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Presenter
Presentation Notes
Hello.  My name is John Milne, and I work as a Design Engineer with Clark County here in Vancouver.

I’m going to talk to you today about using “entropy-based resource management” as an organizing principle for developing sustainability strategies.   As we’ll see, it can also help develop infrastructure that is:
Resilient to climate change,
Compatible with, and can help facilitate the introduction of, autonomous vehicles/driverless cars, AI and “Smart City” technologies into our infrastructure.



. Objective 1 - Use the “entropy-based resource management”
organizing principle to help your community achieve a
sustainable economy and environment

. Objective 2 - Develop holistic, multi-resource strategies for
sustainability, resiliency (to climate change) and the advent of
driverless cars and autonomous vehicles

. Objective 3 - Assess how you might collaborate with other
disciplines to integrate your current research into a
comprehensive and effective sustainability strategy



Sustainability;“L1fe, Liberty
and the Pursuit of
Negative Entropy”

Parts |-IV

Public Works Magazine,
APWA Washington State Chapter

httos://www.clark.wa.aov/public-works/accreditation


Presenter
Presentation Notes
This presentation builds upon was a series of articles I did for APWA magazine over the last 6 years or so, with the last one added recently in last winter’s edition. 

You can find those four articles and some additional information at the link at the bottom of the slide.

I’ll point out some key elements of this topic today, but you can find out lots more at the link.



Does your community need a

Sustainable land use plan?
Sustainable roadway grid?
Strategy for climate change?

Strateqy for driverless cars?


Presenter
Presentation Notes
This “teaser” slide gives you a rough idea of what this “organizing principle” can help “organize” for you....



e Commutes miserable?

g P « Air quality alert days increasing?
| e Wetlands drying up?
e Summer stream flows lower and more polluted?
* Wells drying up?
..we've got an (entropy-based) App for that!


Presenter
Presentation Notes
The last three are the items I work on, in particular.

Here in the Pacific Northwest, we have a big job to do to save our endangered salmon.  My own personal focus is on somehow getting deeper, cooler water in streams in the summertime.  I think using this organizing principle helps me greatly with that.  



Sustainability:
“Mr. Malthus - meet Mr. Smuts”

http://centerforsi.org/index.php/2018/05/11/clark/


Presenter
Presentation Notes
This is how I came to see “sustainability” while working on it.  It’s taken from a short blog I did for the Center for Sustainable Infrastructure at Evergreen State College in Olympia, Washington (see link).  

The guy on the left is Thomas Malthus.  He was a gloomy old English guy who told us we were all going to die, because all our available farm land could only provide enough food for just so many people, and our population would soon reach that limit.  

The answer, though, was that we just needed to get more efficient with our resource management.  That need for efficiency brings us to the guy on the right – Jan Smuts – a very interesting character.  He’s from South Africa, and is the only person to sign both peace treaties from the first and Second World Wars (shown here in his British Army uniform).  When he wasn’t busy fighting for the Empire, Jan developed the philosophy of “holism” (think of the term “the whole is more than the sum of its parts”).  If you want to be highly efficient with your farmland, say, you would want to manage it in a “holistic” way.  You’d manage all your operations very effectively, and to be able to do that best you’d have to manage them all together as one big system.  That’s the way you’d be able to get the most food from that same farmland acreage and so feed a bigger population.  

That was Jan Smuts’ answer to Malthus’s dilemma.  Also sounds a bit like what we need to do for “sustainability”, doesn’t it?
   
So we’re saying here that being holistic with our resource management might be the best way for us engineers to do our part in the quest for sustainability.
   
Just “be holistic”, though, isn’t much of a specification for us engineers.  We’re always going to need more – we have this geeky urge to get a better understanding of the physics behind it all.  Here, we can see that natural systems are highly efficient, and so we might like to achieve that same level of efficiency with our own operations.   At a simple level, “mimicking” those natural systems might make sense.  A fuller understanding of the physics of how they work, though, might be able to help us even more.  

Following that line of thinking is what led to the development of this “entropy-based resource management” organizing principle.   



Entropy-based resource management

e Natural processes always minimize energy loss and leave all
resources in a state of minimum entropy afterwards

e The resource is always maintained in its highest, most
ordered state, at the highest energy level possible

Try to create and maintain order, to “create negative
entropy’, in all things, in all places, at all times


Presenter
Presentation Notes
So we’re going to follow Jan Smuts advice and be holistic.  But just what is “a holistic method that mimics a natural process” for us engineers?  

The premise used here is that natural processes always act to use energy efficiently and minimize energy loss at all times, and so leave all resources in a state of minimum entropy after each process has been completed.   To mimic those natural processes, we would try to do the same.

So, “entropy-based watershed management” (now “entropy-based resource management”) was the answer.  You try to “create negative entropy” with everything you do.   By doing that, the resource is always maintained in its highest, most ordered state, at the highest energy level possible.

Entropy-based resource management is basically about finding simple, effective ways to maintain or create order, that is to “create negative entropy”, in all our resource management activities.  Creating order from chaos, essentially, is what we’re after.

Of course a first step is to minimize entropy changes, by minimizing the “work” we need to do to get any needed outcome (for example, to move us from Location A to Location B) and minimize the energy we need to use to complete that (for example by cycling or driving there). 
















2. HIGH GROUNDWATER

Water in liquid phase at the highest
potential energy possible.

“Pump up the groundwater as high
as possible (then plant everywhere)”

Natural Examples

1. SNOWPACK

Water in solid phase at the highest
potential energy possible.

....next best thing??

Contaminants
and sediment
are fittered

Provides
critical wildlife
habitat

Cleaner water


Presenter
Presentation Notes
If the founding premise is correct, you would expect to see examples of this everywhere in nature.  Are there?

Well - Snowpack is one.  Snowpack is water in solid phase at the highest potential energy possible.  And we know that a good snowpack means a good year for the watershed environment and everything in it.  But creating snowpack is a difficult, expensive task for a watershed manager.  So what might the next best thing be? 

High Groundwater is water in liquid phase with high potential energy, and is also very useful to have.  

When applying this organizing principle to watershed management, it can be simplified to “pump up the groundwater as high as possible then plant everywhere”.  

Note the “extra” well I’ve added into the wetlands picture.  This is a reminder that, while we want the good water storage that high groundwater provides, we also want  the water’s high potential energy as well.  With entropy-based resource management we want everything we can get – even if we’re not quite sure why.  Remember, we’re mimicking natural systems, even if we don’t fully understand everything that they are doing.  

As it happens, in the example here, capturing that high potential energy in our resource management plan might mean we’d need to use less pumping energy if we needed a drinking water well.  Not that I’m advocating putting wells in all our wetlands – I’m absolutely not! 


| Organizing Principle?
 “Just roll the bloomin’snowball down the hil

V/4



Presenter
Presentation Notes
Before moving on, I’d like to say just a bit more about why we are using this concept in the form of an “organizing principle”.

A primary objective of using this strategy in this simple way is to try to speed up the process of getting sustainable practices and infrastructure active on the ground. Since we’re mimicking natural systems, which have good track records, we’re confident we’ll get good outcomes.  Because of that, we’re safe to have a strong bias for action in all our activities, (as opposed to always waiting until “perfect” data is available).  For example, we might use this principle to pick the most appropriate road intersection design alternative, early in the conceptual design of a road improvement project.  

Think of it all as you being at the top of the sledging hill, with your family down at the bottom waiting to build a snowman. You can stand up there and ponder, maybe even try to calculate, exactly how big a snowball will be when it rolls down to the bottom. That’s what we engineers do. But while you’re doing that, wee Shona is crying her eyes out waiting on her snowman, Mick is beating up on his brother Fred, and Mom is glaring daggers at you. No good can come from all that! The snowball will get to the bottom of the hill anyway and it'll be round, ready to make the snowman's head. What's more, it’ll be the same size whether you calculated it or not. Just roll the bloomin’ snowball down the hill!





Literature Review

Entropy-based
Transportation strategies


Presenter
Presentation Notes
As I mentioned before, the earlier articles focused mainly on water resources.

Now we get to the more recent literature review of entropy-based Transportation strategies.



Transportation Planning
“A Tale of Two Entropies”

Minimizing entropy in traffic management; Reducing energy use.

“About the analogy between optimal transport and minimal entropy”,
(Gentil et al., 2016)

Maximizing entropy in traffic management; Optimizing choicein
transportation options and routes.

“Maximum Entropy and Utility in a Transportation System”, (Mazumber et
al.,, 1999)


Presenter
Presentation Notes
Now moving on to more recent work.

A literature search was made to see if there were any entropy-based transportation strategies that were compatible with the entropy-based water resources strategies described in the previous articles. 

There were many, including ones based on both minimizing entropy (as alluded to in the earlier articles) and maximizing entropy.  How can that be, for an “applied physics” problem such as this one?  Well....

Minimizing entropy is about minimizing energy use in traveling from home to work
Maximizing entropy is about maximizing the traveler’s routes and choices;  when this is done, then the energy used is minimized. It’s a kind of sideways, indirect way of achieving the same result.  It could be even more effective than a more direct approach.  We’ll see this feature of holism again later.  

In any case, both analyses are effective and are compatible strategies to use to try to develop an optimal transportation network.  

The most notable thing here, though, is that entropy-based mathematical tools appear to be the most effective and precise means of finding  solutions to both problems.  Entropy-based strategies and their associated mathematical techniques appear to be essential to developing optimal transportation networks.  And, by extension, optimal, sustainable land use plans.



Application to other current
Issues



Transportation and Land Use Planning

“Maximum Entropy and Util/ityin a Transportation System’,
(Mazumber et al., 1999)

“Both entropy and utility* can be adopted by skilful proponents
to explain almost any form of transportation problem’

*Utility = benefit from making economic choices such as home and workplace
location. /mportant in land use planning.


Presenter
Presentation Notes
Completing the literature review also let me take a look at some other pressing issues of the day, to see whether entropy-based resource management could be helpful to, or at least compatible with, our other efforts.  Here we’re assessing land use planning.

We’ve seen that entropy-based analysis is central to effective transportation planning.  That, itself is a very important factor in maximizing “utility” for any given population.  Maximizing utility is a major goal when trying to achieve - say - a cost-effective, sustainable land use plan. 

So – entropy-based resource management appears to be compatible with, and may even be essential to, the development of any “sustainable land use plan” (or any effective “Smart Growth” initiative).





Resiliency (to climate change)

Sustainability and Resiliency are really two sides of the
same coin. For example:

Electric vehicles:
e use less energy (sustainability)
e produce less greenhouse gases (resiliency)

Low Impact Development techniques:
e recharge groundwater supplies (sustainability)
* reduce flooding (resiliency)

Plus...emphasis on quick on-the-ground action can help meet urgent
resiliency needs.


Presenter
Presentation Notes
Completing the literature review also let me take a look at some other pressing issues of the day, to see whether entropy-based resource management could be helpful, or at least compatible.  Here we’re assessing resiliency to climate change.

As seen here, Sustainability and Resiliency seem to have very similar needs and require similar solutions; the same entropy based resource management strategies should work for both.

In addition, the organizing principle’s strong bias in favor of action can be particularly useful for meeting our more urgent resiliency needs.  




Driverless Cars and Autonomous Vehicles

 Entropy-based transportation strategies can
establish energy-efficient transportation
networks, for all types of vehicles

o /nthe vehicle entropy-based (energy usage)
algorithms can help optimize travel route choices


Presenter
Presentation Notes
Next - how might entropy-based resource management relate to the forthcoming introduction of driverless cars and autonomous vehicles?  

Well...

Entropy-based analyses are good at minimizing energy use, and so can set up good transportation systems to service a good land use plan

Entropy-based analyses are a good mathematical way of (maximizing and) optimizing (travel route) choices – whether made by humans or made by robots.

Example.  One potential issue that has been brought up for driverless cars is that commuters might be able to actually sleep in the car on the way to work – like they do on trains just now.  That could potentially make longer and longer commutes possible, leading to urban sprawl.  By focusing on entropy, and energy use, entropy-based transportation plans would influence land use planning to help minimize that costly, unsustainable form of development.  



Smart Infrastructure and
Artificial Intelligence

Smart infrastructure can be the on-the-ground
embodiment of well planned, entropy-based
resource management systems

Artificial Intelligence can make the operation and
maintenance of smart, entropy-based public
infrastructure easier and more efficient


Presenter
Presentation Notes
Last, we’re going to look at how entropy-based resource management might interact with “smart infrastructure”, “Smart City” technology and Artificial Intelligence.  All due to arrive soon for Public Works agencies.

The entropy-based resource management organizing principle basically tries to plan, design and construct very effective public infrastructure systems.  To maximize that effectiveness, we should incorporate smart infrastructure technology as we build our new infrastructure.

AI-enhanced technologies will then help operate and maintain those smart public infrastructure systems, even more effectively.

So, entropy-based resource management and AI/Smart City technology are very compatible and can (and should) work hand-in-hand.

With all these compatible, interactive and perhaps symbiotic relationships, we now have the potential to get smart, sustainable and resilient cities.  To do that, we should start out by using the entropy-based resource management organizing principle in the early planning stages, and continually from then onwards.



Entropy-based resource
management

“Back-to-basics sustainability”


Presenter
Presentation Notes
Now, after adding in the entropy-based transportation strategies and a brief look at other ongoing issues, we have an update on using the entropy-based resource management organizing principle as a “back-to-basics approach to sustainability”.  

The discussion updates the information in the first three articles to include the more recent issues discussed in the latest article.  Those include resiliency to climate change, driverless cars/autonomous vehicles and incorporating AI/smart city technology into our infrastructure.



“The Sustainable City”
Entropy-based Resource Management Plan

Energy

Water

Ailr


Presenter
Presentation Notes
To illustrate, we’re going to develop an “Entropy-based Resource Management Plan”  for a hypothetical public agency in a large city.

To do this, we’re going to look at how our planning and infrastructure can optimize management of our energy, water and air resources – the basic building blocks for life in “the sustainable city”.

If we can manage those three well, we’ll be doing alright.


Energy

Employ entropy-based transportation strategies to
minimize the work needed for home-to-work travel
and all other trips.

Develop energy-efficient (low pollution) vehicles to
perform that work as efficiently as possible.


Presenter
Presentation Notes
First – how might we best manage our energy resources.

1.  The literature review showed many entropy-based transportation strategies.  They’re all basically aimed at minimizing the work needed to travel from home to your place of work and back home again.  Since entropy-based transportation strategies seem to be the most efficient at doing all that, we’ll be using those.  Since this home-office travel (and home – everywhere else travel) is fundamental to everyone’s quality of life (who doesn’t want a short commute?), we’re essentially recommending:
transportation planners use entropy-based analyses to design their transportation systems, and,  
city planners follow closely the recommendations of their transportation planners when they develop their comprehensive land use plans.

2.  Once we’ve minimized the (absolute value of) work needed for travel, e.g. in our road system layout, we need to develop devices that will do that work in as energy-efficient a way as possible.  If those devices are also less harmful, such as zero-emission electric vehicles, so much the better (remember, we are being holistic, we need to consider water and air at the same time). Note that, once smart electric cars are deployed, forthcoming AI/Smart City infrastructure improvements will produce additional efficiencies in transportation and energy use.  



Supporting strategies:
— Multi-modal transportation systems
— Replace fossil fuels with renewable energy

Implementation measures:
— Sustainable land use plan (“Smart Growth”plan)
— Al-enhanced “Smart City”infrastructure/operations

Other compatible strategies:

— Complete Streets, driverless cars, First Mile travel options,
20-minute Neighbourhoods, roundabouts, entropy-based
limits on sprawi, etc.

— Solar energy, wind energy plus pumped storage, better
batteries, artificial photosynthesis for fuel, etc.


Presenter
Presentation Notes
These are just some of the various ways we can accomplish the goals from the last slide.

All are compatible with the entropy-based resource management organizing principle.



Water

Establish and maintain high groundwater elevations in
all places at all times.

(Maximize retention of the annual rainfall supply/maximize the
availability of water throughout the watershed)


Presenter
Presentation Notes
Develop a new water resources/environmental priority of establishing and maintaining high groundwater elevations throughout the watershed at all times.  As the explanation in brackets  suggests, this will go on to produce many spin-off water resources and environmental benefits.  

So – why just this one?  There are many other helpful “stormwater” and “wetland” strategies and regulations.  However, this is the fundamental objective from an entropy-based resource management standpoint.    (What good is a wetland that isn’t wet?)

As a simple measure, in complex situations, or where conflicts with other regulations appear, there should always be a strong bias favoring maximizing groundwater elevations.





Presenter
Presentation Notes
Just to elaborate on that last point, since water resources is mostly what I work on.

What that regulation says is that we just focus on having and keeping high groundwater everywhere, we’ll be doing pretty good.

Here we can see that, with high groundwater, regardless of how that comes about, we’ll have pretty happy lives (after all, we’re supposed to be pursuing happiness)

The hops and potatoes will slurp up the groundwater and thrive, Mick can get his fishing in, and Dad can sit down to a nice plate of fish and chips and his pint of IPA.  

So – happy campers!  They pursued happiness, and they found it  - in a low entropy environment.

(Note: The sun’s even smiling – all its energy going to good use!)
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Presenter
Presentation Notes
Here though we’ve somehow got low groundwater – don’t know why – folks are still moaning and complaining and arguing the toss about that.

But - no plants, no fish.   No nice fish and chips.  Bugs in the dried-up creek - still protein but not as good, even with salt and vinegar.  Nobody’s happy, as you can see.

And it’s even raining!  Doesn’t matter though because the groundwater is still low somehow.  (How??? – we’re using “Mandatory LID”!!; we’ve constantly ratcheted up our wetland regulations!!).

So....unsustainable...unhappy campers....they pursued happiness, but they didn’t get it in this high entropy environment.



Supporting strategies:
— Infiltration-retention-detention hierarchy for stormwater
— Flood flow capture and aquifer replenishment
— Headwater wetland restoration projects
— Trench dams in pipeline and utility trenches
— Runoff flow control

Implementing measures:

— Sustainable land use plan (incorporating “envirometric
overlay”)

— “Pump up the groundwater then plant everywhere”

Other compatible strategies:

— “One-Water” strategies, Low Impact Development BMPs,
“Green Streets’, “Smart City” infrastructure, Beavers


Presenter
Presentation Notes
Note that these are all only supporting strategies, though any one of them could well be the main focus for any one particular agency or stakeholder.  For example, Washington State Department of Ecology has had a traditional strong emphasis on providing good flow control for stormwater runoff, with many regulations, programs, grants, etc. focused on that aspect of water resource management.  Here flow control is only a secondary objective (though still useful and important).

The humble trench dam, by closing off the “french drain” effect of a huge, interconnected  network of porous-backfill pipe and utility trenches, can be a very inexpensive but highly effective BMP, or perhaps retrofit project.

“Pump up the groundwater then plant everywhere” is a pretty good sustainability “game plan” if getting a sustainable land use plan is too difficult.  Or it can be a stop gap measure while more comprehensive plans are being developed.  It’s actually the form of entropy-based resource management that I’ve used the most, by far.  



Air

Increase photosynthesis

Reduce greenhouse gas emissions


Presenter
Presentation Notes
1.  Why is “increase photosynthesis” listed here as a strategy for managing our air resources?  Isn’t that for plants?  Isn’t it really an “energy production” (biomass production) strategy?  Well – yes – but lots of plants – think Amazon forest – produce oxygen and have highly beneficial effects on air quality – and consume carbon dioxide  and so help mitigate climate change effects.  Encouraging photosynthesis, then, provides us with an effective indirect mechanism for managing the air resource.  And it comes with additional benefits – energy being a big one.

2.  The air resource will also be better managed if we can directly reduce the greenhouse gas emissions that are causing climate change.  

Though these might at first seem more like private sector initiatives, Public Works Departments also have very influential and effective ways of accomplishing these two objectives – see next few slides. 



Supporting strategies:
— Entropy-based watershed management strategies
— Entropy-based transportation strategies

Implementing measures:

— Sustainable land use plan (incorporating an “envirometric
overlay”)

— “Pump up the groundwater then plant everywhere”

Other compatible strategies:
— Electric vehicles, Reforestation


Presenter
Presentation Notes
You’ll note here that public agencies would manage their air resources mainly by managing their water and energy resources well.  The same strategies that work well for water and energy will work well for air.  

This is one outcome of using truly holistic methods – you get additional benefits you weren’t directly trying to get. Those extra benefits that make “the whole more than the sum of all its parts”, as Jan Smuts might say.

The next two slides show a couple of examples of the kinds of products that would result from following this prototype Entropy-based Resource Management Plan.



Smart“Smart Cities"....

Use GW model to determine the optimal
land use arrangement

“Smart Growth”
Comprehensive Plan

“Smart City” Infrastructure


Presenter
Presentation Notes
(Finally, we get to the smart smart cities!)

Applying all that might result in something like the example shown here.  

First – land use.  Rather than just “draping” new Smart City infrastructure over a bad land use plan, entropy-based transportation and land use planning would be used to link up a Smart Growth land use plan with Smart City infrastructure to operate that plan most efficiently.

The left graphic is the “sustainable land use plan” suggested in my earlier articles – one example of a Smart Growth land use plan.  Additions to that earlier plan based on the recent literature review of entropy-based transportation strategies are:
The “Current Land Use Plan” would be an econometric plan that was developed in part using entropy-based, multi-modal transportation strategies
Entropy-based planning methods would also be used to limit urban sprawl

The sustainable land use plan would be serviced by an entropy-based, sustainable roadway grid – next slide




..with Green “Complete Streets”

Green Street ...including roundabout corridors


Presenter
Presentation Notes
Here we’re showing the main transportation infrastructure component of that sustainable land use plan – the roadway grid

We’re now seeing “Complete Streets” (multi-modal transportation choices) and “Green Streets” (using LID stormwater runoff disposal methods).  However, the entropy-based resource management organizing principle INSISTS on addressing all resources at the same time (energy-air-water) and so would require a “Green Complete Street”.  This “Green Complete Street”  example is the “sustainable roadway grid” suggested in my earlier articles.  It includes:

A multi-modal transportation system and associated roadway cross section (vehicle lane, bike lane, sidewalk)
The roadway grid system uses roundabout corridors wherever possible, and entropy-based traffic signal timing at intersections where roundabouts won’t work
A “Green Street” cross section including roadside rain gardens for stormwater runoff disposal.  (This one shows an additional overflow infiltration trench in the middle of the street to infiltrate even more runoff).

Anyone up for calling “Green Streets” “Blue Streets” instead?  (the groundwater recharge is probably more valuable than the vegetation).  Well, ok.....


Sustainability and Resiliency:
Are things bad enough yet?

* In some places, maybe.

* In any case, there’s no harm in being
effective and cost-efficient, at any time...

Let’s ‘walk-through”sustainability and
resiliency, from an entropy-based resource
management viewpoint...


Presenter
Presentation Notes
Now, how do we go from “unsustainable” (if that’s where we think we are) to “sustainable”?  How, and when, do we transition? 

It’s always a big disruption, and sometimes (at least initially) very expensive to change how we do things.  We have a natural tendency to want to keep doings things the way we’re used to – that can be hard enough as it is...

In some places though, things can eventually get too uncomfortable and you will have to change what you do.  

It’s likely you won’t have any spare cash, so whatever you do will have to a) work and b) be as cost-effective as possible:
a)  you will have to “get the physics right”, to make sure you get everything right this time, with no more “unintended consequences”, and,,
b)  your methods will need to work for everything that you need, not just one specific item.  They will need to work well, and cost as little as possible.

So, if you know you are eventually going to have to change, would it be better and cheaper to do it earlier?

The next set of slides will “walk through” a rationale for how the entropy-based resource management organizing principle can help, as a short summary of this whole topic.




Need:
Sustainability and Resiliency

. ‘1’ Eh 1. Lots for Public Works to do (without much money)...
EXSR 2. We need to be very effective (and cost-efficient)...

3. Aholistic strategy would consider all resources when making
our management decisions...

4. Holistic, coordinated strategies can also achieve “whole is
more than the sum of its parts” levels of effectiveness...

So, let’s try to find a “holistic”strategy....


Presenter
Presentation Notes
I like defining “Purpose and Need” for any proposal, to help make sure everything is logical and doesn’t get off-track.   I also like starting with “Need”, to check why we would want to begin some big new effort in the first place:
Getting to be truly sustainable, and resilient, could be a big, expensive task to accomplish.  At the same time, there doesn’t seem to be much appetite for raising taxes, so we will be likely be called upon to “do more with less” (heard that one before?). 
Our methods will have to work, for everything, everywhere, and not cost much.  What methods might be able to do those things? (they will have to be different from what we’re doing now, since we’re running into problems).
Holistic strategies work for everything, everywhere.  They cover all our needs.
Holistic strategies, if well planned and well coordinated, will get the most total benefits using the least effort (cost) possible. Since “their whole is more than the sum of their parts” we will be able to “do more with less”, as our communities keep asking us to do.   Jan Smuts theory.
Jan Smuts theory.

So, let’s go with using holistic methods.  

Next, let’s see what a holistic strategy might be, in physical and engineering terms.....



10.

Purpose: Entropy-based resource
management; a holistic strateqy

A physical expression of “holism”, and a “holistic strategy’....

Purpose is the frugal use and effective storage of all our natural
resources /i.e. sustainability....

The fundamental focus on entropy opens up many physical, chemical
and biological ways to achieve that....

The physical concepts are well supported by mathematical analysis
procedures targeted at systems-optimization, our primary objective

Being based on natural systems, you can have confidence in
achieving good outcomes, and so be free to have a strong bias in
favor of action....

.. this, in turn, allows fast responses to urgent resiliency needs...


Presenter
Presentation Notes
A physics/engineering explanation of “use holistic methods that mimic natural processes” – something the county was asked to do back in our watershed planning years. 
It’s really just “being cheap”, so supplies will last longer.  And saving things for later when we’ve got too much of them at the moment. The essence of “sustainability”.
There’s no single-discipline answer – not physics – chemistry – biology – alone.  We have to go back to “entropy”, physics and the second law of thermodynamics, to get the full range of potential responses that we’ll need.
Many entropy-based mathematical procedures have been developed, for transportation analysis (and associated land use planning), including some very good optimization procedures.
If you acknowledge natural systems are highly efficient and will always get good results, then you only need limited analysis to be able to make a reasonable, but effective, decision, and won’t always have to wait for extensive data to be collected.  This will let you move quickly to get an effective solution to a known problem...
Resiliency – closely interlinked with sustainability – is starting to need some quick solutions in some places.....


Entropy-based Transportation strategies

11.

12.

13.

14.

can...

Make very effective use of energy resources, and so are
important when developing optimal transportation
systems...

An optimized transportation system maximizes utility
and so /s an essential element of any sustainable land use
plan...

Are good at (first maximizing then) optimizing choice in
travel routes, and so can contribute to software for
autonomous vehicles and driverless cars...

By reducing energy use, entropy-based transportation
strategies also reduce emissions, a key resiliency need...


Presenter
Presentation Notes
Transportation system planning, in particular, includes many effective entropy-based analysis strategies.

 
In general, an optimized transportation system will minimize the work needed to travel from A to B...
In general, utility is what we are looking to maximize for the general population in a land use plan.  This would basically minimize the work they must do, time it takes to do it, cost, etc.  And leaves them with the most available free time and most disposable income – the highest quality of life - from a time and money standpoint.  An efficient transportation system is a key element in all that...
Having many options, and freedom of choice (liberty) in selecting them is important in optimizing transportation systems.  That choice can be equally advantageous to human drivers or robots (AI software will basically supplant human choices with computer-made choices).
Reducing greenhouse gas emissions is an important resiliency objective.



“Smart City”infrastructure and Artificial
Intelligence software can then...

15. Operate and maintain that sustainable, resilient public
transportation and infrastructure system even more cost-
effectively...



Presenter
Presentation Notes
The previous items in this list have given us a “Smart Growth” comprehensive plan.  All we have to do now is provide the most effective infrastructure to service that plan, i.e. incorporate “Smart City” infrastructure.  AI technology, as it comes in, can then help those well-planned, efficient transportation and infrastructure systems run even more smoothly and cost-effectively. 

Note that the steps in these last few slides have been shown sequentially, to illustrate generally when they might be applied and how they relate to each other.   In reality, though, using the organizing principle means that all items MUST be considered at the same time, i.e. holistically, as those transportation systems and land use plans are being developed.  The influences of driverless cars and AI technology are very powerful, and so those two innovative features might themselves have a strong effect on the actual development of the most sustainable land use plan.  




A holistic strateqy: Design for Liberty...
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Multi-modal transport options — use food energy first...
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Presentation Notes
Entropy-based resource management is holistic – if you apply it you get additional benefits you might not even have thought of.

Example.  Multi-modal transportation - gives everybody as many travel options as possible, including bike lanes and sidewalks. This, then, gives everybody the choice of using their own energy (from food) to save on gas if they like....  



... you get Life too!

il The Fitter You Are The Longer You Are Likely To Live
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Presentation Notes
.....  that way, in addition to saving on other forms of energy, the population also stays healthier and lives longer.



A holistic strateqy: Design for Liberty...

SUSTAINABLE ROADWAY GRID
B. Mimic a natural system

Regular Intersection Roundabout
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Add in choice— one more degree of freedom....
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Presentation Notes
The organizing principle is holistic at all times:

Liberty = add in one degree of freedom at the intersection – you decide if you want to stop or keep going....


... you get Life too!

Roundabout Intersection

@ 8 Vehicle conflicts @ 32 Vehicle conflicts
[08 Pedestrian conflicts [ 24 Pedestrian conflicts


Presenter
Presentation Notes
- and you also get.......Life - less accidents.

In fact, this is how roundabouts finally came into Clark County.  We designed for life – safety – and got liberty too – got to make our own choice to move into the intersection.  No problem – we don’t care how roundabouts finally got here.


Sustainability for America!

“Life” “Liberty”

... and the pursuit of... “Negative Entropy”
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Presentation Notes
So here’s the phrase I came up with – the title of the series of APWA articles. (You can access the APWA articles and some other information at – https://www.clark.wa.gov/public-works/accreditation  ) 


Control the water part – keep the groundwater elevation as high as possible (store as much of the annual rainfall as you can in the watershed).  This creates the most vegetation/food/energy.
Keep as much (degrees of) freedom of choice as possible.  You choose which energy you use to travel (food, electricity, fuel).  You decide when to go forward at an intersection.  Etc. 
We need a diverse, multi-discipline team chasing after all this.  No single expert can design (say) a sustainable roadway grid – each specialist needs help from other specialists in different fields.
Always try to create negative entropy – in all things in all places at all times. (Snowpack, and photosynthesis, might be the best ways to envision entropy-based resource management). 

And, if you do all that, happiness will follow!  What Americans have been pursuing all along, and finally found it, in a low entropy environment!
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Presentation Notes
Since this is the reunion tour, I get to make up my own personal “mix tape”!

I’m greatly encouraged by the last 2 tracks – 2 recent initiatives from the Department of Ecology.
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