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Retrieval of phytoplankton pigments and  
functional types from underway spectrophotometry 

in the Fram Strait, Arctic Ocean 
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1.  What	are	phytoplankton	pigments	and	why	important?	
2.  What	is	the	link	between	phytoplankton	pigments	and	

funcGonal	types?	
3.  Why	and	how	to	retrieve?	
4.  What	is	underway	spectrophotometry?	
5.  What	is	the	current	phytoplankton	research	state	in	the	

Fram	strait?	



SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		

ü  Help Snacking on SUNLIGHT — photosynthesis 
ü  Protect against SUN BURNT — photoprotection 

P hyt op l a n k t on  p i g men t s  

Source:	Ocean	OpGcs	Web	Book	

Source:	Bricaud	et	al.,	2004	

Light	absorp;on	spectra	of	various	
pigments	



P hyt op l a n k t on  p i g men t s  a n d  f u n c t i o n a l  t ypes  
 

SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		

Sources:	h4ps://www.geomar.de/en/research/W2/W2-bi/infrastructure/hplc-analyses/	(leY)	and	Ocean	OpGcs	Web	Book	(right)	

Each	group	of	phytoplankton	owns	its	
specific	pigment	composiGon.	

Different	phytoplankton	groups	have	disGnct	
absorpGon	due	to	different	pigment	composiGon	



P h y t o p l a n k t o n  p i g m e n t s  i n  r e m o t e  s e n s i n g  a p p l i c a t i o n s  
 

SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		

diatom		 coccolithophore	 cyanobacteria	

Source:	Losa	et	al.,	2017	Source:	ESA	Ocean	Color	CCI	

Chl-a		

ü  Phytoplannkton	biomass	
ü  FuncGonal	types:		
 - cell	size		(micro-,	nano-	and	pico-)	
- biogeochemical	funcGons	(e.g.	calcicaGon,	silicicaGon,	DMS	producGon,	
nitrogen	fixaGon)	

	develop,	validate	or	refine	bio-opGcal	algorithms	



Q uan t i f y  phy t op l a n k t o n  p i gme n t s  
 

SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		SeparaGon,	idenGficaGon	and	quanGficaGon	of	phytoplankton	
pigments:	High	Performance	Liquid	Chromatography	(HPLC)		

1. Measure them using High Performance Liquid Chromatography (HPLC)  
 

Discrete water sampling    --->        Filtration          --->             HPLC 

2. Retrieve them from optical measurements (e.g. absorption, reflectance)  
 

ü  Spectral	decomposi;on:		
					phytoplankton	absorpGon	=	absorpGon	of	(pigment	1	+	pigment	2	+	…)	
ü  Spectral	reconstruc;on:		
				absorpGon	of	(pigment	1	+	pigment	2	+	…)	=	phytoplankton	absorpGon	
ü  … 	

Esp.	from	in	situ	OpGcal	sensors!	

3… 
 



F r a m  S t r a i t  

ü  Mass	(75%),	heat	(90%)	exchanges	
ü  Sea	ice	mass	export	(10%)	

o  Climate change  
o  Light &  nutrient conditions change 
o  phytoplankton community change 

  diatom coccolithophore   phaeocystis 

Satellite	data:	poor	spaGal-temporal	resoluGon;	
lack	of	assessment	of	the		applicability	of	global	
bio-opGcal	algorithms		
In	situ	data:insufficient	HPLC	data,	even	less	
opGcal	measurements	



D a t a  s e t  

Expedition: icebreaker R/V Polarstern  
Ø  PS93.2 (Jul - Aug 2015)  
Ø  PS99.2 (Jun - Jul 2016)  
Ø  PS107 (Jul - Aug 2017)  

ü HPLC pigments (18 types) from 299 discrete samples 
ü  Collocated particle absorption ap from underway spectrophotometry 
Yangyang.Liu@awi.de 



O b j e ct i v e s  

Evaluate the applicability of 2 pigment retrieval algorithms 
to the Fram Strait: Gaussian decompostion (Chase et al., 
2013) and Singular Value Decomposition+Non‐Negative Least 
squares (SVD-NNLS) (Moisan et al., 2011). 

01 

02 
Retrieve pigments from continuous in situ particulate 

absorption data measured by underway spectrophotometry. 

Obtain the time series of phytoplankton functional types 

during cruise periods via diagnostic pigment analysis. 
03 

Yangyang.Liu@awi.de 



Diagram of the underway AC-S flow-through system 

Ø  Hyperspectral: 400-735 nm,  
> 80 wavelengths outputs 

Ø  spectral resolution: 10 nm 

Ø  Sampling frequency: 4 Hz 

(AC-S) 

Final output: 
particle absorption 
ap 

U n d e r w a y  s p e c t r o p h o t o m e t r y   

Yangyang.Liu@awi.de 

AC-S spectrophotometer 



05 01 03 

04 02 

AC-S data 
quality 
control 

Spikes removal 
air bubbles 

1-min interval bin 
4 measurements per sec. 

Temperature and salinity 
dependency of pure water abs. 

T & S correction 

ap calculation 
Linear interpolation 

Scattering &  
Residual T correction 

06 

Validated with 
filter-pad data 
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G u a s s i a n  d ecompos i t i o n（ Spectral	decomposiGon）   

ü  12 Gaussian functions 

representing pigments’ 

absorption 

ü  1 non-algal particle (NAP) 

absorption 



S VD  -  N N L S（ Spectral	reconstrucGon）   



C ompar i s on  o f  t he  2  m e t h o d s  

Training accuracy 

TChl-a	 TChl-b	 Chl-c1/2	

Yangyang.Liu@awi.de 



C ompar i s on  o f  t he  2  m e t h o d s  

10-fold cross validation  Yangyang.Liu@awi.de 

Blue:	Gaussian	
decomposi;on	
	
Red:	SVD-NNLS	



P hyt op l a n k t on  f u n c t i o n a l  t ype s  t i m e  s e r i e s   



P hyt op l a n k t on  f u n c t i o n a l  t ype s  t i m e  s e r i e s   



C on c l u s i o n s  

Evaluate the applicability of 2 pigment inversion algorithms to the Fram 
Strait: Gaussian decompostion (Chase et al., 2013) and Singular Value 
Decomposition+Non‐Negative Least squares (SVD-NNLS) (Moisan et al., 
2011). 

01 

ü  both methods tend to overestimate specific pigment concentration. 
ü  the combination of the methods still provide robust estimates for 

many of the tested 18 phytoplankton pigments and two pigment 
groups (PSC and PPC) . 

- The Gaussian decomposition: TChl-a, TChl- b, Chl-c1/2, PSC and PPC.  
- The SVD-NNLS: TChl-a, Fuco, Diato, b-Caro, Prasino, TChl-b, Zea, Viola 
and Lut.  

Yangyang.Liu@awi.de 



C on c l u s i o n s  

02 Retrieve pigments from continuous in situ particulate absorption data 

measured by underway spectrophotometry. 

Obtain the time series of phytoplankton functional types during cruise periods 

via diagnostic pigment analysis. 03 

ü  diatoms, prymnesiophytes, green algae and prokaryotes were 
determined by combining the results from the two retrieval 
methods.  

ü  We obtained high resolution phytoplankton pigment data and 
relative biomass of key phytoplankton groups in the Fram Strait. 

Yangyang.Liu@awi.de 



O u t l o o k  

延时符 

Further discern the factors 

g o v e r n i n g t h e r e t r i e v a l 

uncertainties e.g. package 

effect. coupling of phytoplankton 

composition and distribution to 

physical and biogeochemical 

properties.  

A B 
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