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Activity 3: Primary Production

Objective: Determine the annual net primary production for your assigned ocean basin using monthly chlorophyll and temperature data from the NASA website, seasonally-adjusted daylength information for your latitude, and the productivity/irradiance relationship.  
You will create representative depth profiles of daily net primary production for each season at 4 stations distributed throughout your ocean basin (you decide where they should go!) and extrapolate over time and over your basin area to come up with total annual primary production.

Extrapolate monthly data assuming that December data are representative of winter (summer in Southern hemisphere), March for spring (fall), July for summer (winter), and September for fall (spring).
The NASA NEO (NASA Earth Observatory) image analyzer allows users to select the monthly data set desired (Temperature and Chlorophyll) and determines values at specific points or averaged over a user-defined area: http://neo.sci.gsfc.nasa.gov/Search.html
Ocean Basins and approximate area: 

1. Southern Ocean: 20,327,000 km2 (all waters south of 60S)

2. Indian Ocean: 73,556,000 km2 (between 20E and 147E, North of 60S)
3. North Atlantic: 40,000,000 km2 
4. South Atlantic: 42,400,000 km2 (Equator to 60S)

5. North Pacific: 100,000,000 km2 (Equator to 60N)

6. South Pacific: 79,700,000 km2 (Equator to 60S)

7. Arctic Ocean & North Sea: 14,630,977 km2
8. Caribbean Sea & Gulf of Mexico & Mediterranean Sea: 6,863,000 km2
NOTE: Be extremely careful with your units when you do this exercise! Report annual production for the entire basin in both g C m-2 yr-1 and Tg C yr-1.
Step 1: Determine Chlorophyll and Temperature values for your stations:

1. On the NEO website, select Ocean under the global map, and then Chlorophyll Concentration (1-month, MODIS) 

2. Select the month of interest, expand the folder and choose “analyze this image”. (Note: You can select up to 3 months at a time for analysis, before clicking “configure/launch analysis” in the next step. This might help you make sure you’ve chosen the same spot in all 4 seasons).
3. The file should appear under the Analysis box on the right.  Choose “configure/launch analysis.”

4. Choose “launch analysis” and wait for image and tools to appear below. (Note: you can select specific latitude/longitudes to zoom on this screen by selecting the top tab “select area”.)

5. Zoom in if it helps and choose “Probe”.  Now when you move your mouse across the image the lat/lon and Chl concentration should appear on the screen.

6. Choose a station to determine the chlorophyll concentration (this can be either a point location or the average of a small region – note lat/lon and if applicable, the area)

7. Record the chlorophyll concentration and estimate the area of your basin for which this station is characteristic (you will choose four representative stations and extrapolate to describe 100% of your basin).
8. Repeat image analysis to determine temperature at the same location (or as close as you can get). It may help to view the temperature image with the chlorophyll image to make sure you select the same station location. (You would do this just by choosing one temperature and one chlorophyll image to view in your selection of images to analyze in step 2.)
9. Repeat for four representative stations you choose.  
Step 2: Calculate profiles of depth integrated primary production:

1. Estimate the surface irradiance, Io (µEin/m2/s), for this location and season using figure 2.2c below.  NOTES: 1) This plot is for the Northern Hemisphere.  Groups working in the Southern Hemisphere will have to adjust appropriately.  2) This value includes ALL solar flux at the top of the atmosphere, but we are interested only in the photosynthetically active radiation (PAR) reaching the top of the ocean.  Divide by two to limit yourself to PAR, and divide by two again to adjust for cloud cover and other atmospheric light attenuation.           3) Keep in mind that this is a noon value, which is generally not representative of the entire day.  You will have to account for non-noon irradiance (see below).
[image: image1.emf]
3. Calculate light penetration through the water column: (you choose your depths, z)
Beer’s law I = I0 * exp(-kz)
4. Calculate maximum rate of photosynthesis, Pmax, from sea surface temperature using: 

Pmax = 1.8 * e(0.0633*T) (mg C mg chl-1 h-1)
5. Then calculate net primary productivity, Pn, using: 

Pn = [Pmax * (I - Ic)] / [Ik + (I - Ic)] 
6. Calculate net primary productivity for a range of depths from the 1% light level to the surface.
7. Use the satellite chlorophyll value to determine production in mg C m-3 h-1.
8. Depth-Integrate over the euphotic zone (mg C m-2 h-1).
Step 3. Extrapolate depth-integrated production over time and space

1. Integrate primary production over the photoperiod (F) to obtain daily net primary productivity, taking into account the latitude and season.  Since I0 is measured at noon, scale your production value using the relationship:

PP (mg C m-2 d-1) = 0.5 F*(PPnoon – PPnoon + 0.5F)

2. Integrate over the season
3. Integrate over the area of your basin characteristic of each station

4. Sum productivity for all stations accounting for the total basin area 

5. Combine over four seasons 

Step 4. Presentations

For your presentation, document the steps your group took in calculating primary production and extrapolation over space and time.  Make sure to note any assumptions you make!

Once you obtain an estimate of annual production, evaluate the accuracy of your result.  You decide how to do this.  Primary literature may be helpful.
Discuss possible shortcomings of this approach and discuss possible improvements.  

Also discuss why this type of information is useful.  Things to consider:

- Which of your stations do you expect will export the most organic matter?  

- Can primary production estimates be used directly to predict CO2 flux to and from the ocean? 
IMPORTANT: Additional Useful Information!

Photosynthetic Parameters:

Compensation Intensity; Ic = 10 µEin m-2 s-1
Half Saturation Constant; Ik = 30 µEin m-2 s-1
Diffuse Attenuation Coefficient; k = 0.04 + 0.05 * [chl]0.681 (m-1)

Assumptions:

Assume the mixed layer depth equals the euphotic depth.  Note that the 1% light level (which we can assume is the euphotic depth and the mixed layer depth) can be calculated from Beer’s Law above. 

Daylength Calculations:

· Use the spreadsheet "daylength_calc.xls" to calculate the hours of sunlight at a specific latitude for a specific day

· You might find it easiest to use a Julian lookup table on the web for Julian day/date or use the one in the daylength spreadsheet.  
