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Abstract 
Broadway, Chad A. Master of Environmental Assessment Program. Evaluating the Impact of Intermittent 

Flooding on Growth and Annual Productivity of Non-Managed Loblolly Pine Stands at the B. Everett 

Jordan Lake Reservoir, North Carolina.  

 

Climate change is associated with increases in storm intensity and variability in storm frequency.  

In North Carolina, more intense rainfall events coupled with increased impervious surfaces from land 

development have resulted in greater peak flows and total volumes of stormwater discharge.  Increases 

in stormwater volume and flow can result in sudden increases in reservoir levels and flooding, potentially 

impacting forests located adjacent to surface waters and reservoirs.  Many of North Carolina’s reservoirs 

are surrounded by loblolly pine (Pinus taeda, L.) which naturally established on former agricultural lands 

at the time of reservoir construction.  Flood control reservoirs experience rising reservoir levels associated 

with rainfall events, resulting in temporary inundation of areas typically upland of the water level.  This 

study collected select biometric measurements and annual growth measurements of loblolly pines in 

areas subject to intermittent flooding as well as areas never flooded around the B. Everett Jordan Lake 

Reservoir, located in Chatham County, North Carolina.  Daily reservoir elevation is recorded by the U.S. 

Army Corps of Engineers for Jordan Lake; hence, these data, with field plot elevation measurements, 

enabled determination of both flooding frequency and duration.   Field plots were established around the 

lake based on easy egress to natural pine stands.  Each plot was selected by identifying a dominant tree 

first, followed by selection of nearby co-dominant and intermediate crown classes.   Tree height, diameter 

at breast height, height to canopy, and canopy condition were determined.  Two increment tree cores 

were collected from each tree at 90-degree angles, mounted onto wood blocks, sanded, and digitized for 

annual growth and tree age using CDendro and CooRecorder (Cybris Dendrochronology) software.  A 

geospatial analysis of the site data and historic reservoir level data yielded the frequency and duration of 

flooding events for each sample plot over the record of reservoir data (1974-present).  Non-parametric 

statistical analyses evaluated if differences existed between annual growth for flooded and non-flooded 

trees of the same crown class.  The focus of the statistical analysis was years with total annual precipitation 

that was one standard deviation above or below the mean annual precipitation for the study period. Of 

the 51 separate statistical analyses conducted in this study, strong statistical significance in annual 

productivity was only observed in eight of the 51 sample groups, indicating that temporary intermittent 

flooding may have minimal impact on the annual growth rates of mature loblolly pines. 
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 Introduction  
 

Anthropogenic emissions are associated with a changing climate and increasing atmospheric 

warmth.  Rising atmospheric warmth results in increases to atmospheric moisture content and recent 

studies have established that increases in this condition are associated with an increase in the frequency 

of extreme precipitation events (Seneviratne, 2012). A comprehensive climate report commissioned by 

North Carolina found that although there is no clear trend in the total annual precipitation recorded 

across the state, there is an upward trend of the annual frequency of heavy rainfall events, which are 

defined as precipitation events with greater than or equal to three inches of rain in a day (Kunkel, 2020)  

The number of heavy rainfall events averaged over the four-year period between 2015 to 2018 

exceeded the averaged events over any 5-year period dating back to 1900 and North Carolina is very 

likely to experience an increase in the frequency and intensity of heavy rainfall events in the future 

(Kunkel, 2020).  Additionally, as North Carolina experiences population growth, there is an expected 

increase in the percentage of impervious cover associated with land development. Impervious surfaces 

are associated with higher peak flow and total volume of stormwater discharge to receiving waters. 

Increases in impervious cover have been associated with a 3.3% increase in annual floods for each 

percentage point increase in impervious cover (Blum, 2020). 

 
Figure 1: Recorded and Projected Heavy Rainfall Events within the Piedmont Region of North Carolina. Source: NC 

Climate Report, 2020 
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Increased flow to receiving streams often results in more frequent activation of the floodplain 

and rising levels within a reservoir. High intensity rainfall events may result in reservoirs exceeding a target 

elevation, leading to intermittent flooding of forests and other surrounding upland areas.  Modeling 

efforts have predicted a 200% increase in the frequency of extreme rainfall events and magnitude 

increases of 20%, conditions that will result in more frequent flooding events of managed forests (Swain, 

2020).  This is particularly of concern for loblolly pine (Pinus taeda, L.), the dominant commercial tree 

species for the South.  Loblolly pine comprises almost 80% of the 3.2 million acres of artificially planted 

stands within North Carolina and represents a significant portion of the $391.5 million annual revenue 

generated by private forest landowners; hence, loblolly pine has a substantial economic impact on North 

Carolina’s forestry industry (McConnell, 2016). 

While the drought-tolerance of loblolly pine has been well-studied, the current knowledge of 

flooding impacts on loblolly pine is limited.  A previous study published in 1951 observed negligible 

changes in growth or morbidity rates for loblolly seedlings subject to intermittent and continuous flooding 

for periods of up to three months before being returned to field capacity moisture content (Hunt, 1951). 

Separate studies published in 1983 and 1984 studied growth rates and root quality of loblolly seedlings 

and found reductions in productivity and root death in flooded conditions, but the duration of flooding 

was continuous or spanned several months and may be a better indicator of growth in poorly drained 

sites instead of sites affected by short-term, intermittent flooding events (Hook 1983, Bell 1984). Each of 

the previously referenced studies are limited to seedling and sapling growth conducted in controlled 

greenhouse conditions and may not adequately represent the response of mature pine stands subjected 

to the same conditions.   A study of long-term growth utilizing tree cores collected within the Congaree 

Swamp found no evidence of interannual effect on forestry production from flooding.  Instead, variable 

growth rates were correlated to the influence of ground water seepage and site elevation (Doyle, 2009).  

The Congaree Swamp study was limited to an analysis of primarily old-growth, dominant class pines and 

included upland, non-flooded sites that were known to have significantly poorer soil fertility than the 

flooded sites. Overall, the impact of long-term, intermittent flooding on various crown classes within 

established loblolly pine forests has not been well studied.   

This paper focuses on an evaluation of the annual productivity of non-managed loblolly pine 

stands that are subject to intermittent flooding events compared to neighboring loblolly stands with 

similar conditions that have not been subjected to flooding.  This study selected loblolly pine stands 

located along and upland of the shoreline of B. Everett Jordan Lake (Jordan Lake). Jordan Lake is a reservoir 
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located across 4 counties in North Carolina, with the dam and majority of the reservoir located in Chatham 

County.  The reservoir consists of an earthen dam with a top elevation of 266.5 feet above mean sea level, 

with a normal pool surface area of 13,940 acres and a total basin drainage area of 1,690 square miles (US 

Army Corps, 2020).  Construction of the dam began in 1967 and lake level data is available from January 

1974 to present; the reservoir initially began operation at a target level of 160 feet above mean sea level.  

The reservoir did not establish the current operating level of 216 feet above mean sea level until 

September 1981, with the reservoir filling to this target level in February of 1982.  The reservoir is owned 

and operated by the US Army Corps of Engineers (Corps) and the primary function is to provide flood 

control. Rising and receding reservoir levels as a result of precipitation within the basin result in temporary 

inundation of upland areas, making this reservoir an ideal candidate to study intermittent flooding.  

This study served as an initial evaluation in a larger study effort to evaluate the response of mature 

loblolly pine forests subject to periodic inundation over a study period spanning multiple decades. COVID-

19 limited the extent of sample collection and tree core analysis. The focus of the study was a geospatial 

and statistical analysis of biometric site data and annual growth from tree cores across three canopy 

classes. The geospatial analysis portion of the study initially identified the study plots that were subject 

to inundation and then established the frequency and duration of flooding events for each study plot over 

a 45-year study period.  With the flooding characteristics for each sample plot established, the statistical 

analysis compared flooded and non-flooded plots in a variety of sample sets with different criteria. 

Methods 
 

This project was completed in three primary phases including data collection and processing, spatial 

analysis, and statistical analysis.  The initial phase included the selection of study plots, collection of 

physical samples and notation of qualitative and quantitative sample characteristic data, and laboratory 

processing and analysis of the collected samples.  The second phase involved an analysis of the spatial and 

temporal characteristics of the study plots and historic reservoir elevation data.  The final phase was a 

statistical analysis of the annual productivity of the loblolly trees selected for study.  

Site Selection: Tree ring data for this study was collected from loblolly pines located within 21 sample 

locations around the Jordan Lake reservoir. To determine candidate areas for study, aerial imagery was 

analyzed to identify forested areas dominated by loblolly pines with easy egress.  Specific location 

selection was based on candidate areas that were located on public lands and within close proximity of 

accessible roads.  Field staff visited the sites in 2020 and selected flooded and non-flooded sites by 
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observing for visual evidence of a high-water mark.  A sample transect was chosen by first identifying a 

tree with a dominant crown class, which is defined as larger-than-average trees with broad, well 

developed crowns that receive direct sunlight from all sides and above.  After the dominant tree was 

identified, field staff searched within a typical 50-foot radius of the dominant tree to select two co-

dominant trees and two intermediate trees.  Co-dominant trees are average-to-fairly large trees with 

medium-sized crowns that form the forest canopy and receive full light from above but are crowded on 

the sides. Intermediate trees are medium sized with small crowns below the general level of the canopy 

and receive limited sunlight from above, typically resulting in a lower crown ratio (Finley, 2012).  Each of 

the 21 transects were named TR-1 through TR-21, and the individual trees within a transect were assigned 

a sample transect number followed by a corresponding number for the tree type as follows: 0 = Dominant, 

1 = First Co-dominant, 2 = Second Co-dominant, 3 = First Intermediate, and 5 = Second Intermediate.   

Field Measurements: Quantitative and qualitative data were collected for each tree.  Quantitative data 

included measuring tree height, diameter at breast height (dbh), and geo-locating the position of the field 

plot.  Location data were obtained by collecting a GPS measurement at the base of the tree and recording 

the sample number (i.e. TR-1-0) and date using Google Earth. Tree height was measured using a Suunto 

PM-5 Clinometer at a distance of 66 feet from the base of the tree.  The diameter of each tree was 

measured with a logger tape at 4.5 feet above ground level.  For trees on a slope, measurements were 

taken based on the up-gradient side of the tree.  If visual evidence of flooding was observed from 

Hurricane Florence (2018), a height pole was used to measure the height of the water marks from the 

base of the tree.  Indications of flooding included a yellow pollen ring and dark discoloration of bark from 

the tree base to a given height.  Qualitative assessments included determining the degree of crown vigor 

on a scale of 1 (poor) to 4 (healthy).   

A two-millimeter increment borer was used to obtain two sample cores from each tree at 90 

degrees to each other using a Haglöf 2-Thread Increment Borer. An initial core was taken at 4.5 feet above 

ground level with the researcher’s back facing the reservoir.  A second core was obtained at the same 

approximate height and 90 degrees around the tree from the initial core.  The increment borer was 

inserted until the middle of the tree was reached, with careful attention made to keeping the borer level 

and perpendicular to the tree during insertion. Once the middle of the tree was reached, an extractor was 

used to collect the core.  Upon removal, field staff visually evaluated the core for evidence of broken ends 

or pieces.  To protect the cores during transportation to the lab, each core was placed in a sealed straw 

marked with the sample number and whether the sample was a primary core or 90-degree core.  Sample 
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cores were allowed to dry prior to processing and analysis.  Cores were mounted to wood, which had been 

cut to just exceed the length of the subject core and included a notation of the sample ID.  Cores were 

then affixed to the wood using minimal amounts of wood glue and rubber bands, and stored until the 

cores had dried to a suitable moisture content.  Cores were sanded using a progression of coarse, to fine, 

to ultra-fine sandpaper on a sanding block to smooth the roundness of the core and enhance the visibility 

of the rings.  Once sanding was completed, excess wood dust was removed, and the samples were digitally 

scanned. 

Scanning and Ring Width Analysis: Cores were digitized using an Epson Perfection v19 scanner by 

laboratory staff; the image was adjusted to ensure that rings were fully visible and saved as *.png file 

types prior to importing them to CooRecorder 7.7, a dendrochronology tool that analyzes tree core images 

to conduct an automated evaluation and measurement of ring widths.  After each auto-determination of 

annual growth widths, each core was visually inspected and manual adjustments for initial ring, ending 

ring, and the largest ring width were determined.  These manual measurements were used in conjunction 

with the software’s Auto Place Mechanism and processed through CDendro to provide output data of ring 

widths that were exported to Microsoft Excel.  

To ensure precision of data outputs from the core scanning process, laboratory staff completed 

quality control on 10% of the total number of core samples.  Quality control consisted of completing 

triplicate scans and measurements of the full width, early width, and late width values of the core.  The 

three outputs per measurement were used to calculate a relative standard deviation of the outputs.  

Acceptable data was observed as having a mean relative standard deviation of less than 5 percent. 

Geospatial Analysis:  An analysis of the duration and frequency of flooding events for the sample sites 

was conducted using field-collected location data, historic reservoir level data, and spatial data obtained 

from North Carolina Emergency Management. Reservoir data is available in text format on the US Army 

Corps of Engineers (Corps) website (https://epec.saw.usace.army.mil/jord.htm); however, a data request 

was made to Corps personnel to receive the data in tabular format.  The dataset consisted of one lake 

level measurement per calendar day, starting from January 1, 1974.  Lake level data comprised 1974 to 

2019 to align with tree core collection.  The Corps dataset also included supplemental information for 

each daily record, including the reservoir target operating level, inflows and outflows for the reservoir, 

and storage volume within the reservoir.   The reservoir level measurement is provided in feet above 

mean sea level, reported to one-hundredth of a foot.   

https://epec.saw.usace.army.mil/jord.htm
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The reservoir and location data were loaded into 

the ESRI ArcPro software suite to facilitate a spatial and 

temporal analysis of the data.  Using the process described 

in Table 1, site GPS locations were projected onto a USGS 

topographic base map for spatial representation of the 

data.  Since the intent of this study was to provide a 

preliminary analysis as a precursor to larger, more rigorous 

studies, the data set was reduced to 21 primary sites for 

the purposes of flooding history.  This facilitated a general 

review of the five samples within each plot, with the 

representative plot point consisting of the mean latitude 

and longitude values for the five trees.   

To estimate the elevation for each representative 

site point, this study used high-quality Digital Elevation 

Model (DEM) data obtained from North Carolina 

Emergency Management.  The DEMs are raster files, 

derived from aerial-collected LiDAR measurements.  The 

data consists of 3.125-foot resolution raster data, 

delivered in tiles of 5,000 feet by 5,000 feet. Individual 

DEM tiles were obtained for the full study area and then 

combined to yield one image for the entire study area. 

Initial processing of the DEM files and elevation analysis 

was completed using the process described in Table 2.  This portion of the analysis yielded a feature class 

that included the calculated elevation for each representative site, reported in feet above mean sea level.  

A visual representation of the output of the elevation analysis is provided below as Figure 2. 

Table 1: Site Projection and Data Preparation 
Process 
Data: Field-collected site data 
(JordanTreeSites.csv), ArcPro Topo base map 
Procedure Log 
Tool: XY Table to Point, Input: JordanTreeSite.csv 
Input: JordanTreeSite.csv, “latitude” field 
entered for y value, “longitude field” for x value 
Output: JordanTreeSitesXY, a feature class 
providing spatial representation of sample data. 
 
Tool: Dissolve, Input: JordanTreeSitesXY 
Dissolve Field: General Site ID 
Statistic Fields: Latitude, Longitude 
Statistic Type: Mean 
Output: GeneralTreeSites 

Table 2: Elevation Analysis Process 
Data: GeneralTreeSites, DEM03 Digital Elevation 
Model 
Data Source: DEM03 obtained from NCEM 
Procedure Log 
Tool: Mosaic to New Raster 
Input: Numerous DEM tiles for the study area 
Output: DEM_mosaic, single raster file 
representing the entire study area 
 
Tool: Extract Values to Points 
Input Point Features: GeneralTreeSites 
Input Raster: DEM_mosaic 
Output: TreeSites_Elevation 
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Figure 2: Site Elevation Map created using Digital Elevation Model (DEM) based on LiDAR aerial measurements.  

Data Source:  DEM dataset obtained from NC Emergency Management (https://sdd.nc.gov/DataDownload.aspx). 
Jordan Lake hydrology polygon layer obtained from Chatham County GIS data 

(http://chathamncgis.maps.arcgis.com/home/index.html). 

https://sdd.nc.gov/DataDownload.aspx
http://chathamncgis.maps.arcgis.com/home/index.html
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The next steps in the analysis were completed 

to append the site elevation data to the Corps reservoir 

level data.  The analysis process described in Table 3 

provides detailed steps completed to create 

compatibility between the two datasets and steps 

executed to combine the site data and reservoir data. 

Once the datasets were joined, additional processing 

and calculations were completed to identify the days 

in which flooding conditions were present at each 

representative site location. For the purposes of this 

study, flooding was defined as any day when the 

reservoir elevation was greater than or equal to the 

representative site elevation.   

After each representative site elevation had 

been joined to the reservoir table, the dataset was 

expanded to add a new field adjacent to each site 

elevation field.  The new fields were created to identify 

days in which flooding conditions were present at each 

representative site.  Once the fields were completed, 

calculations were conducted to provide a value of “1” 

for days when flooding conditions existed and a value 

of “0” when flooding conditions were not present. 

Detail of this analysis process is described in Table 4. 

 

 

Table 3: Associating Site Data and Reservoir 
Data Process 
Data: TreeSite_Elevation, GeneralTreeSites 
LakeLevelData.csv 
Data Source: Lake level data obtained from the 
US Army Corps of Engineers 
Procedure Log 
Tool: Table to Table 
Input: LakeLevelData.csv 
Output: LakeLevelTable 
Notes: Completed to yield table with valid 
Object IDs in geodatabase. 
 
Tool: Add field, Field name: General Site, Value: 
1 
Notes: Completed to have common fields 
between tabular data and feature class files for 
field joins. 
 
Tool: Join Field, Input Table: LakeLevelTable   
Join Field: GeneralSite 
Join Table: GeneralTreeSites 
Output Join Field: GeneralSite 
Join Fields: Tree elevation field for each Sample 
Plot 

Table 4: Analysis of Flooding Conditions Process 
Data: LakeLevelData 
Procedure Log 
Tool: Add Field 
Field Name (example): (SiteID)_Flooded 
 
Tool: Calculate Field, Expression Type: Arcade 
Equation (example): TR(SiteID)-Flooded = 1 
if(true) Reservoir elevation >= TR(SiteID)-
Elevation.   
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Figure 3: Location map of the 21 study plots, identified as flooded or non-flooded. 
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The completed reservoir and site elevation 

data table was then saved and exported to Microsoft 

Excel for subsequent analysis.  Within the Microsoft 

Excel program, functions were created to analyze the 

site-specific flooding history and characteristics for 

each of the 21 representative sites.  A detailed 

overview of the flooding analysis is provided in Table 

5. The analysis provided the total number of days that 

each representative site met flooding conditions and 

the number of consecutive days the conditions were 

present for each event.  To obtain a better 

understanding of the site conditions, subsequent 

analyses were conducted to determine the longest 

continuous inundation event and the number of 

events that met or exceeded durations of 3, 7, 14, 21, 

and 28 consecutive days. 

Using the results of this portion of the analysis, 

the 21 sample sites were categorized as “Flooded” and 

“Non-flooded” sites for comparison of annual growth 

rates between the two population variables. This 

portion of the analysis identified that three sites previously considered to be “non-flooded” during site 

selection were found to experience occasional flooding when the reservoir reached historically high levels.  

New plots have been established but not yet processed for data to expand non-flooded sites. 

Statistical Analysis: Field data for DBH and height were visualized for data dispersion using box plots.  To 

observe conditions in the most pronounced flooding conditions, the primary analysis for this study 

observed annual tree productivity, represented by annual tree ring width, between flooded and non-

flooded populations during years where the total precipitation was one standard deviation higher or lower 

than the historical mean value of rainfall.   

 

 

Table 5: Flooding Analysis and Characteristics 
Data: LakeLevelData, exported from ArcPro to 
Excel file format 
 
Procedure Log 
Cumulative Flooded Days (per site): Calculated 
using “Sum” function below (SiteID)_Flooded 
field. Example formula: =SUM(AF2:AF16862) 
 
Duration of Each Flooding Event: Calculated by 
inserting a new field named (SiteID)_Consecutive 
alongside each (SiteID)_Flooded field. A formula 
was used to count each record of flooding in the 
(SiteID)_Flooded field, returning a cumulative 
count for consecutive flooded days (consecutive 
records of “1”), and returning a value of “0” and 
resetting the consecutive count for records with 
no flooding.  Example formula: =IF(AE2=1, 
AF1+AE2, 0), column AE is the (SiteID)_Flooded 
field, and column AF is the new Consecutive 
field. 
 
Longest continuous flooding event: Calculated 
for each site by inserting a Maximum function 
below the Consecutive field.  
Example formula: =MAX(AG2:AG16862) 
 
Identify events meeting a specified threshold 
(3-day, 7-day, etc.): Calculated by inserting a 
function at the end of the Consecutive field. 
Example function (3-day): 
=COUNTIF(AG2:AG16862,"=3") 
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For each of the selected study years, data were separated by crown class (Dominant, Co-

dominant, Intermediate) for statistical analyses. Datasets for each analysis consisted of the annual ring 

width measurements of all trees within the subject crown class for the evaluated year.  The study trees 

varied in age and many trees had a lower age than the time period of the study, so more recent sample 

sets typically included a larger number of total samples when compared to sample sets from the 1970’s 

and 1980’s. Additionally, 6 core samples were missing (3 Dominant, 2 Co-dominant, 1 Intermediate) or 

were unable to be processed, resulting in a reduction of total core samples. 

A normality test was conducted on the dataset to determine the suitable analysis method.  

Normality tests for both the entire dataset (all trees, all years) and target study years found a non-normal 

distribution, with a typical skew toward a limited number of samples with higher annual growth values; 

hence, annual productivity measurements utilized a non-parametric data analysis.  Based on the sample 

size and characteristics of the data, the statistical analysis selected for use was the Mann-Whitney U Test, 

a nonparametric test appropriate for analysis of limited sample sizes with non-normal distributions 

(Knapp, 2018).  Statistical analyses were completed in SPSS, a software platform with advanced statistical 

analysis capability.  A separate analysis was conducted for each crown class for the years with high annual 

precipitation and years with low annual precipitation.  For each analysis, the test variable input was 

defined as tree ring width values for the specific study year and the grouping variable was flooded status, 

with grouping separated by flooded and non-flooded sites.  Output generated from the Mann-Whitney U 

test included Mann-Whitney and Wilcoxon W statistics describing the average rank differences, a Z value, 

and outputs for the p-value.  This study used the results of the Exact Sig. 2*1-tailed Sig. for the p-value of 

statistical significance. 

Results  
 

Site Flooding Frequency and Characteristics: The geospatial analysis of site location data and Digital 

Elevation Models established the elevation of each representative site.  With establishment of the site 

elevations, the site data were analyzed with the historic reservoir level data to yield a detailed overview 

of the flooding characteristics of each representative site throughout the record of the reservoir.  Table 6 

below details the cumulative days of flooding, longest duration of flooding, and the frequency of events 

with various durations of flooding. The analysis found that sites within the Flooded study group had 

substantially different flooding characteristics.  Sample sites situated closer in elevation to the reservoir’s 

target operating level were observed to experience inundation conditions with greater frequency and 
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longer durations compared to Flooded plots located at a higher elevation.  Recent guidance from the 

North Carolina Forest Service states that mature loblolly pine stands can survive periods of root flooding 

for up to 21 days without any adverse impact (Pickens, 2015).  To further study this guidance from the 

Forest Service, an additional analysis was added to the study to evaluate productivity between moderately 

flooded sites and sites flooded for durations of greater than 21 days.   

Table 6: Flooding characteristics for the 21 sample plots analyzed for this study. Inundation was defined 
as any day when the reservoir level was greater than or equal to the representative site elevation. 

 

 

Selection of Study Years:  An evaluation of the NOAA precipitation data for Chatham County from 1974 

to 2019 found a range of annual precipitation from 34.65 to 64.64 inches, with a mean value of 46.14 

inches and a standard deviation of 7.126.  As described earlier, the focus of this study was years where 

the annual precipitation exceeded or fell below the mean value by more than one standard deviation.  

This resulted in 9 study years with high rainfall values and 8 study years with low rainfall values.   
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Figure 4: Chatham County Annual Precipitation and notation of mean annual precipitation plus and 
minus one standard deviation. Data obtained from the National Oceanic and Atmospheric 

Administration (NOAA): https://www.ncdc.noaa.gov/cag/county/time-series 

 

Table 7: Primary study years for this study, consisting of years where the annual precipitation was +/- 
one standard deviation from the mean value. 

  

Initial Data Analysis: The primary focus of this study was a statistical analysis comparing annual 

productivity of loblolly pine trees subject to intermittent flooding over several decades to loblolly pines 

https://www.ncdc.noaa.gov/cag/county/time-series
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that were not subject to flooding conditions.  Prior to moving forward with a statistical analysis, tree size 

data for each crown class population were compared to observe for any clear differences between flooded 

and non-flooded plots.  Box plots were used to observe the mean, median and general distribution of the 

tree characteristics. Diameter at breast height and tree height were evaluated in separate box plots to 

compare the range and average value. From a visual evaluation of the outputs, the tree data for both 

diameter and height appeared to be consistent between the flooded and non-flooded sites, supporting a 

detailed statistical analysis across all crown classes. 

 
Figure 5: Comparison diameter at breast height between crown classes in flooded and non-flooded plots. 

  
Figure 6: Comparison of tree height between crown classes in flooded and non-flooded plots. 
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Dominant Crown Class Statistical Analysis: Analysis of the dominant crown class found no statistical 

significance in annual productivity in any of the study years evaluated (Table 8 & 9; p<0.05). When looking 

at the cumulative output from all study years, there is a general association with higher productivity in 

non-flooded sites, as the non-flooded sites had 8 of the 9 highest mean ranks for high rainfall years and 

had the highest mean rank in all 8 low precipitation study years.  A higher mean rank suggests that 

dominant trees within non-flooded plots had higher annual ring widths than flooded dominant class trees. 

Table 8: Mann-Whitney U results comparing dominant crown class trees in years with annual 
precipitation exceeding one standard deviation above the mean value. 

 

Table 9: Mann-Whitney U results comparing dominant crown class trees in years with annual 
precipitation less than one standard deviation below the mean value. 

 

Co-dominant Crown Class Statistical Analysis: The statistical analysis of the co-dominant crown class 

found a strong statistical difference in annual productivity in two low-precipitation years (1976, 1981) 
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and a weak statistical significance in one study year with high precipitation (1982).  In each of the three 

years, annual productivity was greater in the non-flooded plots.  From the cumulative output, the mean 

rank of non-flooded sites was greater than the mean rank of flooded sites for 16 or the 17 study years. 

(Table 10 & 11, p<0.05).   

Table 10: Mann-Whitney U results comparing co-dominant crown class trees in years with annual 
precipitation exceeding one standard deviation above mean value. The highlighted value for 1982 

indicates finding of moderate statistical significance. 

 

Table 11: Mann-Whitney U results comparing co-dominant crown class trees in years with annual 
precipitation less than one standard deviation below the mean value. The highlighted values in 1976 and 

1981 indicate statistical significance. 
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A closer look at the precipitation data for the 1982 study year does not indicate any immediate 

causes for this finding.  Annual precipitation in 1982 was the lowest of the “high precipitation” study years 

and only marginally exceeded one standard deviation above the mean annual rainfall.  Timing of an 

inundation event could have an impact on this result, as the lowest elevation sites experienced a 28-day 

inundation event from late May to June during the active growing season.  By comparison, most of the 

longest duration inundation events throughout the data record occurred during the fall and winter 

months when the trees would be dormant.  Flooding during the growing season in warm-weather 

conditions is associated with root crown damage that can lead to tree decline and death (Coder, 1994). 

In the two low-precipitation years with statistical significance, causation for this condition is not 

readily apparent.  The study years were the 5th and 7th driest years studied, so they did not represent 

significant outliers for drought conditions.  The lowest elevation sites received no inundation events 

during these years. While this analysis was not controlled for tree age, a post-processing comparison of 

tree ages within the population found that the average flooded age (61.2 years) and non-flooded age 

(58.6 years) were similar.  Additionally, the distributions of ages were similar; hence, one group is not 

likely to have a higher number of young trees with higher expected ring width growth during these years.  

Intermediate Crown Class Statistical Analysis:  The intermediate crown class dataset displayed the most 

significance in growth rate differences and variation in results between the three crown classes evaluated.  

A strong statistical significance in productivity was observed in 1979, 1982, and 1989 in high precipitation 

years, and in 1981, 1986, and 1988 in low precipitation years.  In each of the years with statistical 

significance, productivity of the non-flooded plots exceeded that of the flooded plots.  Overall, the non-

flooded plots had a higher mean rank value in the Mann-Whitney U test in 14 of the 17 study years (Table 

12 & 13, p<0.05).   

As discussed in the Co-dominant results section, significant inundation during the growing season 

in 1982 may have resulted in an impact in productivity in flooded plots during the year.  A review of 

flooding conditions in 1979 found that despite this being the 6th highest year of rainfall for Chatham 

County, the lowest-elevation sample sites only received three total days of inundation.  The initial target 

elevation of Jordan Lake was established at 160 feet above mean sea level (msl) until changing to 216 msl 

in 1981 and the reservoir levels were unlikely to impact growth during the subject year.  An evaluation of 
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1989 found a 22-day inundation event from late winter to early spring that may have impacted growth, 

but inundation characteristics for 1989 are consistent with the other high precipitation study years.  

Table 12: Mann-Whitney U results comparing intermediate crown class trees in flooded and non-flooded 
plots in years with annual precipitation exceeding 1 standard deviation above the mean value. The 
highlighted values in 1979, 1982, and 1989 indicate statistical significance in annual productivity. 

 

 

Table 13: Mann-Whitney U results comparing flooded and non-flooded plots in study years with annual 
precipitation less than one standard deviation below the mean value.  Highlighted values for 1981, 1986, 

and 1988 indicate statistical significance in annual productivity between the groups. 
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Tree age is a likely factor in the different growth rates for this crown class group during the 1976 

to 1989 time period. Post-processing analysis of the tree age for the intermediate crown class found 

similar average ages for flooded (55.0) and non-flooded (52.0) plots, but the populations were found to 

have significantly different age distributions (Figure 7).  The flooded plots primarily consisted of older 

trees that would have been well-established during the 1976 to 1989 time period or very young trees that 

were not in existence during that time period.  By comparison, 50 percent of the non-flooded plot 

consisted of trees that may have been in a vigorous stage of growth, as measured by ring width, for at 

least a portion of the 1976 to 1989 time period.   

 

Figure 7: Comparison of the distribution of intermittent crown class trees in flooded (left) and non-
flooded plots (right). 

Statistical Analysis of Significantly and Moderately Flooded Sites:  To observe potential variation in 

annual productivity between sites subject to different flooding conditions, an evaluation of the dataset 

identified sites that experienced inundation events greater than 21 days.  Sites TR-12, TR-14, and TR-21 

experienced extended flooding duration events at the greatest frequency, with TR-12 experiencing nine 

21-day inundation events and Sites TR-14 and TR-21 each experiencing thirteen 21-day inundation 

events (Table 14, p<0.05).  These sites were grouped as “Significantly Flooded” and compared to sites 

TR-10, TR-13, and TR-16, a group identified as “Moderately Flooded”.  The Moderately Flooded sites 

were observed to experience total inundation approaching the median value of all flooded sites, but 

rarely experienced 21-day events.  From an evaluation of flooding data within individual years, 1998, 

2010, and 2018 were selected for comparison between these two groups based on the following 

criteria:  the Significantly Flooded sites each experienced at least one inundation event of greater than 

21 days during each year, while the Moderately Flooded sites experienced some inundation, but did not 

have any events exceeding 21 days.  The site characteristics for these years is described in Table 14 

below. 
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Table 14: Comparison of flooding characteristics for sites selected for flood duration comparison analysis. 

 

 

The analysis between populations within the “flooded” site category yielded mixed results, with 

two of the crown classes showing statistical significance in growth rates between the Significantly Flooded 

sites subject to prolonged inundation events (>21 days) and the Moderately Flooded sites that 

experienced inundation events less than 21 days (Table 15, p<0.05).  Dominant and co-dominant crown 

classes exhibited statistical significance between the two populations.  In both cases, the significantly 

flooded sites were found to have greater ring width values than moderately flooded sites.  The 

intermediate crown class found no statistical significance in the annual ring width.  A closer review of the 

Dominant and Co-dominant study groups also found significant age differences between flooded and non-

flooded plots in both crown classes.  The average age of the dominant flooded group (37.5 years) was 

significantly less than the dominant non-flooded group (60 years).  Similarly, the co-dominant flooded 

average age (35.3 years) was significantly less than the co-dominant non-flooded group (51.2 years).   
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Table 15: Mann-Whitney U results comparing flooded and non-flooded plots in study years 1998, 2010, 
and 2018.  The highlighted values in the dominant and co-dominant canopy classes indicates statistical 

significance in annual productivity. 

 

 

Discussion 

Observed and predicted increases in the frequency and severity of rainfall events in North 

Carolina could impact the productivity yields of loblolly pine in areas vulnerable to flooding. This analysis 

of Jordan Lake found trends in annual peak reservoir levels and flooding durations that align with recent 

observations and predictions of increasing heavy rainfall events in North Carolina (Kunkel, 2020). Of the 

highest 10 annual maximum reservoir levels recorded, six have occurred since 2010. Additionally, of the 

lowest elevation sample plots evaluated in this study, an increase was observed in the frequency and 

severity of flooding events that exceed 21 consecutive days.  The lowest elevation sites experienced a 

total of 12 flooding events exceeding 21 days since 1982, with more than 50 percent of those events 

occurring since 2010.  Given these observed trends along with projections detailed in the North Carolina 

Climate Science Report (Kunkel, 2020), intermittent flooding events will continue to be a common 

occurrence for landowners to consider. 

This study completed a Mann-Whitney U statistical analysis of tree ring widths in dominant, co-

dominant, and intermediate crown classes across 17 study years for a total of 51 sample pairings.    Of the 

51 analyses, only eight sample pairings exhibited strong statistical significance toward higher annual 
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growth rates in non-flooded plots compared to flooded plots.  Of the eight groups with statistical 

significance, four groups were within low precipitation study years where the lowest elevation study plots 

were subjected to minimal or no flooding; tree inundation is not a likely a factor in these growth 

differences.  In high precipitation study years with statistical significance between growth rates, this study 

observed flooding duration, timing of flooding events, and tree age as likely factors in growth rate 

differences.  Guidance from the North Carolina Forest Service suggests that flood events exceeding 21 

consecutive days may cause adverse impacts to loblolly pine, but the timing of flooding events is a critical 

factor to consider.  The only observed flooding event exceeding 21 days during warm weather conditions 

in the active growing season occurred in 1982.  This coincided with strong statistical significance of greater 

non-flooded growth rates in the intermediate crown class and weak statistical significance of greater non-

flooded growth rates in the co-dominant crown class.  Conversely, during the 2018 study year, eight of 

the 14 flooded plots experienced inundation events exceeding 21 days during late fall to early winter.   No 

statistical significance was observed between flooded and non-flooded plots for any of the evaluated 

crown classes in 2018.  Prior literature has noted that flooding events during tree dormancy do not have 

the same impact as flooding events during the growing season (Coder, 1994). 

From the results of this analysis, short-term, intermittent flooding does not have a significant 

impact on the annual productivity of loblolly pine.   The 21-day inundation guidance provided by the North 

Carolina Forest Service is a good benchmark to conduct an evaluation of the heath of a loblolly pine forest, 

but potential impacts from floods exceeding 21 days are expected to vary depending on whether they 

occur during the growing season or dormancy.  The ability for loblolly pine to maintain health and 

productivity when subjected to intermittent flooding is an important consideration for landowners, but 

flood-tolerance of this species may open the door for secondary, active uses of forestland that is otherwise 

primarily a passive land use.  As flooding frequency and severity increases, the management of 

stormwater runoff is becoming a critical planning component for municipalities and emergency 

management officials.  With over 2.5 million acres of North Carolina covered with loblolly pine plantations, 

the utilization of forests as a means for temporary stormwater storage may mitigate the frequency and 

severity of downstream flooding damage.  If detention times are managed to avoid prolonged flooding, 

particularly during the growing season, loblolly forests may have the ability to provide a protective benefit 

to downstream users while maintaining the economic viability of the forestland.   

The results of this analysis support commissioning a larger sampling and study effort to further 

evaluate annual loblolly productivity between flooded and non-flooded conditions.  For future studies, 
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the collection and analysis of additional data points omitted from this study would improve the quality of 

data analyses.  The geospatial analysis of this study identified that four study sites initially sampled as non-

flooded plots were found to have experienced at least some amount of site inundation over the span of 

the reservoir data.  For future studies, a greater sample size, particularly for the non-flooded plots and for 

the dominant crown class, would yield a higher confidence value in the statistical analysis results.  Tree 

age was not controlled or evaluated as part of the statistical analysis, but a more robust analysis adjusting 

for tree age may improve the analysis output.  In addition to studying flooded and non-flooded plots, the 

comparison of moderately and significantly flooded plots may help establish the specific flooding duration 

where impacts become detrimental to productivity. 
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