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Does anyone here remember the closing talk from last year? Probably not, no offense Diego, there was a fire alarm right in the middle of it. We all evacuated, loitered for a bit, and then we sort of awkwardly shuffled off and disbanded. 
But that fire alarm. No one refused to leave because there wasn’t 5-sigma proof of a fire. No one pulled out their laptop and said, ‘hold on, let me code this up first.” No one even seemed to make a decision about leaving. Why not? Because we trust the immediate imperfect data and accept the ethical imperative of a clear warning. 

But when the threat is distant, probabilistic, and complex—like Cascadia—our professional instinct is to study, model, and publish, deferring action until we finalize the conclusion. And when society as a whole defers action, there are consequences.

I’m Alex Steely, the assistant director of geologic hazards and mapping at the Washington Geological Survey. And for the next 20 minutes—or until a fire alarm—I’m going to share a bit about the cost of information and how that relates to spaceships, bridges, and earthquakes.

Look around the room. After two full days of talks, posters, and conversation, we’re all leaving with something in common: more data and a feeling of intellectual exhaustion. We’ve advanced our understanding of dynamic rupture modeling, paleoseismology, and geodesy. From earthquake physics, to fiber optics. From landslides to seismogenesis. We are an impressive bunch of nerds. And weaving through this, we’ve discussed some of the ways in which Cascadia will inevitably turn the Pacific Northwest into an expensive mess.
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We came here seeking clarity... but the nature of complex earth systems means we often leave with more, not less, uncertainty. The question for us today is not 'did we learn enough' but 'do we know enough to ethically and prudently act?’”

We’re going to examine the cost of information from several perspectives: economic, cognitive, ethical, and psychological. This will give us a framework with which to understand why humans are bad at preparing for long-timeline events, like earthquakes. I’ll share some ways in which I think we as a community can overcome this. 
We’ll use three examples to help motivate our talk:

1)	An air leak on a spaceship.
2)	An eventual but not impending bridge collapse.
3)	A certain and destructive earthquake with an unknown timeline.

It’s intuitive that these are ranked by how most people would allocate resources. Fix the hole! Who cares how it got there! We should fix the bridge, but lets figure out how long it will last and make a plan. An earthquake huh, well, yeah, tell me again what a 2% probability of exceedance is? 

This allocation is driven by how our brains process information and our cognitive biases.
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A coding analogy will hopefully highlight the importance of understanding our biases. You’ve written a code to do a thing. It runs beautifully, the output is correct, and there are no errors. 

But occasionally your code doesn’t get the right answer. It’s still a plausible result…it’s just…a little bit wrong. You’d want to know that right? You’d want to know under what conditions your code doesn’t get it right. And when you found out that your computer was operating with a hardware flaw, an algorithmic bias, or an unstable dependency, you wouldn’t trust the output. You’d halt the process.

Our brains are just like that, though obviously far more complicated. We think they are working just fine. They produce plausible actions and responses to the outside world. We think we have a have a continuous narrative of the process and are in control. 

Decades of social and cognitive psychology have shown that to be false more often than is comfortable. Our brains have all sorts of biases and tricks that they play on us, without us even knowing it. And these show up in surprising, and unsurprising ways. 

Most of us say something along the lines of, ‘that’s absurd, my brain would never fall for those tricks!’.  And decades of study have shown that while we can modulate the effects (thankfully), it is present in all of us, even when we believe it’s not.

Lets explore some of these to understand why society has a hard time making decisions about preparing for something like Cascadia.
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Our brains really don’t like regret. This is known as loss aversion and is part of Prospect Theory, developed by Daniel Kahneman and Amos Tversky, which states that the pain of a loss is psychologically about twice as powerful as the pleasure of an equivalent gain. In other words, it takes a win of $20 to offset the loss of $10. 

This internal process artificially elevates the risk threshold needed to undertake an action because we need greater benefit to offset the loss of our time or money spent on mitigation. We’ve all heard and experienced fomo; fear of missing out…this is loss aversion and regret in action.

In our earthquake example, when we’re faced with a certain loss of $50,000 for a seismic retrofit, it is weighed against the potential gain of the building not collapsing. And our brains require a much higher payout to consider it fair
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Our economist colleagues would probably say that we know enough when the marginal benefit of acquiring more information is less than the marginal cost of doing so. Decoded for the rest of us: “If it’s easy to get more information and it would help make a better decision, then we should do it. But if it’s subjectively ‘expensive’ to get more information or it might not affect the outcome, then maybe we shouldn’t.” 

This is rooted in the idea of Bounded Rationality, introduced by Nobel Laurate Herbert Simon, which says that our ability to decide is limited by the tractability of the problem, our cognition, and the time available. In short, we seldom achieve perfectly rational decisions but instead decide when a satisfactory solution becomes available, even if it isn’t the optimal one.

In the bridge example, the timeline of failure isn’t exactly clear. And a satisfactory solution isn’t readily available. Here it seems at least plausible to seek some additional information because it could have a large impact on the ultimate decision. For example, could half the bridge remain open while the first half is repaired?
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Because our work, even as researchers, directly impacts human life, it’s relevant to consider our duty of care and professional ethics. When we apply a social justice lens, the question of action shifts from personal or institutional utility to ethical necessity. Different than the marginal benefit concept, 

We know enough when the impact on marginalized groups is sufficiently understood to prevent harm or promote equity. 

The idea is that there is an ‘ethical minimum’ burden of proof which sets a bar for action that moves away from absolute certainty (a 5-sigma scientific threshold) towards prudence against foreseeable harm. 

In the spaceship example, the ethical decision is to fix the known leak, regardless of whether we have the final root cause analysis. 
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One field of psychology frames decisions as a set of internal factors that have little to do with external evidence. Two of these internal factors are self efficacy and uncertainty intolerance. 

The first is our belief about our personal capacity to affect the decision. Im hungry: can I handle making some soup? Having high self efficacy promotes action because we feel prepared for making the decision. This has nothing to do with our actual ability to handle things. I might not actually be able to make a bowl of soup! It’s about our perception. 

When we apply this concept to groups, our belief or disbelief about our  collective ability to achieve a goal, can have a very powerful impact on whether we decide to pursue it…regardless of our actual abilities.

The other internal factor is uncertainty intolerance. Our brains often treat uncertainty as something negative, something to be feared. This bias inhibits our ability to decide because it tricks us into believing the only safe response is to decrease uncertainty.

As scientists, we use research as a mechanism to reduce uncertainty, and it works great. But in the face of a slow-moving crisis like Cascadia, reducing uncertainty can become a form of procrastination—a detour that allows us to postpone the ethically necessary but politically difficult action. 
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Okay, so we’ve identified some ways in which our decision making brain doesn’t always do the most rational thing. We’ve identified the some bugs in our code.

There is hope!

One of the most effective strategies to reduce the effects of cognitive bias is to know about them and use a decision making framework.

We know enough to take action when:
The information gain is diminishing. New information is unlikely to significantly change the decision.
The decision utility is understood. We have accounted for loss aversion and regret.
The ethical minimum is met. Credible evidence points towards a potential harm.
There is a satisfactory course of action. Even if a theoretically optimal one is elusive.

With this framework It’s not hard to put resources towards fixing the air leak on our spaceship. It’s not hard to recognize that we will need to act soon to fix a bridge. But when the threat is diffuse and distant, like Cascadia, our brain has another bias that works against us.
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Hyperbolic discounting is a concept that economics brings to us and helps us understand that we over-value immediate costs or rewards. We discount the future event because it feels far away and we do so very steeply as a function of time. 

When the future event is a loss, hyperbolic discounting accentuates our loss aversion, and our brain becomes exquisitely sensitive to an immediate loss or gain, and relatively immune to caring about a distant loss or gain. Would you rather get $100 today, or $110 a year from now?

Add to this mix hazard insurance which typically provides a financial incentive to fix something only after the disaster has happened and its easy to see why many individuals, businesses, and polities either procrastinate acting or purposefully delay it.

This is the basic definition of a public-goods problem, also known as tragedy of the commons, in which individuals or groups feel incentivized to delay their own action and hope to benefit from the action of others. 

It’s a very rational economic calculation and creates a powerful gap between knowing and acting. Cascadia is a prime example.
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Before we discuss next steps, let me briefly tell you how the Washington Geological Survey is attempting to close this action gap. Our vision is that through the stewardship and creation of geologic information we foster a safer, more-productive, and resilient society.

This means we pivot away from deep science and toward actionable information, such as determining site class at schools, developing tsunami models for evacuation planning, mapping landslide hazards across the state, and serving as the clearinghouse for geologic emergencies. 

Through all this we partner with other groups and agencies to ensure we’re using the best-available science and tools, and we work with decision-makers from the local to federal level to help them implement risk-informed land use. 

These are good steps, but I fear they are still a reactive, public-sector response. To truly meet the ethical minimum, I believe we need a paradigm shift in how the entire community applies its knowledge. 

No one here doubts that something should be done about Cascadia. In some areas our marginal information gain is slowing. And we have solid strategies for risk mitigation. But as a society we are not doing enough, and certainly for the groups of humans who will be affected by Cascadia, we are nowhere near ready.
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So let me propose a counterfactual. These are useful thought exercises in which we identify a possible future outcome and work backwards to assess what must have happened.

An M9 event occurs. There is sustained ground shaking. The tsunami is just as big as modeled. And no one dies.

How did we get there?
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We got there with the right people. Us. The nerds.

First, we possess enormous intellectual capital and unrivaled work habits, skills refined over years of rigorous training. We know how to identify and solve the hardest problems.

We have real tenacity. Everyone here has had setbacks or faced headwinds. Many of us experience this everyday because of external factors beyond our control. And everyone here Keeps; Moving; Forward.

We have heart. We can empathize with the humans who will be affected by Cascadia and we feel called to act on that. 

The economic principle of comparative advantage dictates that our unique, highly refined skills should be applied where they yield the greatest marginal benefit to society.  

We largely know the what and the why of Cascadia. I believe the greatest marginal gain for society now comes from applying our analytical tools to the messy, real world problems of deployment.
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I’m going to discuss four areas where I think we can generate societal change and shift incentives for future generations. We sit at the center of all these initiatives. 

We are the experts. We have the data. And we know what will happen if society isn’t prepared. 

These aren’t the only kinds of solutions needed. But they are what I want to highlight today.
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In many fields, there is a strong pipeline between academia and entrepreneurship: the biomedical field; computer science and artificial intelligence; pharma; and more. This isn’t a failing of our institutions, but a targeted and desirable outcome. We can and should be doing this in hazards geology too.

The question here is: How can we monetize the application of our science in a way that promotes resilience and boosts mitigation? This isn’t about getting rich. It’s about finding an economic dynamo that helps everyone get over the cognitive and economic hurdles we’ve discussed today.

A gap exists between a hazard map and a specific risk report. We are great at identify the hazards. But how should individuals, companies, or polities use that information?

I think we are well equipped to launch and run consulting firms, software companies, or data analytic firms that translate our science, like 3d velocity structures, fault studies, or tsunami models, into specific and actionable products. Some of us are already doing this. 

The skills needed to be successful in business are the selfsame ones needed for being successful in academia: being willing to learn and work hard, mentorship, intellectual rigor, budgeting. Almost no one starts a business knowing everything. 

Can we start a business incubator section of Crescent and get interested folks discussing ideas for helping society act. Let’s promote sessions at GSA or AGU on scienceprenuership. Let’s build on our intellectual legacy by encouraging people to step outside the status quo. Let’s build an action legacy.
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We must move beyond presenting research at conferences or publishing in journals. We need to get our knowledge to the groups that execute the needed resilience measures.

Insurance, utility, health, and financial sectors have a lot of levers on how things are done. We might not agree with the influence of wall street, but we cannot deny they have influence. They rarely read JGR but they need our information, just formatted differently: actuarial tables, probabilistic risk maps, and guidance on resilient investments. I was shocked to learn that many insurers don’t even consider seismic risk when issuing earthquake products: the claim is that it’s too difficult to know a specific property’s actual risk. What a knowledge gap. Someone here can fill that.

Legislators and other people in power are also a path forward. Most impactful public policies around geologic hazards have been enacted because a very small cadre of tenacious elected officials cared. A lot. We need clear-minded advocates and science believers to help push through difficult but necessary policy changes. Few of us here have closet ambitions for public office; but maybe that should change.

None of these goals are beyond us, but getting there will stretch the incentive structure of the academic system which rewards high-profile papers and research grants. Let’s refashion the system and broaden what is considered an outcome worthy of funding or tenure. 
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The scope and scale of Cascadia mitigation requires a fusion of public oversight and private capital. We will not get there with a few FEMA grants.

Many of us are already doing work in this realm by providing scientific expertise for the design of regulatory frameworks. A good example is the work of DOGAMI and WGS in helping to revise and improve the building code in tsunami inundation zones. Another good example is ShakeAlert in which this community de-risked the technology and now works with the private sector to deploy and operate the network.

What more can be done here? Let’s work with investment firms and the reinsurance industry to co-develop mitigation funding: they have assets and liabilities at risk. We can help them identify those risks and help them see the value proposition of mitigation. We are creative and clever and we know what is needed. 

But right now we are far more likely to know a librarian than an investment banker. That is a gap we can close, but we need to be incentivized and supported to step out of our comfort zone. The support can certainly come from groups like this. 
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At this point I think some of the most-impactful research for helping society move towards Cascadia resilience lies in understanding the systemic risks, the downstream effects, and in our narratives.

Vulnerability studies that model the failure of several interconnected systems are useful for prioritizing mitigation resources. A landslide destroys a road that isolates a community that needs medications for injuries. These sequalea are not just a side story, for lots of real humans they will be life-and-death dramas and they require our careful and rigorous attention.

I used the term side-story and drama to highlight that as a species, our brains are built on narrative and relationships. The way we talk about hazards and our path towards resilience matters as much or more than the actual message. Early doom and gloom narratives built too much dread and end up encouraging complacency. As we increase our understanding of Cascadia we face greater choice in how we describe it to others: a worst case scenario? A probabilistic outcome? We have much to learn from our colleagues at Netflix about how to engage and compel.

Another topic is Economic impact modeling, which can help us understand the flow (or stoppage) of resources after an event. How much tax revenue will be lost, what business will be interrupted and for how long, what is the cost of long-term population displacement and who bears that? What happens to the insurance and re-insurance companies when an event like this happens? Will they be solvent? These are questions with ugly and thorny answers. But it is far better to debate these and decide before accidental negligence causes actual harm. 

The last topic I’ll mention today is improving our understanding of Recovery Science. This is all about the sequalae. Where will people live while their homes are rebuilt? How will those homes be rebuilt? From what; by whom? What’s the order of operations needed to ensure the fastest recovery possible? Do we prioritize the electrical grid over bridges? Homes before Schools before businesses? Who gets to decide that? How do we account for resource hoarding by individuals, businesses, or polities? Humans get weird when times are tough. 
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I really appreciate your time and attention.
I want to leave you with this.
When your spaceship springs a leak, your bridge falls apart, or the fire alarm rings, it’s time to take action. Cascadia is no different.
We are smart, clever, and ethical.
We have a duty to be loud and disrupt the status quo. 
And the day after Cascadia, when this place is a less expensive mess than it could have been and when fewer people die than we currently expect, I want to shake your hand and say “job well done”.
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