Teacher Resource for:
High-Resolution Global Maps of 21st-Century Forest Cover Change.
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GENERAL USE OF Science in the Classroom
Student Learning Goals:
“One fundamental goal for K-12 science education is a scientifically literate person who
can understand the nature of scientific knowledge.”1
The U.S. National Academy of Sciences defines science as: “Any new finding requires
independent testing before it is accepted as scientific knowledge; a scientist is therefore
required to honestly and openly report results so that they can readily be repeated,
challenged, and built upon by other scientists. Proceeding in this way over centuries,
the community effort that we call science has developed an increasingly accurate
understanding of how the world works. To do so, it has had to reject all dogmatic claims
based on authority, insisting instead that there be reproducible evidence for any
scientific claim.”
An important student learning goal, central to any understanding of “the nature of
scientific knowledge,” is to give each student an appreciation of how science is done.
This includes knowing why:
 Scientists must be independent thinkers, who are free to dissent from what the
majority believes.


Science can deal only with issues for which testable evidence can be obtained.



All scientific understandings are built on previous work



It is to be expected that one scientist’s conclusions will sometimes contradict the
conclusions of other scientists.



Science is a never-ending venture, as the results from one study always lead to
more questions to investigate.

1

A Framework for K-12 Science Education, National Research Council, 2012

Using This Resource
Learning Lens:
The Learning Lens tool can be found on the right sidebar of each resource and is the
source of annotations. Click on the headings to highlight portions of the text of the
corresponding research article. A subsequent click on the highlighted text will produce
a text box containing more information about that particular piece of text. Below is an
example of the Glossary function of the Learning Lens.

An example of the resource with the Glossary, Previous Work, Author’s Experiments,
News and Policy Links, and References and Notes tools turned on. The Glossary tool
is in use.

Learning Notes:
Learning Notes accompany each figure and are designed to help students deconstruct
the methods and data analysis contained within each figure.

References:
The Reference section of each resource is annotated with a short statement about how
or why each reference relates to the current research study.

Thought Questions
Thought Questions are located above the Learning Lens in the right sidebar of each resource.
These questions were written to be universal and applicable to any primary research paper.
Thought questions do not have a single answer, or a correct answer for that matter, and can be
used to stimulate discussion among students.

Suggestions for Classroom Use:
In addition to the thought questions discussed above, other resources are provided for
use in the classroom. These can be found toward the end of the teacher guides
associated with each specific article and include:
1. Discussion questions specific to the article, related to the standards, and/or
associated with the figures.
2. Activities tied to the articles.

Some ways to use the Science in the Classroom articles:
1. Assign to student groups to read and discuss during class.
2. Assign small sections of the article to student groups to read and discuss during
class, with the expectation that they will present or use jigsaw to teach the entire
class what is in their part of the article.
3. Assign to individual students to complete during class or as homework.
4. Assign reading as an extra credit project.

Some ideas for interactive student engagement after reading the article:
1. Students write answers to discussion questions (for example, those linked to the
standards or those linked to the diagrams).
2. Go over the abstract, as well as information about the purpose and structure of
an abstract, and have students write their own abstracts for the articles in
language that could be understood by their peers.
3. Have students edit the article, or parts of the article, to a simpler reading level.
4. Have students, alone or in small groups, use the annotated list of references to
explain how the scientists who wrote this article built on the published work of at
least one independent group of scientists in making their discoveries. In the
process, did they produce data that supports the findings of the earlier
publication that they have cited in the text? In what way does this article support
the statement that scientific knowledge is built up as a “community effort”?

5. Use the article and discussion questions linked to the standards and the
diagrams for a teacher-led classroom discussion. The discussion can focus on
the nature of science and scientific research, as well as on the science in the
article itself.
6. Have students give a classroom presentation about the article, parts of the
article, or their answers to discussion questions.

ARTICLE-SPECIFIC MATERIALS

Connections to the nature of science from the article


Science and technology are closely intertwined: advances in satellite imaging
resolution in Landsat data allowed for a closer look at changes in forests around the
world

The importance of this scientific research


This research provides information on forest loss and gain around the globe.



This information can be used by countries to better regulate their environmental
resources.

The actual science involved


Satellite imaging (Landsat Data)



Computer models and processing

Connect to Learning Standards:

The AP Bio Standards
http://media.collegeboard.com/digitalServices/pdf/ap/10b_2727_AP_Biology_CF_WEB_
110128.pdf
Practice 5: The student can perform data analysis and evaluation of evidence.
Practice 7: The student is able to connect and relate knowledge across various scales,
concepts and representations in and across domains.

The Science and Engineering Practices contained in the Next Generation Science
Standards
http://www.nextgenscience.org/sites/ngss/files/Appendix%20F%20%20Science%20and
%20Engineering%20Practices%20in%20the%20NGSS%20-%20FINAL%20060513.pdf
Practice 4: Analyzing and interpreting data
Practice 8: Obtaining, evaluating, and communicating information

The Common Core English and Language Arts Standards
http://www.corestandards.org/ELA-Literacy/RST/11-12/
11-12.5: Analyze how the text structures information or ideas into categories or
hierarchies, demonstrating understanding of the information or ideas.
11-12.8: Evaluate the hypotheses, data, analysis, and conclusions in a science or
technical text, verifying the data when possible and corroborating or challenging
conclusions with other sources of information.

Summary of the Article for the Teacher:
It is recommended that this not be used by students in place of reading the article.

General Overview:
Forests are important resources that span the globe from tropical to boreal regions. Yet,
our understanding of how forest cover changes through time remains limited mainly due
to technology. In this study, Hansen and colleagues explore satellite imaging data
(Landsat) to map forest cover and loss and gain from 2000 to 2012 at 30m2 resolution.
With this information, we can begin to understand the major drivers in forest dynamics
(loss and gain) and the relationship between management policy and changes in
forests. We can also infer how changes in forest cover can lead to changes in carbon
emissions/storage and changes in ecosystem services (protecting biodiversity,
regulating water and weather patterns, etc.).

Topics Covered:






Ecosystem services
Forest disturbance
Policy and land management
Landsat, global imaging data
Cloud computing

Why this Research is Important:
Understanding how forests are changing globally aids in policy decisions, management,
and conservation. Being able to map forests around the world has been, until now,
challenged through technology limitations. In this study, Hansen et al. provide the firstever global map of high resolution (30m2) of forest distributions and dynamics (loss and
gain) over more than a decade. These satellite image maps provide useful information
about causes of forest disturbance, rates of forest change and subsequent changes in
carbon storage and ecosystem services (climate regulation, water supply, etc.).

Methods used in the Research:



Satellite imaging (Landsat Data)
Computer models and processing (Cloud computing)

Conclusions:


A total of 2.3 million km2 of forest were lost from 200 to 2012 and 0.8 million km 2 of
new forest were established.



The tropics lost forest area by 2101 square kilometers per year. All other climate
domains (temperate, sub-tropical, tundra) had no clear trend in forest loss or gain
from 2000 to 2012.



Subtropical forests were intensively managed with forestry and thus experienced the
most forest area change (loss and gain) from 2000 to 2012.



Brazil’s rate of deforestation decreased dramatically from 2000 to 2012, likely due to
conservation policies. On the other hand, Indonesia’s rate of deforestation increased
globally from 2000 to 2012.



Russia lost the most forest globally in terms of total area.



The data provided by the authors (Hansen et al.) can be used as the starting point
for countries interested in managing their land effectively, while optimizing
conservation and economic interests.

Areas of Further Study:


How will mapping forest change influence policy, management, and conservation
efforts?



Now that we understand how forests change with time, how can we infer changes in
carbon storage or other ecosystem services?



How is biodiversity influenced by forest loss or gain?



How effective are protected forests? Do nature reserves/sanctuaries protect
biodiversity and ecosystem services?

Resources for Interactive Engagement:

Discussion Questions

1. Why are forests important? What services or resources do they provide?

2. Explain the difference in forest loss between Indonesia and Brazil (Figure 3). What
factors could be causing the differences in rates of forest loss between these two
countries?

3. How do changes in forest cover differ by climate domain (tropical, subtropical,
temperate, and boreal)?

4. Why is understanding how forests change (loss and gain) through time important?
How can this information be used?

5. With satellite images of the globe, what other natural resources (besides forests)
could you study and how could this information be used?

