Activity 2: Primary Production

Introduction:  Making global estimates of oceanic net primary production (NPP) using only in situ data is difficult due to sparse data coverage. With the advent of satellite remote sensing, phytoplankton abundance (based on concentration of chlorophyll a (Chl a)) can now be quantified with much greater spatial and temporal resolution than has ever been possible before. However, satellites cannot measure NPP directly. For that, we need to use an algorithm that estimates NPP from satellite-based estimates of phytoplankton abundance, ambient light and temperature conditions.   

Objective: Determine the annual NPP for your assigned ocean basin using monthly satellite Chl a and temperature data from the NASA website, seasonally-adjusted day length information for your latitude, and the productivity/irradiance relationship.  

Steps: You will create representative depth profiles of NPP for each season at an appropriate number of stations (you decide how many) 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 NPP.

Resources: The NASA Giovannie image analyzer allows users to select the monthly data set desired (Temperature and Chl a) and determines values at specific points or averaged over a user-defined area: https://giovanni.gsfc.nasa.gov/giovanni/
Ocean Basins and approximate area: 

1. Indian Ocean: 73,556,000 km2 (between 20°E and 147°E, North of 60°S)
2. North Atlantic (including Mediterranean Sea): 46,863,000 km2 
3. South Atlantic: 42,400,000 km2 (Equator to 60°S)

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

5. South Pacific: 79,700,000 km2 (Equator to 60°S)
6. Southern Ocean: 21,800,000 km2 (60°S to 80°S)
NOTE: Be extremely careful with your units when you do this exercise! Report annual NPP 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. Go to the Giovanni website https://giovanni.gsfc.nasa.gov/giovanni/ If you have an EarthData login (if you took the Remote Sensing class) log in, otherwise click on Continue with Limited Access.
2. Select Variables: 
a. Under Disciplines select Oceanography

b. Under Measurements select Chlorophyll a and Sea Surface Temperature

c. Select MODISA_L3m_CHL_vR2022.0 for monthly, 4km Chlorophyll and MODISA_L3m_NSST_Monthly_4km_vR2019.0 for monthly, 4km night time SST

3. Select Plot Data variables (top of screen):

a. Under Select Plot select Time Series, Area-Averaged

b. Under Select Data Range select time range.  Limited to only 4 data points in limited mode.  For just one month, start and end date can be the same

c. Under Select Region: Click on the 'Draw a bounding box on a map' icon.  Select the 'square' icon on the left of the map.  Draw your region of interest.  Can adjust values to whole number if need be.

4. Click on green button Plot Data (bottom right).

5. Either read value from the chart or Download data as CSV (not possible in Limited Access mode).

6. To select another time period, for same region, click on 'Back to Data Selection' (bottom right).
7. Get a sense of the variation in Chl a for your region and over different years
a. Select larger or smaller regions of interest
b. Select different years/months/time periods

8. For your analysis, you will choose a number of ‘stations’ that you will then extrapolate from to represent your entire region. These stations can be a single lat/lon point or an average of an area. Discuss with your group the best way to represent your region with these stations. A single point or average of a box? What size? Where in the region? Also think about which months/time of year to do these analyses so that when you extrapolate it represents annual NPP.
9. For each station, be sure to record the coordinates, the Chl a concentration, SST, and the estimated fraction of the area of your basin for which this station is characteristic. 
Step 2: Calculate profiles of depth integrated NPP:
* IMPORTANT information for the following calculations:

Photosynthetic Parameters:

Compensation Intensity; Ec = 10 µEin m-2 s-1
Half Saturation Constant; Ek = 30 µEin m-2 s-1
Diffuse Attenuation Coefficient; K = 0.04 + 0.05 * [Chl a]0.681 (m-1)

What are these constants and what do you think they are used for?
Assumptions:

Assume the mixed layer depth equals the euphotic depth.  Think about what the euphotic depth is and how it relates to the compensation depth (the depth where the compensation irradiance is reached).
1. Estimate the mean surface irradiance, Eo (µEin m-2 s-1), for each of your stations and seasons. If necessary, you can use the figure below. Keep in mind:
a. This plot is for the Northern Hemisphere.  Groups working in the Southern Hemisphere will have to adjust appropriately.

b. 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.  
c. 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).
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Figure 1.  Changes in overhead solar radiation received at the sea surface with latitude and season in the Northern Hemisphere (different lines represent different latitudes).
2. You will be calculating depth-integrated NPP based on surface conditions of Chl a, light, and temperature. Before you get started, discuss with your group how many depths you should use.  
3. Calculate light penetration through the water column using the Beer-Lambert law:
Beer’s law:  Ez = E0 * exp(-Kz)
4. Calculate maximum rate of photosynthesis, Pmax (mg C mg-1 Chl a h-1), from sea surface temperature (T) using:
Pmax = 1.8 * exp(0.0633*T) 
5. Then calculate NPP (Pn) using the following equation that accounts for phytoplankton photophysiology and changes in the light environment with depth (Ez):
Pn = [Pmax * (Ez - Ec)] / [Ek + (Ez - Ec)] 
Think in detail about how this equation actually works.

6. Calculate the vertical distribution of NPP over the euphotic zone. 
7.  Depth-integrate over the euphotic zone to get a single depth-integrated NPP estimate at each station (mg C m-2 h-1). Double check your units!!!
Step 3. Extrapolate depth-integrated NPP over time and space

IMPORTANT information for these calculations:

Daylength Calculations:

· Use the spreadsheet "daylength_calc.xls" to calculate the hours of sunlight per day (daylength) at a specific latitude for a specific day. After you’ve calculated this, double check your daylength results to see if this makes sense with what you know about your region’s latitude and hemisphere
1. Integrate NPP over the photoperiod (F) to obtain daily NPP, taking into account the latitude and season. Since E0 is measured at noon, scale your NPP value using the relationship:

PP (mg C m-2 d-1) = 0.5 F*(PPnoon – PPnoon+0.5F) + F * PPnoon+0.5F
How does this equation work?  Does it work at high latitudes in summer?
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

Introduction: Include relevant information about your ocean basin (types of ecosystems, dominant phytoplankton, etc.)

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

Results:  Once you obtain an estimate of annual NPP, evaluate the accuracy of your result.  You decide how to do this.  Primary literature may be helpful.
Discussion:  Why are NPP data like this useful? (Hint: What have others used it for?).  Include possible shortcomings of this approach and possible improvements.
Put your results into perspective (e.g., Do they agree with other estimates?  What do they tell us?  How might NPP in your study region change in the future?)
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