
 

Supplementary Information 

S1. Calculation of NPPpot 

NPPpot (Equation (S1)) was calculated using the multiplicative Miami Model of Zaks et al. [1]. 

NPPpot = ((a/(1 + exp(b – c × T))) × (d × 1 − exp(e × P))) (S1)

Values of the constants are a = −20.13, b = 9.5, c = 2.25, d = −45.83 and e = −3.5. Temperature (T) and 

precipitation (P) represent the annual averages from the monthly observed records of the United States 

National Climate Data Center [2] between 1897 to 2012 for Greenville, SC, USA. 

S2. LiDAR Data for Estimated Canopy Height 

Shoot biomass was required to select the appropriate root:shoot ratio to convert from total NPPact  

to aboveground NPPact. We used the equation from Lefsky et al. [3] (see methods) to calculate shoot 

biomass based on average canopy height. Canopy height was determined using 2011 LiDAR data using 

equal area polygons (Table S1). LiDAR data was acquired from the United States Geological Survey 

Earth Explorer website [4]. 

Table S1. Average canopy height for LiDAR polygons in the Doddie Creek watershed. 

Polygon Height (m) StdDev (m) 

S1 15.76 8.71 
S2 12.99 7.72 
S3 14.7 8.36 
S4 13.62 9.77 
S5 14.9 8.07 
S6 11.57 7.23 
S7 13.51 8.99 
S8 14.95 8.51 
S10 14.75 9.69 
GB 14.09 8.99 

Average 14.08 8.60 

Based on the results of the estimated shoot biomass of conifer and broadleaf forest (deciduous), we 

chose the root:shoot ratio from the bolded categories in Mokany et al. [5] (Table S2). 

Table S2. Root:Shoot ratios from Mokany et al. [5]. 

 Shoot Median 

Forest Classification Biomass (Mg/ha) Root:Shoot Ratio 

Conifer Forest <50 0.403 
 50–150 0.292 
 >150 0.201 

Broadleaf Forest <75 0.456 
 75–150 0.226 
 >150 0.241 
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S3. Estimated Livestock Populations 

Agricultural animal populations were scaled from Pickens County populations from the 1969 and 

2012 USDA Census of Agriculture data [6,7] (Table S3). The scaling factor was the percentage of 

pasture area of Pickens County located in the watershed. 

Table S3. Estimated livestock populations in Doddies Creek Watershed. 

 1968 2011 
 County Watershed County Watershed 
Livestock Type Population Population Population Population
Cattle and Calves 9468 928 6437 981 
Hogs and Pigs 1323 130 377 57 
Horses 61 6 1383 211 
Goats 0 0 799 122 
Sheep and Lamb 244 24 176 27 
Mules, Burros, & Donkeys 8 1 137 21 
Poultry 194,475 19,054 3352 511 
Total Animals 205,579 20,142 12,661 1930 
Total Livestock 11104 1088 9309 1419 

S4. Calculation of NPPact and HANPPharv for Hay and Row Crops 

NPPact (Equation (S2)) for hay and row crops were calculated using the equation of Hicke et al. [8]. 

Values for variables are in Table S4. Harvest data were from the 1969 and 2012 USDA Census of 

Agriculture [6,7]. 

P = Σ((PC × MRY × (1 − MC) × C)/(HI × fAG) (S2)

P = total productivity in Pickens County 
PC = production of crops in reported units 
MRY = mass (kg) per reported yield in production units 
MC = moisture content 
C = carbon conversion (0.45 g C/g crop for all crops) 
HI = harvest index 
fAG = fraction of plant biomass above ground 

Table S4. Values for crops primary production equation of Hicke et al. [8] 

Crop MRY a MC a HI a fAG b 

Hay 907.19 kg/ton 15% 1.00 0.53 
Corn 25.4 kg/bushel 11% 0.45 0.85 
Soybean 27.22 kg/bushel 10% 0.40 0.87 
Wheat 27.22 kg/bushel 11% 0.40 0.83 
Sorghum 25.4 kg/bushel 10% 0.40 0.80 
Cotton 217.7 kg/bale 8% 0.40 0.80 

a Data from Lobell et al. [9]; b Data from Hicke et al. [8];  
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NPP = P/A, where P is production (g·C·y−1) and A is the area of crop in the county;  

NPPact = NPP*LF, where LF is loss factor via herbivory from Haberl et al. [10].  

LF = 1.14 for all crops.  

The following equations (Equations (S3)–(S5)) were used to calculate average total and aboveground 

NPPact (aNPPact) and HANPPharvR for row crop in Pickens County. 

Total NPPact = (ΣP/ΣA) × LF (S3)

aNPPact = total NPPact × fAG (S4)

HANPPharvR = aNPPact × HI (S5)

For hay, the calculation is straightforward. For row crops, however, the calculations were more 

complicated. For total NPPact, we used the sum of all production and the total area of row crop area.  

For aNPPact and HANPPharvR, we used area-weighted average of fAG and HI. For 1968, five row crops 

were harvested in Pickens County (corn, soybean, sorghum, wheat, cotton). For 2011, only corn and 

soybean were produced in Pickens County. The major assumption was that areas of each row crop in the 

watershed were proportional to the area in the county. Lack of data for individual farms resulted in this 

assumption. The results are in Table S5 below. 

Table S5. Weighted average row crop harvest data in g·C·m−2·y−1. 

Parameter 1968 2011 

Total NPPact 278.6 657.5 
aNPPact 234.9 563.4 

HANPPharvR 82.4 197.7 

Fecal return of carbon to the soil was calculated using feed intake data of Haberl et al. [10], and using 

data from Thompsen et al. [11] showing 14% long-term (more than a year) fecal return of the carbon 

ingested as feed. As for row crops, because we lack data for individual farms, we assumed livestock 

numbers in the watershed had the same proportion as livestock in Pickens County. The number of 

livestock was determined by the percentage of pasture in Pickens County located in the watershed 

(9.80% in 1968 and 15.2% in 2011). 

S5. Calculation of Timber Harvest (HANPPharvW) 

Data for recovery rates associated with deciduous and coniferous tree harvest and wood densities for 

deciduous and coniferous trees were from Haberl et al. [10]. Wood harvest data for the watershed was 

assumed to be proportional to forested area located in the watershed (1.56% in 1968 and 1.52% in 2011). 

This likely an overestimate as most wood in Pickens County is harvested from plantations or from  

public forest land. 

Timber harvest data from the United States Forest Service for 1968 and 2011 [12] were used to 

determine the total biomass harvested for the watershed (Equation (S6)). 

Forest Ecosystem Biomass Harvested (kg) = TH × 1/RR × ρ × C × 1/PB × 1000 × PW (S6)

TH = timber harvest for Pickens County for deciduous and coniferous trees (m3) 

RR = recovery rates (0.92 for coniferous, 0.89 for deciduous) from Haberl et al. [10] 
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ρ = wood density for trees in America in metric tons dry matter per cubic meter (0.43 for coniferous, 

0.60 for deciduous) from Haberl et al. [10] 

C = carbon conversion of 0.5 [13] 

PB = percentage of tree biomass in forest ecosystem in South Carolina (0.952) 

PW = percentage of Pickens county forest in Doddies Creek watershed 

Two methods were used to estimate aboveground forest ecosystem biomass (Mg C/ha). First, based 

on data from the United States Forest Service for South Carolina forests [12] there are an average  

of 57.969 Mg·C/ha in trees and 2.941 Mg·C/ha in understory for a total of 60.910 Mg·C/ha in forest 

ecosystem biomass. 

A second we used the LiDAR estimate mean canopy height for the watershed in the equation 

(Equation (S7)) from Lefsky et al. [14]. 

Aboveground Biomass (Mg/ha) = 20.7 + 0.98 × mean canopy height2 (7)

This resulted in an aboveground forest ecosystem biomass of 40.139 Mg·C/ha. 

We calculated area of timber harvest by (Equation (S8)): 

Area (ha) = kg C biomass harvested/(kg·C/ha in forest ecosystem biomass) (8)

This resulted in an estimate of 6.8 ha of timber harvest using the average forest ecosystem biomass 

for South Carolina and 10.5 ha of timber harvest using the forest ecosystem biomass determined using 

the Lefsky et al. [14] equation. 

We also determined the area of the watershed deforested (Figure S1) using satellite data from  

Hanson et al. [15]. The results indicated 2.7 ha of forest loss in 2011, and an average of 11.7 ha of forest 

loss over the three year period from 2010 to 2012. 

 

Figure S1. Area of harvest for the years 2010–2012. Data from Hansen et al. (2013) [15]. 
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Percent aHANPPluc varied by land cover type and year (Figure S2, Table S6), with aHANPPluc the 

dominant driver of aHANPP (Figure S3). aHANPPluc was driven by row crop and pasture in 1968, but 

primarily pasture in 2011 (Figure S3). 

 

Figure S2. Percent aHANPPluc of total NPPpot in the Doddies Creek watershed for 

important land covers in 1968 and 2011. 

Table S6. Percent aHANPPluc of total NPPpot in the Doddies Creek watershed for 

important land covers in 1968 and 2011. 

Land Use 1968 2011 

Forest −1.68 1.43 
Transitional 6.45 6.21 
Row Crop 41.08 0.21 
Pasture 36.87 60.19 
Ponds & Lakes 0.39 1.32 
Golf Course −0.11 −0.23 
Low Density Residential 2.84 13.30 
Roads/Driveways 2.57 4.62 
Commercial 0.24 1.74 
Other 0.00 0.33 
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Figure S3. aHANPP, aHANPPluc, and aHANPPharv per important land cover in the 

Doddies Creek watershed in (MgC/m2/yr) for 1968 and 2011. 
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