
 GEOG 362: REMOTE SENSING OF THE 
 ENVIRONMENT 

 A red± green composite of NDVI’s annual range (red) and maximum (green) (Gutman, G., & A. Ignatov 1998). 

 Fall 2022 

 Hello and welcome!  Course learning outcomes 
 I’m Dr. Xavier Haro-Carrión (he / him; you 
 can call me Xavier if you wish), your course 
 instructor, who is eager to help you 
 understand some fundamental knowledge 
 of Physical Geography! 

 Email me at  xharocar@macalester.edu 
 Visit me in  CARN 104F 

 Your TA will be Jacob Orser 
 Email him at  jorser@macalester.edu 
 Jacob will held office hours in TBD 

 ●  Understand the basic concepts, 
 analy�cal methods and so�ware of 
 satellite remote sensing. 

 ●  Apply basic remote sensing and image 
 processing techniques to enhance, 
 analyze and extract informa�on from 
 imagery. 

 ●  Analyze environmental systems using 
 satellite remote sensing data and the 
 so�ware Erdas Imagine. 

 ●  Implement methods presented in 
 peer-reviewed and technical literature 
 and generally be independent 
 researchers and technicians with 
 beginning exper�se in remote sensing 
 analysis. 

 PREREQUISITES 
 Introduc�on to GIS (Geog 225 or similar) or consent of instructor. 

mailto:xharocar@macalester.edu
mailto:jorser@macalester.edu


 Course Descrip�on 
 This course introduces the use of remotely sensed data for research. Remote sensing is the 
 science of acquiring informa�on about Earth’s surface without actual contact with the object 
 or area being analyzed. Remote sensing is increasingly u�lized and relied upon to solve 
 complex physical, biological and social issues affec�ng our interconnected world. Most 
 biophysical applica�ons of remote sensing use instruments carried on satellites. In this 
 course, we will focus on the interpreta�on and applica�on of data from space-borne imaging 
 systems (e.g.: Landsat OLI, Landsat ETM, Quickbird, MODIS, AVHRR and SPOT) with a brief 
 introduc�on to unmanned aerial vehicles (UAVs). Focus will be given to the applica�on of 
 remote sensing data to environmental applica�ons, but other topics will be covered when 
 students work on their projects. 

 Mee�ng �mes and office hours 

 Time  Monday  Tuesday  Wednesday  Thursday  Friday 
 08:00-11:0 
 0 
 9:40-11:10 
 3:00 – 4:00 

 Class �mes 
 Lab �mes 
 Instructor Office hours 
 TA Office hours 

 A 

 Textbooks 
 Jensen, J. 2015. Introductory Digital Image Processing: A Remote Sensing Perspec�ve. 

 4  th  Edi�on. Pearson Publishing. 656 pp 
 The above book will be used as a main support textbook. It is available as an eTextBook (for 
 rent or purchase) for a lower price than the hardcopy edi�on. We have two physical copies, 
 one at the Department of Geography and one in the library. 
 These are other texts that I recommend. I have copies available. Par�cularly, if you feel like 
 Jensen some�mes is too technical, I recommend Lillesand, which has a clearer language. 
 Jensen, J. 2006. Remote Sensing of the Environment: An Earth Resource Perspec�ve. 2  nd 

 Edi�on. Pearson Publishing. 592 pp. 
 Lillesan, T.M. 2015. Remote Sensing and Image Interpreta�on. 7  th  Edi�on. Wiley Publishing. 

 720 pp. 
 In addi�on to these books, research papers and websites of specific topics are listed in the 
 detailed weekly schedule at the end of this syllabus. 



 Course Details 

 Structure 
 While the Covid-19 emergency forced us to have more than a year of on-line instruc�on, it 
 also offered an opportunity to explore different approaches to engage more with class 
 content and to facilitate the student learning experience. Building on this experience, I will 
 adopt various teaching approaches during this semester. Some classes will follow a 
 “flip-classroom model”, where students will prepare the material prior to class and come 
 prepared to explore topics in greater depth. Other classes will follow a “blending learning 
 model”, where some material will be prepared in advance and will be par�ally accompanied 
 by lectures and others will follow a more tradi�onal lecture-based form of content delivery. 

 Labs 
 Lab �me will be used to demonstrate remote sensing analysis and applica�ons using ERDAS 
 IMAGINE and other geography so�ware. Lab manuals will be available on each lab class and 
 lab reports are expected the week following a lab session. Most labs will require addi�onal 
 �me beyond class. 
 At least one of the labs will include short field visits to collect data in the areas around Saint 
 Paul and Minneapolis. The precise loca�ons will be determined during the first weeks of the 
 semester, but students should expect to have to stay a�er hours during one or more class 
 periods or have a weekend day available for field work. More details will be available as I 
 define field work loca�ons. For field work, students will also need approximately 50 MB of 
 data in their smartphones to download and operate a data collec�ng app. GPS and printer 
 copies of data collec�ng sheets will be made available for students that do not have 
 smartphones. More details about a field lab will be available as regula�ons around Covid-19 
 become available. 
 All lab material will be already available to you in the GIS drive. It is STRONGLY 
 RECOMMENDED that you save the original data and intermediate steps in a shared drive of 
 your preference such as the H drive. You might use this drive also to save the material you 
 will have to download for your personal research projects. 

 Research Project 
 During the semester, students will work on a research project of their choice. The idea of this 
 project is to u�lize learned techniques to address a research ques�on that reflects students’ 
 personal interests. We will work during the first half of the semester to define a good and 
 feasible research ques�on for a class project, select and acquire the best data (i.e. imagery) 
 to address this ques�on and the best methodological approach. Final results will be 
 presented orally at the end of the semester. Past student projects are available in the  Remote 
 Sensing Webpage  of the Department of Geography. I  encourage you to check them, ask 
 ques�ons about them star�ng the first day of class, contact former students, etc. 

https://www.macalester.edu/geography/gis/remote-sensing/
https://www.macalester.edu/geography/gis/remote-sensing/


 Class Ac�vi�es 
 Most classes we will have associated class ac�vity / exercises including exit �ckets, opening 
 ques�ons, previous class summaries, paper discussions, quizzes of  previous class topics, etc. 
 All these ac�vi�es will serve to review class content con�nuously, increase and promote class 
 par�cipa�on, build a community together and maintain a sense of connec�on and 
 commitment to one another. Because these ac�vi�es will happen almost daily, they will also 
 serve to account for a�endance. 
 I recognize that there are unavoidable circumstances that some�mes make it impossible for 
 you to a�end class and therefore par�cipate in every single class ac�vity. To accommodate 
 these events, the lowest grade of class ac�vi�es will be dropped and not considered in the 
 final computa�on of your Class Ac�vi�es grade. 

 Exams 
 Exams (a mid-term and a final) will consist of short answers, essays, figures’ interpreta�on 
 and applied problem-solving ques�ons. The midterm exam will cover all topics studied un�l 
 that point in the semester. The final will be take-home and based on real world case studies, 
 in which you will likely have to apply knowledge acquired during the en�re semester. 
 My inten�on with the exams is to test your knowledge about the topics covered while 
 developing some so� skills such as the ability to work under �me-limited se�ngs and 
 poten�ally stressful scenarios. We all respond differently to these types of circumstances, so I 
 am always open to consider op�ons to make exam-taking as easier as possible including 
 scheduling your exam outside of class in the Max Center or moving the proposed exam date 
 to be�er accommodate it to other academic commitments. 

 Course policies and support 

 Resources 
 All course material, including lecture slides, readings and book chapters, will be made 
 available on Moodle. We will use Module to complete and turn in assignments due outside 
 our regular class schedule and keep track of all grades. 

 A�endance 
 A�endance plays an essen�al role in learning; you are warmly invited, encouraged, and 
 expected to a�end all class mee�ngs. A�endance will be factored through in-class ac�vi�es, 
 which typically cannot be made-up. Excep�ons to this policy include par�cipa�on in 
 academic or sport ac�vi�es, illnesses, or other circumstances. 
 Students may wish to take part in religious observances that occur during this semester. If 
 you have a religious observance/prac�ce that conflicts with your par�cipa�on in the course, 
 please contact me before the end of the first two weeks of classes. 



 Late Assignments 
 Late assignments will be accepted with a 10% drop on the final grade for each 24-hour period 
 that it is late. However, I encourage you to talk to me in advance if you are experiencing 
 problems of any �me that might require accommoda�ons to this policy. 

 Office Hours 
 I will hold regular office hours to discuss ques�ons, issues or concerns about the class in 
 detail. If your schedule conflicts with posted office hours, we can schedule a different 
 mee�ng �me. Outside of class and office hours, email is the best way to contact me. I 
 respond to email as soon as possible, but I mostly respond during work hours (8:00 am to 
 4:00 pm on weekdays). 

 Diversity 
 I acknowledge that at least some of the scien�fic content of this class has been historically 
 built on a small subset of privileged voices. Therefore there may be both overt and covert 
 biases in the material due to the lens with which it was wri�en. Integra�ng a diverse set of 
 experiences is important for a more comprehensive understanding of science and I am 
 working con�nuously to enhance the diversity of bibliographic sources used in this class. In 
 addi�on to course content, I am also commi�ed to crea�ng a learning environment that 
 supports a diversity of thoughts, perspec�ves and experiences, and to honor your iden��es 
 including race, gender, class, na�onality, religion, etc. Please contact me (in person or 
 electronically) or submit anonymous feedback if you have any sugges�ons to improve the 
 quality of the course materials and enhance diversity and inclusion  . 

 Disabili�es 
 I am commi�ed to ensuring access to course content for all students, including those with 
 disabili�es. If you are encountering barriers to your learning that we can mi�gate, please 
 bring them to my a�en�on. I will be happy to work with you to ensure your success in the 
 class. 
 Reasonable accommoda�ons are available for students with documented disabili�es. Contact 
 the Disability Services office by emailing  disabilityservices@macalester.edu  or calling 
 651-696-6874 to schedule an appointment to discuss your individual needs. 

 Well-Being 
 Here at Macalester, you are encouraged to make your well-being a priority throughout this 
 semester and your career here. Inves�ng �me into taking care of yourself will help you 
 engage more fully in your academic experience. Remember that beyond being a student, you 
 are a human being carrying your own experiences, thoughts, emo�ons, and iden��es with 
 you. It is important to acknowledge any stressors you may be facing, which can be mental, 
 emo�onal, physical, financial, etc., and how they can have an academic impact. I encourage 
 you to remember that you have a body with needs. In the classroom, drink water, use the 
 restroom, and step out if you are upset and need a break. Please do what is necessary so long 
 as it does not impede your or others’ ability to be mentally and emo�onally present in the 
 course. Outside of the classroom, sleep, moving your body, and connec�ng with others can 



 be strategies to help you be resilient at Macalester. If you are having difficul�es maintaining 
 your well-being, please don’t hesitate to contact me and/or find support from other 
 resources  on the following page. 

 Academic Support 
 Personalized tutoring, academic support and study skills are available at the Macalester 
 Academic Excellence (MAX) at:  h�ps://www.macalester.edu/max/#/0  .  These resources are 
 there to help you and I encourage you to make good use of them. 

 Academic Integrity 
 Students are expected to complete and turn in their own work and to follow established 
 academic prac�ces regarding proper use and cita�on of materials and ideas that are not their 
 own. Engaging in chea�ng or plagiarism will result in a failing grade in this class. More 
 informa�on is available about Macalester’s academic integrity at: 
 h�ps://www.macalester.edu/academicprograms/academicpolicies/academicintegrity/ 

 Title IX 
 Macalester is commi�ed to providing a safe and open learning and living environment for all 
 students, staff, and faculty. Any community member experiencing sexual harassment, sexual 
 violence, rela�onship violence, or stalking, is encouraged to seek help and support. Please be 
 aware that as a faculty member, I need to report disclosure about sexual harassment, sexual 
 misconduct, rela�onship violence, and stalking to the Title IX Office. The purpose of this 
 report is to ensure that anyone experiencing harm receives the resources and support they 
 need. I will keep this informa�on private and it will not be shared beyond this required 
 report. You can contact Macalester’s Title IX Coordinator directly at 
 �tleixcordinator@macalester.edu. 

 Grading 

 Assignment  Points 

 Laboratory Exercises 
 Midterm Exam 
 Student Project 
 Class Ac�vi�es and Class Par�cipa�on 
 Final Exam 

 45% (averaged) 
 13% 
 20% 
 10% (averaged) 
 12% 

https://docs.google.com/document/d/1IhoiGs6iUgX-htD64jf60CqbfVE1lp9JhVNlnm6iNsA/edit?usp=sharing
https://www.macalester.edu/max/#/0
https://www.macalester.edu/academicprograms/academicpolicies/academicintegrity/
https://www.macalester.edu/academicprograms/academicpolicies/academicintegrity/


 Scale Le�er  Range 

 A 
 A- 
 B+ 
 B 
 B- 
 C+ 
 C 
 C- 
 D+ 
 D 
 D- 
 F 

 93.0% to 100 % 
 90.0% to < 93.0 % 
 87.0% to < 90.0 % 
 83.0% to < 87.0 % 
 80.0% to < 83.0 % 
 77.0% to < 80.0 % 
 73.0% to < 77.0 % 
 70.0% to < 73.0 % 
 67.0% to < 70.0 % 
 63.0% to < 67.0 % 
 60.0% to < 63.0 % 
 0.0% to < 60.0 % 

 Detailed Weekly Schedule 
 Note:  This weekly schedule includes topics and readings  only. Specific assignments associated 
 with different readings will be posted in Moodle one week before class. If no assignment is 
 posted, assume an in-class assignment related to that reading will likely happen. 

 Disclaimer:  This schedule represents my current plan  and objec�ves. We will certainly cover the 
 major topics detailed in this schedule. However, details such as readings and specific dates will 
 be defined and adjusted as we progress in the semester with the goal of enhancing your 
 learning experience. 

 At glance, key milestones: 



 Week 1: Welcome 
 September 1  st 

 Learning outcome:  Welcome!  This week we will understand  what this class is about and get 
 to know each other. 
 Before Thursday class: 

 ●  Read the syllabus. 

 Thursday: 
 ●  Course Introduc�on. 

 Week 2: Introduc�on and Founda�ons of Remote Sensing I 
 September 6  th  and 8  th 

 Learning outcome: L  earn about remote sensing history  and start becoming familiar with the 
 so�ware Erdas Imagine. 
 Tuesday: 

 ●  Lecture: Remote sensing history. 

 Thursday: 
 ●  Lab 1: Introduc�on to Erdas Image and Map Composi�on. 

 Week 3: Introduc�on and Founda�ons of Remote Sensing II 
 September 13  th  to 15  th 

 Learning outcome:  Understand basic principles of electromagne�c  theory as the 
 founda�onal principles of remote sensing research. Con�nue learning about basic func�on of 
 Erdas Imagine. 
 Before Tuesday class: 

 ●  TBD 

 Tuesday: 
 ●  Electromagne�c Theory and Imagery Discussion. 

 Thursday: 
 ●  Lab 2: Image Interpreta�on, Analysis and Display 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Lab 1: Introduc�on to Erdas Image and Map Composi�on Report. 



 Week 4:  Sensor characteris�cs 
 September 20  th  and 22  nd 

 Learning outcome:  Learn about sensors and sensor resolu�ons.  We will also start a field lab 
 that we will finish later in the semester (It is nice and warm now for a field lab  😉  ). 
 Before Tuesday class: 

 ●  TBD 

 Tuesday: 
 ●  Sensors and Resolu�ons Lecture and Discussion. 
 ●  Brief explana�on of Lab 7. 

 Thursday: 
 ●  Lab 7: Training Data Collec�on Part A  (Field lab) 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Lab 2: Image Interpreta�on, Analysis and Display report. 

 Week 5: Color Composite Theory & Sensors 
 September 27  th  and 29  th 

 Learning outcome:  Understand color composite theory  and how it is used in remote sensing 
 to display images. Explore the use of vegeta�on indices, image transforma�on and spectral 
 enhancements. Students will start presenta�ons on different sensors. 
 Tuesday: 

 ●  Lecture: Color Models and Composite Imagery. 
 ●  Sensors 

 Thursday: 
 ●  Spectral Enhancements and Vegeta�on Indices Lecture and Discussion. 
 ●  Sensors 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Nothing  😊 

 Week 6:  Image Transforma�on & Sensors 
 October 4  th,  and 6  th 

 Learning outcome:  Students will con�nue presenta�ons  on different sensors. We will review 
 examples and applica�ons of remote sensing research. 
 NOTE:  I will be in a conference this week. Ac�vi�es  will be remote or in charge of Jacob. 
 Before Tuesday class: 

 ●  Listen to the Podcasts posted in Moodle. 

 Tuesday: 
 ●  Podcast Discussion. 



 ●  Sensors 

 Thursday: 
 ●  Lab 3: Spectral Enhancement, Image Indices and Image Transforma�ons. 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Nothing  😊 

 Week 7: Image Transforma�on & Classifica�on Analysis 
 October 11  th  and 13  th 

 Learning outcome:  Understand what is considered probably  the “flag” topic of remote 
 sensing, we will learn image classifica�on! We will finish sensor presenta�ons and, in the lab, 
 we will explore the use of unmanned aerial vehicles (UAVs) for remote sensing research, a 
 brand new lab for this class! and another field experience! 
 Before Tuesday class: 

 ●  TBD 

 Tuesday: 
 ●  Image transforma�ons and classifica�on analysis. 
 ●  Sensors 

 Thursday: 
 ●  Lab 4: Unmanned aerial vehicles (UAV) (Possibly a field lab, why not? With some luck 

 it might not snow). 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Lab 3: Spectral Enhancement, Image Indices and Image Transforma�ons Report. 

 Week 8:  MIDTERM 
 October 18th 
 Learning outcome:  Test our knowledge of the topics  studied in class un�l this point. 
 Tuesday: 

 ●  MIDTERM EXAM. 
 ●  At this point of the semester, you should have come to talk about your research 

 project during office hours at least once! 



 Week 9: Classifica�on and Change Detec�on 
 October 25  th  and 27  th 

 Learning outcome:  Considered also a “flag ship” of  remote sensing, we will learn about 
 change detec�on or land-cover change analysis. In the lab, we will explore how to conduct a 
 classifica�on analysis. 
 Before Tuesday class: 

 ●  Come ready to talk about poten�al project topics. 

 Tuesday: 
 ●  Land-cover change. 
 ●  Research Project conversa�on. 

 Thursday: 
 ●  Lab 5: Image Classifica�on. 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Lab 4: Unmanned aerial vehicles (UAV) Report. 
 ●  Project Proposal. 

 Week 10: Classifica�on and Accuracy Assessments 
 November 1  st  and 3  rd 

 Learning outcome:  Learn about accuracy assessment  and some addi�onal classifica�on 
 approaches. 
 Tuesday: 

 ●  Lecture: Fuzzy Classifica�on. 
 ●  Lecture: Accuracy Assessments 

 Thursday: 
 ●  Lab 6.  Change detec�on and Introduc�on to Spa�al  Modeler 

 Due at end of the week (Friday before lab’s star�ng �me): 
 ●  Lab 5: Image Classifica�on Report. 
 ●  Project Proposals Peer-review . 

 Week 11: Training Data & Student Projects I 
 November 8  th  and 10  th 

 Learning outcome:  Learn about the importance of training  data and having good reference 
 informa�on for classifica�on analyses and for any type of remote sensing research. Evaluate 
 each other's project proposals with the purpose of making each other research be�er. 
 Tuesday: 

 ●  Project Proposals Presenta�ons. 

 Thursday: 



 ●  Lecture: Training Data. 
 ●  Lab 7: Training Data Collec�on Part b (Google Earth Pro) 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Lab 6.  Change detec�on and Introduc�on to Spa�al  Modeler Report. 

 Week 12:  Landscape Ecology and Remote Sensing 
 November 15  th  and 17  th 

 Learning outcome:  Remote sensing has direct applica�ons  in many other fields. This week we 
 will study the applica�ons of remote sensing in landscape ecology as an example. 
 Tuesday: 

 ●  Lecture and case-studies: landscape ecology and remote sensing. 

 Thursday: 
 ●  Project work. 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 ●  Lab 7: Training Data Collec�on Report. 

 Week 13: Accuracy Assessment Lab 
 November 22  nd 

 Learning outcome:  Reinforce the concepts previously  learned in lecture about accuracy 
 assessment with a lab. 
 Tuesday: 

 ●  Lab 8. Accuracy Assessments. 

 Week 14: Student Projects II 
 November 29  th  and December 1  st 

 Learning outcome:  A key milestone in this class! This  week we will learn from each other 
 about different case studies of remote sensing research. 
 Tuesday: 

 ●  Project work. 

 Thursday: 
 ●  Project work. 

 Due at end of the week (Thursday before lab’s star�ng �me): 
 Lab 8. Accuracy Assessments Report. 



 Week 15: What’s Next? 
 December 6  th  and 8  th 

 Learning outcome:  The End! This week we will apply  all knowledge acquired during the 
 semester into solving social / environmental problems in the Final. We will also learn about 
 opportuni�es to con�nue working in remote sensing research at Macalester. 
 Tuesday: 

 ●  Introduc�on to Advanced Remote Sensing. J. Orser project presenta�on. Course 
 evalua�ons. 

 Thursday: 
 ●  Project presenta�ons. Final exam (take-home) is released. 


