
BATS and HOT, 25 years of incredible 
productivity!  CARIACO 18 years!

What should we focus on for the 
next 25 years?

Ken Johnson
Monterey Bay Aquarium Research Institute



Net community production, carbon 
export and nutrient supply at ocean 
time series sites.  Should we expect 
consensus?  Should fluxes agree?

Ken Johnson
Monterey Bay Aquarium Research Institute
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Overarching goal – convince OCB community that we need a 
systematic assessment of major carbon fluxes (NCP, Export, …) at time 
series station (HOT, BATS, CARIACO, ESTOC, Papa).  

• Perhaps an OCB working group?
• How do methods compare?

I’ll argue that time series stations need to make quantitative 
observations of major carbon fluxes over time.

• Are sediment traps at 150 m good enough?
• Methods should be intercomparable.
• Time series stations should serve as a benchmark for more 

expandable systems.

Ultimately we need global, carbon observing systems.

But first a little time series history!



HOT-1 Cruise Report
R/V Moana Wave
29 Oct. - 3 Nov. 1988 

Narrative:
----------

HOT-1 was the shakedown cruise of the HOT program, much of the
equipment had never been used, and there were some equipment failures.
One conductivity cell and the General Oceanics rosette pylon failed. In
addition, there were problems with the winch level-wind mechanism, and
with the slip-rings. The Kahe Point station was abandoned because of
these problems.

The sediment traps were tracked using ARGOS for two days after
deployment, but we lost contact with them a few hours before they were
due to be retrieved, and despite a 16-hour search, they were not
found.
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HOT-253: Chief Scientist Report 
Chief Scientist: Susan Curless

R/V Kilo Moana
June 24-28, 2013 
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Matt Church presentation, OCB Time Series Workshop
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HOT –Dore et al., PNAS 2009
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Bates et al.

BATS
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DOC (µmol kg-1) dynamics at BATS (Carlson & Hansell)
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Flux into mesopelagic 
zone

0.2 – 1.4 mol C m-2 y-1



DOC (µM)
DOC Dynamics at BATS Response of specific 

bacterioplankton lineages 

Goldberg et al. 2009 Carlson  et al. 2009





Steve Emerson, 2012 OCB Summer Workshop



Net Community Production (NCP) = Primary Prod. – Respiration at all 
trophic levels (Net production of C = C export on an annual basis)  

NCP estimates near HOT to base of euphotic zone
Method NCP (mol C m-2 y-1) Ref.___________  
POC Flux 1.1±0.3 Karl et al. 1995
DI13C mass balance 1.6±0.9 Emerson et al. 1997
Sum of C fluxes 2.0±0.9 Emerson et al. 1997
O2 utilization rates 2.2±0.5 Sonnerup et al. 1999
O2, Ar, N2 mass balance 2.7±1.7 Emerson et al. 1997
234Th C flux 2.7±0.9 Benitez-Nelson et al. 1995
DIC, DI13C & model 2.7±1.3 Quay & Stutsman 2003
DIC & model 2.8±0.8 Keeling et al., 2004
Moored O2 sensor 4.0±2.0 Emerson et al., 2008
O2/Ar 5.0±1.0 Quay et al., 2010
MEAN 2.7±0.6 (90% CI) 
19 Years of Prof. Float O2 3.4±0.4 (90% CI)



Matt Church, OCB Time Series Workshop





• A bias toward net heterotrophy in the in vitro O2-
based measurements calls into question whether 
the same issues exist for other in vitro 
measurements (i.e., 14C and 15N measurements) 

• Net autotrophy….raises issues regarding sources of 
nutrients supporting positive NCP.



New nutrient 
input = 

Net 
Community 
Production =

Export = 

New nutrient 
input



DIC decreases each 
year, but there is no 
nitrate present!



from Karl et al. 
Chap. 10 in 
Fasham, “Ocean 
Biogeochemistry”



• from Karl et al. Chap. 10 in Fasham, “Ocean 
Biogeochemistry”



Annual Flux 
mol N m-2 y-1

Annual Flux
mol C m-2 y-1

NCP 0.50 3.3

Total N Flux 0.51 3.4

Eddy pumping 0.18 1.2

Winter Convection 0.17 1.1

Isopycnal Diffusion 0.03 0.2

Large-scale Ekman 
pumping

0.03 0.2

Atmospheric Dep. 0.03 0.2

Diapycnal Diffusion 0.015 0.1

Siegel et al., JGR 104, 1999



16/106

16/480

Carbon is at or above Redfield, relative to nitrate, at the base 
of the euphotic zone.  Upward transport of sufficient nitrate 

also brings carbon and there is no annual drawdown
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Why do we care about getting C and 
nutrient fluxes right???
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• Numerous studies point 
to climate and changing 
ocean phytoplankton/ 
productivity links.

• Trend detection based 
primarily on remote sensing 
and results can be opposite 
to in situ time series 
observations

• Need bio-chemical 
sensors to directly sense 
change in carbon cycle.
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Mean 3D Biogeochemical model error for estimates of Net 
Primary Production at HOT

& 39 others

= log (Model 
NPP/Obsd. NPP)

10-0.56 = 0.27



Time Series Represented at OCB 
Time Series  Workshop  Nov. 2012

Observing 
system 
needed to get 
heat content
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Nitrate
Oxygen
pH
Chl. Fluorescence
Optical Backscatter
60 obs. from 1000 m
300 profiles (4.5 y at 5 d/cycle)



pH (total) 25 C
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pH can be measured robustly using Ion Sensitive Field Effect 
Transistors (Martz et al., L&O Methods, 2010).  If you have pH, 

Dissolved Inorganic Carbon can be estimated to about 8 µmol/kg
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1. We need global scale, 
quantitative, autonomous 
observing systems for carbon.

2. We need to know time varying 
carbon flux at Time Series sites to 
ensure calibration of a global 
system carbon observing system.







Fig. 8.3.11 Sarmiento & Gruber
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The real question is, how do phytoplankton manage positive net growth with 
no apparent N in the system.  Redfield requires C/N of 106/16 =6.6





HOT – nutrient supply Church

BATS – C drawdown mechamisms – Lomas

Bats – DOC/link to microbiology…..





Lomas et al (2013)

• Document the seasonal, interannual and decadal scale 
variability in carbon and macronutrient cycle parameters 
and processes.

• Including,for example, an understanding of the controls on 
the coupling/decoupling (relative to the Redfield ratio) of 
elemental cycles.

• Document variability in planktonic community structure and 
function, and its impact on the ocean’s carbon cycle 
(including new and export production) and coupling with 
other macronutrient cycles.





Acidification signal =      
-0.0017 pH/year

Production/Respiration 
signal = 0.03 pH/year











Time Series Publ. Interval Number
HOT 1990-2012 549
BATS 1988-2012 480
CARIACO 1996-2012 89*
Total 1118

*Publications by CARIACO PI’s only.

OCB time series success is a reflection of open 
data access policy
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Matt Church, OCB Time Series Workshop


