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 Unit 1: Student Exercise
Electric Resistivity Unit 1: “Harrier Meadow, an Urban Wetland System” Student Exercise
Lee Slater (Rutgers University Newark)
1.1 Introduction
This module explores how near-surface electrical geophysical techniques can be used to understand Earth’s shallow subsurface in the context of a societally relevant problem. Unit 1 is the introductory exercise for this module. It describes an expansive wetland complex known as the New Jersey Meadowlands and introduces Harrier Meadow, a heavily impacted urban wetland where restoration efforts have resulted in some reintroduction of native plants that had almost been obliterated by the uncontrolled growth of invasive species through this region. 
The module focuses on one intriguing native plant called Salicornia, the common name being pickleweed, that is identifiable by its bright red color. Pickleweed is easily located on the ground and is also captured in high-resolution aerial photographs. Pickleweed occurs in localized patches in Harrier Meadow, and it is not entirely clear what causes the distribution observed in aerial photographs. Pickleweed is a halophyte, which means it is a plant that is adapted to growing under highly saline (salty) conditions. Consequently, one possible explanation for the patchy distribution of pickleweed is variations in salinity across the wetland, with the Pickleweed presumably thriving in high-salinity conditions.
Salinity variations in Harrier Meadow may result from tidal variability, discharges of landfill leachate into the wetland, and runoff from application of road salt. Electrical geophysical methods are well suited for mapping variations in salinity as the measured electrical conductivity of the sediments increases with the dissolved ionic concentration in the pore fluids. These geophysical methods provide spatially extensive, noninvasive estimates of salinity variation that can be compared with visible patterns of pickleweed. 
You will explore Harrier Meadow using (1) Google Earth on the web; (2) a high-resolution panoramic video acquired from an Unmanned Aerial Vehicle (UAV), and (3) an ArcGIS StoryMap. This exploration will reveal the unique urban landscape where Harrier Meadow is situated and identify a hypothesis that you will test with geophysical observations described in subsequent modules.
1.2 
Detailed below are a series of tasks designed to encourage you to explore the urban environmental setting of Harrier Meadow and to identify factors (both natural and human-made) contributing to salinity variations in this wetland. These tasks introduce a key hypothesis to investigate using geophysical measurements.


	
Task 1.  Background to the New Jersey Meadowlands region
The NJ Meadowlands and Hackensack River Estuary region lie directly between New York City and the city of Newark, New Jersey. Expansive urbanization of this natural marsh system occurred as a result of the industrial revolution. This urbanization resulted in decades of illegal dumping, extensive infilling of wetlands as landfills throughout the region, and the introduction of resilient invasive species. The results of these activities included heavily contaminated sediments, highly diminished water quality, and overall acute loss of natural resources. The formation of the Environmental Protection Agency (EPA) and the implementation of the Water Act led to some revival of the Hackensack River Estuary. Local government began to recognize the value of the Hackensack River and its various salt marshes that reside alongside it. You can learn more about the history of this urban region here: An Environmental History of the NJ Meadowlands. 
[image: Figure 1: A close-up photograph of Salicornia, also known as pickleweed,  taken in a marsh in Harrier Meadow]
Figure 1: A close-up photograph of Salicornia (pickleweed) taken in Harrier Meadow
Salt Marshes of the Meadowlands
As the area is influenced by the tides, brackish water reaches upriver and inundates the salt marsh habitats diurnally. These salt marshes provide important ecosystem services including habitat for countless organisms from crabs to wading birds, filtration of water that improves regional water quality and carbon sequestration. Furthermore, the salt marshes serve as a crucial buffer against rising sea levels driven by climate change. Today, efforts are directed at reinforcing the natural functioning of these marshes. One strategy is to maintain and proliferate native plant species that can compete with invasive species. Salicornia genus (common name: pickleweed) is a native species within the Hackensack Estuary. Pickleweed is a salinity-tolerant plant, so it can potentially flourish in high-salinity and conductivity environments that are possible in tidal salt marshes such as Harrier Meadow (the study site for this module). Figure 1 shows a close-up of a pickleweed plant in Harrier Meadow, highlighting its characteristic bright red color.
A. Using the web link provided, read the article describing “An Environmental History of the NJ Meadowlands” 
B. Complete answers to the questions in Section 1.1 of the worksheet for this unit.






	
Task 2.  Exploration in Harrier Meadow using Google Earth
C. Using the link provided, zoom in on Harrier Meadow located within the NJ Meadowlands. 
D. Explore the immediate vicinity of Harrier Meadow, paying particular attention to the close proximity of landfills that surround this wetland. These landfills are evident from the (mostly) elevated terrain and the roads that cross them.
E. A continuous tidal monitoring station is located at Amtrak RR Swing Bridge on the Hackensack River. In Google Earth add a placemark at Harrier Meadow so that you don’t lose track of our study site. Now enter the coordinates 40.777927°N 74.090065°W in the Google Earth search bar to take you from Harrier to the monitoring station. Zoom out to see the spatial relationship between Harrier Meadow and the tidal monitoring station.  
F. Complete questions 4-5 in Section 1.2 of the worksheet.





	
Task 3.  Tidal influences in Harrier Meadow
G. Harrier Meadow experiences tidal fluctuations in water level (and presumably salinity). Using Google Earth, convince yourself that there is a continuous surface waterway between Harrier Meadow and the Amtrak RR Swing Bridge (tidal monitoring station) on the Hackensack River. Use the printed map provided to trace this connection and also to record the water level difference between the two locations.
H. Using the distance measurement tool in Google Earth record the distance between this tidal monitoring station and Harrier Meadow.
I. [bookmark: _Hlk51682024]Visit the website containing tide charts for Amtrak RR Swing Bridge. Estimate the tidal variation over the 48-hour period shown in the plot by recording the distance between the peak and the trough of the tidal period. 
J. Complete question 6-7 in Section 1.2 of the worksheet.




	
Task 4.  UAV virtual tour of Harrier Meadow 
Take the unmanned aerial vehicle (UAV) (commonly known as a drone) tour of Harrier Meadow using the web link provided.
During the tour, take note of the different features of the landscape (landfills, industrial facilities, major roadways) that might impact water quality in Harrier Meadow
[bookmark: _Hlk37422543]Pay attention to the hypothesis introduced at the end of the video.
Complete Section 1.3 and Section 1.4 of the worksheet





	
Task 5.  Condensing key concepts using a GIS Storybook
1. View the ArcGIS StoryMap that is included in this unit and focuses on the vegetation patterns. 
1. The StoryMap finishes with an image of the part of Harrier Meadow where a geophysical study was performed to investigate salinity patterns (which is the subject of future modules). Estimate the area of this part of Harrier Meadow that is occupied by pickleweed.
1. Complete Section 1.5 of the worksheet


1.3 Assessment
	
Complete the worksheet provided with this module. 
The grading rubric below shows the characteristics of a well completed worksheet. 




	Component
	Exemplary
	Basic
	Nonperformance

	Section 1.1

	4 points:
All questions answered using provided key materials and evidence of additional reading material provided with the assignment utilized

	2–3 points:
All questions answered using provided key materials.

	0–1 point:
Incomplete effort to answer all questions.

	Section 1.2
	4 points:
Detailed description of tidal connectivity between Harrier Meadow and the Hudson estuary with accurate quantitative answers to distance and salinity variation.
	2–3 points:
Basic description of tidal connectivity between Harrier Meadow and the Hudson estuary with accurate quantitative answers to distance and salinity variation
	0–1 point:
Incomplete description of tidal connectivity between Harrier Meadow and the Hudson estuary and/or no quantitative answers to distance and salinity variation

	Section 1.3
	3 points:
Correct answers
	2 points:
Partially correct answers 
	0–1 point:
Incorrect answers 

	Section 1.4
	3 points:
Correct answers with accurate estimate of percentage of study area occupied by pickleweed
	2 points:
Partially correct answers with reasonable estimate of percentage of study area occupied by pickleweed
	0–1 point:
Incorrect answers and/or poor estimate of percentage of area occupied by pickleweed

	Section 1.5
	4 points:
Correct identification of hypothesis and creative strategy for hypothesis testing.
	2–3 points:
Correct identification of hypothesis and basic strategy for hypothesis testing.
	0–1 point:
Hypothesis not correctly identified and/or no strategy for testing.
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