PROCEDURE FOR CALCULATING STATISTICS
for Sample Sites in the Northern Florida Keys

I.  Sample Site to Reef Edge
1. Load the EAARL Submarine Topographic DEM into ArcGIS 8.3 (Figure 1).  Horizontal resolution of the image is 1x1m.
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Calculated the slope (in degrees) of the EAARL Lidar DEM using ArcGIS.  Used an output cell size of 2.5 meters in order to ‘smooth’ the output (Figure 2). 
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In order to extract the edges of each patch reef sampled, a contour layer was derived from the slope raster using ArcGIS 8.3 (Figure 3).  Because the patch reefs occur at differing depths, but possess similar characteristics pertaining to manner of growth, the slope was thought to be a better indicator of reef edge than the depth.  The patch reefs are usually found sitting within a sand halo.  The surrounding sand is level horizontally.  The patch reef grows upwards, presenting a measurable slope.  The contour interval parameter was set for 2 degree intervals.  The contours were ‘cleaned up’ in an attempt to separate out those contours which best represented the reef edge when overlaid on the DEM and a Quickbird multispectral satellite image of the area (Figures 4 and 5).  The slope of 10 degrees was chosen for patch reef O (Figure 6).  Another example, Figure 7, shows the definition of the patch reef using the slope of the slope (rate of change in slope).
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4. All the slope contour lines that will be used to represent the patch reef edge are extracted and save as a separate layer.  Then, using ET GeoWizards (a program downloaded from the ESRI website), the distances between each sample point and reef edge are calculated.  The results are shown in the Table A below:

Table A.  Distance from sample sites to corresponding reef edge.
	Sample Site Name

	UTM Easting (m)

	UTM Northing (m)

	Distance to Reef Edge (meters


	B01

	584652.56

	2809226.11

	8.85


	B02

	584620.75

	2809222.38

	6.04


	B03

	584648.45

	2809220.42

	13.16


	B04

	584632.28

	2809214.53

	15.76


	B05

	584651.65

	2809212.88

	21.19


	B06

	584643.14

	2809209.58

	21.16


	B07

	584656.73

	2809204.68

	25.77


	B08

	584674.41

	2809203.48

	8.83


	B09

	584626.78

	2809202.60

	18.47


	B10

	584646.47

	2809201.12

	30.27


	B14

	584620.86

	2809191.79

	12.77


	B15

	584643.64

	2809188.81

	26.77


	B17

	584660.95

	2809185.45

	14.52


	B18

	584635.04

	2809183.78

	17.61


	B19

	584655.95

	2809176.84

	11.78


	B20

	584636.32

	2809174.40

	11.96


	D01

	584392.85

	2809010.07

	3.32


	D02

	584406.29

	2809007.97

	7.91


	D03

	584389.30

	2809001.07

	10.81


	D05

	584405.41

	2808998.24

	16.34


	D06

	584413.33

	2808997.16

	9.91


	D08

	584380.93

	2808990.20

	15.96


	D09

	584403.13

	2808988.68

	19.56


	D10

	584415.08

	2808988.18

	8.57


	D11

	584367.21

	2808985.24

	3.54


	D13

	584392.82

	2808979.55

	21.20


	D14

	584384.50

	2808979.23

	18.99


	D15

	584402.45

	2808977.88

	15.00


	D16

	584376.62

	2808975.77

	10.47


	D18

	584382.25

	2808972.38

	13.72


	D19

	584374.66

	2808967.00

	4.54


	D20

	584386.77

	2808965.78

	8.19


	E02

	584376.31

	2808902.69

	10.06


	E03

	584391.48

	2808899.23

	10.14


	E05

	584354.52

	2808892.24

	6.74


	E06

	584385.48

	2808891.00

	17.62


	E07

	584360.67

	2808888.93

	13.41


	E08

	584370.28

	2808888.25

	21.53


	E10

	584392.03

	2808883.62

	8.32


	E11

	584385.16

	2808883.00

	14.74


	E12

	584351.95

	2808880.93

	5.40


	E13

	584366.63

	2808878.93

	17.78


	E14

	584389.18

	2808877.70

	10.05


	E16

	584378.99

	2808876.11

	16.23


	E17

	584362.10

	2808871.85

	11.52


	E18

	584380.86

	2808869.95

	10.10


	E19

	584366.83

	2808868.36

	10.69


	E20

	584373.36

	2808867.89

	10.50


	G01

	584325.18

	2807726.17

	3.81


	G03

	584335.97

	2807716.69

	15.64


	G04

	584311.21

	2807712.98

	7.09


	G05

	584344.87

	2807711.33

	13.70


	G06

	584334.96

	2807709.97

	21.30


	G07

	584355.86

	2807706.56

	3.04


	G09

	584308.49

	2807699.79

	7.69


	G11

	584330.48

	2807699.37

	28.28


	G13

	584323.78

	2807696.26

	21.64


	G14

	584316.45

	2807691.28

	13.67


	G15

	584333.78

	2807685.92

	22.85


	G16

	584322.14

	2807682.78

	16.39


	G17

	584351.65

	2807677.65

	4.25


	G18

	584335.85

	2807677.20

	14.28


	G19

	584327.13

	2807675.53

	12.63


	G20

	584318.37

	2807671.04

	5.77


	H01

	583064.74

	2807665.60

	8.06


	H03

	583074.58

	2807660.17

	8.65


	H04

	583067.37

	2807657.91

	14.13


	H05

	583053.81

	2807656.38

	7.89


	H06

	583078.89

	2807653.43

	8.35


	H07

	583063.30

	2807652.18

	17.85


	H09

	583072.80

	2807649.04

	15.26


	H10

	583067.30

	2807645.54

	20.37


	H11

	583060.15

	2807644.79

	13.34


	H12

	583052.83

	2807643.38

	6.00


	H13

	583075.95

	2807641.97

	14.97


	H14

	583058.47

	2807637.15

	8.44


	H16

	583072.58

	2807634.39

	9.95


	H17

	583084.49

	2807633.89

	6.01


	H18

	583057.69

	2807630.83

	3.94


	H20

	583068.24

	2807625.50

	4.13


	I01

	583720.64

	2807657.20

	3.90


	I02

	583712.92

	2807656.99

	4.27


	I03

	583730.37

	2807654.94

	4.98


	I04

	583714.82

	2807650.89

	10.53


	I05

	583694.80

	2807647.29

	9.95


	I06

	583724.65

	2807647.01

	14.53


	I08

	583703.30

	2807645.37

	15.57


	I09

	583711.01

	2807644.18

	16.54


	I10

	583687.99

	2807641.98

	6.54


	I12

	583720.59

	2807636.84

	17.34


	I13

	583702.66

	2807634.25

	17.69


	I15

	583708.83

	2807631.73

	18.37


	I16

	583695.16

	2807630.93

	9.84


	I17

	583706.26

	2807624.88

	11.60


	I18

	583722.68

	2807623.46

	6.11


	I20

	583710.83

	2807619.78

	7.09



	
	
	Sample Site Name

UTM Easting (m)

UTM Northing (m)

Distance to Reef Edge (meters)
J02

584106.69

2807637.75

7.23

J03

584113.99

2807634.50

11.29

J04

584120.41

2807634.24

8.44

J05

584097.03

2807633.93

5.42

J06

584103.67

2807629.32

13.59

J07

584116.41

2807628.54

13.00

J08

584109.78

2807627.96

17.30

J10

584121.26

2807624.95

8.08

J11

584097.56

2807624.77

11.67

J13

584090.45

2807621.30

6.93

J14

584109.01

2807619.86

18.90

J15

584116.64

2807618.94

12.44

J16

584102.60

2807617.94

15.95

J17

584096.46

2807617.13

10.09

J19

584110.47

2807612.14

12.20

J20

584100.76

2807611.93

10.49

K01

584111.24

2807396.00

9.87

K02

584105.30

2807394.41

13.15

K04

584117.49

2807384.51

14.20

K05

584084.77

2807383.25

9.48

K07

584123.95

2807380.63

9.45

K08

584095.46

2807380.09

18.54

K09

584109.75

2807378.72

23.12

K10

584079.95

2807377.61

6.39

K11

584092.32

2807374.35

18.90

K12

584103.48

2807371.76

26.68

K13

584120.44

2807370.89

10.51

K15

584110.53

2807366.37

17.78

K16

584090.52

2807363.73

16.03

K17

584104.37

2807363.07

21.64

K18

584097.23

2807357.87

20.47

K20

584084.62

2807353.59

7.45

L01

584233.48

2807315.99

7.44

L02

584247.71

2807312.16

9.33

L03

584241.98

2807309.59

15.49

L04

584225.57

2807307.61

9.09

L05

584211.79

2807303.20

2.81

L06

584257.02

2807302.94

7.11

L07

584247.98

2807298.78

16.89

L08

584242.23

2807297.31

22.36

L09

584256.69

2807297.02

9.42

L10

584229.91

2807296.37

20.42

L11

584220.01

2807293.42

15.33

L12

584213.65

2807289.67

10.64

L13

584237.78

2807286.74

26.38

L14

584246.51

2807280.60

15.62

L15

584257.23

2807279.63

7.27

L16

584219.12

2807278.11

14.54

L17

584238.55

2807273.74

18.69

L18

584228.64

2807272.76

19.26

L19

584242.38

2807264.04

8.76

L20

584231.58

2807259.32

6.89

N01

583042.17

2805575.30

5.64

N02

583050.15

2805574.58

8.23

N04

583029.02

2805561.35

7.54

N05

583039.20

2805559.71

16.27

N06

583057.51

2805556.61

20.67

N07

583044.54

2805554.42

23.78

N08

583032.23

2805551.69

11.95

N09

583077.55

2805549.11

9.85

N11

583056.93

2805545.04

28.83

N13

583036.82

2805540.67

11.45

N14

583075.72

2805540.53

10.23

N15

583067.50

2805537.88

16.61

N16

583054.72

2805536.21

21.36

N18

583042.69

2805533.62

12.19

N19

583067.29

2805525.90

7.28

N20

583057.50

2805525.86

11.05

O01

582836.51

2805563.62

4.43

O03

582840.17

2805558.02

10.86

O04

582853.64

2805554.25

15.60

O05

582838.74

2805549.08

15.09

O06

582828.13

2805547.37

4.57

O07

582851.42

2805545.61

24.48

O09

582855.73

2805539.30

20.60

O10

582873.22

2805538.10

3.21

O11

582867.04

2805533.56

8.43

O12

582838.16

2805531.58

15.49

O13

582858.36

2805525.01

15.85

O15

582836.09

2805519.87

10.49

O16

582866.36

2805517.39

6.57

O17

582852.33

2805517.12

18.75

O18

582863.32

2805508.95

5.57

O20

582843.03

2805506.72

8.67

P01

583252.90

2804503.31

6.79

P02

583249.00

2804503.19

8.68

P03

583260.25

2804500.13

6.24

P04

583249.71

2804494.84

15.73

P05

583243.16

2804493.30

12.63

P06

583269.14

2804491.50

6.75

P07

583254.47

2804488.93

18.86

P08

583262.39

2804485.00

16.01

P09

583236.96

2804484.90

6.17

P11

583269.49

2804480.46

9.10

P12

583256.15

2804479.62

20.03

P15

583264.24

2804475.16

10.89

P16

583249.05

2804469.30

14.13

P18

583241.58

2804468.00

7.72

P19

583257.73

2804465.53

10.82

P20

583249.36

2804460.69

10.17




II. Total Planar area for each Sample Reef
1. Converted the polyline bounding the reef into a 2-D polygon.  Convert the polygon into a 3-dimensional feature:
a. Add the 2D features and the surface to a map or scene. 

b. Click 3D Analyst, point to Convert, and click Features to 3D. 

c. Click the Input Features dropdown arrow and click features you want to convert to 3D. 

d. Click the Raster or TIN Surface button to set the source for the features' heights. 

e. Click the dropdown arrow and click the surface that you wish to use. 

f. Optionally, browse to the location where you want to save the output feature class or shapefile. 

g. Type the name of the output 3D feature class or shapefile and click OK. 

2. Use ET GeoWizards to calculate the planer surface area of the 3-D polygon.

3. Table B show the results:
	Patch Reef Name

	Perimeter (m)

	Planar Area (m2)


	B

	286.65

	4748.60


	D

	195.88

	2813.99


	E

	188.27

	2590.34


	G

	263.92

	3633.58


	H

	172.27

	1905.54


	I

	190.69

	2499.01


	J

	149.26

	1691.48


	K

	215.91

	3406.04


	L

	220.11

	3609.25


	N

	216.25

	3484.38


	O

	217.86

	3379.76


	P

	181.09

	2350.29



	


III. Distance from Patch Reef to Platform Edge
First, I needed to define the platform edge.  From the Florida Geological Survey’s SPECIAL PUBLICATION NO. 35 FLORIDA’S GEOLOGICAL HISTORY AND GEOLOGICAL RESOURCES ,

‘The Florida peninsula is the emergent portion of the wide, relatively flat geologic feature called the Florida Platform, which forms a rampart between the deep waters of the Gulf of Mexico and the Atlantic Ocean.  The Florida peninsula is located on the eastern side of the platform. The edge of the Florida Platform is arbitrarily defined to be where water depth is 300 feet. …..Within relatively short distances from the edge of the platform water depths increase more sharply, eventually reaching "abyssal" depths of over 10,000 feet, creating what is known as the Florida Escarpment.’
Table C contains the distance from the patch reefs to the 100m contour, obtained from a bathymetric digital layer distributed by NOAA and the Florida Marine Research Institute on a CD-ROM entitled Benthic Habitats of Florida.  Figure 8 illustrates the Florida shelf, and Figure 9 shows bathymetric contours overlaid on a Landsat 5 TM image.
Table C.  Distance from Patch Reef to 100m Bathymetric Contour Line.

	Patch Reef 
	B
	D
	E
	G
	H
	I
	J
	K
	L
	N
	O
	P

	Distance to 100m Bathy Contour (m) 
	5723.94
	5931.7
	5933.04
	5723.29
	6955.06
	6328.25
	5938.9
	5885.6
	5725.9
	6471.78
	6663.32
	6050.98




VI. Distance from Reef to Nearest Neighbor Reef
1. Create a new shapefile using ET GeoWizards – this will be the reef centers that surround the Sample Patch Reefs.  Edit the shapefile by adding a point to the center of each reef from the EAARL DEM
2. Use the point distance function in ET GeoWizards to determine which reef is closest and to calculate the distance between the nearest reef and the study site reef.  Table D lists the calculated distances.  Figures 10 show the original study sites and the selected nearest reefs to those sites.
Table D.  Distances between Study Patch Reef sites and nearest reefs.
	Patch Reef Name
	UTM Easting (m)
	UTM Northing (m)
	Nearest Reef ID
	Nearest Reef UTM Easting (m)
	Nearest Reef UTM Northing (m)
	Distance between Reef Centers (m)

	B
	584641.20
	2809202.30
	ID-3
	584724.64
	2809197.98
	83.56

	D
	584388.60
	2808991.35
	E
	584368.30
	2808892.40
	109.56

	E
	584368.30
	2808892.40
	D
	584388.60
	2808991.35
	152.75

	G
	584340.15
	2807699.95
	F
	584372.75
	2807828.35
	130.99

	H
	583061.90
	2807651.60
	ID-16
	583024.54
	2807571.47
	88.41

	I
	583703.30
	2807639.50
	ID-12
	583679.39
	2807556.01
	86.84

	J
	584101.45
	2807629.65
	ID-4
	584053.83
	2807683.84
	72.14

	K
	584094.60
	2807372.00
	ID-9
	584002.76
	2807483.11
	144.16

	L
	584239.60
	2807292.15
	K
	584094.60
	2807372.00
	304.24

	N
	583056.85
	2805548.00
	ID-19
	583155.62
	2805659.52
	148.97

	O
	582856.80
	2805533.50
	ID-18
	582863.98
	2805692.67
	159.33

	P
	583245.85
	2804483.40
	ID-23
	583178.16
	2804518.98
	76.47



Figure 2.  Topographic slope, in degrees, derived from the NASA EAARL lidar DEM shown in Figure 1.  Pixel size is 2.5 meters





Figure 1.  NASA EAARL lidar-derived submarine topographic Digital Elevation Model (DEM), showing sample reef sites N, O, and P (1-meter resolution). 

















Figure10.  Study site patch reefs B, D, E, G, H, I, J, K, L, N, O, and P shown with square symbols.  Nearest reefs  to the study site reef are shown with triangular symbols.





Table B.  Planar Area of Selected Patch Reefs.





Figure 8, above.  Florida shelf, figure from U.S. Geological Survey Open-File Report 01-154


Figure 9, right.  Landsat TM image with patch reef locations show in yellow.  NOAA bathymetry is show overlaid on image.  The 100m depth contour line is shown in red. 
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Figure 5.  Image A shows the slope with slope contours 10 and 12 degrees overlaid.  These appear to best represent the reef edge for the shown patch reefs.  Image B is the NASA EAARL lidar-derived DEM.  Image C is the Quickbird ™ satellite multispectral image (Bands 3,2,1:R,G,B).  The edge of the reef is clearly seen against the sand halo.  





Zoom Region





Figure 4.  Left image shows the slope contours 6-24 degrees overlaid on slope raster image.  Right image is a close-up of patch reef O.  Note the erroneous slopes created from no-data values in the DEM.





10 degree slope contour





Figure 6, above.  Quickbird Image with 10 degree slope contour line.


Figure 7, right.  Rate of change of slope is depicted.  10 degree slope contour line overlaid on image.








10 degree slope contour
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