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DRAFT SYLLABUS
Policy Research Project Syllabus for Fall 2025 PRP

Working With Communities to Implement Environmental Technology Innovations

Time: 06:00PM - 09:00PM (Mon) Central Time (US)
Zoom Meeting
https://utexas.zoom.us/j/89722981080?pwd=FpKCZpiZZVvhHULfFaz2pZgmU1QaA3.1Links to an external site. 
Meeting ID: 897 2298 1080
Passcode: etech
BRIEF CLASS DESCRIPTION for the LBJ School Policy Research Project
This is a Policy Researh Project class enables students to work with  that wi communities, governments, and private 
businesses in implementing fourtypes of environmental technologies:
* salinity management along the Texas/Mexico border along the Rio Grande/Rio Bravo River (salinity);
* nitrate management in small communities, including rural water and wastewater systems (nitrates); 
* biological separation methods for producing rare earth elements (REE-rare earth elements); and
* use of multiple monitoring systems to manage air quality in the El Paso del Norte air basin in 
Texas and New Mexico in the USA and Chihuahua in the state of Chihuahua in Mexico (air quality).

	Course Title	Implementatiom of Environmental Technology
Course Number		PA682GB (unique #: 63116) (graduate section)
		PA 345 (unique # 63064) (undergraduate section)
Class Meetings		Mondays, 6 to 9 pm, room SRH 3.350/SRH 3.316
Lead 	Faculty		David Eaton
Professor, LBJ School of Public Affairs
	Office/Phone	David Eaton: SRH 3.342; telephone: 512-471-8972; cell: 512-626-0333
	E-mail	eaton@austin.utexas.edu
	Office Hours	Tuesdays, 3pm-6 pm, in person in SRH 3.342 (LBJ School) or call via phone at 512-626-0333
	Faculty Support	Crystal Arteaga
	Office/Phone	SRH 3.3xx; telephone: 512-650=0401xxx-xxxx
	E-mail	crystal.arteaga@austin.utexas.edu 
	Faculty	Salinity: Dan Sheer, dsheer@gmail.com , 410-802-5880, and Miguel Pavon, pavonma@austin.utexas.edu, 512-779-8300

Introduction
One barrier to implementing novel environmental technologies is the challenge of moving a potential environmental ‘solution’ from the laboratory or a design to the field, to be tested in a community, industry, or other field operation,with the consent and encouragement of three types of stakeholders: 
* private firms that provide/sell the technology; 
* community residents who adopt the technology; and 
* government regulators who seek to assure that the technology is appropriate and meets conventional regulatory standards. 

Students in this class will take advantage of existing grants and contracts to promote adoption of novel environmental technologies. Class members will identify opportunities and barriers to adoption of technologies by real communitiies, private firms, and government regulators. 

Course Objectives
* To familiarize students with methods for evaluating environmental technologies
* To enable students to develop skills in interviewing, convening focus groups, and survey research to identify opportunities and barriers to implementing environmental technologies in communities
* To develop and document a set of steps that will allow communities to implement environmental technologies, including: (a) seeking commercial firm bids for implementing new technologies; (b) obtaining community members’ approval for implementing the technologies; and (c) facilitating state/federal environmental regulatory agency approval for the technology. Implementation;  
* To use analytical tools to assess/quantify the costs, benefits, risks and opportunities for implementing the technologies;
* To apply those tools to assess/quantify policy alternatives and work with the federal and state governments in Mexico and the USA, as appropriate, to identify policies that potential users   may wish to adopt and implement; 
* To help the state or national governments of Mexican and the US develop agreements to implement new technologies in communities 
Signature Skills
* Prepare a narrative overview for the proposed outcomes from a project;
* Participate in discussions with clients/stakeholders to understand project expectations and intended outcomes;
* Work with diverse professionals through the research process;
* Collect, organize, and display data related to the project;
* Integrate data, qualitative and/or quantitative analysis into a discussion of policy options;
*  Provide results as evidence to support proposed outcomes or recommendations;
* Draft research reports using a standard format, with thorough references;
* Develop and present both written and oral commentary for project outcomes, based  on evidence;
* Understand how to prevent and respond to disagreements to enable consensus outcomes;
* Work in groups to accomplish common outcomes;
* Work as an individual with limited supervision;
* Work with professionals from outside of the university;
* Demonstrate skills in working with diverse common software (Word, Powerpoint, Excel, etc.);
* Operate from remote locations with other professionals using diverse contact software (Slack, Discord, Teams, Zoom, Skype, etc.);
* Manage data sets and acknowledge the strengths and limitations of data sources and acquisition methods;
* Prepare and deliver in an oral format information and recommendations in a professional setting; and
* Demonstrate skills in report writing, copy-editing, and pre-publication quality assurance.

Working Groups
Group 1: Salinity technologies along the Rio Grande/Rio Bravo
Group 2: Technologies for production and management of rare earth minerals using biological concentration systems
Group 3: Use of novel treatment technologies to control nitrate discharge from water and/or wastewater systems
Group 4: Application of diverse monitoring systems for improving air quality in the El Paso del Norte region 

Grade Rubric
Undergraduate Section
Activity			Percent of grade
Class attendance	20%
Class participation	20%
Homework		10%
Presentation		10%
Final paper		40%
		
Graduate Section
Activity			Percent of grade
Class attendance	15%
Class participation	15%
Homework		10%
Presentation		10%
Final paper		50%


Initial Draft Schedule of Classes

January 12		Introduction to the semester
		Salinity: review of first semester’s NASA proposal; plan for semester
		Nitrates: review of first semester’s reports; plan for semester
		Rare Earth Elements: Preparation for Washington, D.C. seminar
		Air quality: review of first semester’s reports; plan for semester
January 19		No class; Martin Luther King Day
January 26		Salinity: Discussion of results and plans with stakeholders
		Nitrates: Discussion of results and plans with stakeholders
		Rare Earth Elements: Washington, D.C. seminar for U.S. State Dept.
		Air quality: Discussion of results and plans with stakeholders
February 2		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
February 9		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
February 16		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
February 23		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
March 2		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
March 9		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
March 16		No class; Spring Break
March 23		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
March 30		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determine 
April 6		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
April 13		Salinity: To be determined
		Nitrates: To be determined
		Rare Earth Elements: To be determined
		Air quality: To be determined
April 20		Day of presentations- dry run for discussions with client organizations
		Salinity: Presentations
		Nitrates: Presentations
		Rare Earth Elements: Presentations
		Air quality: Presentations
April 27		Final class day:Feedback from policy makers and client organizations
		Salinity: Discussion and feedback
		Nitrates: Discussion and feedback
		Rare Earth Elements: Discussion and feedback
		Air quality: Discussion and feedback

BACKGROUND FOR TECHNOLOGY CHOICES

The sections below discuss the technology choices for the course. Both the specific technologies and the institutional context to those choices are identified.

Group 1: Prevention/Control/Reduction in Salinity in the Lower Rio Grande/Rio Bravo

The Lower Rio Grande/Rio Bravo (LRG/RB) is experiencing increasing salinity, which affects  millions of people living in the Texas/Tamaulipas region who rely on the LRG/RB for domestic, commercial and industrial water use, as well as irrigation. Increasing salinity in the LRG/RB harms agricultural production, which is the major source of income on both the Mexican and the U.S. sides of the river.  LBJ School and other UT-Austin students the US and Mexican Governments in discussions of a possible agreement regarding how to prevent salts from entering the lower Rio Grande/Rio Bravo (LRG/RB) river between the Falcon Reservoir and the Gulf Coast and controlling the salinity of the LRG/RB. That class identified options for water management, existing facility operational improvements, and construction of new infrastructure to prevent salinization and remove salts. Those options were discussed by the Mexican and US Governments on June 3 and 4, 2025. The two Governments asked that research be conducted in Fall 2025 to specify details how the technologies could be implemented. Class members will participate in the further negotiations between the Mexican and US Governments during Spring 2025. This project has six client agencies of the Mexican and United States (US) governments:  
* International agencies: International Boundary and Water Commission (IBWC) and the Comisión Internacional de Limits y Aguas (CILA)
* Federal agencies: US. Environmental Protection Agency (EPS) and Mexico’s Comisión Nacional del Agua (CONAGUA) 
* State and regional agencies: Texas Commission on Environmental Quality (TCEQ) and Tamaulipas’ state water agency, Comisión Estatal del Agua de Tamaulipas.
Members of the staff of Texas’ Commission on Environmental Quality (TCEQ) will assist the class members in these efforts. TCEQ is located at 12100 Park 35 Circle in Austin. TCEQ is the fourth largest environmental agency in the United States and employs approximately 2,780 employees, has 69 regional offices, and a $378 million operating budget for the 2021 fiscal year. Two key scientists also assist the class, Dan Sheer, Ph.D., retired President of Hydrologics and Miguel Pavon, who is responsible for remote sensing and geographical information systems (RS/GIS) with the Texas General Land Office. 
One of the most productive elements of US-Mexican relations in 2025 is trans-boundary environmental quality, particularly between Texas and its four bordering Mexican states: Tamaulipas, Nuevo Leon, Coahuila, and Chihuahua. The two nations have worked together effectively for decades since the North American Free Trade Agreement to reduce air, water, solid and hazardous waste pollution, improve the border air and water quality, and address (but by no means resolve) water quantity and access conflicts. One of the reasons for the success in reducing pollution and improving ambient environmental quality along the Texas-Mexico border is the close cooperation between Texas and its Mexican border states through initiatives such as Border 2000, Border 2012, Border 2020 and Border 2025. Texas has taken an institutional lead for two regional cooperative groups, the so-called four-state process (Texas, Tamaulipas, Nuevo Leon and Coahuila) and three-state process (Texas, New Mexico and Chihuahua). Students enrolled in the class are eligible to travel to Mexico during the academic year and summer 2026. 
LBJ School students in the 2024-2025 Salinity Policy Research Project completed a report on various salinituy iossues which is available at:
 https://utexas.box.com/s/r6jtlv7chzf4yl98r34bzzb2904cp181

The June 3-4, 2025 final report to the six-party BTG is available at:
https://utexas.hosted.panopto.com/Panopto/Pages/Viewer.aspx?id=8cc2bd32-0903-4d54-b55a-b2f2011c5988&start=0 

Attachment 1 lists supplemental readings. Attacxhment 2 lists sources of funds for students interested in workingin summer 2026 in Mexican environmental agencies.

Attachment 1: Salinity Readings (all items to be available on Box)
Calderon, Miriam, Chuanyu Yang, Veronica Ancona, and this link will open in a new tab Link to external site. “Assessing Fungal Plant Pathogen Presence in Irrigation Water from the Rio Grande River in South Texas, USA.” Agriculture 13, no. 7 (2023): 1401. Accessed at: https://doi.org/10.3390/agriculture13071401. 
Cough-Schulze, Chantal. “Salinity Along the Rio Grande.” txH2O, 2021. Accessed at: https://twri.tamu.edu/publications/txh2o/2021/winter-2021/salinity-along-the-rio-grande /.
De La Garza, Miranda Nicole, Jianhong Ren, and Veronica Ancona. “Spatiotemporal Variations of Hydrochemical Characteristics of Irrigation Water: A Case Study of the Lower Rio Grande Valley, USA.” IWA Publishing 23, no. 5 (2001). Accessed at: https://doi.org/10.2166/ws.2023.082. 
Dirrigl, Frank J., Courtney J. Huston, and Marisol Bazaldua. “Evaluating Stormwater Canals for Water Quality in the Lower Rio Grande Valley, Texas.” Taylor & Francis Ltd. 18, no. 1 (March 2016): 6–17. Accessed at: https://doi.org/10.1017/S1466046615000411.
Fanning, Carl D., and Leon Lyles. “Salt Concentration of Rainfall and Shallow Groundwater across the Lower Rio Grande Valley.” Journal of Geophysical Research (1896-1977) 69, no. 4 (1964): 599–604.Accessed at: https://doi.org/10.1029/JZ069i004p00599.
Gandara, S. C., W. J. Gibbons, and D. L. Barbie. “Water Resources Data for Texas, Water Year 2000. Volume 5. Guadalupe River Basin, Nueces River Basin, Rio Grande Basin, and Intervening Coastal Basins.” Water Data Report. United States Geological Survey. United States Geological Survey, 2001. Accessed at: https://www.proquest.com/agricenvironm/docview/19576641/AA96AF6636F64BF6PQ /101. 
Gowda, Ramdas. “Assessment of Rio Grande Water Quality.” Master’s Thesis, The University of Texas at El Paso, 1993. The masters’ thesis discusses the water quality of the Rio Grande in its entirety. However, there was no sampling station located in South Texas. The southernmost sampling station was located in El Paso, Texas. 
IBWC. “Active Gaging Stations.” Accessed October 10, 2023. Accessed at: https://ibwc.azurewebsites.net/water-data/active-gaging-stations/.
Interior Department Documents & Publications. “Lower Rio Grande Basin Study Shows Shortfall in Future Water Supply.” Washington, United States: Federal Information & News Dispatch, LLC, December 17, 2013. Accessed at: https://www.proquest.com/agricenvironm/docview/1468945536/abstract/AA96AF6636 F64BF6PQ/9. 
Khedun, C. Prakash, Ashok K. Mishra, John D. Bolten, Hiroko K. Beaudoing, Ronald A. Kaiser, J. Richard Giardino, and Vijay P. Singh. “Understanding Changes in Water Availability in the Rio Grande/Río Bravo Del Norte Basin under the Influence of Large-Scale Circulation Indices Using the Noah Land Surface Model.” Journal of Geophysical Research: Atmospheres 117 (March 3, 2012). Accessed at: https://doi.org/10.1029/2011JD016590. 
Langman, Jeff B., and Andre S. Ellis. “Geochemical Indicators of Interbasin Groundwater Flow within the Southern Rio Grande Valley, Southwestern USA.” Environmental Earth Sciences 68, no. 5 (July 24, 2012): 1285–1303.,Accessed at: https://doi.org/10.1007/s12665-012-1827-4. 
Manz, Louis R., Dibyendu Sarkar, and Weldon W. Hammond Jr. “Water Resources and Water Quality in the Rio Grande Valley of Texas: Current Status and Future Projections.” Environmental Geosciences 12, no. 3 (September 1, 2005): 193–206. Accessed at:https://doi.org/10.1306/eg.04260404005. 
Mukerjee, Shaibal, Douglas S Shadwick, Kirk E Dean, and Linda Y Carmichael. “Assessing Transboundary Influences in the Lower Rio Grande Valley,” Unpublished and undated report.
Ramos, Irma N., Lora Baker Davis, Qiang He, Marlynn May, and Kenneth S. Ramos. “Environmental Risk Factors of Disease in the Cameron Park Colonia, a Hispanic Community Along the Texas-Mexico Border.” Journal of Immigrant and Minority Health 10, no. 4 (January 18, 2008): 345–51. 
Robb, Kathy. “The Rio Grande/Rio Bravo Water Deliveries Under the 1944 Treaty: A Compendium of Ideas,” December 2022. Accessed at:  https://www.ibwc.gov/wp-content/uploads/2023/04/Exec_Rio_Grande_White_Paper_- Summary-FINAL.pdf. 
Sanchez-Martinez, Marina, and Alberto Ocaña-Luna. “Estructura y variación estacional de la comunidad ictioplanctónica en una laguna hipersalina del oeste del Golfo de México: Laguna Madre, Tamaulipas.” Hidribiologica 25, no. 2 (2015): 175–86.
Trock, Warren L. “Institutional Factors Affecting Land and Water Development, Lower Rio Grande Valley, Texas.” Texas A&M University, December 1969. Accessed at: https://onlinelibrary.wiley.com/doi/abs/10.1029/WR005i006p01364. 
U.S. Geological Survey. “Real-Time Water Quality.” Data base accessed October 8, 2023 at
https://waterwatch.usgs.gov/wqwatch/. 

Attachment 2: Websites for Supplemental Funding for Summer 2026
* https://global.utexas.edu/abroad/funding/scholarships
* https://www.scholarshiptab.com/scholarships/university-of-texas-at-austin-ut-austin-2021-international-education-fee-ief-scholarships
* http://utdirect.utexas.edu/student/abroad/globalassist.WBX
* https://onestop.utexas.edu/managing-costs/scholarships-financial-aid/
LBJ School students are eligible to apply for funds to support unpaid summer internships following policies promulgated for Summer 2024, as indicated in a website prepared for Summer 2020 at: *https://lbj.utexas.edu/sites/default/files/LBJ_School_Internship_Policies_for_Summer_2020.pdf. Students also are eligible to raise funds through a so-called ‘HornRaiser’ process; see 
* https://hornraiser.utexas.edu/about
Group 2: Removal of Nitrate Pollutants
Excess nitrate from agricultural, farming and industrial processes is a leading cause of groundwater contamination worldwide. Nitrate pollution poses a significant risk to both human health and ecosystems. Nitrate removal from water and wastewater systems is an technical challenge, especially at low concentrations. This project is part of a multi-university team that is developing a novel, renewable-energy-powered device that not only captures nitrate from waste streams but also converts it into nitrogen and valuable chemicals such as ammonia.

The project integrates two complementary technologies—photo-capacitive concentration and electrocatalytic conversion—to create an efficient, low-cost nitrate treatment platform. Photocapacitive concentration uses light energy to extract nitrate from water. Electrocatalytic conversion transforms nitrates into safer and more useful substances. The goal is conversi9n of nitrates into useful productrs that can be marketed with no effluents. This dual approach will provide insights into the chemical, physical and catalytic processes involved in nitrate management. It also aims to overcome socioeconomic barriers to the adoption of nitrogen management technologies in industries and resource-limited communities. 

This class component is part of a National Science Foundation project is conducting technical, economic, life cycle and public outreach analyses to assess the sustainability and scalability of the system for real-world applications. This project seeks to create a platform that not only advances knowledge of nitrate treatment but also offers a sustainable, scalable solution for addressing nitrate contamination—a step towards ensuring clean water for all. Travel in support of this class component to sites in the US will be supported by a grant from the U.S. National Science Foiundation.

Attachment 3 lists some refereances regarding nitrate removal technologies. 

Attachment 3: Bibliography on Nitrate Removal Technologies

1. Calin, C. (2011). Processes and technologies for controlling the nitrogen content of
water. Technical University of Civil Engineering of Bucharest.

2. Environmental Public Health Office of Drinking Water. (2018). Nitrate treatment and
remediation for small water systems – Guidance document 331-309. Washington State
Department of Health. Retrieved from
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs//331-309.pdf

3. Jensen, V. B., Darby, J. L., Seidel, C., & Gorman, C. (2012). Drinking water treatment
for nitrate – Technical Report 6. University of California Agriculture and Natural
Resources. Retrieved from https://ucanr.edu/sites/groundwaternitrate/files/139107.pdf

4. Olmos, J. M., Gil, L., & Ortuño, J. Á. (2024). Review of nitrate removal technologies.
PubMed Central. Retrieved from https://pmc.ncbi.nlm.nih.gov/articles/PMC11596283/
5. Scholes, R. C., Vega, M. A., Sharp, J. O., & Sedlak, D. L. (n.d.). Reverse osmosis data.
Royal Society of Chemistry. Retrieved from
https://pubs.rsc.org/en/content/getauthorversionpdf/d0ew00911c

6. SAMCO Technologies. (n.d.). Brine waste treatment processes for reuse or disposal.
Retrieved from
https://samcotech.com/brine-waste-treatment-processes-for-reuse-or-disposal/

7. Maxwell, B. M., Christianson, R. D., Arch, R., Johnson, S., Book, R., & Christianson, L.
E. (2024). Bioreactor data. ScienceDirect. Retrieved from
https://www.sciencedirect.com/science/article/pii/S0301479724000409

8. Liu, H., Li, X., Zhang, X., Wang, K., & Wang, L. (2023). Electrodialysis data.
ScienceDirect. Retrieved from
https://www.sciencedirect.com/science/article/pii/S0009250923005948

9. Zirrahi, F., Hadi, M., Nabizadeh Nodehi, R., Ghordouei Milan, E., Bashardoust, P.,
Abolli, S., & Alimohammadi, M. (2024). Advanced research in nitrate removal.
ScienceDirect. Retrieved from
https://www.sciencedirect.com/science/article/pii/S2590123024002007

10. Thebo, A. (2024). Overview of drinking water treatment for nitrate. University of
Washington. Retrieved from
https://cig.uw.edu/wp-content/uploads/sites/2/2024/06/Overview-Drinking-Water-Treatm
ent-for-Nitrate_redsize.pdf

11. World Health Organization (WHO). (2016). Nitrate and nitrite in drinking water.
Geneva, Switzerland. Retrieved from
https://www.who.int/docs/default-source/wash-documents/wash-chemicals/nitrate-nitrite-
background-document.pdf

12. Ashoori, N., Teixido, M., Spahr, S., LeFevre, G. H., Sedlak, D. L., & Luthy, R. G. (2019).
Evaluation of pilot-scale biochar-amended woodchip bioreactors to remove nitrate,
metals, and trace organic contaminants from urban stormwater runoff. Water Research,
154, 1-11

13. Zhang, L., Cui, B., Yuan, B., Zhang, A., Feng, J., Zhang, J., Han, X., Pan, L., & Li, L.
(2021). Denitrification mechanism and artificial neural networks modeling for
low-pollution water purification using a denitrification biological filter process.
Separation and Purification Technology, 257, Article 117918.
C. Group 3: Biological Concentration of Rare Earths
This component of the class will addres two items: (a) applications of novel methods for isolation of rare earth elements (REE) using biological systems and (b) a response to the Office of Export Control Cooperation, Bureau of International Security and Nonproliferation, of the 
US Department of State that seeks advice how to address the issue of ‘limits to trade’ in the diverse components of a sustainable, profitable and encironmentally responsible domestic REE  supply chain. 
 

Rare earth elements (REE) are a group of the 17 lanthanide elements on the periodic table and have become an increasingly important group of metals in the manufacturing of modern technologies. Their unique physical and chemical properties are crucial to manufacturing defense, energy, industrial, and military technologies.[endnoteRef:1] REEs have become an irreplaceable component of permanent magnets, specifically neodymium-iron-boron magnets (NdFeB), the strongest known magnet used in technologies that are limited by space and weight restrictions. [endnoteRef:2] Rare earths have been placed on the critical minerals list by the United States Geological Survey, the European Commission, and the British Geological Society, highlighting the importance to manufacturing and high supply risk. [1:  Van Gosen, Bradley S., Philip L. Verplanck, Robert R. Seal II, Keith R. Long, and Joseph Gambogi. “Rare-Earth Elements.” Report. Professional Paper. Reston, VA, 2017. USGS Publications Warehouse. https://doi.org/10.3133/pp1802O.]  [2:  Van Gosen, Bradley S., Philip L. Verplanck, Robert R. Seal II, Keith R. Long, and Joseph Gambogi. “Rare-Earth Elements.” Report. Professional Paper. Reston, VA, 2017. USGS Publications Warehouse. https://doi.org/10.3133/pp1802O.] 

Common geologic environments associated with REE extraction and production are carbonatites, peralkaline igneous systems, ion-adsorption clay deposits, magmatic magnetite-hematite bodies, iron oxide-copper-gold deposits, xenotime-monazite accumulations in mafic gneiss, and monazite-xenotime-bearing placer deposits. Carbonatites have been the primary source for light REEs (LREEs), ion-adsorption clay deposits have been the primary source of heavy REEs (HREEs), and monazite deposits show strong potential for production in the future. [endnoteRef:3] These REE-bearing geologic settings occur throughout the world, including Brazil, China, India, Russia, and Vietnam, which analysts have estimated to represent over 90 percent of REE reserves. Table 1 provides a global overview of REE production and each country’s reserves from 2022 to 2023. As of 2023, China, Myanmar, and the United States account for approximately 91% of global REE mining; China being responsible for over 65%. Furthermore, China accounts for 92% of global refined output, allowing for a near monopoly over the midstream sector.  [3:  Van Gosen, Bradley S., Philip L. Verplanck, Robert R. Seal II, Keith R. Long, and Joseph Gambogi. “Rare-Earth Elements.” Report. Professional Paper. Reston, VA, 2017. USGS Publications Warehouse. https://doi.org/10.3133/pp1802O.] 

Table 1. World Mine Production and Reserves (Values in metric tons)
	Country
	2022 Mine Production
	2023 Mine Production
	Reserves

	United States
	42,000
	43,000
	1,800,000

	Australia
	18,000
	18,000
	5,700,000

	Brazil
	80
	80
	21,000,000

	Burma (Myanmar)
	12,000
	38,000
	NA

	Canada
	NA
	NA
	830,000

	China
	210,000
	240,000
	44,000,000

	Greenland
	NA
	NA
	1,500,000

	India
	2,900
	2,900
	6,900,000

	Madagascar
	960
	960
	NA

	Malaysia
	80
	80
	NA

	Russia
	2,600
	2,600
	10,000,000

	South Africa
	NA
	NA
	790,000

	Tanzania
	NA
	NA
	890,000

	Thailand
	7,100
	7,100
	4,500

	Vietnam
	1,200
	600
	22,000,000

	World Totals
	300,000
	350,000 (+17%)
	110,000,000


Source: Cordier, Daniel J., “Mineral Commodity Summaries 2024”, U.S. Geological Survey, (Jan. 2024), 144: https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-rare-earths.pdf 
The challenge of mining and refining REEs from deposits is the nature of their occurrence and often low concentration in minerals. Rare earths are more abundant in the crust than many other common metals but due to its large radii and high charge, they do not fit into the most common silicate mineral structures. Low-concentration deposits have led producers to develop extensive refining and processing methods, which are energy and chemically intensive, to achieve high-grade rare earth materials. Methods used to refine REEs include chemical, physical, thermal, agronomical, and biological processes. Hydrometallurgy using chemical processing is most common due to high selectivity and lower energy requirements than other processing methods. Environmental impacts and production residuals have become a concern throughout the production stages of REEs, including mining, refining, fabrication, and residual management. 
The Energy Act of 2020 launched a federal initiative to tackle supply chain bottlenecks for specific commodities classified as "critical minerals." Critical minerals are “a non-fuel mineral or mineral material essential to the economic or national security of the U.S. and which has a supply chain vulnerable to disruption” From this list of minerals critical to the US economy and national security, 16 of the 17 rare earth elements are included. [endnoteRef:4] Government initiatives have underscored the critical role of rare earth elements to the United States, making it essential to assess mining practices, processing techniques, and potential environmental impacts to enable the sustainable development of domestic REE supply chains.  [4:  Burton, Jason, “U.S Geological Survey Releases 2022 List of Critical Minerals,” U.S. Geological Survey, (Feb. 2022), https://www.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals ] 

Conventional technologies used to extract, concentrate, process, separate, and refine rare earth elements (REEs) require substantial energy resources per pound of REEs and produce significant environmental air, water and waste residuals. REE mining includes a diversity of on-surface or subsurface processes that involve several approaches, some of which produce hazardous residuals. The most common method to produce REEs by mining and processing crushed earth into rare earth oxides (REO) before undergoing subsequent refining. 
To separate REE from the host material, the host will be crushed and milled before flotation, magnetic, or gravimetric ore separation to increase the REE concentration. These initial beneficiation steps free the REE-bearing ore from the host material without altering the ore’s chemical composition. These beneficiation processes are often conducted on-site at or next to the mine. A first step in the process is to evaluate a possible REE deposit for potential use for extraction and treatment, such as the type and nature of the deposit, minerals present alongside the REO, gangue minerals present, type and composition of REE minerals, as well as the potential social and environmental risks of the processes involved.
Biomining through agronomical and biological approaches can extract and separate REEs with fewer environmental residuals by using biological processes to isolate REEs. Agro-mining involves growing hyperaccumulator plant crops, harvesting the plant, and processing the crop to recover targeted REE. Agro-mining can be achieved through phytomining with root crops, shoots, leaves, or mushrooms; REEs can hyper-accumulate in species, roots, and/or leaves.[endnoteRef:5] Agro-mining requires land and a constant nutrient supply and may not hyperaccumulate REE selectively.  [5:  Thompson, Vicki S., Mayank Gupta, Hongyue Jin, Ehsan Vahidi, Matthew Yim, Michael A. Jindra, Van Nguyen, et al. 2017. “Techno-Economic and Life Cycle Analysis for Bioleaching Rare-Earth Elements from Waste Materials.” ACS Sustainable Chemistry & Engineering 6 (2): 1602–9. https://doi.org/10.1021/acssuschemeng.7b02771
] 

Biological approaches such as biomining, biometallurgy, or bioleaching use microbiological products or unicellular organisms to collect REE. Biological approaches may require long process time, produce bacteria toxicity, may require land, have limited REE recovery, high adsorbent needs, difficulty in microorganism reproduction, and low reaction rates. Table 2 and Table 3, both from Opare et al. (2021), list the advantages and disadvantages of REE production using biological and agromining approaches. 
Table 2. Agronomical REE Production Methods

	Method
	Mechanism
	Advantages
	Disadvantages

	Phytomining with shoots and leaves
	Hyperaccumulation of metals in leaves/shoots
	Environmentally friendly
Low cost
	Plants need a constant nutrient supply
High land requirement

	Phytomining with root crop
	Hyperaccumulation of metals in crop roots
	
	Non-selective REE hyperaccumulation
High land requirement
Constant nutrient supply

	Phytomining with mushrooms
	Hyperaccumulation of metals in different mushroom species
	
	Mixed REE hyperaccumulation vs fractionated REE



Sources: Opare et al., 2021; van der Ent et al., 2015; Sheoran et al., 2009; Zocher et al., 2018; Gleba et al., 1999; Falandysz et al., 2017; Koutrotsios et al., 2018

Table 3. Biological REE Production Methods

	Method
	Mechanism
	Advantages
	Disadvantages

	Fungi (unicellular) biosorption
	Accumulation of metals using fungi
	Applicable in high pH environments
Low operational costs 
	Long process time

	Bioleaching, biometallurgy, or biomining
	Using microorganisms to extract metals from low-grade ore.
	Environmentally friendly
Low temperature and energy requirements
Appropriate for treating low grade and waste metals
Low operational cost
	Difficulty in microorganism reproduction
Bacteria toxicity
Low reaction rates
Large land requirements

	Biosorption
	Using biomass or biomolecules to bind and concentrate specific ions and molecules from aqueous solutions.
	High metal removal efficiency
Environmentally friendly
Efficient removal in dilute solutions
Low operational costs
	High adsorbent needs
Limited recovery



Sources: Opare et al., 2021; Thompson et al., 2017; Dev et al., 2020; Han et al., 2006; Hocheng et al., 2017; Reed et al., 2016; Jin et al., 2016; Korenevsky et al., 1999
Chemical approaches remain widely used applications for REE separation and production because of relative costs and reliability; they provide high recovery of REE at low energy requirements and low costs. Thermal, electrical, and physical approaches provide alternative approaches but are less widely used and more expensive than chemical approaches. Agromining and biological approaches can serve as alternative methods to limit chemicals, residuals, and other energy-intensive approaches. Biological methods and agromining are in early testing phases and have yet to be demonstrated at scale to produce REEs at economically feasible levels. 
This part of the project will focus on the potential for implementing biological REE production methods in US or Canadian REE supply chains. Class members will work with firms that are already engaged with REE supply and with the adjacent communities to those firms that are hosting REE production and processing oprations.
Travel in support of this class component to REE sites are supported by a grant from the U.S. National Science Foundation.
A second class REE component reflects a request from the Office of Export Control Cooperation, Bureau of International Security and Nonproliferation, of the US Department of State that seeks advice how to address the issue of ‘limits to trade’ in REEs. The class will examine the nexus of REEs and export controls and outline how an export control system can prevent the exploitation of the REE supply chain by US adversaries throughout the REE life cycle and supply chain. The deliverable will be a white paper that details the REE export control nexus and provides key areas for US Government engagement. Two senior staff members of the US Departmenbt of State will be advising students engaged iin this part of the project on its goals and deliverables.

Two recent papers (one submitted for publication and one in draft form) by the REE team at the LBJ School are listed below in Attachment 4. Attachment 5 contain other readings relevant to students interested in the REE pod within the PRP. Attachment 6 contains other useful readings related to rare earth elements.

Attachment 4: Papers on Rare Earth Elements

Here are the links to view two papers prepared by members of the UT Rare Earth Elements team: 
· Bioextraction Paper - https://utexas.box.com/s/232g4sdwnvlslx9x755dw1lu6nbw9e8k
· Conventional REE Paper - https://utexas.box.com/shared/static/1ff47d0lqoirvy9ec1d8a63tionxx58z.pdfInsert readings being collected regarding rare earth elements (to be provided by Liz Plata and  Andrew Bowsher)
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Group 4: Air Quality Monitoring Technologies in the El Paso del Norte Air Basin
The air quality group examining the process of and consequences from investing in technologies for monitoring air quality in the El Paso del Norte (EPDN) air basin in Juarez, Chihuahua, El Paso, Texas and Dona Ana, New Mexico. Members of the class will cooperate with as colleagues at The Unuversity of Texas at El Paso and the Autonomous University of Juárez (Universidad Autónoma de Cuidad Juárez, or UACJ), who have been installing a diverse set of air quality monitors in New Mexico, Chihuahua, and Texas to monitor ozone, small particulates (PM 2.5) and sulfur oxides. The task of this pod is to discuss the community investments in the El Paso del Norte Basin and its consequences regarding the contaminant levels in neighborhoods within the air quality basin. 

The Paso del Norte Basin (the Basin), comprising El Paso, TX, Sunland Park, NM and Ciudad Juarez, Chihuahua, suffers from some of the worst air quality across the United States and Mexico. The region is -ranked as the 14th worst urban air quality in the United States in a 2023 report by  the American Lung Association. Development of the Basin began in the 19th century when it became recognized as one of the lowest passage points along the continental divide. Mining, smelting, agricultural and manufacturing industries gathered along either side of the border over the next two centuries and the surrounding urban area grew in kind to meet the need for a growing labor force. Today, the Basin remains a hub for industrial manufacturing. 
With an urban area withof over 2.7 million residents, the Basin is the second-largest transborder agglomeration along the U.S.-Mexico border and hosts the third largest inland port of entry between the U.S. and Mexico, behind Laredo, TX and San Ysidro, NM. In 2018 alone, the El Paso border crossing handled over 2,000,000 and 844,000 northbound crossings of cars and trucks, respectively. Cars and trucks are the largest contributors to air pollution within the Basin. Additional polluters such as scrap tire fires and wood-stove cooking are known to contribute to poor regional air quality, however the exact relative contributions remain unclear. 
Manufacturing within El Paso county alone accounts for 8.3% of the economy of Texas, bringing in an estimated $2.7 billion dollars. Petroleum and coal, primary metal, and apparel are all considered as strong industries within the region and still growing. Ciudad Juarez itself has over 320 factories, accounting for more than 60% of factory jobs in the state of Chihuahua. Coupling these numbers with a growth rate of 5% and 1.38% for El Paso and Ciudad Juarez, respectively, air quality issues caused by industry manufacturing and traffic will be exacerbated by continued growth in the coming years. 
Addressing the rising demand for clean air within the Paso del Norte Basin requires joint efforts by key stakeholders to offer proactive solutions. Closing the information gap on air quality point sources, facilitating binational collaboration towards reducing traffic-related emissions, and encouraging the involvement of private actors will all be necessary to change the trajectory of air quality within the basin. Some of the recent bi-national initiative to improve air quality are listed below.
Creation of a Clean Air Fund
The U.S. and Mexico have established a “Clean Air Fund” to promote data collection and pollution mitigation initiatives. The fund is administered through the North American Development Bank and used for the benefit of the El Paso-Ciudad Juarez region. By issuing grants and loans to private actors and community groups dedicated to cleaning up the region’s air, this initiative yields numerous benefits. By helping defray the costs of air quality monitors, it improves data availability and increase scientists’ understanding of the causes and consequences of the issue. Through funding innovative projects, it contributes to improving air quality. This initiative fosters collaboration between private actors and communities, enhancing local capacity for environmental stewardship. It facilitates an improvement of public health by reducing pollution-related illnesses, alleviating some burden on healthcare systems in both countries. It strengthens bilateral cooperation and diplomatic ties between the U.S. and Mexico. 
Reduction of Vehicle Emissions
Autos and trucks idling times at the border crossing are too long and harm air quality, as vehicles wait in long lines to cross the border in either direction, often undergoing inspections by customs and border patrol agents. This waiting period prompts drivers to idle their vehicles and run air conditioning, releasing emissions for no added productivity. Both states, Texas and Chihuahua, have implemented regulations to curb idling among commercial vehicles waiting at the border and testing the emissions of vehicles to meet minimum pollutant emission standards.
Implementing a Low-Cost Air Quality Sensor Network in the El Paso del Norte Region Continuous Air Monitoring Stations (CAMS) currently used by the U.S. EPA are the best available monitors in terms of reliability of data. However the price of CAMS can be prohibitive for most communities, with stations costing as much as $250,000 a piece. While CAMS offer long-term reliability of data, their cost and size of the set-up limits the number of stations that can be installed across a city. One of the major issues limiting improvements to air quality in the Paso del Norte air basin is the lack of consistent and reliable air quality data. CAMS are limited in their ability to identify point-source location of air pollution, and to identify those communities suffering the worst. 
Low-cost air sensors offer an accessible alternative for communities to empower themselves through widespread self-monitoring. Previous research in the air basin installed a system of Purple Air sensors to create a reliable network of smaller scale monitors across both El Paso and Ciudad Juarez. The initial rounds of research were informative, however one of the major limitations of the Purple Air sensors is their reliance on active connections to a power source and to an ethernet internet service. To improve air quality monitoring across the basin and to improve our ability to identify point-sources, a more reliable and self-sufficient model is necessary. At $1000 per unit, the Clarity air sensors such as the one pictured above, provide 24/7 air quality monitoring using self-sufficient systems that run using solar power and satellite internet connection. Lastly, data is uploaded real-time to an online dashboard that can be made publicly available- allowing members of the community to identify in real-time the quality of the air they are breathing. Set up of the Clarity sensors just requires a surface with ample sunlight to be mounted and occasional cleanings of their solar panels. 
The next stage is to increase investment in the installation of Clarity sensors across the Paso del Norte Air Basin to provide active and real-time air quality monitoring data. Communities across the Basin have the ability to contribute to the collection of data on air quality to lead to problem-specific approaches to solving air quality issues. Similarly, communities have a right to consistent and reliable information regarding the quality of air they breathe in their own community. Low-cost air sensors such as the Clarity sensors empower communities to become powerful stakeholders in the improvement of their own air quality.
Low-Cost Air Sensor Network in The El Paso del Norte Region

For ten years the States of Texas, New Mexico and Chihuahua, Mexico, along with the City of Ciudad Juarez in Chihuahua, worked together to establish a binational air quality monitoring network to identify sources of air pollution in the region and the air quality by neighborhoods in the Paso del Norte region, with the funding coming through contracts via the LBJ School of Public Affairs at The University of Texas at Austin. At this point there are data from monitoring systems, particularly from a large network of diverse low-cost air sensors, that have yet to be interpreted. This task within the Policy Research Project class is to evaluate the air quality data from Ciudad Juarez, El Paso and Dona Ana County, New Mexico regarding air quality regulation in the El Paso del Norte region and the benefits and limits of low-cost air quality sensors for policy making. 

Due to high startup and operating costs of Continuous Air Monitoring Stations (CAMS), governments in Mexico have encountered significant barriers in maintaining and expanding an ambient air monitoring network. While a single CAMS may cost $250,000 to install, low-cost air sensors range from $100-$2,500. Although low-cost sensors are not a suitable substitute to federal reference method CAMS, new technology is valuable for specific use cases. Low-cost sensors may be able to cover a wider spatial range or deploy for monitoring needs in the case of natural disasters, specific case studies, or air emissions events. Governments and research organizations have used low-cost sensors to engage the public in “community science,” providing educational opportunities and promotion of air quality awareness. Low-cost sensors also have limitations. The large volume of data produced, and high probability of mechanical error require those interpreting the data to develop technical skills and knowledge related to quality assurance and data analysis. A similar number of maintenance visits are required by staff, as compared to a CAMS, yet there are ten times more sites. There is a risk that low-quality data could misinform the public, or that data may be misunderstood if not communicated appropriately. Studies to identify potential benefits and limitations of low-cost air sensor technology can be useful, especially in regions where continuous ambient air quality data faces information gaps.

This component of the Policy Research Project will engage stakeholders on both sides of the border in a research project using low-cost air sensors. The project constitutes a valuable case study for research organizations and government entities, applying lessons learned from previous iterations to improve local air quality and monitoring in the air basin. It will promote collaboration among binational entities, government agencies, and private-sector partners in Texas, New Mexico, and Chihuahua, including the cities of El Paso, Juárez, and Doña Ana County. 

In prior years, UT-Austin has facilitated the installation of modern CAMS and a first-of-its kind network of a binational network of low-cost sensors, through subawards to the City of Ciudad Juarez and research teams from the University of Texas at El Paso (UTEP) and the Universidad Autónoma de Ciudad Juárez (UACJ). The equipment includes a network of PurpleAir sensors measuring Particulate Matter (PM₂.₅) at 32 locations in El Paso, Texas, and Ciudad Juárez, Chihuahua. These sites were chosen for proximity to high and low-traffic roadways near elementary schools in both countries and industrial sites in Juárez. A new set of low-cost sensors was later installed at 26 sites in both cities, including schools in El Paso and Ciudad Juarez. During the data sampling period, a reference site was established in each city, at TCEQ's CAMS 49 in El Paso and the UACJ campus in Ciudad Juarez. During January 1, 2024, to June 30, 2025, the sensor network was expanded to include more advanced devices that could measure a wider range of pollutants. Twelve Clarity Node-S devices (https://www.clarity.io/) were deployed to monitor PM₂.₅, NO₂, temperature, and atmospheric pressure. In 2024, a “base sensor” was established at an El Paso Texas TCEQ Continuous Air Monitoring Station to enhance the calibration capabilities of the LCS. This sensor provides data that can remotely calibrate all other sensors in the vicinity, ensuring data standardization across the monitoring network by leveraging its co-location with a Federal Equivalent Method (FEM) station.

Beginning in September 2025, the monitoring network will continue monitoring PM₂.₅ and NO₂ in the border region. Project objectives include: (a) Enhancing data quality through low-cost sensor correction methods; (b) Strengthening binational technical exchange, and (c) Evaluating the longevity and resilience of LCS deployment in this environment. This project will include 1 month of co-location deployment to install 8 Low-Cost Sensors for the 2026-2027 phase at the TCEQ CAMS reference station to enhance the accuracy and reliability of air quality data interpolation, making it more representative of the actual pollution levels throughout the region. It may involve refining bias correction methods to account for seasonal variations and instrument batches, exploring alternative communication solutions, seeking improved longevity sensor manufacturers, and implementing protective measures to safeguard sensors during adverse weather conditions.

This component of the Policy Research Project will evaluate the efficacy of the sensors in terms of accuracy, longevity, and ease of use, and assess the reliability and accuracy of the air quality data, supporting better decision-making and environmental protection within the El Paso del Norte region. The project also seeks to demonstrate a scalable and adaptable model for low-cost sensor deployment in other bi-national regions facing similar air quality challenges. The binational sensor network shall leverage existing air monitoring infrastructure and innovative sensor technology to improve regional air quality data. The coordinated placement of sensors in comparable locations across both cities will enable a unified monitoring approach in the binational region, support the identification of pollution hotspots, and allow for long-term trend analysis and evaluation of air quality interventions. The air quality pod will also assist in the process of enabling an air quality index for PM₂.₅ and NO₂ be made publicly accessible in real time via a public website and a sensor dashboard.

Students participating in the air quality component of the class will be able to participate in the three-times a year bi-national meetings of the Joint Advisory Committee (JAC) established under the La Paz Agreement between Mexico and the USA to improve air quality in the El Paso del Norte region. LBJ School staff coordinate the JAC meetings. The next JAC meeting is from 11 am to 3 pm, Mountain time (noon to 4 pm, Austin time) on September 9, 2025 in El Paso, Texas. Students in this pod will be encouraged to join the meeting via Zoom. 

Attachment 7 lists readings regarding air quality in the El Paso del Norte Region.

Attachment 7: Reading on Air Quality in the El Paso del Norte Region

Gustavo, J., & Ugarte, A. (n.d.). Studies of Air Pollutants and their Impact on Respiratory and Cardiovascular Diseases in the El Paso North Region with Emphasis on Mobile Emissions. Retrieved August 21, 2025, from https://www.cccjac.org/uploads/9/1/9/2/91924192/dissertation_gustavo_arias.pdf
· A study observing the interlinkages between mobile emissions and the concerns of growing cases of respiratory and cardiovascular conditions in the Paso del Norte region. By tracking concentrations over time, researchers were able to observe what kind of particulates are manifesting and the specific zip-codes in which they occupy.   

Fernandez, L., Carson, R., & Netlibrary, I. (2002). Both sides of the border : transboundary environmental management issues facing Mexico and the United States. Kluwer Academic Publishers. From https://link.springer.com/chapter/10.1007/0-306-47961-3_13
· The report assesses the manner in which air pollution has manifested in the transboundary; through looking at socioeconomic, political, and urban factors. 

W. Einfeld, & Church, H. W. (1995). Winter season air pollution in El Paso-Ciudad Juarez. A review of air pollution studies in an international airshed. University of North Texas Digital Library (University of North Texas). https://doi.org/10.2172/45632.
· A study looking at the difference in how emissions during the winter time are increased due to industrial combustions of material and anthropogenic emissions in cross-boundary traveling. 

Rincon, C. (2015). Report on Air Quality in the Paso del Norte for the Joint Advisory Committee on the Improvement of Air Quality in the Paso del Norte Region. https://www.epa.gov/sites/default/files/2015-05/documents/air_quality_rpt_2015-14_may.pdf 
· Presentation of figures demonstrating values for each monitored air pollutant in the Paso del Norte region by the Joint Advisory Committee. Graphics include values of data,  measured concentrations, and comparisons between local and national measurements in ais emission standards across different intervals of time. 

Banerjee, S., & B, G. J. (1999, July). Characterization of ambient particulate matter in the Paso del Norte region. Osti.gov; Air and Waste Management Association, Pittsburgh, PA (US). https://www.osti.gov/biblio/20006527 
· The goal of this report is to create a long-standing basis for continuous monitoring on particulates in the Paso del Norte region, and to implement a multi-effort approach into mitigating growing air pollution. 

Uribarri, L. M. (2021). Transboundary Air Quality Governance: A Case Study of the Paso Del Norte Air Basin 1940-2000. ScholarWorks@UTEP. https://scholarworks.utep.edu/dissertations/AAI28865328/ 
· The report presents a qualitative analysis of how the effects from urbanization on the Paso del Norte transboundary, has led to an exacerbation of worsening air quality in the region. 

USGS. Rio Grande Bibliography: Air Quality. (2025). Usgs.gov. https://www.cerc.usgs.gov/pubs/riogrande/airqual.htm 
· Collection of resources from the United States Geological Survey on air quality in the Rio Grande border. 

Particulate Monitoring Analysis for the Paso del Norte Airshed in the United States -Mexico Border Region New Mexico Environment Department Air Quality Bureau. (2008). https://www.env.nm.gov/wp-content/uploads/sites/2/2018/02/Particulate_Monitoring_Border_report_26march_10.pdf
· The report walks through a detailed assessment of particulate matter 2.5 over different intervals of time, and how the concentrations reflect the trajectory of growing air pollution if emissions are to go unmitigated. 

Report on Air Quality in the Paso del Norte for the Joint Advisory Committee on the Improvement of Air Quality in the Paso del Norte Region. (2020). https://www.cccjac.org/uploads/9/1/9/2/91924192/feb._6_2020_aq_report_.pdf
· Presentation from the JAC on a report focusing on how the placement of weather/climate stations have been able to capture the many air pollutants inhabiting the air shed of the Paso del Norte area. 

JOINT ADVISORY COMMITTEE (JAC). (2025). JOINT ADVISORY COMMITTEE (JAC). https://www.cccjac.org
· The official website for the Joint Advisory Committee. 

Mahmud, S., Islam, B., Miah, M. S., Farhana Sarower, & Sanjida Elahee. (2022). Implementing Machine Learning Algorithms to Predict Particulate Matter (PM2.5): A Case Study in the Paso del Norte Region. Atmosphere, 13(12), 2100–2100. https://doi.org/10.3390/atmos13122100
· The report explains the methodologies behind the values placed into machine learning algorithms, particularly predicting the regressions of particulate matter (PM 2.5) in the Paso del Norte region. After testing six different algorithms, researchers were able to conclude the accurate effectiveness of implementing machine learning tools into risk assessments for air quality in the region. 

Mahmud, S. (2020, December 12). Optimization Of Regional Scale Numerical Weather Prediction & Air Quality Model For The Paso Del Norte Region. https://doi.org/10.13140/RG.2.2.31598.74568
· Report detailing the importance of capturing the most accurate and reliable meteorological data through specific placements of weather forecasting stations. Allowing for researchers to calculate and predict representational models for the air quality in the Paso del Norte air basin.  

Mahmud, S. (2020, December 12). Optimization Of Regional Scale Numerical Weather Prediction & Air Quality Model For The Paso Del Norte Region [Review of Optimization Of Regional Scale Numerical Weather Prediction & Air Quality Model For The Paso Del Norte Region]. TCEQ Monitoring Stations in El Paso- Figure 4. https://www.researchgate.net/figure/TCEQ-Monitoring-Stations-in-Elpaso_fig2_352350201
· Figure illustrating the Texas of Environmental Quality (TCEQ) monitoring stations in El Paso. 

Amit Ugamraj Raysoni. (2019). Assessment of Intra-Urban Traffic-Related Air Pollution on Asthmatic Children’s Exposure at Schools in the Paso del Norte Region. ScholarWorks@UTEP. https://scholarworks.utep.edu/open_etd/2566/
· As urbanization increases in the Paso del Norte air shed, so does traffic-related air pollution and the accompanying public health concerns, particularly ones that manifest in asthmatic children. By tracking indoor and outdoor concentrations of air pollutants, researchers were able to pinpoint the most vulnerable communities to these conditions and the next steps for relief.  

Cresswell, A. (2022, January 28). Mitigating cross-border air pollution: The power of a network. Academia.edu. https://www.academia.edu/69825137/Mitigating_cross_border_air_pollution_The_power_of_a_network
· The Joint Advisory Committee utilizes a multi-network strategy to mitigate troubling air quality in the Paso del Norte air basin. Signifying a landmark in cross-border efforts to lessen air pollution through financial, institutional, and governmental processes. 

Currey, B., & Pumfrey, R. (2006). Improving Air Quality in Paso del Norte. ResearchGate, 14. https://www.researchgate.net/publication/238078284_Improving_Air_Quality_in_Paso_del_Norte
· For decades, the air quality of the Paso del Norte air shed compromised a number of health violations due to its monitoring of carbon monoxide, particulate matter, and ozone. However,  with cooperation from both the U.S. and Mexico, the air quality within the region has improved significantly; marking a monumental success in the intergovernmental framework for regulatory air quality control. 
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UNIVERSITY OF TEXAS RULES FOR COURSES 
Student Handbook
This class will operate in a manner consistent with the LBJ School’s current “Student Handbook”: for the 2025-2026 Entering Class.”

Email Policy
The instructor will respond to email to the address: eaton@austin.utexas.edu within 48 hours. The instructor expects to receive an accurate email address from each student to provide information via email. The instructor will not respond via any social media, as he does not follow social media.

Use of Telephones, Iphones, and Communication Devices  
Computers or other electronic devices may be used for note taking. The use of computers, Ipads, Iphones and any other communication devices for communication purposes (texting, checking emails, making phone calls) is prohibited in the classroom.  Students should silence their communication devices prior to the start of class. The instructor will ask any student who uses a device for communication to put it away. Students who repeatedly use these devices in class for communication will be asked to leave the classroom. 

Informal Discussions  
It is likely on any given class day that some students want to approach me to request, to inform, to petition, to explain or otherwise let me know about something important. It is my policy not to respond to any verbal requests. If you wish some action from me, please be so kind as to send an email with the written request. Any email will receive a response within 72 hours.

Attendance Policy  
Attendance in all classes and participation in classroom discussions is expected.  If you are unable to attend a lecture, the instructor should be notified in advance. You are encouraged to contact one of your classmates who may be able to assist you with class notes, assignments, and other class details.  You also can see the lecture on the web. Please do not email me to ask the instructor what you missed or what was important, any such request will be answered with a statement encouraging the person to contact a classmate or see the material on the web.

A discussion of academic integrity, including definitions of plagiarism and unauthorized collaboration, as well as helpful information on citations, note taking and paraphrasing, can be found t the web page of the Office of the Dean Students (http://deanofstudents.utexas.edu/sjs/acint_student.php) and the Office of Graduate Studies (http://www.utexas.edu/ogs/ethics/transcripts/academic/html). The University has also established procedures and penalty guidelines for academic dishonesty, especially Sec. 11.304 in Appendix C of the Institutional Rules on Student Services and Activities in UT’s General Information Catalog.

Student Responsibilities 
Students have the responsibility to respect the rights and property of others (students, faculty, staff) and the institution. Students have the responsibility to be knowledgeable of the published rules and policies of the institution. Students have the responsibility to understand that their actions reflect upon the institution and student body as a whole. Students have the responsibility to recognize the institution’s obligation to provide a safe, respectful, professional learning environment. 

University of Texas Honor Code
The core values of The University of Texas at Austin are learning, discovery, freedom, leadership, individual opportunity, and responsibility. Each member of the university is expected to uphold these values through integrity, honesty, trust, fairness, and respect toward peers and community. The University of Texas policy on scholastic dishonesty is:
“Students who violate University rules on scholastic dishonesty are subject to disciplinary penalties, including the possibility of failure in the course and/or dismissal from the University. Since such dishonesty harms the individual, all students, and the integrity of the University, policies on scholastic dishonesty will be strictly enforced. For further information, please visit the Student Judicial Services web site at: www.utexas.edu/depts/dos/sjs/.”

Academic Integrity 
Academic integrity is the pursuit of scholarly activity free from fraud and deception and is an educational objective of this institution.  Academic dishonesty includes, but is not limited to, cheating, plagiarizing, fabricating information or citations, facilitating acts of academic dishonesty by others, having unauthorized possession of examinations, submitting work of another person or work previously used without informing the instructor, or tampering with the academic work of other students.  Individuals found guilty of academic dishonesty may be dismissed from the degree program.  It is a student’s responsibility to have a clear understanding of how to reference other individuals’ work, as well as having a clear understanding in general as to the various aspects of academic dishonesty.  Any student accused of a specific act is subject to University of Texas academic policies and procedures pertaining to violations of the student code of conduct for academic integrity. Each student in this course is expected to abide by the University of Texas Honor Code.  Any work submitted by a student in this course for academic credit will be the student's own work. 

You are encouraged to study together and to discuss information and concepts covered in lecture and the sections with other students. You can give "consulting" help to or receive "consulting" help from such students.  However, this permissible cooperation should never involve one student having possession of a copy of all or part of work done by someone else, in the form of an e-mail, an e-mail attachment file, a diskette, or a hard copy. 

Should a violation of academic integrity occur, any student who copied work from another student or any student who gave material to be copied will both automatically receive a zero for the assignment. Penalty for violation of this Code can also be extended to include failure of the course and University disciplinary action at the discretion of the instructor. 

Use of E-Mail for Official Correspondence to Students
E-mail is recognized as an official mode of university correspondence. Therefore, you are responsible for reading your e-mail for university and course-related information and announcements. You are responsible to keep the university informed about changes to your e-mail address. You should check your e-mail regularly and frequently at minimum twice a week—to stay current with university-related communications, some of which may be time-critical. You can find UT Austin’s policies and instructions for updating your e-mail address at http://www.utexas.edu/its/policies/emailnotify.php

Religious Holy Days  
By UT Austin policy, you must notify a faculty member of your pending absence as expected absences for a religious holiday by the 14th class day of the semester. If you must miss a class, an examination, a work assignment, or a project in order to observe a religious holy day, I will give you an opportunity to complete the missed work within a reasonable time after the absence. Note: Any quizzes or exams taken after the regularly scheduled date will be different from the in-class exam.  Students should expect multiple choice, fill-in the blank, short answers, essays, and possibly an oral component to an exam.  Students may not consult with other students about the regularly scheduled quiz or exam until after they have taken the exam.

Behavior Concerns Advice Line (BCAL)  
If you are worried about someone who is acting differently, you may use the Behavior Concerns Advice Line to discuss by phone your concerns about another individual’s behavior. This service is provided through a partnership among the Office of the Dean of Students, the Counseling and Mental Health Center (CMHC), the Employee Assistance Program (EAP), and The University of Texas Police Department (UTPD). Call 512-232-5050 or visit http://www.utexas.edu/safety/bcal  

Important Dates
This course is considered as a Spring 2026 course.
Final registration will occur prior to 
The last day of the official add/drop period is prior to 
The last day a student may with the dean’s approval withdraw from the university or drop a class except for urgent and substantiated non-academic reasons is prior to 
The last class day is 

Resources for Learning and Life at UT Austin
The University of Texas has numerous resources for students to provide assistance and support for your learning. These resources include:
The UT Learning Center: http://www.utexas.edu/student/utlc/ 
Undergraduate Writing Center: http://uwc.utexas.edu/ 
Counseling & Mental Health Center: http://cmhc.utexas.edu/ 
Career Exploration Center: http://www.utexas.edu/student/careercenter/ 
Student Emergency Services: http://deanofstudents.utexas.edu/emergency/ 
Feedback Statement 
During this course the instructor will ask for feedback on your learning in informal as well as formal ways, including through anonymous surveys about how my teaching strategies are helping or hindering your learning. It’s very important for the instructor to  know your reaction to what we’re doing in class, so the instructor encourages you to respond to these surveys, ensuring that together it will be possible to create an environment effective for teaching and learning.

Q drop Policy  
The State of Texas has enacted a law that limits the number of course drops for academic reasons to six (6). As stated in Senate Bill 1231:“Beginning with the fall 2007 academic term, an institution of higher education may not permit an undergraduate student a total of more than six dropped courses, including any course a transfer student has dropped at another institution of higher education, unless the student shows good cause for dropping more than that number.”

Emergency Evacuation Policy
Occupants of buildings on the UT Austin campus or on the Hebrew University campus are required to evacuate and assemble outside when a fire alarm is activated or an announcement is made.  Please be aware of the following policies regarding evacuation:
· Familiarize yourself with all exit doors of the classroom and the building. Remember that the nearest exit door may not be the one you used when you entered the building.
· If you require assistance to evacuate, inform me in writing during the first week of class.
· In the event of an evacuation, follow my instructions or those of class instructors.

Do not re-enter a building unless the Austin Fire Department, the UT Austin Police 
Department, or the Fire Prevention Services office gives you instructions.

Students with Disabilities
Any student with a documented disability who requires academic accommodations should contact Services for Students with Disabilities (SSD) at (512) 471-6259 (voice) or 1-866-329-3986 (videophone).  Faculty are not required to provide accommodations without an official accommodation letter from SSD.  Please notify me as quickly as possible if the material being presented in class is not accessible (e.g., instructional videos need captioning, course packets are not readable for proper alternative text conversion, etc.). For any questions regarding UT’s disabilities policy, contact Services for Students with Disabilities at 471-6259 (voice) or 1-866-329-3986 (video phone) or reference SSD’s website for disability-related information: http://www.utexas.edu/diversity/ddce/ssd/for_cstudents.php

Harassment Reporting Requirements 
Senate Bill 212 (SB 212), which went into effect January 1, 2020, is a Texas State Law that requires all employees (both faculty and staff) at a public or private post-secondary institution to promptly report any knowledge of any incidents of sexual assault, sexual harassment, dating violence, or stalking "committed by or against a person who was a student enrolled at or an employee of the institution at the time of the incident.” Please note that both the instructor and the TA for this class are mandatory reporters and MUST share with the Title IX office any information about sexual harassment/assault shared with us by a student whether in-person or as part of a journal or other class assignment.  Note that a report to the Title IX office does not obligate a victim to take any action, but this type of information cannot be kept strictly confidential except when shared with designated confidential employees. A confidential employee is someone a student can go to and talk about a Title IX matter without triggering that employee to have to report the situation to have it automatically investigated. A list of confidential employees is available on the Title IX website.

Use of Artificial Intelligence
To ensure all students have an equal opportunity to succeed and to preserve the integrity of the course, students are not permitted to submit text that is generated by artificial intelligence (AI) systems such as ChatGPT, Bing Chat, Claude, Google Bard, or any other automated assistance for any classwork or assessments. This includes using AI to generate answers to assignments, exams, or projects, or using AI to complete any other course-related tasks. Using AI in this way undermines your ability to develop critical thinking, writing, or research skills that are essential for this course and your academic success. Students may use AI as part of their research and preparation for assignments, or as a text editor, but text that is submitted must be written by the student. For example, students may use AI to generate ideas, questions, or summaries that they then revise, expand, or cite properly. Students should also be aware of the potential benefits and limitations of using AI as a tool for learning and research. AI systems can provide helpful information or suggestions, but they are not always reliable or accurate. Students should critically evaluate the sources, methods, and outputs of AI systems. Violations of this policy will be treated as academic misconduct. If you have any questions about this policy or if you are unsure whether a particular use of AI is acceptable, please do not hesitate to ask for clarification.
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