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Learning Performance: Students will evaluate a model of climate and plant ecosystem changes based on the 2015 Paris 

Agreement, and learn one method used to quantify both historical and future changes and the rates at which these 

changes occur.  

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using Models (SEP2) 
Develop and use a model based on evidence to 
illustrate the relationships between systems 
and their components in the natural and 
designed worlds. 

 
Analyzing and interpreting data 
(SEP4) 
The student can perform data analysis and 
evaluation of evidence. 
 

ESS2.D: Weather and climate 
Current models predict that, although future 
regional climate changes will be complex and 
varied, average global temperatures will 
continue to rise. The outcomes predicted by 
global climate models strongly depend on the 
amounts of human-generated greenhouse 
gases added to the atmosphere each year and 
by the ways in which these gases are absorbed 
by the ocean and biosphere.  
 

ESS3D: Global Climate Change 
Though the magnitudes of human impacts are 
greater than they have ever been, so too are 
human abilities to model, predict, and manage 
current and future impacts.  
 
Through computer simulations and other 
studies, important discoveries are still being 
made about how the ocean, the atmosphere, 
and the biosphere interact and are modified in 
response to human activities.  
 

Systems and System Models 
Models (e.g., physical, mathematical, 
computer models) can be used to simulate 
systems and interactions—including energy, 
matter, and information flows—within and 
between systems at different scales. 
 

Stability and Change 
Change and rates of change can be quantified 
and modeled over very short or very long 
periods of time. Some system changes are 
irreversible. 
 

 

 

 

 

 

 

 

 

 



 
 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of explanations 
or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of a 
text; trace the text’s explanation or depiction 
of a complex process, phenomenon, or 
concept; provide an accurate summary of the 
text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in the 
account. 

 
RST.11-12.2 
Determine the central ideas or conclusions of a 
text; summarize complex concepts, processes, 
or information presented in a text by 
paraphrasing them in simpler but still accurate 
terms. 
 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining the 
question the author seeks to address. 
 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 texts 
and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in a 
text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions with 
other sources of information. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, simulations) 
into a coherent understanding of a process, 
phenomenon, or concept, resolving 
conflicting information when possible. 

 

AP Science Standards 

AP Science Practices AP Environmental Science Content Standards 

Science Practice 1 (SP1) 
The student can use representations and models to communicate 
scientific phenomena and solve scientific problems. 
 

Science Practice 5 (SP5) 
The student can perform data analysis and evaluation of evidence. 

Topic VII, B: Global Change, Global Warming 
(Greenhouse gases and the greenhouse effect; impacts and 
consequences of global warming; reducing climate change; relevant 
laws and treaties) 
 

Topic VII, C: Global Change, Loss of Biodiversity 
Habitat loss; overuse; pollution; introduced species; endangered and 
extinct species 

 



 
 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to use modeling and simulation 
Use mathematical modeling and simulation tools to describe complex 
living systems 
 

Science models, laws, mechanisms, and theories explain 
natural phenomena 
Models, mechanisms, and explanations collectively serve as tools in the 
development of a scientific theory.  
 
Scientific Investigations Use a Variety of Methods 
Science investigations use diverse methods and do not always use the 
same set of procedures to obtain data.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Article summary (recommended for educator use only) 

In this article, the researchers assess the impact of several future greenhouse gas emissions scenarios on Mediterranean 

Basin ecosystems and climate, and how those predicted changes compare to the past 10,000 years. The authors use a 

standard set of climate models and data sets to predict future climate conditions. They use pollen core samples to 

reconstruct past climate-ecosystem patterns, and use those patterns to model future plant ecosystems. They evaluate 

four future scenarios, ranging from a 1.5°C to a 4.0°C increase by the end of the century. The results allow the authors to 

compare the predicted changes of different climate scenarios, and assess whether these changes are similar to climate 

and ecosystem variation seen in the past 10,000 years of the Holocene epoch. 

Importance of this research 

The Paris Agreement focused on two thresholds for global temperature increases: a 2°C threshold that is generally 

thought to be necessary to avoid the most dangerous impacts of climate change on a global level, and a 1.5°C threshold 

that will help major regions more sensitive to climate change impacts, such as the Arctic, low-lying coastal regions and 

islands, and the Mediterranean. Understanding the impacts of these temperature thresholds in specific regions is 

important because it provides information for policymaking and planning for the land use and ecosystem changes. 

However, most modeling research has focus on global rather than regional changes. In this work, the authors develop 

regional predictions about climate and ecosystem changes in the Mediterranean Basin, a global hot spot for diversity as 

well as home to humans for thousands of years. 

Experimental methods 

Modeling and analysis is the focus of this paper. Many students may still have misconceptions about experiments being 

the only way to do scientific investigation—this paper is a good opportunity to challenge that misconception. This paper 

focuses on these scientific practices and methods: 

• Process-based ecosystem modeling:  

o The model most heavily used in the paper is BIOME4, which uses input data about water, climate, and 

soil to simulate the ecosystem and plant processes that drive the distribution of vegetation types. Using 

this information, the model identifies key variables and uses these to rank the likelihood of different 

groupings of plants for the given time and location. The rankings then help identify the biome type 

present.  

o The authors used the BIOME4 model in two ways: 

▪ Inverted mode: To model past climate conditions and ecosystem times, authors ran the BIOME4 

model in an “inverse mode”—putting in data from pollen core samples and CO2 levels from ice 

core samples over the past 10,000 years, and revealing climate and biome types that best fit the 

pollen data. 

▪ Forward mode: For future projections, the authors used BIOME4 to predict likely biome types in 

several different climate simulation scenarios. 

 

• Data interpolation:  

o Sampling models sometimes have gaps in final output, or need to use two different data sources. One 

way to remedy this is to use information from known data to predict where the missing data points 



 
 

would be. This is called interpolation, and can be used to fill the data gaps or connect different data 

sources.  

o In this paper, the inverted BIOME4 results produced a course 2° by 4° grid of data points. However, the 

authors wanted the Holocene data set to match the future predictions generated by the forward mode 

of the BIOME4 model, which produced a 1° by 1° grid. They used interpolation of reconstructed 

Holocene biome data to make the patterns more directly comparable to the 1° by 1° grid for the future 

scenario patterns, which allowed for a better comparison of the past and future.  

 

• Statistical methods:  

o The authors used several statistical methods to analyze and compare variation between the modeling 

activities. This allowed them to determine if the future ecosystem composition predictions fell within 

the range of past variation seen in the Holocene. 

o They also used a statistical method to develop the RCP2.6L pathway, which limits warming to the 1.5°C 

threshold. 

Conclusions 

• Climate change is expected to have a larger-than-average impact on the Mediterranean region, which is 

predicted to experience temperatures higher than the global average for most of the simulations. 

• All the future scenarios result in changes to ecosystems in the Mediterranean region by the end of the century. 

Only the scenario limiting average global temperature increase to 1.5°C change keeps the climate and 

ecosystem changes fully within the variability of the last 10,000 years, whereas the scenario limiting warming to 

2°C is predicted to have a degree of ecosystem change only seen in the most extreme Holocene variation.  

• Countries that have volunteered to reduce their emissions as part of the Paris Agreement have agreed to a 

reduction that most resembles the ECP4.5 scenario. Unfortunately, that scenario results in Mediterranean 

ecosystem changes greater than any seen in the Holocene. Modeling in this paper suggests that more ambitious 

reductions in greenhouse gas emissions are needed to keep changes in Mediterranean ecosystems within the 

Holocene limits. 

 

 

 

 

 

 

 

 

 

 

 



 
 

Learning Performance: Students will evaluate a model of climate and plant ecosystem change based on the 2015 Paris 

Agreement, and learn one method used to quantify both historical and future changes and the rates at which these 

changes occur. 

Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 
 

SEP8 
SP7 
RST.9-10.2 
RST.11-12.2 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on the 
published work of at least one other independent group of scientists. Students will 
evaluate whether data from this research supports or contradicts previous conclusions, 
and reflect on the statement that scientific knowledge is a “community effort.” 
 

SEP7 
RST.9-10.8 
RST.11-12.8 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by figure, 
if appropriate). They then consider the results depicted in each figure, and how these 
results support the conclusions of the study.  
 

 
 
SEP8 
SP7 

The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand, or builds on it to explore a new 
question. 
 

 
SEP3 

 

Beyond the text: looking at media portrayals 
 
This paper was referenced in several stories in the news media. Have students look at 
the stories listed below (or have them search out recent stories on related topics). Ask 
them to consider not just the text of the story, but other features such as the photos 
and headlines. These are often selected and drafted by individuals other than the 
writer of the story.  
 
Exercise 1: The articles below all stem from a story released by the Associated Press, 
and each has a different image. How do the images change your perception of the 
story? What message are they getting across? How well do they reflect the text of the 
news story? The message from the Science paper? How do they contribute to the 
reader’s understanding of the story? 
Bloomberg |Deccan Chronicle | The Daily Mail  
 
Exercise 2: The Guardian’s version of the story has several maps. Who made the maps 
and from where did they get their information? How are the different maps and data 
points labeled? How do those labels correspond to the maps in the original paper? 
How are they explained to the reader of the story? Think about the color choices—how 
might they affect the reader’s interpretation of the map? 

SEP4 
SP1 
SP7 
RST.9-10.4 
RST.11-12.4 
RST.11-12.6 
RST.9-10.6 
RST.11-12.7 
RST.9-10.7 

https://www.bloomberg.com/news/articles/2016-10-27/study-predicts-deserts-in-spain-if-global-warming-continues
http://www.deccanchronicle.com/lifestyle/pets-and-environment/281016/southern-spain-will-become-a-desert-if-global-warming-continues-study.html
http://www.dailymail.co.uk/sciencetech/article-3879680/Study-predicts-deserts-Spain-global-warming-continues.html
https://www.theguardian.com/environment/2016/oct/27/climate-change-rate-to-turn-southern-spain-to-desert-by-2100-report-warns


 
 

1. The authors used a process-based model that predicts plant biome types based 
on information provided about water, climate, and soil. What are other factors 
that might impact plant diversity in a region? What are the advantages and 
disadvantages of using this type of model? 

SEP2 
SEP4 
ESS3.D 
Systems and systems models 
SP5 

 
 

2. Humans have lived in parts of the Mediterranean Basin throughout the 
Holocene. How might this have impacted the plant biodiversity in the region? 

SEP4 
Stability and Change  
 

3. The authors note that the Mediterranean region ecosystems provide services 
to the people living in the region. What are some of these services? How might 
they be impacted by the changes predicted by the models? What would the 
impact be on the human populations in those regions? 

ESS3.D 
RST.11-12.7 

 
 
 

4. The authors point out that the model used does not take human-driven 
changes into consideration. How might these changes affect the ecosystem 
distributions predicted by the model?  
 
 
 
 

SEP2 
SEP4 
Systems and systems models 
Stability and Change  
ESS3.D 
SP5 
 

5. In Figure 1, the error bars for the past and future data points were calculated 
using different methods—standard deviation for the past values and 
percentiles for the future predictions. Why would the researchers use different 
methods for the past and future groups? Look at the distribution of the error 
bars around the data points—what is different between the groups? What 
does the asymmetry for the future cases indicate about the distribution of 
results? 

 

SEP2 
SEP4 
Systems and systems models 
RST.11-12.8 
SP5 
 

6. The paper notes that much of the climate modeling in the past has been on a 
global level, whereas there is less information available for regional impacts. 
Why is this considered a problem? What are the benefits to having more 
information about regional-level changes? 

SEP2 
SEP4 
Systems and systems models 
RST.11-12.2  
RST.11-12.8 
SP1 

 
 


