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1.5 Environmental History
Important Events from the Past 

Overview
Students research events and crises that have changed environmental history. They include two 
systems thinking tools while reporting: behavior over time graphs and iceberg diagrams. In the 
process, they gain historical context for how the past has led to current conditions, and also how 
mental models underlie structures that cause system behaviors. 

Materials  
• Resource materials about important cases in environmental history 

See suggested list of topics (FIGURE 1) and find information online or in print. Specific articles 
and videos will depend on individual student and teacher choice. Factors to take into account:

◊ Degree of teacher guidance for student choice concerning type of environmental incident, 
location, period of history, etc.

◊ Student reading proficiency and prior knowledge
◊ Individual interest in topic

• Handout: Topic Ideas, p 48
• Handout: Behavior Over Time, p 217
• Handout: Template for iceberg diagram, p 227 
• Resource: Intro to BOTGs, p 215
• Resource: Intro to the iceberg, p 226

Procedure 
1. Before class, prepare the template for iceberg diagrams to use with students. Then compile 

a list of critical events in environmental history. Choose topics you feel are important for 
students to learn and that they can research online or in print resources. 

Environmental Systems
• What led to critical environmental events of 
the past, and what can they teach us?
Tools
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“Hindsight is 20/20.” 
    Richard Armour
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An online search will find timelines of events. Here are some important ones beginning in the 
early 20th Century (FIGURE 1). Sample iceberg ideas are included after the debriefing section, 
Bringing the Lesson Home. 

Year Event Description
1900 Galveston hurricane Powerful hurricane devastates a city with rain, wind, and 

tidal surges.
1906 San Francisco earthquake Strong earthquake destroys buildings and causes fires.
1930s Dust Bowl Intense dust storms during periods of drought decimate 

agricultural lands.
1940s on Nuclear weapons Atomic fission produces weapons of mass destruction and 

lasting toxicity.
1962 Silent Spring published Scientist writes about the consequences of pesticides.
1978 Love Canal Chemical dumpsite pollutes neighborhood.
1978 Three Mile Island Meltdown and radiation leak in nuclear reactor
1984 Bhopal disaster Gas leak at a chemical plant
1986 Chernobyl meltdown Explosions and fires destroy nuclear power plant.
1989 Exxon Valdez oil spill Oil tanker runs aground and spills massive quantity of oil 

into the sea.
1991 Kuwaiti oil fires Military forces set fires during war.
1993 on US Midwest floods Heavy rains cause river flooding.
2005 Hurricane Katrina Powerful storm causes many casualties and much damage.
2010 Deepwater Horizon oil spill Off-shore oil drilling rig explosion releases huge quantity of 

oil into sea.
2011 Tsunami in Japan Earthquake and tsunami cause massive loss of life and 

destruction, including a nuclear power plant. 
2012 Hurricane Sandy Destructive deadly storm
2017 Series of hurricanes Succession of disastrous storms
2019 on Wildfires around the world Devastating fires fueled by drought, high temperatures, and 

wind
FIGURE 1

2. Tell students that they will work in teams to research and report on important events in 
environmental history. Have students compile a list or use the included handout, so they can 
choose topics that interest them. Assign teams before events are chosen, or have students 
submit a list of their topic choices and group them by interest. 
Distribute copies of an iceberg template, or project an image in the classroom. 

3. When teams and topics have been chosen, tell students that their presentations must include 
examples of two systems tools:
• Behavior over time graphs (BOTGs) – Choose 2-4 variables to track over a period of time 

that includes the environmental crisis they are studying
• An iceberg diagram – Create a poster describing their topic through three levels of an 

iceberg diagram, with mental models noted also. Iceberg layers may contain systems 
diagrams, such as BOTGs, causal loop diagrams, and stock/flow diagrams.
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Procedures #4 and #5 provide a quick overview of each tool and how they can add insight to 
students’ work.

4. BOTGs are line graphs with the time scale on the horizontal or x-axis. The vertical or y-axis 
scale measures some attribute of a variable being tracked. As this example shows, multiple 
variables can be placed on the same graph pad. Using the same time scale, students can even 
graph variables with different units noted on the y-axis.  
The graph (FIGURE 2) shows that nuclear energy is a significant source of energy but by 2015 
had been surpassed by renewable energy sources.
Even though we may call these 
incidents in environmental 
history events, they did 
not occur in isolated time 
periods. What came before, 
what happened afterward, 
what was happening over 
a period of time? All these 
questions are critical to ask 
when investigating a complex 
system. Systems thinking 
principles and tools, like 
BOTGs, encourage looking 
at history, current conditions, 
and future projections. BOTGs 
display continuous patterns 
of change rather than points 
of discrete events. While students will discover specific data points for their graphs through 
research, encourage them to look at the overall shape of the graph to analyze change over time. 
For each behavior over time graph, have students write or explain brief answers to four 
questions:

What is changing? Identify the variables on the graphs. Explain how the data was 
measured and other details that are important.

How is it changing? Describe the rate of change shown by the shape of the graph.  
Why is it changing? Tell why you think (based on your research) the variables behaved 

as they did.
So what and now 
what?

What is the significance of the graph? Decide what policies or 
decisions these data might require.

5. Have each team create an iceberg diagram (FIGURE 3) to accompany their presentation. If 
students are unfamiliar with the tool, explain that an iceberg diagram has three layers. Like an 
iceberg in the ocean, what is visible is a small percentage of the total. Here’s a brief description 
of each iceberg layer, followed by an example using a nuclear power accident:

Event Level 
The top layer is what we see, i.e., occurrences that we observe happening. In this activity, that 
will be the environmental events.   

FIGURE 2
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FIGURE 3

Just under the ‘water,’ this level looks 
at a broader time frame. What series 
of events or trends over time have led 
to the event? Students’ BOTGs will fit 
this layer, along with descriptions of 
conditions leading up to an event.

Structures Level 
In this layer, students analyze causality. 
What is causing the patterns in the 
layer above? Students should discover 
cause and effect relationships from their 
research and possibly draw feedback 
loops to illustrate those structures. If 
they have created stock/flow diagrams, 
include them here also.

Mental Models 
These beliefs and assumptions are integral 
to the layers of the iceberg. Everyone 
constructs their world view through models 
we hold to be true. Peter Senge defines 
them as …”deeply ingrained assumptions, 
generalizations, or even pictures or images 
that influence how we understand the world 
and how we take action. Very often, we are 
not consciously aware of our mental models 
or the effects they have on our behavior.” 
Encourage students to use the iceberg as an 
organizing graphic for their presentation. 
Suggest that they ground each layer in 
research as much as possible.
The iceberg diagram (FIGURE 4) 
demonstrates how the study of a nuclear 
accident at a power plant might be 
organized. While this example has text only, 
students will include diagrams as much as 
possible.

Types of Iceberg Diagrams
Many systems thinkers consider mental 
models to be inherent in all levels of our 
thinking. For example, if we create a graph 
or causal loop, we are including our mental 
models in the diagram itself. Mental models 
also influence each of the other three levels 
of the iceberg. In this activity and the rest 
of the book, we draw additional mental 
models along the side of three-level iceberg 
diagrams. 

Some systems thinking practitioners prefer 
to use icebergs with four levels, reasoning 
that mental models are so deeply ingrained 
in our thinking that they belong at the 
deepest level. Others use a five-level 
diagram, explaining that mental models are 
formed and supported by an even deeper 
level of values and beliefs. 
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Include BOTGs of variables leading up to 
and possibly after the accident. Data 
may include 
• other incidents, 
• amount of energy generated,
• training and preparation for 
   emergencies, as well as other variables.

Describe extent of damage 
and contamination from 
accident at nuclear power plant

What resulted from earlier incidents? 
As power production increased, what saftety measures were taken, 
or NOT taken? How did demand for electricity, and the cost of other 
sources besides nuclear, a�ect safety? 
How did the plant release heat produced, and how was spent fuel 
managed? 

Look for causal connections and feedback loops involving training, 
costs, energy generated, and other factors.

Nuclear Accident

FIGURE 4

Interdisciplinary Learning
When studying environmental systems, students will frequently cross traditional course 
boundaries. History and science obviously intersect in this activity, and graphing involves 
math skills and quantitative reasoning. Economics is always a factor in environmental 
events. Students need to demonstrate competence associated with language and 
presentation skills as they organize and report their findings – research skills, writing, 
structuring an argument or thesis, and building a physical representation of their thinking. 

The use of visual tools like BOTGs and iceberg diagrams helps make ideas clear to an 
audience. Students’ slide shows should include graphs and other diagrams. Visual material 
also enriches writing assignments structured like op-ed pieces or news articles. Preparing 
a display board requires students to clarify their presentation so that it can stand alone 
– an important skill, because they won’t always be next to their poster to explain their 
thinking.

FIGURE 5 shows a sample causal loop diagram for possible use in the Structure layer.
Access to information affects public opinion about nuclear power. When public awareness 
about risks increases, the insistence on competent oversight and planning will also increase. 
The reliance on nuclear power and the potential for accidents would both possibly decrease. 
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When the public remains unaware of risks or considers them acceptable, reliance on nuclear 
power can continue or even grow. 
In causal loop diagrams, ‘+’ [plus] indicates positive correlation, meanin

+

+
-

+ -

- Reliance
on nuclear

energy

Potential for
accidents

Control
of information

Public
awareness of

safety concerns

Oversight of
preparedness and

safety planning

R

R

FIGURE 5

g “changes in the 
same direction.” ‘+’ [plus] also may be thought 
of as “adds to.” Conversely, ‘-‘ [minus] indicates 
negative correlation, meaning “changes in the 
opposite direction.” ‘-‘ [minus] also means 
“subtracts from.” When any element of a causal 
loop changes from + to -, or vice versa, the 
whole loop changes.

6. Examples of iceberg diagram thinking for other 
environmental events in the table follow the 
Bringing the Lesson Home debriefing questions.

7. Share presentations within the class or expand 
to an outside audience. See the sidebar about 
interdisciplinary learning for suggestions about 
student options.

Bringing the Lesson Home
How did the BOTGs and iceberg diagrams influence your research?

The BOTGs show how events occur as parts of patterns over time. Looking at a broader 
picture helps us understand how and why things happen. BOTGs help us ask good 
questions, which leads to better research in order to find explanations.

Going deeper into a topic with the iceberg diagram leads to fundamental causality and 
structure. An event is embedded in longer-term patterns of behavior. The iceberg identifies 
structures that drive behavior, often resulting in unintended consequences. Influencing the 
formation of the iceberg, deeply established mental models cause people to create and 
support those structures and patterns that eventually result in important environmental 
events.

Are there common themes among the environmental history topics?
Students will begin to recognize generic structures common to many of the environmental 
events they studied. Often business and the environment come into conflict. Humans 
extract resources from nature and have often been careless with the materials. Some 
dangerous and destructive products or procedures have been used in ways that are toxic 
to ecosystems, either before their effects are understood or because of the actions of 
unscrupulous people.
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Bringing the Lesson Home
(continued)

What lessons for the future can be learned from the topic you studied?
Humans must be vigilant to ensure that our actions don’t create pollution and other 
problems. While safety procedures may be difficult and expensive, the costs of 
environmental degradation are higher and longer lasting. No one wants to sacrifice the 
convenience and comforts of modern technology, but we have to use care and remain 
committed to protecting our environment.

What recommendations would you make to avoid or lessen the effects of another event 
like the one you studied?

Students will have discovered a variety of causes of environmental problems and can 
recommend policy changes. More careful government oversight combined with citizen 
education could make corporations less likely to foul the environment. Advances in 
science and technology should bring cleaner ways to produce energy and materials to 
support our lifestyles. 

How will people become more aware of potential problems like the ones we studied?
Learning about environmental systems will educate people and make citizens demand 
cleaner and accountable industries. Scientific literacy will lead to more responsible 
“systems citizens.” History has taught many lessons and it is up to us to modify our 
behavior accordingly.

Examples of iceberg thinking for environmental events
As always, use examples only when necessary, allowing students to do research, form opinions, 
and create their own mental models and diagrams.
Galveston and other hurricanes

• Events – severe flooding, loss of lives
• Patterns – many previous floods, expansion of city despite threat
• Structures – weak and slow reaction to weather predictions, need for seawall and emergency 

preparedness plans
• Mental models – belief that city was safe and flooding was rare

San Francisco Earthquake
• Events – much of city destroyed by earthquake and fire
• Patterns – city grew very fast creating dense population and buildings
• Structures – buildings standing on unstable land, failure to prepare adequately for fires, 

poor understanding of earthquake faults
• Mental models – goal of growth put ahead of safety, poor infrastructure planning 
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Dust Bowl (FIGURE 6)
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FIGURE 6

• Events – loss of soil, 
destruction of farms

• Patterns – research BOTGs 
of rainfall, acres cultivated, 
number of farms, population

• Structures – reinforcing loop 
causing soil erosion to worsen

• Mental models – Fertile prairie 
land can support commercial 
agriculture; rainfall will be 
adequate every year.

Nuclear weapons (FIGURE 7)
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FIGURE 7

• Events – dangerous fallout produced by tests, 
land destroyed and made uninhabitable

• Patterns – arms race among nuclear powers
• Structures – escalation archetype 
• Mental models – Earth is large and fallout will 

dissipate; the bigger the arsenal, the stronger the 
deterrent, and the safer a country will be.

Silent Spring published
• Events – pesticide use caused loss of wildlife and 

increase in illness
• Patterns – BOTGs - use of pesticides, animal populations, rates of illness and death
• Structures – government knows best, women scientists disrespected, chemical industry 

pushed back on research
• Mental models – Chemicals can increase crop yields by killing pests; as resistance to 

pesticides develops, stronger poisons are required but will not harm humans.
Love Canal (toxic sites)

• Events – illness in area of chemical plants
• Patterns – BOTGs of rates of illness and death
• Structures – greed of developers putting residents in harmful environments; unsafe 

practices of waste treatment and disposal; suppression of information
• Mental models – It is safe to build near toxic sites (results in short-term gain at expense of 

long-term well being).
Bhopal disaster

• Events – toxic release of chemicals
• Patterns – large quantities of pesticides produced; series of leaks at factory
• Structures – poor management practices with dangerous substances
• Mental models – Production of dangerous products usually occurs near areas inhabited by 

poor people with little political power. Pesticides and other toxic substances are worth the 
risk and can be managed safely.

Exxon Valdez, Deepwater Horizon (oil spills) 
• Events – accidents causing large quantities of oil to be released into the oceans
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• Patterns – rising demand and use of oil, production and transport systems loads increasing, 
leaks and spills over time

• Structures – rising dependence on oil, longer and busier supply lines
• Mental models – safety precautions adequate, okay to ship oil around fragile ecosystems

Kuwaiti oil fires
• Events – war that causes massive oil fires
• Patterns – increasing oil production in politically unstable regions
• Structures – oil resources that cause geopolitical conflicts, deliberate sabotage as acts of war, 

nations that commit armed forces when disputes arise, uneven distribution of wealth 
• Mental models – Corporations rely on adequate protection by military and government 

against aggression by neighboring countries and organizations using terrorism. 
US Midwest floods

• Events – seasonal rain causes rivers to flood, inflicting heavy damage to area
• Patterns – BOTG tracking rainfall and flooding; population density and amount of building 

and farming on flood plains
• Structures – residential, business, and agricultural enterprises spread onto flood plains; 

flood control measures overwhelmed; insurance pays for rebuilding
• Mental models – Floods are infrequent. Areas are safe and won’t be flooded during 

residents’ lifetimes. Structures like levees will protect low areas.
Tsunami in Japan

• Events – tsunami that floods coast causing loss of lives, property, and destruction of nuclear 
power plant

• Patterns – BOTG of earthquakes and tsunamis, population living and working in vulnerable 
area

• Structures – population concentrated near coast, active tectonic areas vulnerable to tsunamis 
from off shore earthquakes, nuclear fuel dangerous when containment structures are 
breached

• Mental models – Tsunamis are rare events. Warning system is adequate. Nuclear plant is 
built to withstand natural threats.

Wildfires (FIGURE 8)
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FIGURE 8

• Events – deadly fires that threaten lives and 
property, burning across large areas of land

• Patterns – BOTGs of fire frequency and size, 
rainfall, loss of life and property 

• Structures – fire suppression practice that allows 
build up of fuel, causing larger more dangerous 
fires

•  Mental models – The goal of suppression of all 
fires makes homes safer and living in forested 
area safe and desirable. 
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Handout: Topic Ideas
Use this chart to identify a topic you’re interested in researching. Feel free to think of and add 
additional ideas at the end.

Year Event Description
1900 Galveston hurricane Powerful hurricane devastates a city with rain, wind, 

and tidal surges.
1906 San Francisco earthquake Strong earthquake destroys buildings and causes fires.
1930s Dust Bowl Intense dust storms during periods of drought 

decimate agricultural lands.
1940s on Nuclear weapons Atomic fission produces weapons of mass destruction 

and lasting toxicity.
1962 Silent Spring published Scientist writes about the consequences of pesticides.
1978 Love Canal Chemical dumpsite pollutes neighborhood.
1978 Three Mile Island Meltdown and radiation leak in nuclear reactor
1984 Bhopal disaster Gas leak at a chemical plant
1986 Chernobyl meltdown Explosions and fires destroy nuclear power plant.
1989 Exxon Valdez oil spill Oil tanker runs aground and spills massive quantity of 

oil into the sea.
1991 Kuwaiti oil fires Military forces set fires during war.
1993 on US Midwest floods Heavy rains cause river flooding.
2005 Hurricane Katrina Powerful storm causes many casualties and much 

damage.
2010 Deepwater Horizon oil 

spill
Off-shore oil drilling rig explosion releases huge 
quantity of oil into sea.

2011 Tsunami in Japan Earthquake and tsunami cause massive loss of life and 
destruction, including a nuclear power plant. 

2012 Hurricane Sandy Destructive deadly storm
2017 Series of hurricanes Succession of disastrous storms
2019 on Wildfires around the world Devastating fires fueled by drought, high 

temperatures, and wind
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