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Overarching Project Goals
Will	the	spectral	characteris-cs	of	HyspIRI-like	data	allow	for	
the	accurate	retrieval	of	reef	benthic	composi-on?	
	
1.  	Simula*on	analysis	to	characterize	the	prac-cal	limits	of	

discrimina-on	of	coral	reef	benthic	composi-on.	

2.  	Valida*on	of	benthic	frac-ons	from	AVIRIS	imagery	using	
field	observa-ons.	



Ques0ons – Simula0on Analysis
• Under	what	condi-ons	can	we	expect	good	benthic	discrimina-on	–	
what	are	the	no-go	condi-ons?	

• Which	benthic	types	are	difficult	to	discriminate?		

• What	is	the	minimum	frac-on	of	live	coral	detectable	under	various	
water	column	condi-ons?		

Answer	these	ques*ons	by	examining	errors	related	to	unmixing,	
water	condi*ons,	inversion	modeling,	and	atmospheric	effects.	



Mul0ple Endmember Spectral Mixing Analysis (MESMA)
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Error Due to MESMA Unmixing

Spectral	Mixtures	 MESMA	 Error	



Changes in Reflectance Due to Water Proper0es
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Realis0c Range of Environmental Factors

Variable	 Values	for	Simula*on	

Depth	(m)	 1,	2,	3,	5,	8,	10,	15	

Wind	Speed	(m	s-1)	 0,	1,	2,	5,	10	

CDOM	(m-1)	 0.01,	0.02,	0.05,	0.1,	0.5	

Chlorophyll	concentra-on	(mg	m-3)	 0,	0.1,	0.25,	0.5,	1	

Suspended	carbonate	sediment	(g	m-3)	 0,	0.1,	0.2,	0.5,	1,	2,	5,	10	



Error Due to Water Column
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Error Due to Inversion Model
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Results of MESMA/Deriva0ves
• Coral	and	algae	are	difficult	to	separate	with	MESMA,	but	not	all	algal	
types	produce	similar	errors.	

• Deriva-ves	(1st	&	2nd)	of	mixed	spectra	and	endmembers	produce	
beaer	results.		
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Error Due to Water Column
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Effect of Water Cons0tuents on Error
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Effect of Sediment and Depth on Error
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Confusion between Coral and Algal Types
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Minimum Benthic Frac0on Thresholds

0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

Coral	 Turf	Algae	 Sand	

M
ea
n	
Re

la
-v
e	
Ab

so
lu
te
	

Er
ro
r	

Frac-on	 Frac-on	 Frac-on	

Depth	=	3	m,	clear	water	

~10	-	25%	 ~25%	 ~15%	



Conclusions so far…
• Deep	water	areas	consistently	have	the	most	error,	but	this	is	
modulated	by	suspended	sediment	and	chlorophyll	concentra-on.	No	
go	condi-ons	will	be	dependent	on	the	level	of	acceptable	error.	

• Coral	cover	is	consistently	confused	as	algal	cover,	and	this	effect	
increases	with	depth.	Brown	algae	leads	to	the	most	confusion.	

• At	a	rela-ve	absolute	error	level	of	0.5,	there	will	need	to	be	around	
25%	of	coral	or	algae	frac-on,	and	15%	sand	frac-on	for	acceptable	
discrimina-on.	



Ongoing work…

• Water	column	inversion	&	atmospheric	effects	will	help	refine	no	go	
condi-ons	

• Use	MESMA	to	detect	the	correct	algal	type	in	a	mixed	pixel	

• Valida-on	of	op-mized	unmixing	algorithm	with	in	water	
photomosaics	



250 Phototransects Across 5 Hawaiian Islands

Hawaii	
30	Transects	

Molokai	
40	Transects	

Maui	
40	Transects	

Lanai	
32	Transects	

Oahu	
108	Transects	



Phototransect Collec0on (250)

Photo:	Juan	Torres-Perez	



Photo:	Stacy	Pel*er	

Spectral Transects (56/250)
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Phototransects w/ Spectra
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Conclusions so far…
• Deep	water	areas	consistently	have	the	most	error,	but	this	is	
modulated	by	suspended	sediment	and	chlorophyll	concentra-on.	No	
go	condi-ons	will	be	dependent	on	the	level	of	acceptable	error.	

• Coral	cover	is	consistently	confused	as	algal	cover,	and	this	effect	
increases	with	depth.	Brown	algae	leads	to	the	most	confusion.	

• At	a	rela-ve	error	level	of	0.5,	there	will	need	to	be	around	25%	of	
coral	or	algae	frac-on,	and	15%	sand	frac-on	for	acceptable	
discrimina-on.	

Ques*ons?	 Tom	Bell	
tbell@ucsb.edu	
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Effect of Different Algal Types on Error

0 0.1 0.25 0.5 1
Chl (mg m-3)

1

2

3

5

8

10

15

D
ep

th
 (m

)

0.14

0.16

0.18

0.2

0.22

0.24

0 0.1 0.25 0.5 1
Chl (mg m-3)

1

2

3

5

8

10

15

D
ep

th
 (m

)

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0 0.1 0.25 0.5 1
Chl (mg m-3)

1

2

3

5

8

10

15

D
ep

th
 (m

)

0.22

0.23

0.24

0.25

0.26

0.27

0.28

0 0.1 0.25 0.5 1
Chl (mg m-3)

1

2

3

5

8

10

15

D
ep

th
 (m

)

0.18

0.19

0.2

0.21

0.22

0.23

0.24

0.25

0.26

0.27

0 0.1 0.25 0.5 1
Chl (mg m-3)

1

2

3

5

8

10

15
D

ep
th

 (m
)

0.19

0.2

0.21

0.22

0.23

0.24

0.25

Turf	 Red	 Green	

Brown	 CCA	
Ab

so
lu
te
	E
rr
or
	

Ab
so
lu
te
	E
rr
or
	

Ab
so
lu
te
	E
rr
or
	

Ab
so
lu
te
	E
rr
or
	

Ab
so
lu
te
	E
rr
or
	

Depth	+	
Chl	-	

Depth	+	
Chl	0		

Depth	+	
Chl	-		

Depth	+	
Chl	0	

Depth	+	
Chl	+		



Examine effect of noise on unmixing
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Required SNR has negligible effect on unmixing
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400 450 500 550 600 650 7003

3.5

4

4.5

5

5.5

6

6.5

Wavelength (nm)"

R
efl

ec
ta

nc
e 

(%
)"

Brown! Red! Green! Turf! CCA!

Brown!
Coral!

 Coral:        "
Bleached:"

Algae:       "
Sand:        "

Shade:      "

4x10-4"
7x10-4"
9x10-4"
5x10-4"
1x10-3"

7x10-4"
7x10-4"
7x10-4"
5x10-4"
1x10-3"

3x10-4"
7x10-4"
8x10-4"
6x10-4"
1x10-3"

4x10-4"
7x10-4"
6x10-4"
6x10-4"
1x10-3"

5x10-4"
7x10-4"
5x10-4"
6x10-4"
1x10-3"

Blue!
Coral!

 Coral:        "
Bleached:"

Algae:       "
Sand:        "

Shade: "

6x10-4"
8x10-4"
1x10-3"
6x10-4"
1x10-3"

6x10-4"
8x10-4"
5x10-4"
6x10-4"
3x10-3"

4x10-4"
8x10-4"
9x10-4"
6x10-4"
1x10-3"

7x10-4"
8x10-4"
1x10-3"
7x10-4"
1x10-3"

6x10-4"
8x10-4"
1x10-3"
7x10-4"
1x10-3"

Soft!
Coral!

 Coral:        "
Bleached:"

Algae:       "
Sand:        "

Shade: "

3x10-4"
7x10-4"
1x10-3"
5x10-4"
1x10-3"

5x10-4"
8x10-4"
9x10-4"
5x10-4"
8x10-4"

2x10-4"
7x10-4"
9x10-4"
6x10-4"
1x10-3"

3x10-4"
8x10-4"
6x10-4"
6x10-4"
1x10-3"

4x10-4"
7x10-4"
5x10-4"
6x10-4"
1x10-3"



How is this analysis unique and useful?
• Unmixing	benthic	frac-ons:	MESMA	and	spectral	deriva-ve	
techniques	

•  Focus	on	AVIRIS/HyspIRI-like	bands	

•  Full	quan-fica-on	of	error	related	to:	
•  	spectral	unmixing	techniques	
•  effects	of	a	range	of	water	cons-tuents	on	error	
•  error	related	to	water	inversion	and	atmospheric	effects	

•  Examine	different	classes	of	algae	


