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Using CTD data and Google Earth to Explore Ocean Processes
The goal of this activity is to both introduce you to the tools we’ll be using for the first group-based activity-assignment, as well as to get you thinking about various processes in the ocean relating to marine biogeochemistry.  You will be using satellite images from NASA’s MODIS satellite modified to work in Google Earth as well as real data collected by the JGOFS project in the Ross Sea, Antarctica (one of Kevin’s favorite study regions).
Part 1 – Getting to know Google Earth
Open the Google Earth exercise.  Scroll through the “Ross Sea Bloom Cycle”.  Although we haven’t covered much in class yet, you can certainly learn a lot about a region by looking at satellite ocean-color imagery such as this.  Note some general comments about what you observe and discuss with your group.  When do things start happening?  When do they end?  Why might this be?  Note approximate size, scale, shape, region, etc. of the bloom.

Part 2a – Exploring the stations
The “Cruise” folder in this CTD data contains the locations of stations 1, 5, 11, 25, and 26, which you are given real CTD data for below. Scroll through the four MODIS images before proceeding to get a general idea of the pattern of productivity.
Part 2b – Using real data to explore the ocean
This exercise uses real data collected by the JGOFS experiment (Joint Global Ocean Flux Study) in the Ross Sea, Antarctica during 1997.  As a brief background, the goal of JGOFS was to understand the controls on concentrations and fluxes of carbon (and associated nutrients) in the global ocean.  Primarily U.S.-led, the JGOFS project ran from roughly 1980 – 2005, and involved thousands of scientists.  By standardizing measurements, emphasizing quality, and linking many different disciplines, JGOFS really pioneered the way towards a new interdisciplinary field – marine biogeochemistry.  

Answer the following questions (parts A-E) with your group:

A. Southern Ocean Station 1


Data Collected Jan 13 and Feb 6, 1997


AESOPS NBP97-1, Ross Sea Process Cruise II


Data on class website under “Data Files” http://ocean.stanford.edu/EESS243/ctd_activity/
File: CTD_Stn_1.xls, Station 1 Data
1. Plot salinity and temperature as a function of depth and estimate the depth of the surface mixed layer.  Put depth on the y-axis and select reverse values to create a water column profile.  You may need to adjust the scale of the axis to best estimate the mixed-layer depth.

2. Plot both nitrate and phosphate as a function of depth.  Explain why the distribution of these elements is not uniform with depth.


3. Plot oxygen concentration as a function of depth.  Why doesn't this element show the same relationship with depth as nitrate? 

Copy your plots from Station 1 into a new page. You'll be adding data from other stations to these plots.


B. Southern Ocean Station 5

Data Collected Jan 17 and Feb 4, 1997


AESOPS NBP97-1, Ross Sea Process Cruise II

Download data for station 5 from the class website.  

File: CTD_Stn_5.xls, Station 5 Data
Add this data worksheet to the file you downloaded from Stn 1 (or similar)

Edit -> Move or Copy -> To book: CTD_Stn_1.xls -> (move to end) -> OK




1. Plot chlorophyll and SiO2 as a function of depth for this station.  Compare this with the same data from Station 1.  Discuss what variables might control the relationship between silicate drawdown and chlorophyll concentration.  



2. Take a close look at your plot of chlorophyll with depth.  Are the highest chlorophyll values observed at the surface?  Think a few reasons why chlorophyll concentrations might be higher at intermediate depth.


3. Again estimate the depth of the mixed layer using the temperature and salinity profiles.  Based on the satellite surface chlorophyll image it looks like the total water column chlorophyll concentration is higher at station 2.  

Calculate the total amount of chlorophyll in the water column (mg/m2) at this station using only the satellite value and again with the in situ chlorophyll measurements.  Do this for a) the top 100 meters and b) the mixed layer.

Help: Take the in situ chlorophyll concentrations in µg/L (= mg/m3) and multiply by the change in depth between that value and the next chlorophyll measurement until the desired depth is reached.  Sum the values so that the entire depth is represented (mg chl/m2).

Which estimate is higher for the depths integrated?  Is extrapolation from satellite data a good way to determine water column chlorophyll?  What assumptions are necessary?

C. Southern Ocean Station 11


Data Collected Jan 23, 1997


AESOPS NBP97-1, Ross Sea Process Cruise II


Download CTD data for Station 11 from the class website.

File: CTD_Stn_11.xls, Station 11 data
(Add this data worksheet to the file you downloaded from Stn 1)

1. Plot nitrate, silicate and chlorophyll with depth.  Compare this station with stations 1 and 5.  Decide whether you think diatoms or non-siliceous are the dominant phytoplankton taxa at the stations visited.  



2. Again estimate the mixed layer depth and do a rough calculation of total water column chlorophyll for this station.  How does this compare to a value of 135 mg Chl/m2 measured 1 week previous?  

What is the chlorophyll increase per day?  Using a laboratory determined carbon to chlorophyll ratio of 80 mg C: mg Chl, calculate the rate of primary production at this station in mg C per day.

D. Southern Ocean Station 25  (same location as Stn 5)


Data Collected Jan 17 and Feb 4, 1997


AESOPS NBP97-1, Ross Sea Process Cruise II

Download CTD data for Station 25 from the class website: 

File: CTD_Stn_25.xls, Station 25 Data
Add this data worksheet to the file you downloaded from Station 1

1. Many productivity studies use utilize satellite chlorophyll concentrations to model primary production.  However, different species can exhibit different carbon to chlorophyll ratios.  First, determine whether siliceous or non-siliceous algae dominate the phytoplankton bloom at this station. 

Laboratory measurements indicate that Phaeocystis antarctica (a non-siliceous phytoplankton species) possesses a carbon to chlorophyll ratio of approximately 150 mg C: mg Chl.  Diatoms in the Ross Sea tend to exhibit a ratio of 80 mg C: mg Chl. 

Assuming a growth rate of 3 mg Chl *m-2 h-1, calculate productivity in units of C per day for this station. Show how variation in phytoplankton species composition can effect chlorophyll-based, carbon productivity calculations.

E. Southern Ocean Station 26 (same as Station 1)


CTD and bottle data collected Feb 6, 1997


AESOPS NBP97-1, Ross Sea Process Cruise II


Download CTD data for Station 26 from the class website: 

File: CTD_Stn_26.xls, Station 26 Data
Add this data worksheet to your workbook 

1.  Plot nitrate and chlorophyll with depth for this station.  What is the state of the phytoplankton bloom at this station compared to measurements made in January?  Postulate what factors could be contributing the decline in productivity.


Conclusions

Phytoplankton growth and primary production can be evaluated in many different ways.  You have tried a few here but can you think of other ways to do it using the data that were provided?  Think of advantages and disadvantages of the different ways to evaluate phytoplankton growth.  In a few weeks you will learn even more ways to measure phytoplankton primary production and you can compare.  Keep what you have learned here in mind as you learn more sophisticated techniques.

