Part - N & P - Dead Zone
Engagement
[bookmark: _GoBack]There are over 400 dead zones around the world and impact many areas of the United States, especially along the Great Lakes, East Coast, and the Gulf of Mexico. The second largest dead zone in the world is located in the United States, in the northern Gulf of Mexico. The term “dead zone” is apt as in the affected areas most marine life either dies, or, if possible they leave the area. Habitats that would normally be teeming with life become devoid of life, impacting the ecosystem and the services the ecosystems can provide. Interestingly, the freshwater dead zones are driven primarily by phosphorus and the ocean dead zones are driver primarily by nitrogen. The critical zone plays an important role in controlling the nutrients that play a central role in the dead zones and influence the variation noted in dead zone sizes.   
http://water.epa.gov/type/watersheds/named/msbasin/images/hypoxia_size_2013_lg.jpg [image: http://water.epa.gov/type/watersheds/named/msbasin/images/hypoxia_size_2013_lg.jpg]

Exploration
Work in groups to brainstorm the causes of ocean dead zones and reasons for variation, both spatial and temporal, in dead zone sizes.


Background
1. Examine the infographic and examine the panels on the right side to get an idea of the role the Critical Zone plays. 
http://www2.epa.gov/sites/production/files/2013-08/infographic-nutrient-pollution-explained.png
[image: http://www2.epa.gov/sites/production/files/2013-08/infographic-nutrient-pollution-explained.png]

2. This Sea Grant funded PowerPoint nicely describes the dead zone process and characteristics - http://www.lamer.lsu.edu/deadzone/DZ_overview.ppt



Mapping the Dead Zone – 
Visualizing the Invisible 
[bookmark: h.97p108h86ct]Modified with permission from http://www.lamer.lsu.edu/deadzone/Part1.htm

Part 1: Profile Mapping of Dissolved Oxygen (DO) by Depth for Each Station
Individual student 
Introduction/Purpose:
You will gather information about the dead zone at several stations. Data from each station are analyzed from the surface to the bottom, and changes in dissolved oxygen (DO) and other variables such as temperature, salinity, and nutrients can be observed and hypoxic zones are identified. This part will introduce students to the first step in analyzing data in a water column profile by plotting and observing the changes in DO from the surface to the bottom at one station. These profiles will be used in Parts 2 and 3. The same procedure can also be used to graph profiles of temperature and salinity.
Objectives: 
Each student will: 
· Work with data from one or more stations.
· Plot DO (mg/l) by depth (meters). 
· Observe and record changes in DO with depth.
Materials: 
· Station data sheets (see excel file/data)
Variables and units in the condensed data files are:
Date = month/day/year 
Trn. = Transect
Stn. = Station
Lat. = Latitude in degrees: minutes. hundredths of a minute (deg:min)
Long. = Longitude in degrees: minutes. hundredths of a minute (deg:min)
Depth in meters (m)
D.O. = Dissolved oxygen in milligrams per liter (mg/L)
Sal. = Salinity in parts per thousand (ppt.)
Temp. = Temperature in degrees Centigrade (Cent.) 
Density (Sigma-t)
· Graph paper, pencils, and a ruler
Procedure:
As a class:
1. Assign station data.
2. Determine the maximum and minimum depth for the whole project area (all stations).
3. Determine a scale for plotting profiles for all students to use.
4. Discuss reasons for setting “0" at the top of the “y” axis (“0" is at the water surface). Note that the gulf bottom will be determined by depth.
Each Student:
5. Set up the graph by using the agreed upon scale from the class discussion. 
6. Draw the gulf bottom on the graphs by plotting depth to bottom for the station.
7. Label the upper end of the “y” axis as “0" (“0" will not be at the x, y intercept) to represent the ocean surface.
8. Plot the water column profile by plotting DO (mg/l) by depth (meters).
9. Determine depths where hypoxic conditions occur at each station. 
10. Observe and record changes in DO with depth.
11. Answer questions about the profile.
Questions:
Using your data table and profile plot, answer the following questions. The answers to these questions will be used for Part 2.
1. How deep is your station?
2. What was the maximum and minimum temperature in your water column? 
At what depth does each occur?
Does the temperature increase or decrease with depth? Why?
3. What was the maximum and minimum salinity in your water column? 
At what depth does each occur?
Does salinity increase or decrease with depth? Why?
4. What was the maximum and minimum density in your water column? 
At what depth does each occur?
Does the density increase or decrease with depth? Why?
5. What happens to the salinity and density of the water as the temperature changes?
6. What was the maximum and minimum DO in your water column? 
At what depth does each occur?
In your station profile does DO change consistently with depth? Why or why not?
7. Does your station fall within the hypoxic zone (<2 mg/l)?
Does your station have anoxic (0 mg/l) conditions?
8. What is the maximum and minimum depth at which hypoxic conditions exist in your profile?
9. What is the height of the dead zone at your station in meters (difference between the minimum and maximum depth of hypoxic zone).
10. What percent of the water column is hypoxic at your station (depth of dead zone divided by total depth)?
11. Compare your profile with other students’ profiles.
Part 2: Cross Section Map of the Hypoxic Zone by Transect
Student groups
Introduction/ Purpose:
A cross section is a diagram that shows features of a vertical section or a slice of something such as Earth or the water column. A cross section can be constructed by interpolating between data points from each station along a transect. A cross section can show changes and similarities in the data with distance and can be used to determine extent, area or volume of a feature within the cross section. For this part, students will draw a cross section of the dead zone from the near-shore shallow stations into the deeper stations in the Gulf of Mexico.
Objective: 
Students will (in groups):
· Use profile answers from Part #1 to compare profile graphs within a transect.
· Use station profile graphs to draw a cross section of the dead zone for each transect by interpolating between data points.
· Calculate the distance between stations and the total length of the transect.
· Estimate the area of the cross section. 
· Compare and discuss all cross sections from each group.
Materials:
· Student graphs from Part 1
· Pencils, colored pencils, rulers, and paper
· Long sheets of paper from a roll or taped together
· Calculator
Note: Changing Latitude & Longitude to Distance Units 
To estimate the difference between stations within a transect, you must convert latitude to miles or kilometers. A 1-minute change in latitude (north/south distance) is equal to 1 nautical mile (1.85 km), or 6076 feet (1852 m). There are 60 minutes to 1 degree, therefore there are 364,560 feet (111,120 m) to 1 degree change of latitude, or about 69.1 miles (111.3) km). To determine the distance between stations use minutes and a fraction of a minute and then convert to feet or meters. Remember that 1 degree of latitude has 60 minutes and each minute has 60 seconds. 
Example of distance with a change in latitude:
Find the distance between stations E1 (28E 58.0' N) and E2 (28E 51.5' N) at longitude 91E15.0'W.
· Determine the distance between the stations in minutes and a fraction of a minute.
58.0 min - 51.5 min = 6.5 min
· Determine number of miles per minute.
69.1 mile/60 min = 1.1517 mile/min (111.3 km/60 min = 1.85 km/min)
· Multiply distance by miles per minute. 
6.5 min x 1.1517 mile/min = 7.48 mile (6.5 min x 1.85 km/min = 12.02 km)
Several transects (D, E, F, G, H, I, J, K) are parallel. You can determine this distance by using the difference in longitude. A 1-minute of change in longitude (east/west distance) varies with the distance north or south of the equator. The further away from the equator, the smaller the east/west distance associated with a change in longitude. Therefore, for each minute of change in longitude, the distance is different. In Louisiana a 1-degree difference varies from 60.2 miles (96.9 km) at latitude 29E30' to 60.8 miles (97.8 km) at 28E30'. For the purposes of estimating distances in the Louisiana offshore, use an average 1-minute change in longitude of about 60.5 miles (97.4 km).
Example of distance with a change in longitude:
Find the distance between transects E (91E15.0'W) and F (91E37.0'W).
· Determine the distance between transects in minutes and seconds. 
7.0 min -15.0 min = 22 min 
· Determine number of miles per minute. 
60.5 mile/60 min = 1.0083 mile/min (96.4 km/60min = 1.60 km/min)
· Multiply distance by miles per minute. 
22.0 min x 1.0083 mi/min = 22.18 mi (22.0 min x 1.6 km/min = 35.2 km)
· http://jan.ucc.nau.edu/~cvm/latlongdist.html can be used to determine more exact calculations for changing latitude and longitude to distance units.
Procedure:
1. Divide into groups by transect.
2. Compare profiles within the transect. Discuss differences and similarities among DO, salinity, temperature and relative shape and size of hypoxic area and answer questions #1–9 using the data table and profiles.
3. Determine horizontal scale, length of x axis and size of paper required.
4. Set up graph with x and y axis agreed upon.
5. Determine location of and mark each station location for each transect.
6. Place and tape each profile at the appropriate station, keeping the sea surface constant.
7. Draw the sea floor by interpolating between stations and shade in the area below the sea floor.
8. Mark the upper and lower ends of the hypoxic zone of each station profile in red.
9. Draw the upper boundary and the lower boundary of the hypoxic zone in red by interpolating between stations. The lower boundary may be the same as the gulf bottom in several stations.
10. Complete questions #10-14 below.
11. Estimate the area of the hypoxic zone in the cross section.
12. Report results of your cross section 2-D model to the class 
13. Compare all cross sections from each group as a class.
Questions:
As a group:
1. What is the maximum, minimum and average water depth along the cross section?
2. What is the maximum and minimum depth where hypoxic conditions begin (top of hypoxic zone) and end (bottom of hypoxic zone)?
3. Compare the depths where hypoxic conditions occur among the transect profiles.
4. Do hypoxic conditions always occur at similar depths or same location within the water column? What appears to affect the depths of DO along the transect?
5. Where in the water column (top, middle, bottom) do you generally find hypoxic conditions?
6. What is the maximum and minimum percent of a profile that is hypoxic in the transect?
7. Do all stations contain hypoxic conditions?
8. List stations that are hypoxic, and anoxic (use for Parts #4 and 5) and those that are not. 
9. In relation to the shoreline, where are the hypoxic stations located? Where are those that are not hypoxic located?
10. Calculate/estimate the distance between each station and the total length of your transect (see Changing latitude and longitude to distance units above). 
11. Calculate the distance between stations at the sea bottom. Hint: use geometry (rectangles and right triangles) and see Changing latitude and longitude to distance units above. Is the length of the transect much greater at the bottom than at the top? What does this say about the slope of the continental shelf off the coast of Louisiana?
12. Estimate the area covered by the entire cross section and describe how you determined this.
13. Estimate the area of hypoxic conditions in your cross section.
14. What percent of the cross section is affected by hypoxia?

Part 3: Mapping the Area of the Dead Zone
Whole class
Introduction/Purpose:
In the field, scientists take samples in a methodical way along the same transect lines and station sites. Data are often presented on a map of the study area. For studies that cover a large area, data collecting stations can be plotted by latitude and longitude. The class will construct a master map with transects and stations labeled. This map will be used to show the areal extent of the dead zone by plotting the stations where it has been observed. 

Objective:
Each student will:
· Use latitude and longitude to plot station location(s) on a master map.
· Plot the area covered by the dead zone on a map.
· Estimate the area of the dead zone.
· Construct a data table that identifies all stations with hypoxic conditions. 
· Use other sources to compare the area of the dead zone at other times.
Materials:
· Station data sheets
· Pencils, colored pencils, rulers, and calculator 
· Graph paper
· 2001 - 2016 dissolved oxygen contours (Excel file) 
· Map of Louisiana’s offshore area with grid and longitude and latitude labeled and stations marked (Excel file)
Procedure: 
1. Each student plots and labels their station location on the class master map.
2. As a class, construct data table that lists all stations with hypoxic conditions.
3. Determine a map scale.
4. Examine the station location map.
5. Locate stations that are hypoxic on the map and circle them in red.
6. Interpolate between perimeter stations to draw the perimeter and shade in the entire area of the dead zone.
7. In groups estimate the size of the area that has been mapped.
8. As a class, discuss and compare area estimations and methods each group used.
9. Answer questions following the Part.
Note: When you are mapping, remember, the latitude and longitude on the data sheet are presented as degrees, minutes, and hundredths of a minute only. For example, 28: 52.56' reads 28E and 52.56 minutes (not 52 minutes and 56 seconds).

Questions:
1. What is the range of the estimated area of the dead zone among groups? Compare the estimated area to another area that you are more familiar with such as the size of a state or country.
2. Compare the size of the dead zone with other states/countries. What percent of Louisiana’s land area would the dead zone area cover if it were on land?
3. Compare your area map to the other mapped areas of the dead zone that you find on the Excel file and consider:
a. Which areas seem to be consistently hypoxic in the summer? 
b. Which areas seem to be consistently healthy? State some reasons why this may be so.
c. Over time, has the dead zone changed in size and location? If so, in which direction does the dead zone appear to be changing? 
d. Why does the area of the dead zone change every year?
e. What factors affect the shape and size of the dead zone?
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GULF OF MEXICO
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250 million cars and trucks in the US
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