intense index values.

Test Area 1

Water Fiowline
Bodies of Water

y Hydrology Index
Value

0 005 01 0.2 0.3 04

Test Area 1 for Flood Hydrology Data Set Choccolocco Park

Figure 46. Test Area 1 for Flood Hydrology Data Set Choccolocco Park. With Figure 51

This location is known for its flooding, especially on March 22, 2022, which was the
same day | experienced the flooding on the trail. WBRC wrote an article on the Choccolocco

Park flooding due to roads nearby being reported impassable (WBRC., 2022, March 23). The
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Choccolocco Park is close to Choccolocco Creek, which is the same creek near the Pinhoti and

Lake Hillibee and connects to Lake Hillibee.

Test Area 2
Coldwater Creek is known for flooding, including over Highway 202 going towards the

old Dollar General over the bridge (Gross, S., The Anniston Star., 2016).

0 004009
Test Area 2 for Flood Hydrology Data Set Coldwater Creek
Figure 47. Test Area 2 for Flood Hydrology Data Set Coldwater Creek

With Figure 48 (Photo Credit: Stephen Gross, The Anniston Star)
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Figure 48. Coldwater Creek Flooding (Photo Credit: Stephen Gross, The Anniston Star)

Test Area 3

This is the location of Lenlock Lane in Anniston, Alabama (The Anniston Star. 2019,
July 19), which was chosen because it was not on the FEMA Flood Data Map. This is the
location where | grew up and experienced four floodings over eighteen years. This location was

the data set to confirm the accuracy of the Hydrology Impact Index data.

Hydrology Impact
i Index
Value

Level 1
Level 2
Level 3

0 002004

Test Area 3 Flooding at LenLock Lane in Anniston AL

Figure 49. Test Area 3 Lenlock Lane Anniston Alabama Flooding. With Figure 50 (Photo
Credit: Trent Penny, The Anniston Star)
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Figure 50. Lenlock Lane Flooding Elderly Resident Trapped Inside
(Photo Credit: Trent Penny, The Anniston Star)

DISCUSSION
Floods are one of the most common and destructive natural disasters, causing significant

damage to property and loss of lives. However, floods can also pose a high risk to people
engaging in outdoor activities such as hiking, camping, or visiting areas prone to flooding. One
such area is Cheaha, located in the Talladega National Forest in Alabama.

Area 1is in level 1 according to Hydrology Impact Index data Fig 27 is next to Hillibee
Creek, which had higher than normal water levels in two areas on March 22, 2022. This led to
flooding on Highway 24, dividing the trail on Hillibee Creek. Portions of Area 1 are Level 1 to
Level 3. The area is also next to a 1% Annual Chance Flood Hazard, also known as the 100-year
flood plain. The Hydrology Impact Index Data measurement is accurate in comparison to the

FEMA Flood Risk Map, as witnessed during the flooding event on March 22, 2022.
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Area 2 is near Shoal Creek. It's in Level 2 and Level 3 of Hydrology Impact Index Data.
FEMA Flood Map shows it's in "1% Annual Chance Flood Hazard". The campsite is by a stream
that flows into Shoal Creek. Signs of erosion and fallen trees are visible around the stream,
which can contribute to landslides and the down trees in the location Fig 36.

Area 3, Fig 38, located by Terrapin Creek, is in a flood hazard zone and experienced
flooding in 2017 due to higher rainfall. The area is popular for kayaking but the Creek has a
history of flooding causing erosion issues. Fig 41 shows overflow on the land and braided trails
due to erosion.

Area 4 on the Chinnabee Silent Trail Fig 43 is prone to flooding and ranks Level 1-3 on
the Hydrology Impact Index Data, leading to the closure of the campground in 2013. Flooding
can be dangerous, especially for campers at night.

All these areas have one major thing in common and that is their location by streams and
creeks, in an area of water runoff that can rise due to higher-than-average rainfall, and they are in
a Level 1- 3 on the Hydrology Impact Index Data in or near a FEMA flood zone. Also, the
Hydrology Index Data is effective in analyzing both residential and deciduous forest areas. To
validate the accuracy of the site locations, | compared the data with other sources such as hiker
or camper discussions online, newspaper articles, online sites on the locations, or ground truthing
from when | collected data. If a location is in both a Hydrology Index Data zone and a FEMA
Flood Map zone, it has a higher risk of severe flooding than other locations. For example, the
Chinnabee Silent Trail had reports of severe flooding that endangered the lives of hikers and
campers who would have camped out overnight.

Areas, even at a level 1 risk, had erosion issues and other concerns such as down trees

due to the possibility of being waterlogged. In other sites with a level 3 or 4 risk, there were



49

more down trees, erosion issues, and even rockslides at some spots. These issues alone create a
hazard for outdoor enthusiasts. This research could continue by comparing the data before and
after a flooding event or heavy rainfall in the area. However, road closures and the risk of being

stuck or getting in a flash flood situation present limitations, particularly for areas far on the trail.

CONCLUSION

In conclusion to this research, the best way for outdoor enthusiasts to avoid the hazards of
a flash flood is to be aware of areas that are at risk for flooding. This can be achieved by
researching the area beforehand and checking for any potential flood warnings or advisories. It is
also important to pay attention to weather forecasts since flooding can happen at any time. It is
also advisable to avoid sleeping in areas that are prone to flooding, particularly during nighttime.
This is because floods can be extremely hazardous, especially when you're asleep and unable to
move to a safer location.

In this research, some interesting findings were the difference between the Hydrology
Impact Index data and the FEMA Data used for flood analysis. Areas where | experienced
flooding, were showing on the Hydrology Impact Index, but the FEMA Flood Data Map was
either close or barely overlapping, except for Test Area 3, where the FEMA Flood Data Map was
not showing the area at all was in a zone for flooding even though it flooded several times in the
past. Areas that were in both the FEMA Flood Data Map and the Hydrology Impact Index Data
Map, especially Terrapin Creek and the Chinnabee Silent Trails, had a history of severe flooding.
It is crucial to consider the quality of data used since every layer included in the weighted sum

calculation can be the difference in an area not draining water like it should be expected.
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Also, it was observed that campsites located near a body of water or stream were situated
in low-lying areas, which makes the campsites vulnerable to flash flooding incidents due to the
rapid rise of water levels during heavy rainfall or flooding.

Future research can compare FEMA Flood Data and Hydrology Flood Index in various
locations to identify discrepancies. The data analysis could be carried out at different scales, with
a focus on trails that have experienced flooding and possess more accurate data. Moreover, the
data from different environments could be compared to identify patterns and trends that may be

useful in developing effective flood management strategies.
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Appendix A

Permission from Jacksonville State University Trails Science Institute and John Graffeo

JACKSOMNVILLE STATE UNIVERSITY

Department of Chemistry and Geosciences
700 Pelham Road North
Jacksonville, AL 36265-1602

April 21, 2024

Allie Field has been granted permission to use the data, information, and images from the Trail Science Institute at Jacksonville
State University, This data was obtained during the Pinhoti Trail Project for Alabama Trails Foundation. Dr. Ross Martin and
John Graffeo participated in data collection and processing, The Trail Science Institute is responsible for data collection and
management, and grants permission for the use of such material in this Thesis.

Ross H. Martin PhD, PG

Assistant Professor

Trail Science Institute Director
Department of Chemistry and Geosciences
Jacksonville State University

Office: 207A Martin Hall
email: rhmartin@jsu.edu



Appendix B

Permission from WBRC To Use Their Articles and Publications

Jenna Wood <jenna.woo
To: Allie Field

JW

Hi Allie,

You are more than welcome to reference the article with credit to us.

However, the photo by William Wesson would have to be cleared through him. We were only given permission at the station-level.
Thank you!

JENNA WOOD
Digital Content Manager | WBRC FOX6 News

o

gray

1720 Valley View Drive, Birmingham, AL 35209
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Appendix C
Permission from Anniston Star To Use Their Articles, Publications, and Images Giving To

The Photographers

Sue Magouirk <smagouirk@annistonstar.com>

wome «

April 17, 2024

Allie Field has permission to use information gathered from The Anniston Star newspapers in her theses, as long as she credits The Anniston Star.

Timothy Cash
Editor, The Anniston Star
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