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Background 
• 1987 Clean Water Act amendments required states to develop forest 

management guidelines to reduce nonpoint source pollution.  
 

• 1999  North Carolina Environmental Management Commission adopted 
protection and mitigation buffer rules.  
 

• 2005 NC BMP implementation survey indicated that NC BMP 
compliance was 82%, however science-based field data were needed 
to quantity and document the effectiveness of certain forestry BMPs. 
 

• 2006 NC Forest Service received EPA 319 grant and formed a 
partnership with US Forest Service. 
 

• 2008 Streamflow and water quality monitoring began. 
 
 



Objective and Goals 
 
Objective: 
 
• Evaluate the effectiveness of streamside management zones (SMZs) and 

stream crossings BMPs on water quality protection in NC piedmont forested 
watersheds. 

 
Goals: 
 
• Quantify the effectiveness of forestry BMPs on a small headwater 

watershed scale at preventing erosion and sedimentation. 
 

• Evaluate the Neuse River Basin Riparian Buffer Rule as it relates to forestry 
operations. 
 

  
 

 
 

 



Project Schedule 
• Five year study, 2008 – 2013. 

 
• Pre-harvest monitoring, 2008 – 2010. 

 
• Harvest (Treatment), Umstead September 2010 and Hill Forest 

January 2011. 
 

• Post-Harvest monitoring 2010/2011 – 2013. 



Hill Forest 

Umstead 

From Falls Lake Project report 2009 



  HF1 HF2 UF1 UF2 HFW1 HFW2 

Size (ha) 12 12 19 29 29 40 

Aspect South South Southeast Southeast South Southwest 

Geologic  

regions 

Carolina  

Slate Belt 

Carolina  

Slate Belt 

Triassic 

Basin  

Triassic  

Basin  

Carolina  

Slate Belt 

Carolina  

Slate Belt 

Watershed Characteristics. 

Map:  North Carolina Geological Survey 1998. 

Carolina Slate Belt is more of a rocky region. 

Triassic Basins is more of a sandy region where the soil is easily erodible. 
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Data Category  Parameters  Measurement Frequency  Methods  

Meteorology  Rainfall, air temp, relative 

humidity, total solar 

radiation, wind speed  

Sampled every 4 minutes, logged every 

hour  

Onset 

micrometeorological 

station  

Stream flow  

 
Water Table 

 
Soil Respiration 

 
Transpiration  

 
Soil Moisture/Temperature  

Water depth, flow rate, flow 

volume 

Water below ground surface  

Carbon loss 

Water use 

Moisture and Temperature 

10 minute intervals 

Twice a month 

10 minute intervals 

10 minute intervals 

Weirs or flumes and 

associated water level 

recorders;  

Global Water pressure 

transducer  

EGM 

Sapflow (thermal 

dissipation technique) 

Onset thermocouples  

Vegetation  SMZ overstory, midstory 

and groundcover survey  

Pre and Post harvest  Caroline Vegetation 

Survey   

Land topography  Digital Elevation Model 

(DEM)  

Once  USGS DEM database  

Water quality 

(NCSU)  

TSS, NO3, NH4, TP, TKN, 

TOC at the watershed 

outlets 

Stream Temperature 

Turbidity  

During stormflow and baseflow 

10 minute intervals 

10 minute intervals 

Sigma sampler 

programmed for storm 

event sampling.  

Hobo Water Temp Pro 

V2 Logger 

Global Water Turbidity 

Sensor  

Stream channels  Channel geomorphology: 

Cross sections, longitudinal 

profiles, and stream patterns  

 

Pre-harvest and post-harvest  

 

Total Station  

Stream crossing  TSS and Nutrients  Three days with similar flow/rain 

conditions; from at least 5 harvest sites 

in piedmont of N.C.  

Sigma sampler 

programmed for storm-

based water sampling.  

Benthic Macroinvertebrate Quantity Sampling periods will be completed 

during low flow conditions in the 

winter, spring, and summer.  

Protocols according to 

NCDWQ.  



Hill Forest Watershed     
Carolina Slate Belt 

Umstead Farm Watershed 
Triassic Basin 

Streams found in Hill Forest are 
generally shallow, connected to 
their floodplain and have 
relatively steep upland slopes. 

Conversely, streams in Umstead 
have deeper stream channels that 
are detached from their floodplain 
with gentle upland slopes. 
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Paired Watershed Approach 

Three Phases 
1. Pre-harvest and Calibration monitoring 

 Calibrating the paired watersheds is when a quantifiable hydrological and 
water quality relationship is developed through time between pairs.  

 
2. Treatment (harvest) 

 Clear cut, leaving 50-foot buffer around stream. 

 
3. Post-harvest monitoring  



Pre-harvest and Calibration  
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Pre-Harvest Monthly Discharge from Hill Forest and Umstead 
watersheds. 

Hill Forest

Umstead

Summer Months  
More discharge 
from Hill Forest 

Winter Months 
More discharge 
from Umstead 



Watersheds 
Geologic 

Regions 
TSS TN NH4 NO3 TP TOC Discharge 

                kg/ha/yr       l/s 

HF1 CSB 21 0.49 0.01 0.01 0.05 8.7 0.5 

HF2 CSB 37 0.81 0.00 0.01 0.10 12.3 0.6 

HFW1 CSB 22 0.65 0.01 0.03 0.08 9.2 1.4 

HFW2 CSB 27 0.96 0.06 0.08 0.19 8.7 1.9 

Mean CSB 27 (7)A 0.73 (0.10)A 0.02 (0.03)A 0.03 (0.03)A 0.10 (0.06)A 9.7 (1.7)A 1.1 (0.7)A 

UF1 TB 30 0.84 0.02 0.03 0.09 16.8 0.9 

UF2 TB 40 1.53 0.03 0.35 0.08 21.2 1.6 

Mean TB 35 (7)A 1.18 (0.34)A 0.03 (0.00)A 0.19 (0.22)A 0.08 (0.01)A 19.0 (3.1)B 1.2 (0.5)A 

Standard deviation is in parenthesis. Total Suspended Sediment (TSS), Total Organic Carbon (TOC), Ammonium (NH4), 

Nitrate (NO3), Total Phosphorus (TP), and Total Kjeldahl Nitrogen (TKN).  

Means with the same letters are not significantly different, p < 0.05, Tukey test. 

Pre-harvest Nutrient and TSS export and discharge in NC Piedmont paired watersheds in 2008. 



Harvest 





Provisions for Selective Harvesting in the 

Riparian Buffer  

Inner Zone 1:  (0 to 10 feet) 
High Value pine - DBH of 14 inches  
High Value hardwood - DBH of 16 inches 

Outer Zone 1:  (10 to 30 feet)  
Maximum of 50 percent of trees greater  
than 5 inches DBH may be harvested 

Zone 2:  (30 to 50 feet) 
Any tree harvesting is allowed so long as 

there is sufficient ground cover maintained 



Buffer 
Harvest 

Control 
Watershed 

Umstead Research Farm 



Buffer 

Harvest 

Control 
Watershed 

Hill Demonstration Forest 



Example of tree removed from SMZ 

Stump of pine tree 
removed from SMZ. 

Perennial stream. 

Buffer boundary 
trees. 

Overstory Trees/ha in SMZ 
 
Umstead 
Pre-harvest = 487 
Post-harvest = 383 
Removed 26% trees/ha 
 
Hill Forest 
Pre-harvest = 628 
Post-harvest = 476 
Removed 32% trees/ha 



Reforestation Measures Hill Forest 

Recommended Species and stocking:  
• Improved Loblolly Pine seedlings of Piedmont origin to be planted at 

435 TPA.  
Recommended Site Preparation:   
• Herbicide at labeled rates to control competition on the site. 
• Prescribed fire 
Recommended Reforestation Method: 
• Hand plant  
Detail additional anticipated silviculture treatments to get stand to age 

5:  
• Herbicide control of HWD competition 
• PCT at age 3-4 

 



Post-harvest monitoring 
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Streamflow  
Umstead UF1 

Measured UF1
Predicted UF1

Streamflow increased about 
170 mm or 225% above the 
flow expected without forest 
cutting  

Streamflow 
  mm/day L/s 

Measured 0.60A 1.1A 

Predicted 0.19B 0.4B 

# 

UF1 

UF2 
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Streamflow 
Hill Forest HF1  

Measured HF1
Predicted HF1

Streamflow increased about 
190 mm or 225% above the 
flow expected without forest 
cutting  

Streamflow 
  mm/day L/s 

Measured 0.68A 1.2A 

Predicted 0.20B 0.4B 

HF1 HF2 

 

HFW1 

# 
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Streamflow  
Hill Forest HFW1 

Measured HFW1
Predicted HFW1

Streamflow increased about 
77 mm or 66% above the 
flow expected without forest 
cutting  

Streamflow 

  mm/day L/s 
Measured 0.48A 0.95A 

Predicted 0.29 B 0.55B 

HF1 HF2 
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Total Suspended Sediment Load 
Umstead UF1 

Measured

Predicted

Total Suspended Sediment 

  kg/ha/month mg/l 

Measured 
(with 
harvest) 3.36A  30A 

Predicted 
(without 
harvest) 2.95A  34A 

# 

UF1 

UF2 
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Total Suspended Sediment  
Hill Forest HF1 

Measured

Predicted

Total Suspended Sediment 

  kg/ha/month mg/l 

Measured 3.44A  31A 

Predicted 2.39A  31A 

HF1 HF2 

 

HFW1 

# 
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Total Suspended Sediment  
Hill Forest HFW1 

Measured

Predicted

Total Suspended Sediment 

  kg/ha/month mg/l 

Measured 3.36A  23A 

Predicted 3.37A  22A 

HF1 HF2 

 

HFW1 
# 



TSS = 30 mg/l 

TSS = 60 mg/l 

TSS = 160 mg/l 
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Total Nitrogen Load 
Umstead UF1 

Measured

Predicted

Total Nitrogen 

  kg/ha/month mg/l 

Measured 0.15A  1.1A 

Predicted 0.07A  0.84A 

# 

UF1 

UF2 
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Total Nitrogen Load 
Hill Forest HF1 

Measured

Predicted

Total Nitrogen 

  kg/ha/month mg/l 

Measured 0.10A  0.87A 

Predicted 0.06A  0.86A 

HF1 HF2 

 

HFW1 

# 
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Total Nitrogen Load 
Hill Forest HFW1 

Measured

Predicted

Total Nitrogen 

  kg/ha/month mg/l 

Measured 0.08A  0.63A 

Predicted 0.07A  0.53A 

HF1 HF2 

 

HFW1 
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Macroinvertebrate benthic metric results 

 
Watersheds Geologic Regions Biotic Index Stream Quality 

Pre-harvest April 2010 

HF1 CSB 3.3 Excellent 

HF2 CSB 3.0 Excellent 

HFW1 CSB 3.3 Excellent 

HFW2 CSB 2.8 Excellent 

UF1 TB 4.8 Excellent 

UF2 TB 4.0 Excellent 

Post-harvest July 2011 

HF1 CSB 4.0 Excellent 

HF2 CSB 3.2 Excellent 

HFW1 CSB 3.3 Excellent 

HFW2 CSB 6.3 Fair 

UF1 TB 4.8 Excellent 

UF2 TB 6.6 Fair 

Standard deviation is in parenthesis. Criteria for NC Biotic Index:  Excellent < 5.24, Good 5.25 - 

5.95, Good-Fair 5.96 - 6.67, Fair 6.68 - 7.70, Poor > 7.71 (Source: Lenat 1993).   

EPT = Ephemeroptera, Plecoptera, and Trichoptera. 





Other Projects 
 Stand transpiration, Hill Forest.  

 
 

 

1.5

2.0

2.5

3.0

Jun-10 Jul-10 Aug-10 Sep-10 Oct-10

D
a
il
y
 S

ta
n

d
 T

ra
n

s
p

ir
a
ti

o
n

 (
m

m
) 



Other Projects 
 Stand transpiration, Hill Forest.  
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) How does buffer tree transpiration change 

following a clear cut and selective cutting 
of trees in an upland riparian area?  
 
Develop water budget. 



Other Projects 
 Soil Respiration, Hill Forest.  
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y = 0.1357e0.0713x 
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Other Projects 
 Soil Respiration, Hill Forest.  

 

How does forest management impact rates 
of carbon loss from upland forest soils?  



Summary 
• This project is the first attempt in the piedmont of NC to 

adequately quantify the effects of a streamside buffer on 
water quantity and quality post-harvest.  
 

• Both paired watersheds were treated according to the Neuse 
River Buffer Rules, where upland forest land was clear cut 
and a 50 foot SMZ was left around the stream channel. 
 

• Post-harvest streamflow monitoring indicated that peakflow 
and baseflow have increased significantly at Hill Forest and 
Umstead. 
 

• Post-harvest water quality monitoring indicated that TSS and 
TN exports did not increase significantly beyond 
background loads. 



Summary 
• Effects of tree harvest on the larger nested watershed (control 

and harvest watersheds combined) at HF was less than the 
smaller harvested watershed. 
 

• High biotic index (fair stream quality) value found in UF2 
during the July 2011 sample is likely due to low flows and not 
related to water quality conditions.  
 

• Hydrology is driving temporal differences in TSS and TN 
loads between Hill Forest and Umstead; load spikes were 
higher in winter months and lower in summer months at 
Umstead compared to Hill Forest. 



Summary 
Goals: 
• Quantify the effectiveness of forestry BMPs on a small 

headwater watershed scale at preventing erosion and 
sedimentation. 
– 50 foot forestry SMZ appears to prevent nutrient 

export and sedimentation from increasing significantly 
above baseline levels in piedmont headwater 
streams. 
 

• Evaluate the Neuse River Basin Riparian Buffer Rule 
as it relates to forestry operations. 
– Data (so far) suggest Neuse Buffer Rule as it relates to 

forestry operations is effective.  
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TSS = 500 mg/l 
Streamflow = 250 L/s 

Questions 


