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Short course description 

This course introduces students to the major components of terrestrial ecosystem models – 
the land component of earth system models that are used in climate change projections. These 
components include biogeochemical, hydrology and energy cycles, as well as processes that 
impact ecosystems, such as disturbance, land use change and land management.  
 
Course Objectives 

This course introduces students to Terrestrial Ecosystem Modeling. Terrestrial Ecosystem 
Models (TEMs) – otherwise known as terrestrial biosphere models, land surface models, or 
dynamic vegetation models – typically form the land component of global scale earth system 
models that are used in IPCC climate change projections to model earth system responses to 
global environmental change. These models include biogeochemical, hydrology and energy 
cycles, as well as processes that impact ecosystems, such as disturbance, land use change and 
land management; thus we cover the foundations of these topics and learn how to encode the 
mathematical and conceptual representation of these processes into computational models. 

In this course, students will learn about each of these major components of TEMs. Students 
will also focus in depth on one specific component of TEMs that is pertinent to their research, 
interests or career goals via independent research and readings on the topic and an in-class 
project and presentation. We will also learn about the history of terrestrial ecosystem model 
development, particularly within the context of climate change modeling, the challenges of 
developing models, the remaining gaps or structural inadequacies of these models, and about 
quantifying and reducing model uncertainty via data assimilation.  

In practical classes throughout the second part of the course, students will have a chance to 
develop a simple carbon cycle model, starting from the initial concept, through the equations, 
then the computational algorithm needed to implement the model, and finally to the writing 
the code (in Python). We will develop this model together in class and via practical assignments. 
Students will then use this model to run experiments to better understand how models work, 
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and to learn how we use models to test scientific hypotheses to better understand the 
interactions of physical and biogeochemical processes and their response to climate change. 
Some experience in computer programming would be helpful for the practical component, but 
is not necessary.  

This course should be useful for anyone interested in, or carrying out research, in any aspect 
of how ecosystems are responding to global environmental change, regardless of the specific 
biome or timescale being studied. Having an understanding of how terrestrial ecosystem 
models work should add great value to their study area given the importance of these models 
in making future climate change projections that contribute to IPCC Assessment Reports. There 
are no pre-requisites for this course, but students must have completed a course in ecosystem 
science, hydrology, biogeochemistry, ecological climatology or another related field. Permission 
with consent of instructor. 

 
Course Goals and Learning Outcomes  
 
Course goals:  
Students will complete this course with a foundational knowledge of what terrestrial ecosystem 
models are, how they are developed, and how they are used to make predictions about the 
response of the terrestrial biosphere to global change drivers. Students will be given a 
grounding in the basic principles of terrestrial ecosystem modeling from the overall concept to 
developing the equations, to writing the computational programming code needed to execute 
these models.  
 
Learning outcomes:  
At the end of this course, students should: 

• Understand the basic components of terrestrial ecosystems and how these processes 
are encoded into computational models: biogeochemical cycles, hydrology, energy 
budget, disturbance, dynamic vegetation, and anthropogenic land use and 
management. 

• Have in-depth knowledge of one of these components depending on student’s own 
interests and research (see Class Project). 

• Learn how to develop a simple ecosystem model from identifying the initial concept and 
purpose of the model, through understanding the mathematical equations, through 
implementing these equations in scientific code that can be used to execute the model. 

• Use the model we have built together in class to understand how computational models 
of ecosystem processes work and how they can be used to make predictions, test 
scientific hypotheses and theories, and to ask new and exciting questions about the 
impact of climate and environmental change on terrestrial ecosystems. 

• Be able to read and understand high impact scientific literature that tests hypotheses 
and describes predictions made with these models within the context of understanding 
the impact of global change drivers (e.g. climate change, CO2 emissions and land use 
change) on terrestrial ecosystems and the feedbacks to climate. 

 
 



Textbook: 
Bonan, G. (2019) Climate Change and Terrestrial Ecosystem Modeling, 1st Edition, Cambridge 
University Press, UK. 
 
 
Reading requirements 
Three papers will be set during the first part of the semester to facilitate students’ learning 
about different components of the models. These papers will be discussed in class. Please see 
Canvas for references and pdfs of these papers and more details in the Course Format and 
Grading section below. 
For their class projects, students will be required to read one or two chapters of the textbook in 
depth, together with 5 associated journal articles. The literature review and powerpoint 
presentation will be based on these readings. 
 
 
Course Format and Grading  
 
Introductory quizzes: There will be three quizzes during the first part of the semester to test 
students’ knowledge gained during the introductory lectures and paper discussion on different 
parts of TEMs. These quizzes will be on: 1) hydrology and energy balance in TEMs; 2) carbon 
and vegetation in TEMs; and 3) human activities in TEMs. Quizzes will be timed (1 hr), contain 
ten questions each, and be multiple choice. Students will have two chances to complete the 
quiz and the highest grade will be taken. 
 
Introductory paper discussion: During the first part of the semester we will be reading and 
discussing three papers designed to increase our understanding of different components of 
TBMs. Based on their reading of each paper, students are expected to submit 1 paragraph 
summarizing three key points they took away from each paper as well as two comments or 
questions they have about the paper. During the in-class group discussions on each paper, 
students are expected to share the two questions or comments about the paper to contribute 
to the group discussion. The grade will be based on both the submitted summary of key points, 
the prepared questions for the group discussion in class, and on their participation in group 
discussion. Students will be taught methods of reading and discussing journal articles before 
reading the papers.  
 
In-class exercises: Four in-class exercises will be set for the practical part of the course. These 
will be assigned via Canvas and the course GitHub page. Students will be using Python v3 and 
Jupyter Notebooks. Students will be introduced these tools prior to the start of the in-class 
exercises. Students are expected to complete the assigned exercises and submit them by the 
deadline.  
 
Final Class Project: Each student will complete a final class project which will be to learn in 
depth one part of the model (e.g., carbon cycle, or water cycle) and/or projections related to 
TEMs. Students can choose a topic of interest to them or their research, in consultation with 
the course instructor. Students will take turns to present their topic to the rest of the class (via 



a 30 minute powerpoint presentation). These presentations will take place during class in the 
final four weeks of the semester. Each student will be given a reading list relevant to their 
chosen topic, but they will be encouraged to seek out other journal articles to complement 
their knowledge. The grade will be based on the detail and quality of the presentation. Students 
will also be expected to submit an up to 1 page plan for their project, to write a 2-page 
literature review on their chosen topic (due before their presentation in class), and to prepare a 
10-question quiz based on their topic for other students in the class to take. The grade for the 
final class project will be based on all these components as well as the quality of their 
presentation. A detailed rubric will be given to students at the start of the course. 

Additional requirement for G581 students: the class project will be more extensive and based on 
your research interests. It will make up a greater percentage of your overall grade. Students will 
be expected to seek out further material in the form of journal articles than the reading list they 
are given. The literature review should be 3 pages instead of 2. 
 
Potential class project topics: 

- Impacts of climate change at ecosystem to global scales 
- Impacts of rising CO2 
- Impacts of changing water availability/streamflow 
- Modeling disturbance (fires, insect outbreaks, etc) 
- More in depth on biogeochemical models: how to model carbon allocation, soil microbial 

processes, photosynthesis, phenology, nutrient limitations, etc. 
- More in depth on hydrology models: Snow modeling; spatial hydrology modeling, etc. 
- Dynamic vegetation modeling (species competition etc) 
- Model evaluation and inter-comparison studies (for a particular region or model 

component) 
 
Project quizzes: Each student will take a quiz on the topics presented in students final class 
project presentations. Like the introductory quizzes, these quizzes will be timed (1 hr), contain 
ten questions each, and be multiple choice. Students will have two chances to complete the 
quiz and the highest grade will be taken. The lowest grade for these quizzes will be dropped. 
 
 
Grading (481):    Introductory quizzes – 15% 
   Introductory paper discussion – 5%  

In-class exercises – 30% 
   Class project – 40% 
   Project quizzes – 10%  
 
Grading (581):    Introductory quizzes – 5% 
   Introductory paper discussion – 10%  

In-class exercises – 20%  
   Class project – 60% 
   Project quizzes – 5% 
    



Grading Scale 
 
97% - 100%     A+ 77% - < 80%    C+ 

93% - < 97%    A 73% - < 77%    C 

90% - < 93%    A- 70% - < 73%    C- 

87% - < 90%    B+ 67% - < 70%    D+ 

83% - < 87%    B 63% - < 67%    D 

80% - < 83%    B- 60% - < 63%    D- 
 < 60%               F 

 
 
Grade Dissemination: 
All grades will be posted on Canvas. Please make sure to track your own grades, as mistakes can 
occasionally occur. If you have received a grade by mistake, please see me for a correction in 
Canvas.  
 
 
Course Policies & Services 
 
Assignments and Late Work: You may work with others on the in-class exercises, but you may 

not copy directly from anyone. Your work must be your own. Late exercises will have 10% 
deducted per day, but exercises will not be accepted once graded copies are returned to the 
class. The only allowable exceptions pertain to the IU policy on religious observances, 
military duty and family emergencies, illness with a doctor’s note, or prior permission from 
me. If you have an excused absence for any of these reasons, make arrangements in 
advance or ASAP to makeup missed activities. Plagiarism and cheating in any form will not 
be tolerated.  

Attendance and missed classes: Attendance is not mandatory and will not be taken. In 
particular, if you have Covid-like symptoms I strongly encourage you not to come to class. 
Please see the section on Covid-19 policies below. I encourage you to let me know if you 
will be absent from class so I can help you to make up the material you have missed. I 
encourage active participation from all students throughout this class so they can achieve 
the best grade possible. 

Civility: I expect students to support one another in learning this material.  
Disruptive Students: As your instructor, my first obligation is to ensure the immediate safety of 

the classroom. Students who engage in uncomfortable or threatening behaviors, including 
an unwillingness to follow campus policies regarding masking, will be asked to leave the 
classroom that day for their own safety and the safety of those around them.  

Academic Integrity: As a student at IU, you are expected to adhere to the standards contained 
in the Code of Student Rights, Responsibilities, and Conduct (the Code). Academic 
misconduct is defined as any activity that tends to undermine the academic integrity of the 
institution. Academic integrity violations include: cheating, fabrication, plagiarism, 
interference, violation of course rules, and facilitating academic dishonesty. When you 
submit an assignment with your name on it, you are signifying that the work contained 
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therein is yours, unless otherwise cited or referenced. Any ideas or materials taken from 
another source for either written or oral use must be fully acknowledged. In addition, 
posting questions from quizzes/exams or assignments to or downloading answers from 
online sources is considered academic misconduct. All suspected violations of the Code will 
be reported to the Dean of Students (Office of Student Conduct) and handled according to 
University policies. Sanctions for academic misconduct in this course may include a failing 
grade on the assignment, a reduction in your final course grade, or a failing grade in the 
course, among other possibilities. If you are unsure about the expectations for completing 
an assignment or taking a test or exam, be sure to seek clarification from your instructor in 
advance. Please also see this website for the IU College of Arts and Science’s policies on 
Academic Integrity. 

Plagiarism and Academic Dishonesty: Plagiarism is the act of taking someone else’s work and 
presenting it as your own. Plagiarism can occur in several forms, but whether the action is 
intentional or not, it is in violation of the IU Student Code of Conduct. Copying and pasting 
text off of the Internet or any other source is NOT acceptable, as this is stealing someone 
else’s work. If you use an author’s materials verbatim, you must place these words in 
quotation marks, and must correctly reference them. Proper references must be placed in 
the text as well as in the bibliography. Be aware that when citing sources, you must do so 
not only when a passage is a direct quotation, but also when paraphrasing. Failure to do so 
will result in a “0” for the project. If you have questions or concerns regarding how to 
properly cite your resources, please ask me or contact Campus Writing Services. 
Additionally, if you are new to this university, are unclear about what plagiarism is, or 
would like a brief review of IU's standards, please look here and here. 

Note Selling: Various commercial services have approached students regarding selling class 
notes/study guides to their classmates. Selling the instructor’s notes/study guides or 
uploading course assignments to these sites in exchange for access to materials for other 
courses is not permitted. Violations of this policy will be reported to the Dean of Students 
(Office of Student Conduct) as academic misconduct (violation of course rules). Sanctions 
for academic misconduct for this action may include a failing grade on the assignment for 
which the notes/study guides or assignments are being uploaded, a reduction in your final 
course grade, or a failing grade in the course, among other possibilities. Additionally, you 
should know that selling a faculty member’s notes/study guides individually or on behalf of 
one of these services using IU email, or via Canvas may also constitute a violation of IU 
information technology and IU intellectual property policies; additional consequences may 
result. 

Online Course Materials: The instructor teaching this course holds the exclusive right to 
distribute, modify, post, and reproduce course materials, including all written materials, 
study guides, lectures, assignments, exercises, and exams. Some of the course content may 
be downloadable, but you should not distribute, post, or alter the instructor’s intellectual 
property. While you are permitted to take notes on the online materials and lectures 
posted for this course for your personal use, you are not permitted to re-post in another 
forum, distribute, or reproduce content from this course without the express written 
permission of the instructor. 
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Students with Disabilities: The Americans with Disabilities Act (ADA), the Indiana Civil Rights 
Act, and Indiana University policy prohibit discrimination in educational programs against 
students with disabilities. Disabilities may include medical, auditory, visual, learning, 
psychological, mobility, or neurological problems. It is the policy of Indiana University to 
provide reasonable accommodations in a timely manner and on an individualized basis 
while maintaining institutional standards of performance. These accommodations are 
designed to counter the effects of disabilities where they may pose a barrier to the 
education process; they will not give the student an easy grade or an advantage over other 
students. See the Office of Disability Services for Students for accommodation and 
documentation.  

Religious Observances: Students missing class for a religious observance can find the officially 
approved accommodation form by going to the Vice Provost for Faculty and Academic 
Affairs webpage for religious accommodations here. The form must be submitted at least 2 
weeks prior to the anticipated absence. 

Sexual Misconduct and TITLE IX: As your instructor, one of my responsibilities is to create a 
positive learning environment for all students. IU policy prohibits sexual misconduct in any 
form, including sexual harassment, sexual assault, stalking, sexual exploitation, and dating 
and domestic violence. If you have experienced sexual misconduct, or know someone who 
has, the University can help. If you are seeking help and would like to speak to someone 
confidentially, you can make an appointment with: 
- the IU Sexual Assault Crisis Services at 812-855-5711,  
- or contact a Confidential Victim Advocate at 812-856-2469 or cva@indiana.edu. 
It is also important that you know that University policy requires me to share certain 
information brought to my attention about potential sexual misconduct, with the campus 
Deputy Sexual Misconduct & Title IX Coordinator or the University Sexual Misconduct & 
Title IX Coordinator. In that event, those individuals will work to ensure that appropriate 
measures are taken and resources are made available. Protecting student privacy is of 
utmost concern, and information will only be shared with those that need to know to 
ensure the University can respond and assist. I encourage you to visit 
http://stopsexualviolence.iu.edu to learn more. 

 
 
Support services for Students 
 
Counseling and Psychological Services (CAPS): offer support for students experiencing 
difficulties. You can find more information on their website at 
https://healthcenter.indiana.edu/ounseling/index.html. 
 
You can also find information on a wide range of support services at the Dean of Students’ 
Office website: https://studentaffairs.indiana.edu/student-support/get-help/index.html.  
 
Emergency Food Relief: Food insecurity is a real challenge for many in our community, 
including students. Recent research estimates ~41% of students at 4-year colleges and 
universities are food insecure. If you find you are in need of food and do not have the resources 
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to acquire it, please consider utilizing the emergency food relief systems on campus and in the 
community. The following units/agencies are here to assist with food relief: 

• Crimson Cupboard: https://studentaffairs.indiana.edu/student-support/crimson-
cupboard/index.html: offers free food to any IU Bloomington students who cannot 
otherwise afford it. The Crimson Cupboard operates on the honor system, and they will 
never ask you for financial information. You can visit the pantry once a week. The 
Crimson Cupboard is located in Campus View Apartments at 800 N Union Street. You 
can contact the pantry at 812-855-1924 or via email at cupboard@indiana.edu. The 
hours vary throughout the semester, so please visit their website for the most up-to-
date hours. 

• Campus Kitchen at IU offers boxed meals for students who need them. For availability 
and contact information, connect to: https://www.facebook.com/CampusKitchenIU 

• Mother Hubbard’s Cupboard Food Pantry: https://www.mhcfoodpantry.org/ 
• Other community resources:  

• Hoosier Hills Food Bank 
• Mother Hubbard’s Cupboard 
• Community Kitchen of Monroe County 

• Additional Pantries: https://www.foodpantries.org/ci/in-bloomington 
• SNAP (Supplemental Nutrition Assistance Program) Eligibility and Resources for 

Students: Students | USDA-FNS 
 
Bias-based incident reporting: Bias-based incident reports can be made by students, faculty 
and staff. Any act of discrimination or harassment based on race, ethnicity, religious affiliation, 
gender, gender identity, sexual orientation or disability can be reported through any of the 
options: 1) email biasincident@indiana.edu or incident@indiana.edu; 2) call the Dean of 
Students Office at (812) 855-8188; or 3) use the IU mobile App (m.iu.edu). Reports can be made 
anonymously. 
 
Students Needing Additional Financial or Other Assistance: The Student Advocates Office 
(SAO) can help students work through personal and academic problems as well as financial 
difficulties and concerns. SAO also assists students working through grade appeals and 
withdrawals from all classes. SAO also has emergency funds for IU students experiencing 
emergency financial crisis https://studentaffairs.indiana.edu/studentadvocates/.  
 
Knowledge base and UITS support center: For any technical support, see the Knowledge Base 
or go to the UITS Support Center website.  
If you experience a technology-related problem that interferes with your work in the course, 
please let me know as soon as possible so I can help. There are many technology related 
resources provided by the university, such as:  

- Free on-campus wireless internet (wifi) access through the “eduroam” network. 
- Free software for download and for cloud-based use. 
- Free 24/7 IU tech support (e.g., email, Canvas, wifi, printing, device setup, etc.). 
- Free in-person tech support at the Learning Commons in the Wells Library and in IMU 

room M089. 
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Boost: Indiana University has developed an app, “Boost” to help students stay on top of their 
schoolwork in Canvas. The app is free to all IU students, and it integrates with Canvas to provide 
reminders about deadlines and other helpful notifications. 
 
 
Covid-19 related policies 
 
The pandemic continues to be a stressful and difficult time for many people. If you are 
struggling, please reach out to me and I will do my best to help in whichever ways I can. 
 
Classroom Mask Requirement 

At the start of the fall 2021 semester, Indiana University is requiring that masks be worn 
indoors on campus, including in classrooms.  An exception is allowed for instructors presenting 
from at least six feet away from their audience.  This requirement will be in place until there is 
an officially announced change in policy.  Please observe this requirement conscientiously as it 
is intended for the safety of everyone in the community. 

Any students who come to class without a mask will be asked to mask up.  If any students 
refuse to wear a mask in class, they will be dismissed from the classroom on that day, and will 
be expected to leave the room and the building.  On the third incident, the Chair of the 
Department will be notified, who will in turn notify the Dean of Students Office. 
 
Class attendance during illness 
If you have a positive COVID-19 test, have COVID-like symptoms, or have been instructed to 
quarantine you should not attend class. Please let me know if you will be absent due to illness. 
In these instances, I will do my best to record the class so the student who cannot attend class 
can still see the presented material. All powerpoint presentations will also be posted to Canvas. 
Please work with your instructor to determine a path to continue your progress in the class 
during these absences, in whatever way the instructor determines fits within course objectives 
 
Health and Safety 
IU is following recommended public health guidance in response to the pandemic. In 
recognition of all IU community members owe to each other, we expect every member of the 
IU community to adhere to all current policies and practices. For current information on that 
guidance, see https://covid.iu.edu. I will make every effort to resolve concerns informally but, if 
I cannot, the usual procedures outlined in the Student Code of Conduct will be followed, 
including submitting a written report to the Dean of Students.  
 
Reporting Conduct and Student Wellness Concerns 
All members of the IU community including students may report student conduct and wellness 
concerns to the Division of Student Affairs using an online form located at 
https://studentaffairs.indiana.edu/student-support/gethelp/index.html.   
 
Schedule 
Please see the following page. 
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Please note that this tentative syllabus/schedule may change without much prior notice in 
order to reflect the needs of our classroom. See the course webpage on Canvas for updates. 
 

Week Date Topic 
1 08/23/21 Introduction to the course and terrestrial ecosystem modeling 

1 08/25/21 History of terrestrial ecosystem modeling 
2 08/30/21 Main components of TEMs: energy balance 

2 09/01/21 Main components of TEMs: hydrology 

3 09/06/21 Labor Day – No Class 

3 09/08/21 Hydrology modeling paper discussion 
QUIZ – history of TEMs and hydrology of TEMs 

4 09/13/21 Main components of TEMs: carbon cycle and nutrients 

4 09/15/21 Main components of TEMs: vegetation processes 

5 09/20/21 Vegetation modeling paper discussion 

5 09/22/21 Model complexity and optimality (Guest Lecture via Zoom) 
QUIZ – carbon and vegetation in TEMs 

6 09/27/21 Main components of TEMs: agriculture and land management 

6 09/29/21 Human activity in TEMs paper discussion 
QUIZ – human activities in TEMs 

7 10/04/21 Intro to In-class exercises: Building a simple carbon cycle model 

7 10/06/21 Practical: Building a simple carbon cycle model 
8 10/11/21 Practical: Simple carbon cycle model – model evaluation 

8 10/13/21 Practical: Simple carbon cycle model – model evaluation 
9 10/18/21 Practical: Simple carbon cycle model – sensitivity analysis 

9 10/20/21 Practical: Simple carbon cycle model – sensitivity analysis 

10 10/25/21 Practical: Simple carbon cycle model – data assimilation 
10 10/27/21 Practical: Simple carbon cycle model – data assimilation 

11 11/01/21 Final Class Project preparation 
11 11/03/21 Final Class Project preparation 

12 11/08/21 Final Project Presentations  
(remainder of semester) 

30 mins / presentation (2 per class) 
10 question quiz for each presentation 

2-3 page literature review on chosen topic 

12 11/10/21 
13 11/15/21 

13 11/17/21 

14 11/22/21 Thanksgiving Break – No Class 

14 11/24/21 
15 11/29/21 Final Project Presentations continued 

 
If have time – bonus class on main IPCC results from model projections 

15 12/01/21 
16 12/06/21 

16 12/08/21 

 


