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Coral 10%‐<50%
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Macroalgae 10%‐<50%
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Uncolonized 90%‐100%

Emergent Vegetation 10%‐<50%

Emergent Vegetation 50%‐<90%

Emergent Vegetation 90%‐100%

Unknown Unknown

TRUE (GROUND-TRUTHED)(j )

MAJOR 
STRUCTURE hard soft π i

USERS 
Accuracy

(%)
 
USERS 

CI     
(± %)

M
A

P 
 ( 

i ) hard 0.2406 0.0395 0.280 85.9 3.1

soft 0.0203 0.6996 0.720 97.2 1.5

n- j 0.261 0.739 1.000 <= n

PRODUCERS 
Accuracy (%) 92.2 94.7 Po 94.0%

PRODUCERS   
CI (± %) 3.9 1.1 CI (±) 1.4%

TRUE (GROUND-TRUTHED)  ( j )

MAJOR 
STRUCTURE hard soft ni -

USERS 
Accuracy

(%)
 

M
A

P 
 ( 

i ) hard 426 70 496 85.9

soft 13 448 461 97.2

n- j 439 518 957 <=  n

PRODUCERS 
Accuracy (%) 97.0 86.5 Po 91.3%

Te =  0.827 ± 0.036 
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Introduction

As part of a regional mapping and monitoring effort in the
Florida Keys, NOAA required an independent accuracy
assessment to statistically test the accuracy of the GIS‐based
benthic habitat map recently produced for the Lower Keys.
Resources, budgets, and logistical constraints precluded a
comprehensive assessment of the entire mapped area, thus
biogeographically‐representative corridors within the total
benthic habitat map area were selected for performing the
accuracy assessment. The corridors not only captured a
wide diversity of habitats, but were also characterized by
frequent transitions between habitat types ensuring a well‐
distributed, representative set of survey locations. As the
Florida Keys benthic habitat mapping effort proceeds, the
area of mapped benthic habitats gets considerably larger
than the area assessed for accuracy, making it important to
evaluate new areas for accuracy.
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Accuracy Assessment Methodology

The classification scheme used herein was designed by
NOAA and its partners for the benthic habitat mapping
program initiated in 1999. A meeting was held on June 11
and 12, 2008 to review the most recent developments in
sampling protocol and the map classification scheme.

A total of 1036 sampling stations were visited, of which 957
were used in the accuracy assessment. The sites were
selected using a stratified random sampling protocol that
equally distributed sampling points amongst the detailed
structure categories. Most sites were sampled by deploying
a weighted drop camera with the vessel drifting in idle and
recording 30‐120 seconds of dGPS‐referenced video. The
shallowest sites were sampled by snorkel, waverunner, or
kayak, using a hand‐held dGPS for navigation and a housed
camera to record video. Each sampling station was assigned
a classification in the field. These field classifications were
reevaluated post‐survey during a systematic review of video
and photographic data. The efficacy of the benthic habitat
map was assessed by a number of classification metrics
derived from error matrices of the Major and Detailed levels
of Geomorphological Structure and Biological Cover. The
known map proportions were used to remove the bias
introduced to the producer’s and user’s accuracies by
differential sampling intensity.

Sampling methods used for data collection. The primary method was to drop a
video camera from a boat (top row, left: view of camera; right: example of
video). Shallow‐water sites were visited by either kayak, waverunner, or snorkel
(bottom row) to collect site data with an portable underwater camera.

Detailed Geomorphologic 
Structure

Detailed Biological Cover

Percent mapped area of Detailed Geomorphologic Structure Percent mapped area of Detailed Biological Cover

Accuracy Assessment Area 1 (ROI‐1) (yellow) and Area 2 (ROI‐2) (Blue), within the overall NOAA mapped region of the Lower FL Keys. ROI‐1
included the seaward seafloor south of Cudjoe and Sugarloaf Keys including American Shoals. ROI‐2 included the region between Sand Key and
Eastern Sambo from the shoreline intertidal zone to the outer bank/shelf escarpment at a depth of approximately 33m. Top figure is benthic
habitat map classified by Detailed Geomorphologic Structure with the AA locations classified by their Accuracy Assessment ID for the same class.
Bottom figure is benthic habitat map classified by Detailed Biological Cover with the AA locations classified by their Accuracy Assessment ID for
the same class.

Error Matrices

Summary

The true error of non‐sampled portions of the map is
ultimately unknown and further sampling in these areas of
the map would allow for a better understanding of the
entire map accuracy, however, the combined accuracy
assessments ensured that a well‐distributed, representative
set of monitoring locations were surveyed that closely
represented the entire mapped region. For this reason it is
thought to be a good measure of the map accuracies for the
broader area. Many of the Biological Cover habitats were
very small relative to the overall percentage of the entire
mapped area; therefore the total map accuracy adjusted for
marginal map proportions was likely a better gauge of the
overall map accuracy than P0. This, however, should not
diminish the use of Tau as a metric to gauge map accuracy.
Adjusting for marginal map proportions does not account for
the probabilities of error due to increased number of
classes, thus both metrics should be used as a gauge of the
overall accuracy of the map products. As the Florida Keys
benthic habitat mapping effort proceeds, it is important to
evaluate new areas to understand both local and regional
map accuracies. With NOAA support, NCRI is planning to
conduct at least two more assessments of newly mapped
areas; one in the middle Keys, and one in the upper Keys.

Standard Adjusted for Map Proportion
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Error matrices of combined ROIs for Major and Detailed structure and cover categories; 
L = 10 ‐< 50%, M = 50 ‐< 90%, H = 90 ‐ 100%. Blank cells indicate 0 occurrences.

TRUE (GROUND-TRUTHED)  ( j )

DETAILED 
COVER

Coral Seagrass Macroalgae Coralline 
Algae Turf Emergent  Vegetation

U
n-

co
lo

ni
ze

d

π i
USERS 

Accuracy
USERS 

CI      

L M H L M H L M H L M L M H L M H (%) (± %)

M
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i )

C
or

al

L 0.034 0.003 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.002 0.001 0.002 0.0495 67.8 9.9

M 0.000 0.0000 n/a n/a

H 0.000 0.0000 n/a n/a

Se
ag

ra
ss

L 0.003 0.051 0.002 0.002 0.001 0.010 0.0682 75.0 9.9

M 0.002 0.071 0.006 0.001 0.001 0.003 0.0843 83.8 8.2

H 0.004 0.004 0.007 0.272 0.007 0.011 0.007 0.3118 87.2 7.2

M
ac

ro
 A

lg
ae

 

L 0.019 0.005 0.007 0.007 0.074 0.007 0.001 0.001 0.004 0.005 0.1315 56.3 10.1

M 0.001 0.001 0.002 0.001 0.015 0.001 0.0215 71.8 10.7

H 0.000 0.0000 n/a n/a

C
or

al
lin

e
Al

ga
e L 0.000 0.000 0.0000 0.0 0.0

M 0.000 0.000 0.000 0.000 0.000 0.0001 0.0 0.0

Tu
rf

L 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.001 0.0035 27.5 14.1

M 0.006 0.001 0.000 0.008 0.004 0.000 0.033 0.002 0.001 0.0563 58.5 7.8

H 0.002 0.002 0.003 0.003 0.002 0.003 0.0154 14.3 13.2

Em
er

ge
nt

  
Ve

ge
ta

tio
n L 0.000 0.0001 100.0 0.0

M 0.000 0.0000 100.0 0.0

H 0.013 0.0130 100.0 0.0

Uncolonized 0.006 0.004 0.002 0.006 0.004 0.006 0.214 0.2448 87.6 6.2

n- j 0.069 0.003 0.001 0.072 0.090 0.281 0.106 0.050 0.006 0.000 0.000 0.006 0.050 0.005 0.000 0.000 0.013 0.248 1.000 <=  n
PRODUCERS 
Accuracy (%) 49.0 0.0 0.0 71.0 78.4 96.6 69.9 30.7 0.0 n/a n/a 16.3 65.6 45.2 100.0 100.0 100.0 86.5 Po 78.0%

PRODUCERS  
CI (± %) 9.8 n/a n/a 12.3 11.7 2.2 9.4 10.4 n/a n/a n/a 13.3 13.0 29.6 0.0 0.0 0.0 4.8 CI (±) 3.3%
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USERS 
Accuracy

(%)
 
USERS  

CI      
(± %)

M
A

P 
D

A
TA

  (
 i 

)

Aggregate 
Reef 0.0254 0.0004 0.0004 0.0011 0.0032 0.030 83.7 8.0

Aggregated 
Patch Reef 0.0093 0.0007 0.0036 0.014 68.4 15.1
Individual 

Patch Reef 0.0128 0.0009 0.0009 0.015 87.5 11.7
Spur and 

Groove 0.0003 0.0188 0.0031 0.022 84.4 9.1

Rubble 0.0001 0.0110 0.0004 0.0005 0.012 91.8 5.6

Pavement 0.0069 0.0011 0.0034 0.0046 0.0011 0.1224 0.0252 0.0172 0.182 67.3 7.4
Pav w/ Sand 

Channels 0.0008 0.0003 0.0028 0.0017 0.006 50.0 22.4

Sand 0.0015 0.0029 0.0074 0.0015 0.0044 0.3597 0.0324 0.410 87.8 3.9

Mud 0.0017 0.0051 0.3033 0.310 97.8 2.2

n- j 0.035 0.013 0.026 0.023 0.014 0.129 0.006 0.400 0.354 1.000 <=  n
PRODUCERS 
Accuracy (%) 72.5 69.4 49.8 80.4 78.7 94.7 46.9 90.0 85.7 Po 86.5%

PRODUCERS   
CI (± %)

 13.3 25.0 16.6 15.6 21.4 4.0 21.4 2.7 3.8 CI (±) 2.2%

TRUE (GROUND-TRUTHED)  ( j )

DETAILED 
COVER

Coral Seagrass Macroalgae Coralline 
Algae Turf Emergent  Vegetation
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USERS 
Accuracy

L M H L M H L M H L M L M H L M H (%)

M
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A
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C
or

al

L 61 6 1 2 1 2 4 2 4 3 1 3 90 67.8
M 0 0 n/a
H 0 0 n/a

Se
ag

ra
ss

L 3 57 2 2 1 11 76 75.0
M 2 67 6 1 1 3 80 83.8
H 1 1 2 75 2 3 2 86 87.2

M
ac

ro
 A
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L 14 4 5 5 54 5 1 1 3 4 96 56.3
M 4 4 5 4 51 3 71 71.8
H 0 0 n/a

C
or

al
lin

e
Al

ga
e L 0 1 1 0.0

M 6 1 0 1 6 14 0.0

Tu
rf

L 1 2 1 1 9 2 1 11 3 9 40 27.5
M 17 2 1 24 12 1 93 6 3 159 58.5
H 4 3 6 5 4 6 28 14.3

Em
er

ge
nt

  
Ve

ge
ta

tio
n L 24 24 100.0

M 8 8 100.0
H 71 71 100.0

Uncolonized 3 2 1 3 2 3 99 113 87.6

n- j 105 6 1 77 79 88 115 87 4 0 0 19 118 11 24 8 71 144 957 <=  n
PRODUCERS 
Accuracy (%) 58.1 0.0 0.0 74.0 84.8 85.2 47.0 58.6 0.0 n/a n/a 57.9 78.8 36.4 100.0 100.0 100.0 68.8 Po 70.5%

Te =  0.688 ± 0.031 
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Aggregate Reef 72 1 1 3 9 86 83.7

Aggregated 
Patch Reef 26 2 10 38 68.4

Individual Patch 
Reef 28 2 2 32 87.5

Spur and 
Groove 1 54 9 64 84.4

Rubble 1 89 3 4 97 91.8

Pavement 6 1 3 4 1 107 22 15 159 67.3

Pav w/ Sand 
Channels 3 1 10 6 20 50.0

Sand 1 2 5 1 3 244 22 278 87.8

Mud 1 3 179 183 97.8

n- j 84 29 38 58 92 119 19 300 218 957 <=  n
PRODUCERS 
Accuracy (%) 85.7 89.7 73.7 93.1 96.7 89.9 52.6 81.3 82.1 Po 84.5%

Te =  0.828 ± 0.025 

TRUE (GROUND-TRUTHED)  ( j )

MAJOR 
COVER Coral Sea Grass Macro 

algae
Coralline

Algae
 Turf Emerg 

Veg
Un-

Colonized π i
USERS 

Accuracy 
(%)

USERS 
CI       

(± %)

M
AP

 D
AT

A 
 ( 

i )

Coral 0.0374 0.0028 0.0033 0.0044 0.0017 0.050 75.6 9.1

Seagrass 0.0077 0.3914 0.0288 0.0058 0.0307 0.464 84.3 4.7

Macroalgae 0.0165 0.0211 0.1054 0.0037 0.0064 0.153 68.9 7.2

Coralline 
Algae 0.0000 0.0000 0.0000 0.0000 0.000 0.0 0.0

Turf 0.0073 0.0023 0.0189 0.0407 0.0060 0.075 54.2 6.6

Emerg Veg 0.0131 0.013 100.0 0.0

UnColonized 0.0108 0.0130 0.0065 0.2145 0.245 87.6 6.2

n- j 0.069 0.428 0.169 0.000 0.061 0.013 0.259 1.000 <=  n
PRODUCERS 
Accuracy (%) 54.3 91.4 62.2 n/a 66.7 100.0 82.7 Po 80.2%

PRODUCERS   
CI (± %)

 9.2 2.8 7.2 n/a 12.3 0.0 5.2 CI (±) 2.9%

TRUE (GROUND-TRUTHED)  ( j )

MAJOR 
COVER Coral Sea 
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algae
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Algae

 Turf Emerg 
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USERS 
Accuracy 
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Coral 68 5 6 8 3 90 75.6

Seagrass 4 204 15 3 16 242 84.3

Macroalgae 18 23 115 4 7 167 68.9

Coralline 
Algae 7 0 7 1 15 0.0

Turf 22 7 57 123 18 227 54.2

Emerg Veg 103 103 100.0

UnColonized 5 6 3 99 113 87.6

n- j 112 244 206 0 148 103 144 957 <=  n

PRODUCERS 
Accuracy (%) 60.7 83.6 55.8 n/a 83.1 100.0 68.8 Po 74.4%

Te =  0.701 ± 0.032
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