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INTRODUCTION

Observations and data from long-term experimental 
watersheds are the foundation of hydrology as a geoscience 
(Tetzlaff et al., 2017) and are invaluable for natural resource 
and environmental planning and management (Bosch et 
al., 2007). This understanding was the basis for establishing 
gauged watersheds on many experimental forest and 
agricultural settings in the 1960s, which have advanced 
knowledge on hydrologic processes and the associated 
interactions with ecosystem structure and functions 
(Amatya, Campbell, Wohlgemuth et al., 2016; Vose et al., 
2014). Historically, long-term hydrologic records have 
proved critical for flood forecasting, water conservation 
and management, agricultural and drought planning, and 
addressing critical environmental and water quality issues 
(Bosch et al., 2007). Through a series of examples and new 
analyses, Moran et al. (2008) showed the value of USDA 

long-term data in understanding key ecohydrological 
issues, including (1) time lag between causes and effects, 
(2) critical thresholds and cyclic trends, (3) context of rare 
and extreme events, and (4) mechanistic feedbacks for 
simulation modeling. Similarly, Bosch et al. (2007) described 
studies that evaluated the impacts of agriculture on regional 
surface and groundwater quality in the long-term Little River 
Experimental Watershed initiated by the USDA Agricultural 
Research Service (ARS) Southeast Watershed Research 
Laboratory (SEWRL) in south-central Georgia, United States, 
in 1967. Amatya and Trettin (2007) reported the long-term 
experimental watershed monitoring studies initiated in 1963 
by the USDA Forest Service at Santee Experimental Forest 
(SEF) in Coastal South Carolina (SC), which were recently 
updated by Amatya, Callahan, and Trettin (2016). Data 
and information from these collaborative studies provide a 
“reference” condition for water resources development and 
management, wetland restoration and conservation, and 
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improving hydrologic assessment tools for management 
decisions on this rapidly urbanizing coastal landscape. 
Similarly, long-term data/studies from high-gradient 
upland experimental forest watersheds, like the upland 
conditions of South Carolina, are available from the USDA 
Forest Service Coweeta Hydrologic Laboratory (https://
www.srs.fs.usda.gov/coweeta/). Furthermore, several recent 
studies have synthesized data from small paired watersheds, 
including those in the EFR network, highlighting important 
insights that can be gained from watershed science and 
long-term experimental data such as taking societal needs 
into consideration (Lovett et al., 2007; Vose et al., 2014; 
Amatya, Campbell, Wohlgemuth et al., 2016; Tetzlaff et al., 
2017). Headwater catchments are important because they 
influence supply, transport, and the fate of water and solutes 
in downstream receiving waters through their intrinsic 
connections to landscape hydrologic processes controlling 
the recharge of subsurface water stores, flow paths, and 
residence times (Alexander et al., 2007).

Amatya et al. (2009) emphasized a need to extend 
and strengthen multidisciplinary collaboration, including 
sustaining and sharing such long-term data from the various 
ecosystem-wide experimental watersheds maintained by 
the ARS and the Forest Service, as well as other institutions. 
Such a collaboration would help develop a platform to 
better understand the complex ecosystem processes and the 
interactions and improved methods for quantifying them in 
the face of changing land use and climate. The goal of this long-
term monitoring program is to effectively use the collected 
data and information in collaborative studies leading to 
the development/refinement of methods and tools used in 
predicting and evaluating the effects of both anthropogenic 
and natural disturbances while also making them publicly 
available in a timely manner to stakeholders and society for 
sound management decisions regarding contemporary issues 
on flooding, drought, water supply, restoration, and other 
ecosystem services. This paper summarizes the watershed 
descriptions and the hydro-meteorologic data being collected 
at the SEF site and synthesizes key research results.

SITE DESCRIPTION

The SEF was established in 1937 by the USDA Forest 
Service with a mission of silvicultural research, environmental 
monitoring, and demonstration, and educational activities 
in support of sustainable forest management practices of 
coastal plain forests, such as those within the Francis Marion 
National Forest (FMNF) near Huger, South Carolina, 50 
km northwest of Charleston. The SEF (33˚ 08' 15" N, 79˚ 
49' 0" W) is located within the headwaters of Huger Creek, 
a tributary of the East Branch of the Cooper River that 
drains into Charleston Harbor (Figure 1). In order to study 
the effects of silvicultural practices on hydrology and water 

quality, gauged watersheds were established beginning in 
November 1963 with WS77, a first-order watershed of 155 
ha, and WS78, a third-order watershed of 5,240 ha (Amatya 
and Trettin, 2007; Amatya et al., 2015). A second-order 
watershed (WS79) of 500 ha was gauged in 1966, followed 
in 1968 by another first-order watershed (WS80) of 206 
ha (reduced to 160 ha in late 2001) as a pair to WS77. The 
monitoring was discontinued in May 1982, resumed in 
November 1989 soon after the passage of Hurricane Hugo, 
and continues to the present day. The forest was heavily 
impacted by the hurricane in 1989 (Hook et al., 1991), and 
its current vegetation consists of pine and pine mixed with 
hardwood stands that have been vigorously re-growing since 
this tropical storm. Soils in SEF are predominantly Alfisols 
and Ultisols (SCS 1980), primarily somewhat-poorly to 
poorly drained sandy loams with clayey subsoils with high 
surface water retention capacity and low permeability. The 
climate of the site is subtropical with long, hot summers 
followed by short, warm, and humid winters, with an average 
annual temperature and potential evapotranspiration (PET) 
of 18.3˚C and 1135 mm, respectively, as well as an average 
annual precipitation of 1370 mm (Dai et al., 2013). Some 
more details are given below in the Additional Information 
section.

HYDRO-METEOROLOGIC MEASUREMENTS

Rainfall amounts on the watersheds and the SEF 
headquarters (SHQ) have been collected using automatic 
gauges backed up with manual measurements since 1946 
(Table 1). Stream stage and flow rates are being measured 
continuously using sensors/dataloggers upstream of 
compound V-notch weirs on the WS77, WS80, and WS79 
watersheds, while using the sensor for stage and area-velocity 
method for the WS78 watershed (Figure 1; Table 1). Complete 
weather parameters (e.g., temperature, humidity, solar and 
net radiation, wind speed and direction) are measured at the 
SHQ and WS78, as well as above the forest canopy on WS80. 
Only precipitation, air, and soil temperature data are collected 
at the MET station on the WS77 and WS80 watersheds. (Table 
1). Automatic and manual measurements of water table 
levels are made in groundwater wells in a network across 
the watersheds. Water samples for water quality analysis are 
collected manually as well as on a flow proportional basis 
using automatic samplers at each of the flow gauging stations 
(Figure 1). Details of all hydro-meteorologic and water 
quality measurements, including for the historic periods, 
are given in Table 1 and elsewhere (Amatya and Trettin, 
2007; Harder et al., 2007; Jayakaran et al., 2014; Amatya et 
al., 2015; Muwamba et al., 2016). Hydrology, climate, water 
quality, and geospatial data are available at: http://cybergis.
uncc.edu/santee, and most recently transitioning to https://
www.fs.usda.gov/rds/archive/catalog/. Rain and flow data 
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for the third-order watershed (WS78) can also be accessed 
at: https://waterdata.usgs.gov/sc/nwis/uv?site_no=02172035, 
a USGS site, on a real time basis. Real time climatic data 
from the SEF headquarters is also available using SMART 
FOREST web portal at (https://smartforests.org/content/
smart-forests-data).

SYNTHESIZED STUDY RESULTS

HYDROLOGY AND FLOODING

Streamflow rates and volumes, primarily driven by 
shallow groundwater on these watersheds, are highly 
responsive to rainfall with their significant (p < 0.01) 
correlation with monthly rainfall (Dai et al., 2013). Streamflow 
rates are also influenced by vegetation and topography. 
Flooding resulting from surface runoff and rapid subsurface 
drainage occurred only during extreme storm events. 
Baseflow from the system was highly variable. On average, 
20–25% of the annual rainfall (P) became streamflow (Q), 
although it varied from 6% to 59%, depending on seasonal 
soil moisture storage. An exponential increase of runoff for 
storm events occurred when the water table level was near or 
above the surface. (Young and Klawitter, 1968; Amatya et al., 
2006; Harder et al., 2007; Jayakaran et al., 2014). For example, 
the extreme precipitation event of October 3–4, 2015, with > 
500 mm rainfall in two days with already wet soil moisture 
conditions, flooded much of the experimental forest site and 
the surrounding areas (Amatya, Harrison, and Trettin, 2016).

Storm hydrograph analyses using long-term data from 
historic (for WS78) and recent (for WS80) periods showed 
the event runoff coefficient (Q/P) varying from 1– 74%, 
with a mean of 34% for the first-order WS80, and 1– 80%, 
with a mean of 25% for the third-order WS78 watersheds, 
respectively (La Torre Torres et al., 2011; Epps et al., 2013a). 
Variability in event runoff was attributed to seasonal 
trends in water table elevation fluctuation as regulated by 
evapotranspiration (Epps et al., 2013a). The authors also 
reported that the 5- and 30-day antecedent precipitation 
index (API) for the site, determined by summing the rain 
amount for 5 and 30 days, respectively, prior to the event, 
did not have direct effect on storm event stream discharge, 
but indirectly through the water table position as affected 
by infiltration and ET. These results indicate that in low-
gradient coastal zone watersheds with shallow water tables, 
stormflow response to rainfall occurs more or less uniformly 
throughout the watershed, as opposed to variable source area 
concepts in upland hillslope processes.

Analysis of shallow (up to 3 m deep) and deep well 
(14.5 m deep) water table measurements at WS78 watershed 
provided an average recharge estimate to the surficial aquifer 
of 114± 60 mm y-1 (Callahan et al., 2012). The main factor 
influencing recharge estimates was antecedent water table 

level, which in turn was influenced by landscape position 
and soil texture. The shallow water table conditions at this 
site support a large range of natural wetlands and create 
management challenges across the region (Callahan et al., 
2017). Modest changes in the position of the water table 
can lead to either groundwater flooding and concomitant 
management challenges for silvicultural activities, or to 
ecosystem stresses related to dry conditions in wetlands 
during times of below-normal precipitation or as a result of 
groundwater withdrawal. Dai et al. (2013) found a significant 
increase (p < 0.02) in annual mean water table elevation 
on the first-order watersheds due to an increase in rainfall 
for 1964–1993, which was also true for the current period 
(2003–2017). However, analyses of annual mean water table 
records data for that period showed no trend (Amatya, 
Chescheir, et al., 2019).

WATER QUALITY

Long-term water quality data (Table 1) showed an 
average dissolved organic nitrogen (DON) of ~0.7 mg/L, 
which was 10-fold higher than dissolved inorganic nitrogen 
(DIN). Phosphate (PO4-P) concentrations averaged 0.028 
mg/L and declined slightly with increased flow. These 
concentrations were consistent with data from other black 
water streams draining southeastern forested watersheds 
dominated by conifers (Chescheir et al., 2003). However, 
DIN and PO4-P showed much higher variability than DON, 
indicating a need to understand the processes that affect the 
dissolved N and P export dynamics.

Earlier studies showed that hydrologic fluxes of nitrogen, 
phosphorus, sulfur, and basic cations to groundwater 
and stream water from pine understory treated by winter 
prescribed burns are not likely to affect stream-water 
quality (Richter et al., 1982, 1983). The streamflow nutrient 
concentrations in those studies were generally much lower 
than for agricultural or urban land use (Binkley, 2001; 
Amatya et al., 2006, 2007; Muwamba et al., 2016). Trettin et 
al. (2019) synthesized environmental monitoring and studies 
at the SEF that are relevant to water quality within the lower 
Coastal Plain, where forested wetlands—often impacted by 
hurricanes and tropical storms—strongly influence water 
quality through hydrological and biogeochemical processes. 
For example, Wilson et al. (2006) reported an increase of 
N and P exports by 108–154%, primarily due to increased 
outflows, soon after Hurricane Hugo in 1989. The authors also 
noted that the reference watershed provides a good, reliable 
baseline for conditions of minimal human disturbance that 
may be useful in developing water quality criteria, TMDL 
modeling, and permitting.

CLIMATE VARIABILITY AND EXTREME EVENTS

Dai et al. (2013) summarized the long-term climatic data 
developed on the SEF for the period of 1946–2008, which 
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showed an increase in mean annual air temperature at a rate 
of 0.19°C per decade, which is higher than the global mean 
rate of 0.17˚C for the same period. This is somewhat consistent 
with a recent study by Mizzell et al. (2014) reporting a steady 
temperature increase since the 1970s, but a decreasing 
trend from the 1950s through the 1960s, indicating a spatial 
variability in trend for the 66 stations the authors analyzed.

Total annual precipitation has not changed significantly 
over the period of 1946–2008 (Dai et al., 2013), which is 
consistent with Mizzell et al. (2014). However, large storm 
events (> 25 and > 50 mm precipitation) have increased by 
13 and 21%, respectively, over the 63-year period (Dai et al., 
2013), and that perspective is consistent with an updated 
analyses using data from 2003–2015 (Amatya, Harrison, and 
Trettin 2016).  Maximum hourly design rainfall for various 
return periods derived from intensity-duration-frequency 
analysis is often used in designing culvert sizes and other 
storm water management structures on forest lands. Tian 
et al. (2019) used the annual maximum hourly rainfall 
intensity at the WS80 site for the 1976–2015 period obtained 
by combining measured data from the nearby Lotti gauge 
for 1976–1994, Charleston airport data from 1995–2002, 
and the Met 25 gauge on the WS80 itself from 2003–2015. 
The authors found the design rainfall intensity at the WS 80 
to be higher than the interpolated published values by the 
NOAA for the site location for all rainfall durations, except 
for 1 hr. This indicates that NOAA-based maximum intensity 
values may underestimate peak discharges needed for storm 
water design practices at the WS80 site, although the on-
site data may also have some uncertainties due to data gap 
fillings and extrapolation. Similarly, the authors also reported 
flood frequency estimates for the site using its long-term 
measured annual maximum flow rates and showed that a 
widely used Rational Method may underestimate the peak 
discharge for large storm events on watersheds of this size. 
Such information can be a better representation for on-site 
design of storm water management structures on the WS80 
and other similar sites nearby. 

Streamflow on WS80 and the adjacent treatment 
watershed WS77 increased to as much as 50% of the rainfall 
soon after Hugo, with greatly increased flow from the WS77 
that was salvage logged (Sun et al., 2000; Amatya et al., 2006). 
This was likely due to decreased vegetative water use on 
both watersheds due to loss of tree canopy. An established 
relationship of monthly outflows between the paired 
watersheds for the pre-Hugo period (1969–1981), with 
higher outflows from the WS77 than the WS80, continued 
for three years after Hugo (1989); however, it reversed in 1993 
and did not return to pre-Hugo levels for 10 years, until 2004 
(Figure 2) (Jayakaran et al., 2014). The authors attributed this 
result to a catastrophic change in forest vegetation due to 
selective hurricane damage, with one watershed recovering 
to pre-hurricane levels of evapotranspiration at a quicker rate 

due to the greater abundance of pine seedlings and saplings 
in that watershed. This data indicates both the hydrologic 
resiliency of these coastal forests and the importance of long-
term monitoring.

Although the SEF has experienced a number of 
hurricanes and tropical storms during its history that were 
characteristic of the coastal systems, the 2-day rainfall of 
nearly 500 mm from October 3–4, 2015 (indirect effect of 
Hurricane Joaquin) was the historic record, consistent with 
rainfall records from stations and associated floods across 
the State of South Carolina reported by Mizzell et al. (2016) 
for October 1–5, 2015. As a result, Amatya, Harrison, and 
Trettin (2016) reported the peak discharge of 17.4 m3 s-1, 
which exceeded the previously measured (October 24, 
2008) record of 3.8 m3 s-1 on WS80, equivalent to 500-year 
return period estimates. This provides insights for a need to 
revisit existing approaches for hydrologic design of forest 
cross drainage and other water management structures as 
concerns about extreme storm events resulting from global 
warming continue, as suggested by Tian et al. (2019) and 
Walega et al. (2019).

MODEL DEVELOPMENT, TESTING/APPLICATION 

Long-term monitoring also provided the data to test 
strengths and limitations of hydrology and water quality 
models of various complexities (e.g., SWAT, MIKESHE, 
DNDC, DRAINMOD, SCS-CN) as applied on these low-
gradient coastal forest watersheds, as well as to develop 
new tools. Dai, Li, et al. (2010) conducted a calibration and 
validation of a watershed-scale distributed hydrologic model 
(MIKESHE) using both the daily water table and streamflow 
for the 2003–2008 period for WS80. The modeling results 
demonstrated that the streamflow and water table depth 
were sensitive to the model input parameters, especially to 
surface detention storage, drainage depth, soil hydraulic 
properties, plant root depth, and surface roughness. Model 
assessment results showed that, compared to current climate 
conditions, the annual average streamflow increased by 
2.4%, with 1% increase in rainfall, and decreased by 2.4%, 
with a 1% decrease in rainfall. A quadratic polynomial 
relationship between changes in water table level and rainfall 
was found (Dai, Trettin, et al., 2010; Dai et al., 2011). The 
simulated annual average water table level and streamflow 
linearly decreased with an increase in temperature within the 
range of temperature change scenarios (0–6˚C). Although 
MIKESHE is a fully process-based model, it requires a large 
quantity of resources and time for its hydrologic applications. 
Recently, Amatya, Fialkowski, and Bitner (2019) tested 
a simple 4-parameter empirical model to compute daily 
water table depths for poorly drained forested lands, with its 
potential application in assessing wetland hydrology used in 
restoration purposes.
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Amatya and Jha (2011) tested the refined SWAT model 
with an improved single‐parameter “depletion coefficient” 
for plant evapotranspiration in the SCS curve number (CN) 
for WS78 for predicting daily and seasonal flow. Better 
predictions were found for wetter years than drier years. The 
predictions of days with zero flow were also in agreement 
with the measured data. This clearly indicates a need for long-
term data capturing seasonal climatic variability for a reliable 
model validation. However, the refined model was unable 
to accurately capture the flow dynamics and time to peak 
for events preceded by saturated conditions during the dry 
summer and wet winter, warranting further investigations 
on these shallow soil forest systems. One possible reason for 
discrepancy was the use of published values of Manning’s 
roughness parameter in flow routing in stream channels with 
vegetation. The importance of accounting for friction caused 
by interaction between the main channel and vegetated areas 
in discharge prediction was recently studied by Mirosław-
Świątek and Amatya (2012, 2017). The authors demonstrated 
a 10–32% increase in frictional coefficient when the 
variability in vegetation stem diameter was considered.

Using a 3-year (2008–2011) period of rainfall and runoff 
storm event data from the WS80 watershed (Figure 1) to 
compare with another coastal site in SC, Epps et al. (2013a) 
found that runoff generation from storm events was strongly 
related to water table elevation consistent with Harder et 
al. (2007), where seasonally variable wet and dry moisture 
conditions persist. For that matter, stream runoff predictions 
using the classic CN model for these watersheds do not 
compare closely to measured outflow under the average 

moisture conditions. However, results show improvement in 
flow predictions using CNs adjusted for antecedent runoff 
conditions and water table position (Epps et al., 2013b). In 
a similar study using modification of the soil water retention 
parameter in the CN model, Wałęga et al. (2017) found 
better predictions of storm runoff events on WS80 compared 
to the classic SCS-CN method, consistent with Blair et al. 
(2012). Most recently, Walega et al. (2019) successfully tested 
a modified version of the widely used SCS-CN based SME 
model and SCS TR-55 graphical peak discharge methods 
for predicting runoff and peak discharge, respectively, for 
selected storm events from the WS80 watershed for 2011-
2015 period. Additional study is underway to further test 
these SCS CN methods with data from multiple forest sites.

PERSPECTIVES

This article synthesizes various hydrologic studies 
conducted at Santee Experimental Forest in South Carolina, 
the only coastal plain experimental forest with long-term 
hydrology and water quality data on paired forest watersheds 
in the Southeast. A key finding of the synthesis was that if 
this monitoring system, discontinued in 1981, had not been 
revitalized soon after Hurricane Hugo in 1989, there would 
have been no way of knowing about the reversal in the flow 
relationships between the paired watersheds three years 
after Hugo, which, as shown in Figure 2, was attributed to 
post-Hugo changes in vegetation type and growth dynamics 
that impacted ET. The return to pre-disturbance baseline 
relationship indicates hydrologic resiliency of these coastal 

Figure 1. Location map of experimental watersheds (1st order, 2nd order, 
and 3rd order) with their hydro-meteorologic stations at Santee Experimental 
Forest (SEF) (see Table 1) within Francis Marion National Forest, South 
Carolina. The SEF headquarter (SEF HQ) office location is also shown. TC is 
Turkey Creek 3rd order watershed.
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Table 1. Hydro-meteorologic and water quality parameters monitored during historic and current periods at Santee Experimental Forest 
headquarter (Santee) and watersheds, SC (See Figure 1 for locations).

Parameters Santee First-Order WS77 First-Order WS80
Second-Order 

WS79
Third-Order 

WS78
Meteorology (Climate) (http://cybergis.uncc.edu/santee/)

Precipitation 1946 to date; 
Manual/ Pluviometer, 
Automatic

1963–1971; 1990–
1997; 2001 to date; 
Manual/ Automatic

1990–2000; 2001 
to date; Manual/ 
Automatic

1964–2000; 2001 
to date; Manual/ 
Automatic

Air Temperature 1946– ; Manual/ 
Automatic

2001- Manual/ 
Automatic

2001– Manual/ 
Automatic; 2010 
(Canopy), Automatic

1971–2000; 
2001– 
Automatic

Humidity 2001– ; Manual/ 
Automatic

2010 (Canopy), 
Automatic

2005– 
Automatic

Solar Radiation 2001–  
Manual/ Automatic

2010 (Canopy), 
Automatic

2005– 
Automatic

Net Radiation 2001– ; Manual/ 
Automatic

2010 (Canopy), 
Automatic

Wind Speed and 
Direction

2001–  Manual/ 
Automatic

2010 (Canopy), 
Automatic

2005– 
Automatic

Pan Evaporation 2004– Manual
Soil Temperature 2001– Automatic 2001– Automatic 2001–2004; 

2005– Auto
Dry-Wet Deposition 2008–
Ozone 2008–2012

Hydrology (http://cybergis.uncc.edu/santee/)
Shallow Water Table 1964–191; 1992–1995; 

2005 to date; Manual/ 
Automatic

1992–1995; 2003 
to date; Manual/ 
Automatic

2006–2019 
Manual/ 
Automatic

Deep Groundwater 
(College of Charleston)

2004 to date; 
Manual/ Automatic

2004 – to 
date; Manual/ 
Automatic

Stream Gauge Stage 1964–1981; 1989–
2000; 2003-

1968–1981; 1989–
1999; 2003–

1966–1973; 
1989–1990; 2002-

1964–1984; 
2005–

Streamflow 1963–1981; 1989–
1999; 2003–

1968–1981; 1989–
1999; 2003–

1966–1976; 
1989–1990; 2003–

1964–1984; 
2005–

Soil Moisture 2018– Automatic 2012– Automatic
Water Quality (http://cybergis.uncc.edu/santee/)

Nutrients (NO3+NO2, 
NH4, TKN, TDN, PO4, 
TP)

1976–1982; 1989–
1994; Manual grab 
2003– Automatic

1976–1982; 1989–
1994; Manual grab 
2004– Automatic

1989–1994; 
Manual grab 
2006– ; Automatic

2006– ; Manual 
grab/Automatic

Cations Same as above Same as above
DOC 2004– Auto 2004– Auto 2006– Auto 2006– Auto
Temperature 2006– Manual 2006– Manual 2006– Manual 2006– Manual
Dissolved O2 2006– Manual 2006– Manual 2006– Manual 2006– Manual
Conductivity 2006– Manual 2006– Manual 2006– Manual 2006– Manual
Salinity 2006– Manual 2006– Manual 2006– Manual 2006– Manual
pH 2006– Manual 2006– Manual 2006– Manual 2006– Manual
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forests aft er a hurricane event. Th ese results are invaluable 
because information on the infl uence of extreme climate 
events in natural ecosystems is limited (as these events are 
rare), but there is a pressing need to identify how these events 
change ecosystem processes to explore new hypotheses and 
improve our predictive capabilities.

Th e SEF is likely the only coastal plain forest station 
with long-term net radiation measurements (Table 1) in 
the Southeast as part of the climatic data database.  Th at 
data was invaluable for developing a calibration factor for 
estimating net radiation from solar radiation from other 
weather stations in South Carolina in a recent study, funded 
by the SC Department of Natural Resources, on investigating 
the assessment of PET for its application in water use and 
management planning for the state of South Carolina 
(Amatya, Muwamba, et al., 2018). Th e long-term hydrology 
data from the control watershed in the paired system can be 
used as a “reference” for “pre-development” scenario design/
analysis on developing/urbanizing lands. Some of its data 
was used in the 3-D modeling study of Charleston Harbor 
for the dissolved oxygen TMDL (Lu et al., 2005; TetraTech, 
2008), and possibly for wetland restoration in the coastal 
region. Long-term data and hydrological and water quality 
models developed and successfully tested with these data 
at this freshwater forested wetland site upstream of tidally 
mediated riparian systems can also be helpful in impact 
assessment of land use and climate change. Th e long-term 
data also contributed to short-term studies focused on 
understanding various hydrological, biogeochemical, and 
transport processes on this poorly drained coastal forest 
(Young and Klawitter, 1968; Richter et al., 1982; 1983; Harder 
et al., 2007; Callahan et al., 2012; Epps et al., 2013a; Griffi  n et 
al., 2014; Amatya and Harrison, 2016).

Th e importance and value of long-term experimental data 
for scientifi c research and for science-based sound management 

decisions on issues of societal concern such as water supply, 
fl ooding, drought management, ecosystem restoration, and 
quality of water bodies are being widely publicized (Tetzlaff  et 
al., 2017; Moran et al., 2008; Trettin, Amatya, Gaskins et al., 
2019). Furthermore, there has been increasing interest for use 
of such data and information on a real-time basis for prompt 
decision-making processes. Th e long-term experimental sites 
maintained by the USDA Agricultural Research Service and 
the USDA Forest Service are a leading example of databases 
that off er multidecadal observations and cross-ecosystem 
studies. (Amatya et al., 2016; Moran et al., 2008). Th ese studies, 
Tetzlaff  et al. (2017) emphasized, off er a crucial evidence base 
for understanding and managing the provision of clean water 
supplies, predicting and mitigating the eff ects of fl oods, and 
protecting ecosystem services provided by streams, rivers, 
and wetlands. Long-term studies at the SEF site, which is 
representative of rapidly urbanizing areas near the coastal/tidal 
waters and riparian buff ers become even more crucial because 
of an ongoing threat of high intensity storms and sea level 
rise (Williams et al., 2019). Adequate resources are critical for 
securing high quality long-term data from successful multi-
purpose monitoring for proper management of land and water 
in an integrated, sustainable way (Lovett et al., 2007; Tetzlaff  et 
al., 2017).
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Figure 2. Twelve-month moving average of difference of monthly fl ow between the WS77 and WS80 watersheds from 
December 1969 to December 2017 . Horizontal lines indicate gaps due to (1) discontinuity in monitoring between 
1981 and 1989 and (2) missing data during 1999 and 2002 also with drought (modifi ed after Amatya et al ., 2011) .
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ADDITIONAL INFORMATION

WATERSHED CHARACTERISTICS

1.	 Three gauged watersheds on moderately well to 
very poorly drained soils of lower Atlantic Coastal 
Plain: WS80 (control): 200 ha until 2001; 160 ha after 
2001—first order; WS77 (treatment): 155 ha—first 
order; WS79: 500 ha—second order, all tributaries 
of Turkey Creek within the East Cooper River Basin; 
and WS78 (Turkey Creek): 5240 ha—third order

2.	 Surface elevations: 2.0–14.0 m a.m.s.l.; < 1% slope

3.	 Dominant soils (Wahee, Craven, Lenoir, Meggett) 
characterized by seasonally high water tables

4.	 Vegetation—Loblolly pine, Longleaf pine, Cypress 
and Sweet gum 

WATERSHED MONITORING (ALSO REFER TO TABLE 1)

•	 Daily rainfall and temperature only at Santee 
Experimental Forest Head Quarters (since 1946)

•	 All other complete automatic Campbell Scientific 
weather and HOBO Met stations (Table 1)

•	 Flow gauging stations at the outlets of WS77, WS80, 
and WS79 that accumulate flows from both WS77 
and WS 80 since 1964 (Water stages measured by 
Doppler and WL16 pressure transducer with an 
ISCO 4210 logger); (Table 1)

•	 Automatic groundwater table recorders on WS77, 
WS80, and WS78 (GL16s)

•	 Manual PVC ground water table wells (Scattered on 
WS77 and WS80)

•	 HYDRA soil moisture monitoring on WS77 and 
ACCLIMA soil moisture monitoring on WS80

•	 Flow proportional water quality sampling stations 
at WS 77, WS80, and WS78 gauge outlets (ISCO 
4210 sampler)

•	 Stream water physical parameters by Hanna multi-
parameter meter (Manta probes earlier)

•	 Throughfall measurement gauges on WS80 (Texas 
Electronics) (2003–2004)

•	 Dry and wet deposition monitoring using 
Aerochem Metrics Precipitation Collector at Santee 
Experimental Forest HQ

•	 Carbon and Greenhouse gas monitoring 

•	 Ozone monitoring at Santee Experimental Forest 
(Discontinued in 2012)

•	 Tree growth monitoring (Height, dbh, LAI) on 
WS80 and WS77


