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Abstract

:

Southern yellow pines such as loblolly, Virginia and shortleaf pines constitute forest products and contribute significantly to the economy of the United States (U.S.). However, little is understood about the temporal change in canopy cover and greenness of southern yellow pines, especially in Tennessee where they are used for timber and pulpwood. This study aims to map and monitor the canopy cover and greenness of southern yellow pines i.e., loblolly (Pinus taeda), shortleaf (Pinus echinata), and Virginia (Pinus Virginiana) pines in the years 1988, 1999 and 2016 in central-eastern Tennessee. Landsat time-series satellite data acquired in December 1988, November 1999 and February 2016 were used to map and monitor the canopy cover and greenness of loblolly, shortleaf and Virginia pines. The classification and mapping of the canopy cover of southern yellow pines were performed using a machine-learning random forest classification algorithm. Normalized Difference Vegetation Index (NDVI) was used to monitor the temporal variation in canopy greenness. In total, the canopy cover of southern yellow pines decreased by about 35% between December 1988 and February 2016. This information could be used by foresters and forest managers to support forest inventory and management.
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1. Introduction


The forest sector contributes significantly to the economy of the United States (U.S.). For example, in southeastern U.S. such as in Tennessee, forests and forest products contribute more than $21 billion annually to the state’s economy [1,2]. Forestland occupies more than 14.4 million acres across Tennessee, of which around 1.2 million acres comprises softwood forest vegetation such as southern yellow pines [2]. Southern yellow pines contribute not only to the diversity of forest products but are commercially marketed in the U.S. Southern yellow pines commonly found in southeastern U.S. include loblolly pine (Pinus taeda), Virginia pine (Pinus Virginiana) and shortleaf pine (Pinus echinata). Loblolly pine is usually grown at short rotation for pulpwood and sawlogs. Similarly, shortleaf pine is primarily grown for sawlogs. Virginia pine is the most preferred Christmas tree species of the southern yellow pines. It is also used in the stabilization of mine spoils on strip-mined sites that helps to prevent soil erosion [3]. Southern yellow pines are more valuable for timber relative to hardwood such as red maple, low-grade oaks and sweetgum. This is because their seedlings are cheaper and easier to plant. Furthermore, they establish and grow at shorter rotations (20 to 35 years) relative to hardwood [3].



The mapping and monitoring of the canopy cover and greenness of loblolly, shortleaf and Virginia pines are essential to enhance forest inventory, management and planning. Satellite remote sensing can play a significant role in the mapping and monitoring of the canopy cover and greenness of southern yellow pines. This is because satellite data such as Landsat Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+) and Operational Land Imager (OLI) are readily available and are taken continuously over time which makes monitoring easier. Furthermore, it is easier, less time consuming and less expensive to detect southern yellow pines over large geographic areas using satellite data relative to traditional intensive field-based surveys. Moreover, the canopy greenness of southern yellow pines can be easily detected and monitored using satellite vegetation indices including the Normalized Difference Vegetation Index (NDVI). The NDVI is a commonly used vegetation quality index that is computed as the difference between near-infrared (NIR) and red reflectance divided by their sum [4,5]. The plant chlorophyll which is an important health indicator strongly absorbs the visible red light of the electromagnetic spectrum whereas; the cellular structure of the leaves strongly reflects the near-infrared light. When the plant becomes stressed by factors such as dehydration, lack of nutrients and diseases, the leaf structure deteriorates and the plant absorbs more of the near-infrared light rather than reflecting it. Therefore, examining how the near-infrared light changes relative to red light from plants using multispectral satellite data provides a better indication of the presence of chlorophyll which correlates to plant canopy greenness [5].



Some recent studies have used Landsat satellite series data to map and monitor softwood forest vegetation in the U.S. [6,7,8,9]. Vogelmann et al. [9] used Landsat time series data to monitor change in forest vegetation in Santa Fe National Forest Area, New Mexico, USA. They found decreasing trends in canopy greenness of conifer forests from 1988 to 2006 due to high levels of forest damage and mortality, likely caused by a combination of insects and drought. Furthermore, Hansen et al. [6] monitored land-cover change in the conterminous United States (CONUS) using Landsat satellite data. They found a decrease in conifer forests cover from 2006 to 2010 especially in southeastern U.S. Song et al. [10] used Landsat and Corona data to monitor forest cover change from mid-1960s to 2000s in the eastern United States. They found an annual forest loss on urban area doubled from 0.68% to 1.9% from 1960s to mid-1980s and then decreased during the following decade. Although softwood forest vegetation has been monitored in some parts of the U.S., the mapping and monitoring of canopy cover and greenness of loblolly, shortleaf and Virginia pines are limited especially in central-eastern Tennessee ecoregion. This study aims to map and monitor the canopy cover and greenness of southern yellow pines i.e., loblolly, shortleaf and Virginia pines in the years of 1988, 1999 and 2016 in central-eastern Tennessee.




2. Materials and Methods


2.1. Study Area


The study area extends around central to east Tennessee and consists of 19 counties (Figure 1). The counties are made up of small unincorporated towns and were selected because of the availability cloud-free Landsat satellite data and field plots data of loblolly, shortleaf and Virginia pines.




2.2. Vegetation


The region is covered significantly by both softwood and hardwood plant species. The softwood forest vegetation types commonly found in the area include: loblolly pine (Pinus taeda), Virginia pine (Pinus Virginiana) and shortleaf pine (Pinus echinata). Hardwood forest vegetation types generally found in the region include: locust (Gleditsia spp.), poplar (Populus spp.), maple (Acer spp.), oak (Quercus spp.), elm (Ulmus spp.), beech (Fagus spp.), walnut (Juglans spp.), hickory (Carya spp.), and sycamore (Platanus spp.) [11].




2.3. Geology and Soil


The geological landforms of the region consist predominantly of the Highland Rim and Cumberland Plateau [12,13]. The Highland Rim is made up of flat and hilly terrain surrounding the Central Basin. The bedrock is predominantly limestone with karst topography such as caves, sinkholes and underground streams [13]. The Cumberland Plateau comprises of tableland, flat and rolling terrain. It consists of the Sequatchie Valley in the south and the Elk Valley in the north with erosional stream courses from faults. Sedimentary Pennsylvanian sandstone, conglomerates with siltstone, shale, and coal seams are common in the region with escarpment slopes and shallow cave-like openings on cliffs or bluffs [13].



There is a variety of soil types in the region including but not limited to the following soil series: Allen, Barger, Capshaw, Enders, Fullerton, Lily, Ramsey, Sequatchie and Whitwell series [14]. The Allen series is consisted of very deep and well drained soils that formed in loamy colluvium. The typical pedon is loam and the soils are strongly acidic. The soils are found on foot slopes and toe slopes at the base of the Cumberland Plateau. The Barger series is made up of very deep, moderately well drained soils that are formed in a loamy mantle and in underlying loamy paleosol. The typical pedon is silt loam and the soils are found on ridgetops in the Sequatchie Valley. The Capshaw series consists of deep, moderately well drained soils that are formed in a thin layer of alluvium and underlying clayey residuum. The typical pedon is silt loam and the soils are found on terraces and uplands. They are generally moderately acidic to strongly acidic in the upper horizon. The Enders series consists of deep, well drained soils that are formed in clayey residuum derived from shale. The typical pedon is silt loam and the soils are found on shale ridges at the base of the Cumberland Plateau Escarpment. The Fullerton series is made up of very deep and well drained soils that are formed in cherty, clayey residuum that weathered from limestone. The typical pedon is gravelly loam and the soils are found on side slopes and ridgetops of cherty limestone ridges. The Lily series consists of moderately deep and well drained soils that are formed in loamy residuum derived from sandstone. The typical pedon is loam and the soils are found on ridgetops and side of slopes on the Cumberland Plateau. The Ramsey series is made up of shallow and excessively drained soils that are formed in loamy residuum derived from sandstone. The typical pedon is sandy loam and the soils are found on ridges and side slopes of the Cumberland Plateau. The Sequatchie series consists of very deep and well drained soils that are formed in loamy alluvium. The typical pedon is loam and the soils are found on stream terraces and alluvial fans in the Sequatchie Valley. The Whitwell series is made up of very deep and moderately well drained soils that are formed in loamy alluvium. The typical pedon is loam and the soils are found on low terraces of the Sequatchie Valley [14].




2.4. Climate


The region’s climate is characterized by hot summers and moderately cold winters with some unpredictable cold spells and snowfall [11,12]. The mean annual temperature in the region ranges from 44 °F to 60 °F. The annual precipitation ranges from 40 inches to 76 inches and the length of growing season ranges from 158 days to 203 days.




2.5. Methodology


The methodological approach mainly includes the mapping and monitoring of the canopy cover and greenness of southern yellow pines within central-eastern Tennessee using Landsat TM, ETM+, and OLI satellite images (Figure 2).



An assessment of the temporal and spatial change in the canopy cover of southern yellow pines was performed using a post-classification comparison technique. The classification and delineation of the canopy cover of southern yellow pines involved the acquisition of satellite images, pre-processing, supervised classification and validation phases (Figure 2). The NDVI was generated from the reflectance images and the classified southern yellow pine maps were exported as raster files to the Geographic Information System (GIS) for further analyses.




2.6. Mapping and Monitoring of the Canopy Cover and Greenness of Loblolly, Shortleaf and Virginia Pines


Landsat TM, ETM+, and OLI satellite images with acquisition dates of 6 December 1988; 4 November 1999; and 19 February 2016 respectively were used to classify and map the canopy cover and greenness of loblolly, shortleaf and Virginia Pines. The images were acquired in the late fall and winter seasons because southern yellow pines are more visible in these periods when deciduous trees shed their leaves. Two cloud-free satellite scenes acquired on each data acquisition date covering the study area were downloaded from the United States Geological Society (USGS) Science Data repository. They were downloaded as a Level-1 dataset and were pre-processed in Erdas ER Mapper version 2020. In the pre-processing phase, the Landsat TM, TM+ and OLI satellite scenes were mosaicked, subsetted, geocoded, co-registered and radiometric correction performed. The geometric correction was performed using more than 50 ground control points with a root mean square (RMS) value of less than 1 pixel. Ground control points of more than 50 were acceptable if the root mean square error value is less than one pixel and were unacceptable if the root mean square error value is more than one pixel. The radiometric correction was performed by conversion of digital numbers (DN) to at-surface reflectance. It entailed the correction of image pixel values for sun elevation angle variation and the calibration of images to account for degradation of the sensors over time. The changes in sensor calibration factors will obscure real changes on the ground [15].



The Landsat OLI mosaicked scene was converted from digital numbers to at-surface reflectance by using reflectance rescaling coefficients (Equation (1)) derived from the National Aeronautics and Space Administration [16].


ρλ’ = MpQcal + Ap



(1)




where:



	
ρλ’ = Top of atmosphere (TOA) planetary reflectance without correction for solar angle;



	
Mp = Band-specific multiplicative rescaling factor (Reflectance_Mult_Band_x, where x is the band number);



	
Ap = Band-specific additive rescaling factor (Reflectance_Add_Band_x where x is the band number);



	
Qcal = digital numbers.






The band-specific multiplicative rescaling factor (Reflectance_Mult_Band_x), and additive rescaling factor (Reflectance_Add_Band_x) were obtained in the header file of the imagery.



Furthermore, the correction of TOA planetary reflectance for sun angle was performed using Equation (2) [16].


ρλ = ρλ’/sin(θSE)



(2)




where:



	
ρλ = TOA planetary reflectance corrected for sun angle;



	
ρλ’ = TOA planetary reflectance without correction for solar angle;



	
θSE = Local sun elevation angle in degrees provided in the metadata (Sun_Elevation).






Landsat TM and ETM+ scenes were converted from digital numbers to radiance by using Equation (3) [11,17].


Lrad = Bias + (Gain × DN)



(3)




where:



	
Lrad = Spectral radiance, W/m2/sr/μm;



	
DN = Digital number.






The spectral values of gain and bias for Landsat TM and ETM+ images were obtained from the header files.



The conversion of spectral radiance to TOA planetary reflectance for Landsat TM and ETM+ was obtained using Equation (4) [11,17]:


RTOA = (π × Lrad × d2)/(ESUNi × cos (z))



(4)




where:



	
RTOA = the TOA planetary reflectance;



	
Lrad = is the spectral radiance at the sensor’s aperture;



	
π = ≈3.14159;



	
ESUNi = the mean solar exoatmospheric irradiance of each band;



	
d = the earth-sun distance, in astronomical units, which is calculated using the following EXCEL equation [18,19]:








d = (1 − 0.01672 × COS (RADIANS (0.9856 × (Julian_Day − 4))))











	
z = solar zenith angle (zenith angle = 90 − solar elevation angle), solar elevation angle is within the header file of the satellite images.






The top-of-atmosphere reflectance images of the Landsat satellite data were used to generate NDVI values of loblolly, shortleaf and Virginia pines as indicator of their canopy greenness. The NDVI was generated using Equation (5) [20]:


NDVI = (Near-Infrared−Red)/(Near-Infrared + Red)



(5)







The canopy cover of loblolly, shortleaf and Virginia pines was classified and mapped using twenty-two (22) field plots data of southern yellow pines i.e., seven (7)-loblolly, twelve (12)-shortleaf and three (3)-Virginia pines. The field plot data were obtained from Area Foresters at Tennessee Department of Agriculture and were polygon digitized to serve as training data in the classification and mapping of the canopy cover of loblolly, shortleaf and Virginia pines. The training data were used to extract spectral signatures of the southern yellow pines for supervised classification. Spectral bands in the visible and infrared sections of the electromagnetic spectrum on all datasets were used in the supervised classification of the canopy cover of southern yellow pines. The supervised classification was performed using a machine-learning random forest classification algorithm with digitized polygons (training data) of southern yellow pines. The default number of training samples was set at 5000 and the number of trees was set at 10. This algorithm was selected because the machine-learning random forest classification algorithm consists of a combination of tree classifiers where each classifier is generated using a random vector sampled independently from the input vector, and each tree casts a unit vote for the most popular class to classify an input vector [19]. Furthermore, the machine-learning random forest classification algorithm has been found to outperform other machine-learning classification algorithms such as support vector machines in mapping forest species [21]. This classification algorithm is commonly used in remote sensing image classification because of its ability to handle high data dimensionality and multicollinearity [22].



The canopy cover map of southern yellow pines generated from 2016 satellite imagery was validated to examine how well the classified canopy cover of loblolly, shortleaf and Virginia pines on the map represented southern yellow pines on the ground. This was performed by randomly selecting 62 polygons from the classified canopy cover map of southern yellow pines. Ground truthing by field visits and use of Google Earth Pro information was used to validate the classified loblolly, shortleaf and Virginia pines derived from the map with those on the ground. The overall accuracy was computed by dividing the total correct (i.e., the sum of the major diagonal in the error matrix table) by the total number of pixels in the error matrix table [20]. The kappa statistic was also measured as described by Mather [18]. Due to a lack of past data of southern yellow pines for the region, we did not carry out validation on the classified canopy cover maps of southern yellow pines generated for the years 1999 and 1988. The digitally classified canopy cover maps of southern yellow pines were later exported into the GIS environment for further analyses of canopy cover and greenness of southern yellow pines.





3. Results and Discussion


The study found southern yellow pines distributed in most parts of the study area with a similar pattern of distribution especially in the southern portion of the study (Figure 3, Figure 4 and Figure 5). In the December 1988 map, there was more southern yellow pines detected in the northwestern parts of the study area relative to the November 1999 and February 2016 maps (Figure 3, Figure 4 and Figure 5). Loblolly, Virginia and shortleaf pines’ canopy covered about 110,229 ha (37%), 83,578 ha (28%) and 104,116 ha (35%) respectively in December 1988. In November 1999, loblolly, Virginia and shortleaf pines’ canopy occupied about 44,749 ha (21%) 24,932 ha (12%) and 146,192 ha (67%) respectively. The area covered by loblolly pine canopy was around 39,507 ha (21%), Virginia pine was approximately 3942 ha (2%) and shortleaf pine was about 145,522 ha (77%) in February 2016 (Table 1).



Loblolly pine canopy cover decreased by about 59% between December 1988 and November 1999 and 12% between November 1999 and February 2016. Overall, loblolly pine’s canopy cover decreased by about 64% between December 1988 and February 2016. Similarly, Virginia pine’s canopy cover decreased by around 70% between December 1988 and November 1999 and 84% between November 1999 and February 2016. In general, Virginia pine’s canopy cover decreased by about 95% between December 1988 and February 2016. In contrast, shortleaf pine canopy cover increased by about 40% between December 1988 and November 1999 and there was no significant cover change between November 1999 and February 2016. Overall, shortleaf pine’s canopy cover increased by approximately 40% between December 1988 and February 2016. The dry, better-drained ridgetops associated with the Highland Rim and Cumberland Plateau commonly found in the region possibly provided a suitable condition for the growing of shortleaf pine. In total, the canopy cover of southern yellow pines decreased by about 37% between December 1988 and February 2016. The loss in canopy cover of the softwood forest vegetation species is likely due to intensive plantation forestry in the region. This is because southern yellow pines function more as commodity crops and are continually harvested for pulpwood and saw timber products [3,6]. Furthermore, other aspects such as the southern pine beetle outbreak that began in 1998 in east Tennessee and continued through 2001 in southwest Tennessee [23] likely contributed to the loss of southern yellow pines, especially loblolly pine. This is because loblolly pine has been found to be very susceptible to southern pine beetle infestation [3]. The loss in forest vegetation species canopy cover in this study is similar to other studies that have found a loss in forest canopy cover in the southeastern United States [10,24,25].



The loblolly, shortleaf and Virginia pines were classified and mapped with an overall accuracy of about 74% in February 2016 classification (Table 2). The producer accuracy which is the ability of the random forest classification algorithm to detect southern yellow pines was maximum for Virginia pine and minimum for loblolly pine. In contrast, the user accuracy that demonstrates how well the classified canopy cover of loblolly, shortleaf and Virginia pines on the map represented southern yellow pines on the ground was the highest (80%) for loblolly pine and the lowest (68%) for shortleaf pine. This implies about 32% of shortleaf pine on the map did not represent shortleaf pine on the ground. Furthermore, about 20% of loblolly pine on the map did not represent loblolly pine on the ground. There was some confusion in the detection of shortleaf pine with loblolly pine according to the classification. The kappa value was 0.6 and indicated a medium correlation between the remotely sensed classified data and reference data assuming the data are randomly sampled from a multinomial distribution with a large sample size [26].



There were some limitations in the classification and mapping of the canopy cover of loblolly, shortleaf and Virginia pines in this study. For example, the number of training data plots was limited especially for Virginia pine. There were three (3) Virginia pine training data plots relative to loblolly (7-plots) and shortleaf (12-plots). This likely contributed to the low detection of Virginia pine and the smallest canopy cover computed in the study periods. However, the training data plots of southern yellow pines used in this study were the only available datasets with planting date information. The planting dates were useful to allocate loblolly, shortleaf and Virginia plots that existed in December 1988, November 1999 and February 2016 when Landsat satellite data were acquired for this study. Furthermore, there was also a limitation in the validation of the canopy cover maps of southern yellow pines generated in December 1988 and November 1999. This is because there was a lack of past southern yellow pine maps for the study area that could have been used in the validation process. However, because similar training data plots were used in the temporal classification of southern yellow pines in this study, we assumed that the overall accuracies of the canopy cover maps of southern yellows of December 1988 and November 1999 will likely be similar to the overall accuracy (74%) of the February 2016 canopy cover map of southern yellow pines.



The NDVI values of loblolly, shortleaf ad Virginia pines that indicated the canopy greenness ranged from 0.03 to 0.81 in December 1988; 0.01 to 0.75 in November 1999; and 0.07 to 0.75 in February 2016 (Figure 6, Figure 7 and Figure 8).



The mean NDVI ± standard deviation (SD) of loblolly pine canopy was about 0.42 ± 0.05 in December 1988. The mean NDVI ± SD of loblolly pine canopy decreased to about 0.37 ± 0.03 in November 1999 and increased to around 0.50 ± 0.07 in February 2016. Similarly, the mean NDVI ± SD of the shortleaf pine canopy was approximately 0.44 ± 0.06 in December 1988. The mean NDVI ± SD of shortleaf pine canopy decreased to about 0.41 ± 0.05 in November 1999 and increased to around 0.49 ± 0.03 in February 2016. In contrast, the mean NDVI ± SD of Virginia pine canopy was about 0.46 ± 0.05 in December 1988, and 0.46 ± 0.04 in February 2016. The mean NDVI ± SD of Virginia pine canopy decreased to about 0.33 ± 0.05 in November 1999 (Figure 9).



In total, the mean NDVI ± SD of the canopy of southern yellow pines was around 0.44 ± 0.06 in December 1988. The mean NDVI ± SD of the canopy of southern yellow pines decreased to about 0.37 ± 0.04 in November 1999 and increased to approximately 0.48 ± 0.05. The southern pine beetle outbreak that occurred in 1998 and continued through 2001 in Tennessee likely contributed to the lowest NDVI values of the canopy of southern yellow pines in November 1999. In general, the canopy of shortleaf pine had the maximum NDVI ± SD of about 0.45 ± 0.05; while Virginia pine had the minimum NDVI ± SD of around 0.42 ± 0.05. This implies shortleaf pine canopy cover was greenest during the periods of study relative to loblolly and Virginia pines. The geological landscape of the region that consisted of dry and better-drained ridgetops possibly provided a suitable condition for shortleaf pine to flourish. However, it should be noted that the canopy NDVI values of the southern yellow pines in this study were captured in the late fall and winter seasons when plant vigor and photosynthetic activities are low and did not represent the yearly seasonal range of canopy NDVI values of loblolly, shortleaf and Virginia pines. Further research will explore the seasonal variation of canopy NDVI values of southern yellow pines. Nonetheless, the range in canopy NDVI values of loblolly, shortleaf and Virginia pines in this study provided new information on the condition of southern yellow pines’ canopy greenness in the periods of December 1988, November 1999 and February 2016.




4. Conclusions


This study has mapped and monitored the canopy cover and greenness of loblolly, shortleaf and Virginia pines in central-eastern Tennessee using satellite data acquired in December of 1988, November of 1999 and February of 2016. The canopy cover of southern yellow pines was mapped with overall classification accuracy of about 74% according to the February 2016 classification map. In total loblolly pine canopy cover decreased by about 64% between December 1988 and February 2016 while shortleaf pine canopy cover increased by about 40% in the same period. In general, the mean NDVI ± SD of loblolly, shortleaf and Virginia pines was around 0.44 ± 0.06 in December 1988. The mean NDVI ± SD of the canopy of southern yellow pines decreased to about 0.37 ± 0.04 in November 1999 and increased to approximately 0.48 ± 0.05. The geological condition, plantation forestry and southern pine beetle outbreak that occurred in the region likely contributed to the change in canopy cover and greenness of loblolly, shortleaf and Virginia pines.



The small number of training data plots of Virginia pine used in the canopy cover classification and mapping was a limitation in this study. This likely contributed to the low detection of Virginia pine in the study periods. Nonetheless, the training data plots of southern yellow pines had planting dates relevant for their monitoring in December 1988, November 1999 and February 2016. Further studies looking at seasonal variation in canopy greenness and wetness of loblolly, shortleaf and Virginia pines in other ecoregions would be beneficial to understand the seasonal condition of these softwood forest vegetation species and their susceptibility to external factors such as drought, diseases and fire. Furthermore, the mapping and monitoring of canopy cover of these softwood forest vegetation species in other ecoregions would also be relevant to support forest management and planning. However, these are areas of further research.
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Figure 1. Study area consisting of 19 counties in Tennessee, USA. 
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Figure 2. A graphical display of the methodological approach. 
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Figure 3. Classified southern yellow pines in February 2016. 
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Figure 4. Classified southern yellow pines in November 1999. 
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Figure 5. Classified southern yellow pines in December 1988. 
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Figure 6. December 1988 Normalized Difference Vegetation Index (NDVI) of southern yellow pines. 
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Figure 7. November 1999 NDVI of southern yellow pines. 
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Figure 8. February 2016 NDVI of southern yellow pines. 
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Figure 9. Mean NDVI ± standard deviation (SD) of southern yellow pines (loblolly, Virginia and shortleaf pines) for December 1988, November 1999 and February 2016. Error bars represent SD of the mean. 
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Table 1. Area covered by southern yellow pines in December 1988, November 1999 and February 2016.
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	Dec. 1988 (Hectares)
	%Cover
	Nov. 1999 (Hectares)
	%Cover
	Feb. 2016 (Hectares)
	%Cover
	%Change Dec. 1988 and Nov. 1999
	%Change Dec. 1988 and Feb. 2016
	%Change Nov. 1999 and Feb. 2016





	Loblolly
	110,229
	37
	44,749
	21
	39,507
	21
	−59
	−64
	−12



	Virginia
	83,578
	28
	24,932
	12
	3942
	2
	−70
	−95
	−84



	Shortleaf
	104,116
	35
	146,192
	67
	145,522
	77
	40
	40
	0
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Table 2. Error matrix table for southern yellow pines’ classification of February 2016.
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Classes

	
Loblolly

	
Shortleaf

	
Virginia

	
Total




	
Reference






	
Loblolly

	
16

	
3

	
1

	
20




	
Shortleaf

	
6

	
15

	
1

	
22




	
Virginia

	
5

	
0

	
15

	
20




	
Total

	
27

	
18

	
17

	
62




	

	
User accuracy (%)

	
Producer accuracy (%)

	
Overall accuracy (%)

	
Kappa




	
Loblolly

	
80

	
59

	

	




	
Shortleaf

	
68

	
83




	
Virginia

	
75

	
88




	
Overall and kappa

	

	

	
74

	
0.6

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  forests-12-00499


  
    		
      forests-12-00499
    


  




  





media/file8.jpg
Legend
[ P ——
Souther Yellow Pines 1988






media/file11.png
; _‘;‘qo
,-ll'%'\:v .
. Yo v

2o

’ .
L A ) gAY
P P O o
4 r"...

.
2t

Legend
D Study Area-Tennessee Counties
NDWI 1988
Value
High : 0.81
Low:0.03
N
w £
s
0 125 25 SO Miles






media/file6.jpg
Legend
[ P —
Southern Yellow Pines 1999

Lotenr

e

eona






media/file1.png
Legend

- Study Area
- Tennessee
Bl usa

0 3

| 1 1

1,240 Miles
J

N
P
S
0 620
1 | 1 1 N

Macon Clay
| “l!!’!ill'i
Dekaip
Legend
‘ @ Validation Plots
@ Training Data Plots
. .
| Colha D Study Area-Tennessee Counties
J
N
o _ [
Franklin diamilton W ¢ :
o Marion Y
@ ® 0 125 25 50 Miles
: | | 1 1 | 1 L i |

L ———






media/file13.png
Legend
D Study Area-Tennessee Counties

NDWI 1999
Value

.HQ'\ 0.75
Low: 0.01

S0 Mies






media/file10.jpg
Legend
[ e —
OV 1988

vatue,

.m on
Lowion






media/file7.png
S0 Miles

Tennessee Counties
Southern Yellow Pines 1999

Legend
[ swoy Area-






media/file12.jpg





media/file9.png
0 Mies

'

diolly
irging
X
)

0

L
v
w

Southern Yellow Pines 1988
B shortLeat
2%
" 1

Legend
D Study Area-Tennessee Countes

73

- -
R

2873

Y
N

Y
.

- ¢ o--
.l ro. Vl
P JM
Jr I Os s

H

-
-~

-

B
_,(,D o
4 L) -

3.
»

c\s ALY

e AVEe Tt






media/file14.jpg
Legend

[ [SR—
NOVI 2016

valve
.uw ors
Low007






media/file16.jpg
o070
060

050

040
030
0
0
000

Loblolly Virginia Shorteat

B2016NDVI W1999NDVI m 1988 NOVI





media/file5.png
Legend

Tennessee Counties

D Study Area-

Southern Yellow Pines 2016

Lodiolty
B snortieat

Virginia

SO Mikes






media/file15.png
Legend

D Study Area-Tennessee Counties
NDWI 2016
Value

l Hgh : 0.75
Low:0.07

125 25 SO Miks






media/file3.png
Landsat OLI

Co-registration

February
2016

Geometric
Correction,
Radiometric
Correction,
Mosaicking,
Subsetting,

Landsat EIM+
November 1999

Geometric
Correction,
Radiometric
Correction,
Mosaicking,
Subsetting,
Co-registration

NDVI
1999

NDVI
1988

Supervised
Classification

Supervised
Classification

Southern
Yellow
Pines’

Map 1999

Change in

Southern
Yellow Pines

Canopy
Cover

’

Landsat TM

December 1988

Geometric
Correction,
Radiometric
Correction,
Mosaicking,
Subsetting,
Co-registration

Supervised
Classification

I






media/file17.png
0.70

0.60

0.50

o

0.4
0.3

0.00 III III III

o

o

0.2
0.1

o

Loblolly Virginia Shortleaf

W 2016 NDVI m 1999 NDVI m 1988 NDVI





media/file4.jpg





media/file0.jpg





media/file2.jpg





