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LIMITS OF THE EARTH: ISSUES IN HUMAN ECOLOGY 
 

ENVST-UA 333 
Thursdays 5:00-7:30pm   

(All class sessions: via Zoom) 
 

Syllabus: FALL 2020 
 

Tyler Volk 
Professor of Biology and Environmental Studies 

(not on campus during Fall 2020) 
 

Mailbox: Biology Department, 1009 Silver 
New York University 

PHONE: no campus phone; reach me via email for meetings 
EMAIL:  tyler.volk@nyu.edu 

 
 

Office Hours: Thursday 2:30 – 4:30 (Zoom, with waiting room)
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General Description: 
 
What is the current state of Earth in terms of human well being and impact 
on Earth’s natural systems? Issues such as energy, CO2, climate, agriculture, 
water, and material fluxes are intricately connected as a global system that 
has been expanding for decades by about 3% per year (in economic terms). 
If continued, this growth rate will lead to a world during your lifetime in 
which the average world citizen will have a lifestyle approximately equal to 
that of today’s average American (again, in terms of economic well-being). 
But that is a big “if.” Will such a trajectory be possible? What are the 
implications for the issues abut resources and the environment just noted? 
Substantial portions of this inquiry-based course will require you to conduct 
independent research by locating, using, and sharing technical papers and 
data bases, synthesizing facts and viewpoints, and by making presentations 
and writing short technical papers that will have aspects peer-reviewed by 
the other “researchers” in the class. 

 
This seminar course does not assume specific math abilities, but you should be 
willing to work with numbers and spreadsheets (the instructor will allow that 
some polishing of rusty skills might be necessary). You also need to be enthused 
about a course in which each will forge ahead on his or her own during self-
directed investigations that complement (but usually are not exactly the same as) 
what the others in the class are doing. In this manner, for the semester we will 
form a community of thinkers. 

 
Topics in the course can include population, economic indicators and well-
being, energy, land use, agriculture, water, forestry, fisheries, resource inputs 
such as metals, as well as wastes and technologies of recycling, and numerical 
indicators of sustainability and progress. Again, a substantial amount of work 
in will be self-initiated and project-based, with presentations, discussions, and 
short papers. 
 
Class attendance and participation count and there will be several skill-
building assignments, especially at the beginning. Alternative media for 
presentations of findings will also be considered as options. 
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Learning Objectives: 
 
Knowledge Objectives: 
• Gain an educated understanding of the global state of energy consumption, in 
various energy units and across various primary sources of energy. 
• Gain an educated understanding of the global environmental status and 
consumption patterns with respect to water, agricultural production, forestry 
production, land use, metal and mineral consumption, and waste production. 
Primary focus will be on water, food, and forest products, but several students 
might look into the other topics as well, such as fisheries. As with energy, 
attention will be on comparing these patterns and projections to when the world 
has increased global GDP by several times what it currently is, and across 
various regions and nations. 
• Gain an understanding of systems thinking and the general concepts of 
systems dynamics as interrelationships of parts and trade-offs. This involves 
getting insight into how recommendations and technological advances or 
regulatory shifts with respect to one item needed by humanity (say, food) 
impacts others (for example, energy or forestry). 
• Gain an introductory understanding of the concept of indicators. The Gross 
Domestic Product used by economists is one example. Environmental scientists 
have been proposing others, such as the Ecological Footprint. From politics we 
have still others, such as Gross Happiness Index. 
• Overall, we seek answers (or at least well-defined questions) to environmental 
issues posed by current trends that are taking the world to a situation in the 
imaginable future in which the average per capita Gross World Product (global 
GDP) might be about equal to that of the per capita Gross Domestic Product of 
today’s developed nations. Is this going to be possible? Should we be optimistic 
or not? Let us investigate. 

 
Skill Objectives:  
• Gain skill in finding technical peer-reviewed papers in citation databases, such 
as Google Scholar. In other words, be able to find, read, and interpret peer-
reviewed research papers in several areas relevant to the course. 
• Gain experience with entering and using global environmental databases. 
Databases include those for CO2 emissions, Gross Domestic Product, energy 
consumption, water consumption, etc. We will be looking at databases most 
relevant to questions about national, regional, and global trends. 
• Gain skills in using simple applied math and spreadsheets to manipulate data 
(change units, etc.) and create plots to examine trends and implications of 
numbers (what trends in improved yields in agriculture quantitatively mean for 
trends in land use, for example). 



  

 

 
4 

• Gain skill in conducting independently driven “research” in one or 
more specialized areas of the global situation described above. 
• Gain facility in public presentations (to the class). 
• Gain proficiency in writing and in reviewing the work of others in the 
class, in a “peer-review” process. Explore other media, such as web 
presentations and videos, for presenting findings. 
• Learn to participate in discussions that involve public (classmate) 
comments on the technical findings of others, in ways that are helpful 
and intellectually rigorous. 
• Gain knowledge of how to learn from and incorporate alternative 
approaches to data and analyze approaches taken by other students or 
student groups in the course. 

 
Grading: 

 
15-20 % Homework 
65-70 % projects, including presentations, small projects, reviews, and 
final paper.  
10-15 % class participation, enthusiasm, and initiative. 
 
Attendance is expected, and I also expect you to write me if you cannot 
attend, for example due to illness. Prior to class is best, but by the 
morning after class is expected, so we can make plans for you 
submitting your work (that would have been presented) directly to me. I 
can accommodate on a 1-1 basis late/missed assignments.  

 
Course texts, recommended readings, instructional material and 
learning resources: 
 
This course will primarily use key technical papers from the peer-reviewed 
literature. These will include several of these, given here only as examples 
of the types of papers we will be studying (as well as studying papers that 
have cited these since their publications). 
 
Note: for many weeks the weekly work with be primarily spreadsheet 
work, using data bases for population (UN, World Bank), energy (BP), 
materials (Krausmann group), food (UN, World Bank), water (Pacific 
Institute). Expect about 2 hours of readings and 4 hours of spreadsheet 
work per week, with almost weekly short presentation in the workshop-
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seminar format of our class.    
 
Population: 
 
Gerland, Patrick, et al., 2014, “World population stabilization unlikely this 
century,” Science, 346, 324– 327. (available online) 

 
Economics (GDP, including controversy): 
 
Christensen, P., K. Gillinghamb, and W. Nordhaus, 2018, Uncertainty in 
forecasts of long-run economic growth,  Proceedings of the National 
Academy of Sciences (PNAS), 115, 5409–5414. Available online.  
(GDP.GWP.Christensen Gillingham Nordhaus PNAS 2018; supplemental 
information: need to get that) Important paper that projects an approx. 2% 
per year growth rate of global per capita GDP (but also projects a range of 
possibilities)  
 
Jeroen C.J.M. van den Bergh, 2009, The GDP paradox, Journal of 
Economic Psychology, 30, 117–135. Available through Google Scholar 
via NYU Law. For some controversy.   
 
Data bases:  
CIA World Factbook, The World Bank, International Monetary Fund.  
 
Food: 
 

Foley, Jonathan A., et al., 2011, “Solutions for a cultivated planet,” Nature, 
478, 337– 342. (2050.Agric.Foley.solns.cultiv.planet.Nature.2011.pdf) 
 
Tilman, David, and Michael Clark, (2015) Food, Agriculture & the 
environment: Can we feed the world & save the Earth?, Daedalus, 144, 8-
23. (Tilman.Clark.Food Agriculture Environment Can Feed the World & 
Save.Daed.2015.pdf) 

 
White, Robin R., and Mary Beth Hall (ahead of print, 2017) Nutritional 
and greenhouse gas impacts of removing animals from US agriculture, 
Proceedings of the National Academy of Sciences of the United States 
(PNAS), pages E10307-E10308.  
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Wolf, J., et al., 2015, Biogenic carbon fluxes from global agricultural 
production and consumption, Global Biogeochemical Cycles, 29, 1617–
1639, doi:10.1002/ 2015GB005119. (Biogenic C fluxes global agricultural 
production consumption.Wolf.NUMBERS.I.NEED.GBCs.2017 copy.pdf) 
 
Data bases: United Nations Food & Agricultural Organization (FAOSTAT 
data). The UN FAO also publishes every other year a large document 
about the world’s fisheries.  

 
Energy: 

 
BP Statistical Review of World Energy 2020 (available online) Also get the 
data file (xlsx format): Statistical Review of World Energy – all data, 1965-
2019. This is an important document.  
 
Cullen, Jonathan M., Julian M. Allwood, and Edward H. Borgstein, 2011, 
“Reducing Energy Demand: What Are the Practical Limits?,” 
Environmental Science & Technology, 45, 1711–1718. (Supporting 
Information (SI) is a document of 63 pages that contains 10 figures and 22 
tables.) 
 
Cullen, Jonathan M., and Julian M. Allwood, 2010, The efficient use of 
energy: Tracing the global flow of energy from fuel to service, Energy 
Policy, 38, 75–81. 

 
Cullen, Jonathan M., and Julian M. Allwood, 2010, Theoretical efficiency 
limits for energy conversion devices, Energy, 35, 2059–2069. 
 
Hoffert, M. I., et al., 2002, “Advanced Technology Paths to Global Climate 
Stability: Energy for a Greenhouse Planet,” Science, 298, 981-987. 

 
Water:  
 
Curmi, Elizabeth, et al., 2013, “An integrated representation of the services 
provided by global water resources,” Journal of Environmental 
Management, 129, 456-462. 
(7.Water.services.from.global.water.resources.Curmi.J.Env.Mngmnt.2013.p
df) 
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Curmi, Elizabeth, Keith Richards, Richard Fenner, Grant M. Kopec 
and Bojana Bajzˇelj, 2014, Balancing the Needs of All Services 
Provided by Global Water Resources (Chapter 1), in The Global Water 
System in the Anthropocene (A. Bhaduri et al., eds.), Springer International 
Publishing Switzerland, DOI: 10.1007/978-3-319-07548-8_1. 
(Water.chapter.from.Global.Water.System.Curmi.2014.pdf) 
 
Gleick, Peter H., 2018, Transitions to freshwater sustainability, 
Proceedings of the National Academy of Sciences (PNAS),115, 8863–8871. 
This article also has supplemental information, see bottom of first page. 
 
Data: The World Bank, The Pacific Institute (https://pacinst.org) 
 
Materials: 
 
Graedel, T. E., E. M. Harper, N. T. Nassar, and Barbara K. Reck. 2015. 
On the materials basis of modern society. PNAS, 112: 6295–6300. 

 
Krausmann, Fridolin , et al., 2017, Global socioeconomic material stocks rise 23-
fold over the 20th century and require half of annual resource use, Proceedings 
of the National Academy of Sciences of the United States (PNAS), 114, 1880–
1885. Bottom right of the first page says, “This article contains supporting 
information online at www.pnas.org/lookup/suppl/doi:10. 
1073/pnas.1613773114/-/DCSupplemental.” You can “Download Appendix 
(PDF)” and/or “Download Dataset_S01 (XLSX).”  

 
Wiedenhofer, Dominik, Tomer Fishman, Christian Lauka, Willi Haasa, and 
Fridolin Krausmann, 2019, Integrating Material Stock Dynamics Into Economy-
Wide Material Flow Accounting: Concepts, Modelling, and Global Application 
for 1900–2050, Ecological Economics, 156, 121–133. 
(Integrating Material Stock Dynamics Into Economy-Wide Material Flow 
Accounting Concepts, Modelling, and Global Application for 1900–
2050.Fishman.Krausmann.2019; SI.Integrating material stocks  . . . 1900-
2050.Wiedenhofer.Fishman.Krausmann.2019; SI.Integrating material stocks  . . . 
1900-2050.Wiedenhofer.Fishman.Krausmann.data.2019.xlsx (but I cannot open 
this file; but this data file is fine: 1-s2.0-S0921800918305718-mmc2.xlsx).  
 
Elsa A. Olivetti and Jonathan M. Cullen, Toward a sustainable materials system,  
Science 360, 1396-1398. DOI: 10.1126/science.aat6821 (This is a short 
Insights/Perspectives piece; my file: Toward a sustainable materials 



  

 

 
8 

system.Cullen.Science.2018) 
 
Jan Zalasiewicz, et al., 2016, Scale and diversity of the physical technosphere: A 
geological perspective, The Anthropocene Review, 4, 9-22. (Zalasiewicz.physical 
technosphere.materials.2016) 
 
Data: See the data information in the paper by Kraussmann et al. (2017). The 
paper by Wiedenhofer et al (2019) also contains a link (or way) to get data for 
some of their figures. (unfortunately, the data is updated from the 2017 paper but 
not for all categories of data.  
 
Planetary Boundaries and Good Lives for All: 
 
Steffen, Will, et al. (2015), Planetary boundaries: Guiding human 
development on a changing planet, Science, 347: DOI: 
10.1126/science.1259855. (ref 33 says, “Supplementary text, figures, and 
tables are available on 
Science Online.” there is supplemental material here, or in the 2009 paper)  
 
O’Neill, Daniel W., Andrew L. Fanning, William F. Lamb, and Julia K. 
Steinberger, 2018, A good life for all within planetary boundaries, Nature 
Sustainability, 88, 88–95. (A good life for all within planetary 
boundaries.Nature.2018; Supplemental information: good life planetary 
boundaries suppl.pdf; Data: good life planetary boundaries data.xlsx) 
 
Tallis, Heather M., et al., 2018, An attainable global vision for 
conservation and human well-being, Front Ecol Environ, 16, 563–570, 
doi:10.1002/fee.1965.  
(An attainable global vision for conservation and human well-
being.Tallis.Frontiers_in_Ecology_and_the_Environment.2018; 
Supporting information: An attainable global 
vision.Tallis.et.al.suppl.info.2018) 

 
Others, such as biodiversity and conservation: 
 
Half Earth material: 
Mehrabi, Zia, Erle C. Ellis, and Navin Ramankutty, 2018, The challenge 
of feeding the world while conserving half the planet, Nature 
Sustainability, 1, 409–412. Through Google Scholar you can get it through 
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a link to NYU. The key book, Half Earth, is by Edward O. Wilson. There 
is other important literature (and debate) about the Half Earth proposal.  
 
Sanderson, Eric. W, Joseph Walston, and John G. Robinson, 2018, From 
Bottleneck to Breakthrough: Urbanization and the Future of Biodiversity 
Conservation,  68, 412–426. Through Google Scholar you can get it 
through a link to NYU.  
 
Brown, James H. et al. (11 co-authors). 2014. Macroecology meets 
macroeconomics: Resource scarcity and global sustainability. Ecological 
Engineering, 65: 24–32. 

 
Websites (unless already mentioned above): 
• Project Drawdown.  
• CO2: NOAA’s Earth System Research Laboratory 
Global Monitoring Division 
(https://www.esrl.noaa.gov/gmd/ccgg/trends/) Also, Carbon Tracker (and 
some CO2 numbers are also in the CIA World Factbook).  
• GDP (famous data set but not up to recent years) is by Angus 
Maddison (www.ggdc.net/maddison), “Statistics on World Population, 
GDP and Per Capita GDP,” and other data comes from The World 
Bank 
• Energy Information Administration - EIA - Official Energy Statistics 
from the US Government. http://www.eia.doe.gov 
• International Energy Agency (IEA) http://www.iea.org 
• The Breakthrough Institute is worth checking out (they develop what 
they call “Ecomodernism”; they publish papers): 
http://thebreakthrough.org   

 
 
NOTE: It is assumed that you will have a laptop with standard word-
processing software and spreadsheet software. During many class 
sessions you will need your laptop during classroom time. You should 
bring calculators to class as well, as described in the email I sent 
before our first session. 

 
Weekly syllabus: 
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The week-to-week schedule will be determined as we make progress, with 
handouts each week with assignments for the next week (and I will post 
those handouts in Classes website for the course). Here is the currently 
anticipated plan: 

 
1. Sept. 3: Introduction to the course. Outline of the course. Expectations for 
short and long assignments, use of spreadsheets, quantitative goals, “big 
picture” goals, systems thinking, videos to prompt discussion. Introduction 
to energy and other aspects of the world situation. Expected use of data 
bases. Use of Google Scholar, citations. Getting pdfs online versus from 
NYU. Some quantitative “warm-ups” through considering the Earth as a 
solar collector in space. We will download and assign readings on 
population and GDP, and download energy material (text) from BP. We will 
download energy data from BP, and try and find UN population data projections 
(as well as past history). We might get time to look at GDP data from The World 
Bank.  

 
2. Sept 10: Short presentations on “discoveries” you have made in the 
population data set (from prior week). Main topics investigated during this 
week’s session: gross domestic product on a global and large-scale regional 
basis, world population, and GDP per capita. We might also star into 
energy, using the BP data. There is much for you to work with here, 
looking at per capita rates at various places in the world. and look focus on 
GDP tied to the physical needs (such as energy). To get into this material 
we use data bases that have numbers on GDP and energy. New assignment 
handed out, with key paper(s) on materials, to read for next week; we will 
try and get these during class. We will download additional supplemental 
information and a data base on material use from the Institute of Social 
Ecology (Vienna), looking ahead to materials. All students will present data 
work assigned during the previous week.   

 
3. Sept. 17: We continue with energy. Global and regional supply and 
consumption, trends, from fossil fuels to renewables. We probably also start 
on materials: We cover and discuss material begin on global material 
stocks, and figure out some interesting calculations to do for the next week. 
Global and regional fluxes, from asphalt to wood to copper. Papers on food 
to start getting into will be pointed out. All students will present data work 
assigned during the previous week.   

 
4. Sept. 24: Presentations on the relationship between energy consumption 



  

 

 
11 

and GDP (both per capita) for the 30 most populous nations. Introduction to 
materials (the Krausmann, Fridolin , et al., 2017 paper). All students will 
present data work assigned during the previous week.   

 
5. Oct. 1: We graph energy, GDP, and materials to make conclusions about 
global trends into the future. We might also start into food. It’s such an 
important topic! For example, we consider energy from the sun and end up 
with energy in food: how much land is required, from theoretical maximum 
to reality. What about the future? Papers on “water” will be assigned.  
 
6. Oct. 8: We start (or continue) with food. The main papers here Foley et 
al. (2012) and Tilman and Clark (2015). But see above for others we will 
read. All students will present data work assigned during the previous 
week.   
 
7. Oct. 15: Continue with food and start with water. How the water cycle 
works. (See papers, above). Global fluxes, both natural and human needs. 
We will also discuss biodiversity, land use, preservation, and the “Half 
Earth” concept of Edward O. Wilson and others. More in-depth 
presentations on work relating materials, energy, and food.  

 
8. Oct. 22: Possible: More in-depth presentations relating materials, energy, 
food, and water. 

 
9. Oct. 29: We discuss and tie together issues on land use, preservation, 
biodiversity, economics, etc. And metrics, planetary boundaries, etc. See 
papers on planetary boundaries and Half-Earth proposals, above.   

 
10. Nov. 5: Our seminar gets into full gear, as people volunteer to make 
presentations of new work (not necessarily on topics you presented before). 
The class might decide that some are ready for a peer-review of main 
calculations, and assignments will be handed out to repeat and thus review 
the work of others (usually 2 reviewers per topic of presented work, say a 
graph that is deemed particularly important). We will figure this out as we 
get to it.    
 
11. Nov. 12: Our working seminar on planetary prosperity continues, in the 
mode it reached by early November. 

 
12. Nov.19: Our working seminar on planetary prosperity continues.  
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13. Dec. 3: Our working seminar on planetary prosperity continues.  
 
14. Dec. 10: Last class session) Wrap up: we will have short, final 
conclusions from everyone (5-7 minutes each) plus discussion. 
 
Final exam: this seminar course ends with presentations and wrap-up, not 
a final exam.  

 
Deadline for papers. Thursday, December 17. Last day to submit final 
papers. Your final papers are due to me (10 page maximum, guidelines 
will be handed out). They can be put in my mailbox (mail room of 
Biology Dept., 1009 Silver) or sent to me by email. Anytime after the last 
day of class or even before! 

 
 
List of texts, software, and supplies 

 
Readings will be assigned as we make progress and as the semester moves 
along will largely (but not always) be self-determined, based on need. 
Main text and   a number of probable papers have been listed above. 

 
Software: I will assume that students will have laptops with standard 
word-processing software and spreadsheet software. We will often need 
to use laptops during classroom time (particularly early in the course). 

 
Classes website: We can use Classes as a group common working space. 
We might post records of material that was “spontaneously” written on the 
classroom whiteboard, and class session powerpoints, and links and 
reviews of crucial articles, and your papers at different stages of progress, 
and comments on the work of various groups around the world (see 
“people and organizations” below), and other categories of relevant 
materials and work. 

 
 
Course policy about absences for presentations: 
In general, excused absences presentations will mean that other materials 
and accomplishments in the course will be weighted more in figuring the 
final grade. 
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Academic Integrity 
Academic Integrity, Plagiarism, and Cheating (adapted from the website of the College of Arts & Science, 
https://cas.nyu.edu/content/nyu-as/cas/academic-integrity.html):  
Academic integrity means that the work you submit is original. Obviously, bringing answers into an 
examination or copying all or part of a paper straight from a book, the Internet, or a fellow student is a 
violation of this principle. But there are other forms of cheating or plagiarizing which are just as serious — 
for example, presenting an oral report drawn without attribution from other sources (oral or written); 
writing a sentence or paragraph which, despite being in different words, expresses someone else’s idea(s) 
without a reference to the source of the idea(s); or submitting essentially the same paper in two different 
courses (unless both instructors have given their permission in advance). Receiving or giving help on a 
take-home paper, examination, or quiz is also cheating, unless expressly permitted by the instructor (as in 
collaborative projects).  
 
Accommodations for Students with Disabilities 
Academic accommodations are available for students with disabilities. The Moses Center website is 
www.nyu.edu/csd. Please contact the Moses Center for Student Accessibility (212-998-4980 or 
mosescsd@nyu.edu) for further information. Students who are requesting academic accommodations are 
advised to reach out to the Moses Center as early as possible in the semester for assistance. 
 
Diversity and Inclusion 
The instructors of this course share NYU's commitment to “building a culture that respects and embraces 
diversity, inclusion, and equity”. We aim to create a learning environment in which every student feels 
included, supported, and respected. We will hold students (and ourselves) to the CAS Honor Code's pledge 
to "behave with decorum and civility, and with respectful regard" for others. 
 
 


