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ABSTRACT


South Carolina’s forestry best management practices (BMP’s) are published guidelines for silvicultural practices which are intended to minimize their impacts on water quality (SC FOR. COMM., 1994).  Like the recommended practices for many other southeastern states, South Carolina’s guidelines call for stream management zones (SMZ’s) that very in width with slope to filter run-off and provide other benefits to stream water quality (Florida, Georgia, Virginia and SC BMP’s).  Because of their relationship to slope, South Carolina’s SMZ’s are difficult to map using standard buffer functions in a GIS environment.  However, it is possible to use the buffer function in a variable mode if the widths resulting from perpendicular slope on each side of the stream have been calculated and placed in an attribute table for a stream network.  This requires special interpretation of a slope surface developed from a digital elevation model to determine the SMZ width because the slope sought is a slope perpendicular to each segment on each side of the stream. The slope of the grid intersected does not necessarily correspond to the slope on either side of the stream, in fact it probably represents the in-stream slope.  Zonal and focal functions account for area (eg. rectangle and polygon) means, not slope along a line perpendicular to the stream.


This paper presents an ARC/INFO AML program that will interpret the slopes perpendicular to each side of stream segments and use them to create attribute tables of SMZ widths.  These table values are then used by the program to map variable width buffers for each side of the stream network independently.  The zones for each side are combined to map the area and location of the SMZ as defined by South Carolina’s forestry best management practices.  The program can be used on whole stream networks or small segments of streams.  

INTRODUCTION

Forestry best management practices (BMP) are guidelines published by state organizations to help reduce suspended sediments and other non-point source pollutants in steams located in or adjacent to silvicultural operations.  A major component of many of these guidelines is the stream management zone (SMZ).  Stream management zones are protected areas along each side of streams where site disturbance is restricted and some mature vegetation is left in tact.  The vegetation and groundcover in these zones provides shading for the stream, root mass to hold soil in place and filters suspended sediments from runoff (Castelle et al 1994).  SMZs have been shown to give adequate protection to streams in the piedmont of South Carolina (Williams et al 1999).


South Carolina and many other southern states recommend SMZ buffers that vary in width with change in slope of the terrain immediately adjacent to streams (SC Forestry Commission 1994;Georgia Forestry Commission 1999; Virginia Department of Forestry 1997). South Carolina’s BMP guidelines recommend SMZs that are divided into two parts: a primary SMZ that is 40 feet on each side of perennial streams, and a secondary SMZ that varies in width for different slope zones.  Although special consideration is given to streams supporting trout populations, the following is a description of SMZ requirements on for non-trout perennial streams. On streams with adjacent slopes of less than five percent no secondary zone is recommended.  For similar streams with perpendicular slopes that are from five to twenty percent the secondary SMZ is an additional forty feet added to the primary zone making the total SMZ 80 feet. For streams with slopes from twenty to forty percent the secondary SMZ adds 80 feet to the primary zone. Finally, for slopes which exceed forty percent the secondary zone is 120 feet making the total SMZ 160 feet wide.  Each side of streams is considered independently and the width of zones is illustrated as horizontal distance as opposed to slope distance.  Constraints on silvicultural activities vary for each zone and stream combination.


SMZs add to the complexity of planning silvicultural activities that might disturb sites.  In order to make decisions and plans about silvicultural activities where SMZs are involved accurate maps are needed.  In a similar fashion, accurate maps could assist in evaluating the success of management plans intended to protect streams by leaving SMZs. Accurate maps locating SMZs would also facilitate validation and documentation of voluntary programs of stream protection and aid in evaluation of the economic impacts of proposed stream protection zones.  Therefore, a quick and accurate way to map stream management zones is needed.  Geographic information systems (GIS) contain many tools to automate and facilitate this process.  


. “WEASEL”, “BASINS”, “HEC”, “ILWIS” and “TOPAZ” are just a few of numerous GIS programs and models that calculate various hydrologic parameters such as stream networks, watershed boundaries, flood boundaries, sediment yield and so on (Viger 1999; Lahlou et al 1999;Olivera et al 1998; Kothyari and Jain 1997;Garbarecht and Martz 1999;).  There are also numerous publications about best management practices (BMP) that detail the location and treatment of stream management zones (SMZs)( SC Forestry Commission 1994;Va. Dept. of Forestry 1997; Georgia Forestry Commission 1999).  Others document the success or compliance of voluntary programs to promote BMP ( Hook et al 1991; Adams and Hook 1993; Adams 1996; Adams 1998).  However, there is little information on location or delineation of  SMZs in a GIS environment other than simple fixed width line buffers.  Therefore, the purpose of this paper is to present a GIS program written in Arc macro language (AML) to delineate and map SMZs that vary in width with change in slope as defined in the South Carolina Best Management Practices guidelines (SC Forestry Commission 1994). This stream management zone delineation (SMZD) program locates the boundaries of SMZs using slope surfaces calculated from digital elevation models (DEM) (Garbrecht and Martz 1999; Turner and Liu 1998) and a stream network that is easily obtainable from publicly available data sets.  The program performs the necessary calculations, stores new GIS coverages, and maps the data in a relatively short amount of time.  The development and preliminary testing of this program is discussed in a separate paper presented at SoFor GIS 2000 (Lipscomb 2000).   This paper will examine the South Carolina SMZD program as a GIS model, looking at the program’s interface for input of data and its outputs, then at the procedural steps. 

THE AML PROGRAM


The program starts with a title and author credit window (fig 1) and the opens a window to prompt for the necessary input coverages (fig 2).  Three coverages registered in the same coordinate system are required as initial input to run the program. All three coverages need to be acquired in advance and stored in a common workspace for the program path to access them.  A digital elevation model (DEM) is selected from the first scroll box.  The program assumes that the z values (vertical values) in the DEM are in the same units as the horizontal ones.  The DEM should extend beyond the boundaries of the watershed of the stream network being used.  A polygon coverage of the watershed boundary is selected from the second scroll list, and a line coverage of the stream network or stream segment is selected in the last one.  The stream network does not need to be ordered or corrected for flow direction.  Finally, the window size for the moving window to be used for neighborhood analysis is chosen to ensure best compatibility between the resolution of the slope surface grid and the neighborhood analysis.  At this time only two resolutions are available for this choice.  The 5 x 5 square window works well with grids that have cells of less than 90 feet (30 meters) and the 3 x 3 window works better with larger size cells (30 meters and larger).  When all the input decisions are made the button to calculate the SMZ should be pressed.  The program will proceed without further input from the operator until all the coverages and default maps are calculated.

       [image: image7.png]AVAN

Stream
100 ft buffer

-

Cells used in calculations
Critical Cell Over Stream





                                             Figure 1.  Title and Author credit window
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   Figure 2. Window for selection of input coverages and size of moving window


The program puts the coverage names selected into variables and then calculates a slope surface for the entire DEM.  After the slope surface is calculated, it is clipped to contain only the area inside the watershed boundary.  This not only reduces the size of the area in future calculations, but also ensures that areas outside the watershed have no real data (cells are assigned null-data values).  A slope grid is displayed for a moment and then the program selects the stream network.


A 100 foot buffer is calculated for the left and right side of the stream network as separate polygons in separate coverages.  The slope grid is clipped again using each of these polygons.  This further reduces the number of grid cells being used in calculations and ensures that the moving window will calculate focal mean slopes for cell values within 100 feet of the stream on one side of the stream at a time (fig3).  The window will overlap the stream when it calculates the critical mean slope for the cell that intersects with the stream, it is important that the window cells on the opposite side of the stream are not calculated into the mean (fig3).  It is also important that cells more than 100 feet away from the stream are not included. 
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Figure 3.  Moving windows on the 100 foot zone clipped from the slope 

grid that had 40 foot square cells.


Once a slope surface for the isolated 100 foot zone on each side of the stream exists, the ‘focal mean’ function is used in the grid module to calculate a neighborhood mean for the left and right zones separately.  Because the neighborhood window centers on each cell in the slope grid, the resulting grid will overlap the stream and the cell that intersects the stream will contain a mean slope value for the cells in the window immediately to the left or right depending on which grid clip is being used (fig 3).  At this point the grids containing the mean slope values are reclassified (via the reclass command) to contain width values for the corresponding slope zones from the definitions of the primary plus secondary SMZ.  So now the cell that will intersect with the stream from the left slope grid contains the width of the SMZ buffer on the left side of that stream section. Of course, the opposite is true for the grid from the right side of the stream. When these grids are converted to polygons, each grid cell becomes polygon whose attribute table contains this grid-code representing the SMZ width.


Next, the program converts the left and right reclassified grids to polygon coverages and intersects those polygon coverages with the stream network one at a time.  There now exist a separate stream line coverage for the left and right, each of which have the width of the SMZ on that side in an item called grid-code in their respective attribute tables.  The program applies the buffer function to each stream line coverage using the grid-code item to define variable width.  This results in polygon coverage for each side of the stream that aligns with the stream network and is the correct width to define the primary plus the secondary SMZ.  When these two polygon coverages are unioned and their interior lines dissolved, they define the exterior boundary of the secondary buffer zone in a single polygon.  


To obtain the final element needed to map the SMZ for a stream, the program applies the buffer function to the stream network with a fixed 40 foot buffer on both sides.  This results in a polygon coverage that defines the outside boundary of the primary SMZ and the inside boundary of the secondary SMZ simultaneously.   The program then passes control to the arcplot module to construct a map (.gra) file of the stream network showing the stream management zones. The map is displayed in the graphic screen on the monitor and a window appears to prompt for print instructions.  

RESULTS AND DISCUSSION


Several different variations of this program were tested on six different stream networks from the upper piedmont of South Carolina.  The program was run with a 5 x 5 and 3 x 3 (cells) square moving window for neighborhood analysis.  The program was also run with a 2 cell and a three cell radius circular window for the neighborhood analysis (fig 3).  The 5 x 5 cell square window was chosen as best suited for the 40 foot DEM grid used in these calculations because it covers the whole 100 foot slope zone and returns a mean slope for a relatively confined area next to the stream line (fig 3).  The 3 x 3 square window did not return a mean slope the full 100 foot when a 40 foot grid was used.  However, it should be noted that the window has the same size cells as the slope grid, therefore on a 100 foot (30 meter) grid the 3 x 3 window would yield a mean for the full width of the clipped area (fig 4).  Circular windows added cells that were parallel to the stream for calculation of the mean values, but added no new cells away from the stream line.  Other geometric configurations for the moving window were not tried.  Since the window calculates each cell in the grid from left to right and top to bottom and remains oriented in a fixed position, it does not seem practical to use a rectangular or triangular window.  In order for those configurations to work, the window would have to follow the stream arc and reorient itself to be perpendicular to the stream.  For these reasons the 5 x 5 square window was deemed to return the best possible focal mean value.  

The stream networks varied in length from less than one mile to 180 miles (table 1).  In all cases the program ran without a problem creating coverages and maps in less than 5 minutes. 

The SMZ area using different size windows varies by as much as five percent (table 1) for equal streams. Location of the zones and the widths of the zones appeared to change in a reasonable fashion when examined as overlays on USGS 7 ½ minute quadrangle maps having contour lines (fig 5).  Slope zones calculated by the neighborhood analysis windows were also compared to contour maps (fig 6).  Slope zones calculated by the 5 x 5 cell window increased proportional to the increase in contour line density and overlapped the stream arc in a manner consistent with the contour intervals.  Grid and vector coverages created by each step of the program were stored in the workspace so they could be used to further examine and map the stream’s SMZ.


Table 1. Length of Streams & Area of SMZ by Size of Focal Window
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Kennemore one
0.31
21.7
21.5
21.9
22.0
21.8
0.222
1.0

Kennemore two
0.48
31.6
32.8
32.1
32.7
32.3
0.560
1.7

Holly Springs
0.52
34.2
35.0
34.7
34.8
34.7
0.340
1.0

Ramsey Bridge
0.59
39.4
40.1
39.8
40.1
39.9
0.332
0.8

Golden Creek
33.10
466.3
510.9
486.0
513.0
494.1
22.195
4.5

Three & 20 Creek
180.00
2376.0
2560.4
2456.2
2574.2
2491.7
93.404
3.7
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        Figure 4. Moving windows on the 100 foot zone clipped from the slope

      grid that had 100 foot square cells.
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                Figure 5.  SMZ overlay on contour line coverage from 7 ½ minute quadrangle maps
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     Figure 6. Slope grid for the right side of a stream with dark shade areas indicating steep slopes and showing contour lines.

CONCLUSIONS


The SMZD program for South Carolina calculates stream management zones in accordance with forestry best management practices published by the South Carolina Forestry Commission.  It uses a 5 x 5 or 3 x 3 cell (square) neighborhood window to calculate mean slope beside the stream, however different size windows result in different area SMZs (table 1).  There is no basis in the definitions as they are presently written to decide which method of calculation is correct.  While this program produces an excellent SMZ approximation in a timely manner, I still consider it a preliminary model in need of further testing.  There was no ground proof information available at this time that would allow comparison of the results to real positions.  Therefore the results could only be evaluated in terms of acceptable levels of precision and time.  One possible source of error that was not accommodated in this model, was back slope from sub-watershed divides.  Most of these back-slopes are eliminated by the clip of the 100 foot zone, but where stream lines converge closer than 200 feet it is possible for the area sampled by the moving window to overlap a ridge and average in negative slope areas.  Further testing should be done to determine if backslopes are a significant source of error in calculating mean slope in the 100 foot zone.  Of course, results can never exceed what can be obtained from the resolution of data input with respect to the DEM and the actual stream location.  The final test of acceptability lies in the interaction between the definition of an SMZ and what is practical to be delineated as management constraint zones on the ground. 
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