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Hi everyone. I’m going to speak for the next 30 minutes or so about human dimensions and ecological forecasting. Qs as we goAs in intro: varied background in environmental social sciences, which means that I focus on people as it relates to environmental or ecological issues. I did that for my academic work where I worked on environmental decisions and behavior especially related to interventions by conservation and risk reduction organizations; now I do it at Pew, where I work with conservation project managers to help make sure their environmental work is informed by good social science. When it comes to ecological forecasting, 
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Some of the most prominent “people” are the ones over here, the ‘end-users’ as people of interest.But these are not the only people involved– when we are thinking about the human dimensions of ecological forecasting, we can also think of these folks over here. It may not always change how we do the work, but it is important to remain aware that decisions about what hypotheses to test, which inputs to select and parameters to set, what to include in models and how to gather data to assess results, how to interpret results, what makes a model good, bad, or indifferent– these are all choices made by people and they are not neutral. They reflect values, preferences, priorities, and assumptions that may not be universal. 
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And just to push that idea one step further, even this complex cycle does not occur in a vacuum. Funding agencies, policymakers, media, and others exert influence on the cycle, from affecting what data are publicly available, to which research questions or ecological systems are in vogue, and even which research questions to ask– of the infinite set that could be asked, we do not ask them all at the same time. So. As I may have mentioned, people are everywhere and where there are people, there are values, priorities, preferences, and differences. I will speak about some of these today, but I hope you take some time to think about each of these arrows, these connections, and speak to your friendly local social scientist about what they might mean for your work. Social scientist can look at the processes. What I’m going to focus on today, though, is the social science related to the design of forecasts by scientists, and especially the communication and use of information, including forecasts, by decision makers. 



ANTHROPOCENE & COUPLED SYSTEMS
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And while people are involved in all aspects of the forecasting process, they are also in every system you may be forecasting. Some of you may have heard the term “Anthropocene”. It’s the idea that the age we are living in now, in geological time, is dominated by a human “signal” that reflects all the ways that humans have affected the biosphere, the hydrosphere, the cryosphere, and the atmosphere… all the spheres. Our signal is everywhere. No system in which you work is immune to this signal. It may come primarily through climatic changes, but the actions of people are there, reflected in the environment. Their behavior, and changes in their behavior will affect, on some level, model inputs.And the idea of coupled human and natural systems, or socio-environmental systems, is that just as people affect the environment, the processes of the environment also affect people. There are a wide range of areas of human interest that are affected by ecological processes, and where ecological forecasting likely has implications, in fields like public health, agriculture, fisheries, forests, water, recreation, etc.  Information You heard from Melissa Kenney about structured decision making. This is…Psychology, sociology, and economics



UN-STRUCTURED DECISION MAKING
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These are all about how people’s decision making often reflects a departure from structured, or rational, decision-making due in part to:Biases and heuristics, or mental shortcuts our minds provide to make decisions easier. The social context in which the decision is madeThe physical context in which the decision is madeAnd how we perceive risk.Each of these could be an entire class, so what I’ll cover here is really a high-level overview. The takeaway really is that we should be thinking about these issues in the design and communication of forecast outputs.



QUESTION 

How many films have they been in?
(Note: A-list actors make an average of 1 film per year)

Tom Hanks
Christopher Lee
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First! A moment of levity. Take a few seconds only to guess how many films you think each of these actors has appeared in? And because you have a short time, note that an A-list actor makes an average of 1 film per year.



PREDICTION IN AN UNKNOWN CONTEXT: 
ANCHORING BIAS

Tom Hanks 84

Christopher Lee 212

Biases and heuristics Social decision context Physical decision context Risk perception and action
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Tom Hanks has appeared in 84 movies, and Christopher Lee appeared in 212 (not including 21 TV movies!). Lee is one of the most prolific film actors of all time, in two of my personal favorite film franchises (Lord of the Rings and Bond films). Likely none of you knew this answer off the top of your head, and in making your guesses, two things may have influenced the average persons’ response: the anchoring bias and availability heuristic. I know you’ve heard about anchoring from the talk and exercise earlier this week on expert elicitation, and it may have had an effect in this case. The note about 1 movie per year, may anchor answers in the 30-50 film range, and made it less likely to guess something in the hundreds.Before I go on, I just want to make clear: biases and heuristics and the other “irrational” effects I’ll talk about are not “bad” things that make us wrong or lead us astray, in general. These “shortcuts” allow us to function and make decisions almost non-stop throughout the day. In many, if not most cases, the decisions we make based on these shortcuts are decisions that are good enough for us. They exist, and we should be aware of them, but they are not “bad”. 



PREDICTION IN AN UNKNOWN CONTEXT: 
AVAILABILITY HEURISTIC
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The availability heuristic may have also played a role in your guesses. It basically means that when asked to predict a future event or condition, people most often base it not on a balanced assessment of all available information, but will instead heavily lean on whatever information is most “available” in their minds. This is often either the most recent relevant event or condition, or the one that sticks out the most in their minds. Media coverage plays into this in everyday life. Often events that receive more media coverage loom larger in people’s minds, leading them to think of those events as more frequent, and therefore more likely, than they really are. So the ease with which Tom Hanks or Christopher Lee came to mind may have affected how many films you guessed. This effect can also be seen in things like annual performance reviews which tend to overemphasize recent performance, even when evidence suggests that these are poor predictors of the near future. 



COMMUNICATING INFORMATION TO INFLUENCE 
DECISIONS

Loss aversion (ostrich effect)

Finite pools of worry (single 
action bias)

Discounting bias

Confirmation bias

Biases and heuristics Social decision context Physical decision context Risk perception and action

Further reading: Daniel Kahneman (Thinking Fast and Slow), Amos 
Tversky, Center for Research on Environmental Decisions (CRED)
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There are a few important biases that are important to keep in mind as we’re thinking about communicating forecast information to potential decision-makers. First is that people tend to be more averse to loss than they are excited by equivalent gains. This is about framing. For example, the elusive end-of-year bonus. It turns out that bonuses that are framed as being a default of $3000, where you lose $1000 of those dollars if you fail to do x, y, and z is a MORE EFFECTIVE FRAMING than if the bonus is framed as a default of $0 where you can earn $1000 for doing x, y, and z. We value the $1000 more if we feel like we’re losing it than if we feel like we’re gaining it. So a loss framing may be more compelling, but, this has limitations. When people fear too much loss, they may be overcome by the ostrich effect, which is exactly what it sounds like. Too much fear, we stick our heads in the sand.Related to the challenge of loss framing and communicating loss, is the issue of finite pools of worry. This means that people have a limited amount of energy they can dedicate to concern at any given time. There is no such thing as a person who is only concerned about one thing at a time. Even when thinking about a particular decision, decision makers are often balancing multiple, sometimes conflicting, concerns.  People can drain this pool of worry by taking action that address their concerns. Since everyone has limited time, energy, and resources, people want to be efficient and reduce their worry with as few actions as possible, which leads to the single action bias. Have a large and complex concern like climate change? People often address this with a single action like changing out all the lightbulbs for fluorescents, investing in solar panels, or buying an electric car. People tend to take a single action and then cross that concern off their mental list. This may be important for the frequency of forecast information– when will the decision maker be ready to dedicate energy and resources to adjusting their previous single action again?Discounting bias means that humans tend to prioritize/ weight the present over the future. This manifests in all sorts of ways that have implications for the timeline of your forecast and how you might communicate losses or risks in the more distant future, where addressing them would require present costs. Economists, especially, spend a lot of effort trying to understand variability in discount rates.Confirmation bias , I’m assuming…social media… makes people look for information that is consistent with what they already think, want, or feel, leading them to avoid, dismiss, or forget information that will require them to change their minds. This might be important when you’re thinking about the where and the how of communicating your forecast information. 



QUESTION
A town has two hospitals

Hospital A: 45 babies/day

Hospital B: 15 babies/day

Which will have more days per year where more 
than 60% of babies born are male? 

 A will have more days

 B will have more days

 About the same #

Biases and heuristics Social decision context Physical decision context Risk perception and action
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Another fun interactive bit! Pop quiz. 



INSENSITIVITY TO SAMPLE SIZE
A town has two hospitals

Hospital A: 45 babies/day

Hospital B: 15 babies/day

Which hospital will log more days per year 
where more than 60% babies born are male? 

 A will have more days

 B will have more days

 About the same #

Biases and heuristics Social decision context Physical decision context Risk perception and action
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This graphic shows the results of a coin flip experiment, showing how many heads (bottom line) and tails (top line) were flipped. Though with a large sample size, the 50-50 probability is apparent, small sample sizes are much more likely to have either heads or tails dominate.So each day, hospital B is flipping fewer coins, and is therefore more likely to log an anomalously high number of male babies. Hospital A, with its larger sample, is less likely to have as skewed a daily report.But people are generally insensitive to sample size, believing that results taken from a small sample are just as reflective of underlying processes as are results from a larger sample. So when communicating your results, be aware of this and make sure your audience understands the limitations and uncertainties of the forecast.



QUESTION

Which of the following are true?
People use all prior data in predicting the future.

People intuitively understand quantitative concepts like sample size & uncertainty.

$1000 has the same value to people, no matter if they are gaining it or losing it.

$1000 today is always the same as $1000 in the future.

None of these are true. Biases, heuristics, and inconsistencies abound! I should work with a social 
scientist to understand what they may mean for my work...

Biases and heuristics Social decision context Physical decision context Risk perception and action
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Pop quiz for the wrap up of this section. 



BEHAVIOR
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So biases and heuristics occur mostly in our own minds and relate to how we engage with information. But decisions and behavior also respond to the social and physical contexts in which they take place, generally referred to in behavioral sciences as opportunity. For example, as this picture is showing, the decision to participate in a voluntary recycling program is likely to relate to how easy and intuitive it is to recycle (big blue bin!), and on relevant social norms about recycling.



SOCIAL NORMS

Empirical expectations

Normative expectations

Social comparison
Normative implication
Reference group

Biases and heuristics Social decision context Physical decision context Risk perception and action

Bicchieri, C. (2017) Norms in the Wild: How to diagnose, measure, and change social norms. Oxford.
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Social norms are described by two related sets of expectations empirical expectations, which refers to how a person expects other people to behave, like how many of my neighbors can I see recycling? Normative expectations relate to how we think other people want us to behave, and how badly we think they’ll punish us for doing the wrong thing. People conditionally prefer to adhere to social norms, given that we have the right expectationsPower and water companies, for example, are using social comparisons to give people information about empirical expectations. The bars here at the top tell you both what your neighbors are doing in general, the bottom bar, and how the most efficient neighbors are doing, the top bar. This helps you to understand empirical expectations.The first round of the experiment stopped there, hoping that by letting you know some people were doing better would encourage you to be more efficient. And that worked for some people, but others looked more at the bottom bar, or saw that they were in the “most efficient” group and rather than pat themselves on the back and double down, instead they relaxed and began using more energy. Unideal! So the company added a set of “personalized action steps” or “areas for improvement” to each bill, which reframed the expectation, implying that what others wanted you to do was be even more efficient, even if you were in the “best” group already. Trying to influence, or make use of, social norms is tricky from the outside.  This is because when we are thinking about our expectations, we are not thinking of every other of the billions of people on the planet. We’re not even thinking of the hundreds or thousands of people we know personally. For each norm, there is a set of people to whom each individual refers, called a reference group. And the reference group may be different for different behaviors. If I want to know how often I should mow my lawn, I will likely have a reference group that includes my physical neighbors– my empirical expectations will refer to how many of them mow their lawns at a particular frequency, and my normative expectations will refer to how often I suspect my neighbors want me to mow my lawn, and also how I think they might censure me for violating those expectations. Disgusted looks might be enough of a consequence for me to adhere to a particular mowing schedule. But for how to behave on a zoom call- video on or off? Raise hands or click the “raise hand” icon? For this behavior I couldn’t care less what my neighbors do or think. For this, my reference group will be colleagues, superiors, moderators, etc. We as a society are trying to work out those norms now. 



SOCIAL CONTEXT OF 
DECISION MAKING

Observability 

Reputation
 Identity
Social position

Bateson et al 2006 Biol. Letters
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When thinking about social norms, it is also important to think about observability, or visibility, of the action. We adhere to norms more strongly if we think we are being watched. Interestingly, it doesn’t have to be a member of our reference network that is watching us. It doesn’t even have to be a real person. A study by Bateson and colleagues showed that even a picture of a pair of eyes was enough to increase the amount people paid for coffee using the honor system in a shared break room, shown as the black dots. A picture of flowers was used as a control. This “observability” signal seems to be linked to the importance to people of maintaining their reputation, which can be self-reflective and refer to a person’s strong motivation not to violate aspects of their identity. We also adhere to norms to retain our position in a social structure. 



A SOCIAL NORM IN THE MAKING

Biases and heuristics Social decision context Physical decision context Risk perception and action

© Bill Waterson. Calvin and Hobbes
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Here is one social norm in the making. 



PHYSICAL CONTEXT OF DECISION 
MAKING

Physical reminders
Defaults

Biases and heuristics Social decision context Physical decision context Risk perception and action
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So the social context in which people make decisions matters, and so does the physical context. Many of you I’m sure, will have seen a sign like this one in a hotel– hanging next to the towels in the bathroom, asking you to think about how frequently you want/ need your towels washed. It’s not just the fact that a reminder exists, but where it is with respect to the decision. It says: wait! Think about this before you act!Defaults are another powerful factor. Here, the place where the decision is made already has a pre-set option so that if you “do nothing”, a choice is still made. Towns may have these, and in this case, the default is for about 50% renewables, while the placement of the “green” option is next. And anchoring might also be at play here to emphasize the modest price-per kwh for full renewables. It also places the least “green” option last. All of these convey information about perceived authority, may affect empirical expectations, and an implied ‘best choice’ direction. They also are often reinforced by the “status quo” bias wherin people tend to prefer the current state of affairs over change, all else being equal. So thinking about where the decision maker is going to encounter your forecast, how it is physically related to the decision process, may also play a role in how it is used by decision makers.Masspowerchoice.comGreenhotels.com



QUESTION

Which of the following describes a person adhering to a social norm?
A man waiting to cross Comm Ave until the signal shows: 

A woman driving to a central composting site to compost her household food waste.

A child asking to be excused from the dinner table.

Biases and heuristics Social decision context Physical decision context Risk perception and action
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Empirical expectations??

?

Observability?
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The final section is on risk perception.Many of the forecasts we are building may be in a position to mitigate the risk of some hazard or other (and I use the term hazard to refer to any event or process that can cause harm). The risks addressed by ecological forecasts may be related to disease transmission, water shortages, contamination, crop mortality, lost recreational or tourism value, biodiversity loss, presence of pests and others. And these risks are important. Today I’m going to focus on two aspects of risk that are important to decision makers. These two topics are central to risk perception work and relate to perceptions of the “riskiness” of hazards and perceptions of risk “acceptability”



ASSESSING, PERCEIVING, AND MANAGING RISK



Likelihood of events

Who/what is at risk

Physical/ecological impact

Costs (Direct + Indirect)



Risk and riskiness

People tend to focus on short time 

horizons 
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So what is “riskiness”? What does that even mean?Early work on risk perception focused on differences between expert and lay judgements of risk. Paul Slovic was the pioneer in this field. His and colleagues work showed that these two groups generally ranked risks similarly when it came to how likely they thought the hazard was to cause death in a given year. The difference came when the groups were asked to also rank hazards “riskiness”. The experts basically kept their rankings. High likelihood of death means risky. Less death, less risky. But the general population thought very differently.It turns out that the public’s perceptions of riskiness fell out along two primary axis, dread and unfamiliarity. Hazards that were more dreadful and less familiar tended to be the “riskiest”. Dreadful events tended to be uncontrollable, catastrophic, fatal, and inequitable in their risks and benefits. Unfamiliar events were unobservable, unknown to science, new in the public awareness, and had delayed effects– the novel coronavirus right now would map pretty well onto these axes and be right up there in terms of riskiness. 



Reducing uncertainty

Social acceptability



ACCEPTABILITY

Acceptability of risk
Benefits
Affect heuristic
Responsibility and control
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Loewenstein et al, 2001. Risk as Feelings.
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Some level of risk is considered “acceptable” and is accepted by society and by individuals. There a good reasons to not try to live in a zero-risk society. Some risk acceptability arises because we have to expose ourselves to one hazard to reap some benefit that is important to us. For my dissertation, I worked with farmers in eastern Uganda, and many of them found the very real risk of landslide, while alarming, insufficient to offset the benefits of the rich soil, the cultural history, and the familiarity of their villages. Our sense of how acceptable risk is also relates to the affect heuristic, or how our feelings mediate our risk response. Feelings like fear, anxiety, or happiness all affect decisions through the affect heuristic. George Loewenstein and colleagues wrote an incredibly influential paper back in 2001 that revolutionized how the academic community modeled risk behavior. Basically, their group argued that feelings had a direct role to play in our risk-related decisions and behavior, pushing back on previous models that argued that cognitive, or rational, evaluation produced both feelings and behavior independently. The perceived acceptability of risk is also mediated by who people feel is responsible for addressing the risk, called locus of responsibility and the related locus of control. Locus of control refers to how confident a person feels that they have control over what happens in their lives. When people have a strong internal locus of control and internal locus of responsibility, they are more likely to accept higher levels of risk, but also take protective actions to mitigate that risk.The ways in which people perceive riskiness and acceptability do not reflect pure, probabilistic realities. In communicating risk, or risk mitigation potential that comes from ecological forecasts, any combination of these may come into play. 



UN-STRUCTURED DECISION MAKING

Biases and heuristics

Social decision context 

Physical decision context

Risk perception
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So when you are thinking about developing a forecast that may be, or you hope will be, used in a decision making context, try to keep some of these concepts in mind. The biases and mental shortcuts hardwired into our minds interact with the social and physical context in which we make decisions. And this is all layered over the feelings and trade-offs we associate with risk. Working with a social scientist may help you sort out which of these may be at play in your specific context, and how to address it in the design and communication of your work. 
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Thank you.
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