
TO RETURN TO INDEXCLICK HERE

Snowpack

TO RETURN TO INDEXCLICK HERE

Snowpack

Happiness will follow.
Clark County’s approach 

to stormwater management 
over the years has differed signifi cantly 
from that of the Washington State 
Department of Ecology. Where Ecology 
has focused on controlling runoff fl ows 
from new development, Clark County’s 
efforts have instead been targeted at 
restoration of the natural watershed 
hydrology. This county focus led to a 
search for holistic, watershed-based 
solutions that mimic natural systems. The 
governing principle by which the county 
mimics natural hydrologic processes 
has been loosely termed “entropy-based 
watershed management.” This article 
introduces this organizing principle for the 
management of watersheds and other 
natural resources, and suggests how use 
of this strategy might contribute to future 
sustainability efforts.

Entropy-based watershed 
management: holistic, watershed-
based solutions that mimic natural 
processes
“Instead of engineered stormwater 
facilities, why don’t you use holistic, 
watershed-based methods that mimic 
natural processes?” This criticism 
was leveled at the county during the 
development of their mid-’90s watershed 
plans. “Mimicking” something might 
initially seem to be a backward step 
from developing sophisticated computer 
models. However, when trying to achieve 
basic engineering objectives, attempting 
to mimic natural processes does appear 
to make sense:

• Natural processes are highly effi cient; 
mimicking them could be very cost-
effective. 

• Natural processes seamlessly interact 
and work across physical, chemical 
and biological boundaries; they are 
truly holistic. 

• All natural processes are very effi cient, 
not just the one your program is 

focused on at the moment but all 
“downsystem” processes that follow.

So a strategy that utilizes and mimics 
natural processes may show promise 
for effective resource management. But 
what does “mimicking a natural process” 
mean, in physical terms? The premise 
behind the county strategy is that natural 
systems always act to minimize energy 
loss and so leave each resource in its 
highest, most ordered thermodynamic 
state, i.e. in a state of minimum entropy, 
after each process has been completed.  

This physical concept of minimizing 
entropy at all times seems to encapsulate 
how natural systems operate across 
physical boundaries for the effi cient 
capture, storage and frugal use of energy 
and natural resources. At heart, an 
entropy-based resource management 
strategy is an attempt to create and 
maintain order in all aspects of resource 
management, from the molecular level 
to large-scale ecosystems. “You need to 
create negative entropy, Dad” is how my 
biologist advisor puts it.

Natural examples
If this contention is to be correct, a 

natural system that manages a resource 
perfectly would, after every process has 
taken place, leave that resource:
• In its highest state of matter, i.e., solid 

phase.
• In the highest energy state, i.e., 

potential energy.
• At the highest level of potential energy 

possible.
That system and similar systems would 
also be expected to be ubiquitous in 
nature.  

Is there such an example in the natural 
world? Let’s take as the resource the 
annual rainfall that falls on a watershed: 

• What is the most ordered state (least 
entropy) for water?

• Would working to establish and 
maintain the annual rainfall in that state 
constitute effective management of the 
resource?

• Is that state seen prominently in 
nature?  

Snowpack
Snowpack along watershed ridgelines 
is water in solid phase with the highest 
possible potential energy. All watershed 

SUSTAINABILITY: Life, Liberty and the 
Pursuit of Negative Entropy - Part I
By John Milne

SUMMER 201326



CLICK HERE TO RETURN TO INDEXCLICK HERE TO RETURN TO INDEX

managers know that a good snowpack 
means a good year for the watershed 
and everything in it; it constitutes very 
effective, holistic management of the 
annual rainfall supply.   

However, from a management 
standpoint, physically creating snowpack 
from rainfall, by cloud-seeding or other 
methods, is beyond the means of most 
communities. So what might the next 
best thing be?

High groundwater is water in liquid 
phase with high potential energy. As seen 
in the above graphic, maintaining high 
groundwater elevations can be expected 
to conserve water effectively as well as 
produce multiple additional environmental 
benefi ts.

Now we have something that a 
watershed manager might be able to 
use. A simple entropy-based governing 
principle for effective watershed 
management might be to promote the 
establishment and maintenance of high 
groundwater elevations in all regulatory, 
planning and capital construction 
activities that the watershed manager can 
infl uence.  

Holistic watershed management 
and downsystem processes
Before presenting a Clark County 
example of entropy-based watershed 
management, it’s worth lingering on 
the additional benefi ts that may occur 
if resource management focuses on a 
fundamental driving process. For an 

example of holistic natural resource 
management dear to (some) engineers’ 
hearts, consider the case of single-malt 
scotch whisky. Most scotch afi cionados 
will tell you that it is the water used in 
the distilling process that gives each 
whisky its individual fl avor, far more than 
any transcendent distilling skill. Take a 
trip to the Glenmorangie distillery in Tain, 
Scotland. The water in the burn looks like 
Coca Cola as it tumbles over the rocks 
and black as molasses in the pond at 
the distillery. And Glenmorangie has a 
very peaty smell and fl avor, which many 
people like. Would they enjoy it as much 
if we engineers had captured and piped 
all that “pure” highland rainwater all the 

way to the distillery? Apparently the 
glens know better than we do how to 
make good whisky, and maybe what’s 
best for that glen’s salmon run also.   

This example shows that using and 
mimicking this natural management of 
the water resource has the potential 
to move beyond meeting minimum 
state standards for benefi cial uses into 
preserving all the attributes of each 
individual stream; maintaining each 
stream’s “signature.” 

Clark County Amphitheater 
Sub-basin Retrofi t Plan 
This recent work effort is one example 
of the county’s use of entropy-based 
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watershed management as an organizing 
principle for rehabilitating watersheds. 
Here the principle was expressed as a 
generalized game plan to “pump up the 
groundwater as high as possible then 
plant everything.”  The Amphitheater 
plan accomplished this in several simple 
steps:

Step 1: Develop Infi ltration Zone Mapping 
and Matrix
The county’s old Infi ltration Zone maps 
and matrix were updated to add newer 
LID infi ltration BMPs as well as list each 
BMPs cost-effectiveness in terms of 
their cost per “Fully-Mitigated Impervious 
Acre” (the basis of the county’s 
“hydrologic accounting” procedure).  

Step 2: Site the most cost-effective 
infi ltration BMP everywhere possible in 
the sub-basin
Starting at the top of the basin and 
working downstream, the Infi ltration Zone 
maps and matrix are used to site the 
most cost-effective infi ltration/retention 
BMP at every feasible retrofi t location.  
This process results in Sub-basin Plan 
Alternative 1, the standard “Maximum 
Improvement” alternative.  

The above plan excerpt shows 
several common LID BMPs such as 
rain gardens, eco-roofs and retention 
ponds, with adjusted controls on the 
existing detention ponds as the furthest 
downstream “BMP of last resort.” 

However, by requiring ourselves to 
“pump up the groundwater as high as 
possible,” we must also re-establish the 
natural drainage paths and headwater 
wetland in this area, and add trench 
dams to storm sewer and utility trenches. 
Those measures go beyond standard 
water quality treatment and fl ow control 
design and harken back to the county’s 
old strategy of restoring the natural 
watershed hydrology. Only now we are 

 Infi ltration Zone map and matrix

doing this in a more systematic and 
quantifi ed way.

Step 3: Alternative Analysis; Phase 1
Here, additional Plan Alternatives are 
developed simply by reviewing the 
hydrologic accounting summations and 
deleting the least cost-effective individual 
BMPs. This quickly identifi es two or three 
candidate Plan Alternatives for more 
detailed analysis.
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Sub-basin Plan Alternative 1: Maximum Improvement

Step 4:  Alternative Analysis; Phase 2
In this fi nal step, hydrologic and hydraulic 
models (WWHM, HECRAS) are used to 
model the remaining plan alternatives in 
more detail and as systems rather than 
as a collection of individual BMPs. The 
HECRAS sediment-transport module 
is the basis of the county’s “hydraulic 
accounting” procedure, which uses a 
single-reach idealized stream channel to 
evaluate the annual erosion resulting from 
output hydrographs from the candidate 
alternatives. The Plan Alternative that 
generates and exports the least annual 
sediment mass within the available budget 
wins.

The Clark County Amphitheater Sub-
basin Retrofi t plan demonstrates that an 
entropy-based watershed management 
concept can be used as an organizing 
principle for developing effective 
watershed rehabilitation strategies. It 
requires you to:
• Focus on primary causes rather than 

effects.
• Use top-down management, i.e., 

intervene as soon as possible 
after rainfall hits the ground and 
do everything possible at each 
succeeding step. 

• Consider watershed needs outside 
your immediate program objective.

• Develop cost-effectiveness metrics for 
all BMPs and Plan Alternatives.

• Include improvements that may be 
diffi cult to quantify and for which you 
may not understand fully all the natural 
processes at play.     

The county has also used this strategy on 
other work products, including:
• The hydrologic and hydraulic 

accounting procedures were used 
to identify, screen, design and build 
numerous stormwater/watershed 
rehabilitation projects. 

• Restoration of the natural drainage 
patterns and groundwater recharge in 
a degraded headwater wetland using a 
watershed water balance approach.

• Development of a sustainable land 
use plan serviced by a sustainable 
roadway grid. 

• The successful defense of a county 
road project against a legal challenge 
that the increase in impervious area 
would reduce groundwater recharge 
and impact wetlands.  

Summary 
This article has introduced the concept 
of entropy-based resource management 
as an organizing principle to develop 
sustainable ways of managing watersheds 
and other natural resources. Outcomes 
from Clark County’s use of this strategy 
have been successful to date, and the 
strategy is expected to be consistent with 

Ecology’s recent move towards using LID 
techniques as well as future groundwater 
recharge and stream base fl ow initiatives 
and recovery efforts for endangered 
salmon. Upcoming articles in this series 
will describe county work products in 
more detail and suggest how use of this 
broad strategy might contribute to future 
sustainability efforts. 
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Background: Stormwater 
management and watershed 
rehabilitation in Clark County
Clark County’s approach to stormwater 
management over the years has differed 
signifi cantly from the Washington State 
Department of Ecology. The county’s fi rst 
stormwater ordinance in 1994 moved 
beyond Ecology’s fl ow control focus to 
address other watershed issues such as 
groundwater recharge and stream base 
fl ows. That ordinance required mitigation 
for the increased volume of runoff from 
new development. It also required no loss 
of surface storage volume in the fl ood 
plains of all streams, not just in mapped 
fl ood plains. 

In their watershed planning and capital 
program work, the county’s efforts aimed 
to restore the natural watershed hydrology 

in disturbed watersheds. The 1994 Upper 
Burnt Bridge Creek Watershed Plan 
proposed closing off the existing ditch 
draining the large headwaters area. An 
expanded Burnt Bridge Creek Watershed 
Plan the following year mapped historic 
wetlands within the watershed and 
developed a natural condition hydrologic 
model, both acting as targets for 
watershed rehabilitation strategies. That 
plan also introduced mandatory roof drain 
infi ltration as well as roof drain retrofi t 
projects in suitable areas of the watershed. 
The 1998 Salmon Creek Watershed 
Plan used a runoff volume reduction 
strategy of  “infi ltrating clean stormwater 
runoff wherever possible without causing 
problems,” and developed Infi ltration Zone 
maps and an Infi ltration BMP-selection 
matrix to help achieve this objective.  

These county efforts and others 
came to be grouped under the general 
organizing principle known as entropy 
based watershed management, 
introduced in the previous article. Some 
more examples of county work products 
using this strategy follow.

2008-2012 Stormwater CIP; Grassland 
Meadows Stormwater Facility Retrofi t 
Project
The county’s hydrologic and hydraulic 
accounting procedures were used 
to identify, screen, design and build 
numerous stormwater mitigation and 
watershed rehabilitation projects over this 
four-year period. The Grassland Meadows 
project replaced an older biofi ltration 
swale/detention pond with a new rain 
garden/retention pond. This design 

A previous article introduced this organizing principle and provided a recent county example of its use. This second article explains 
more about its development and presents additional examples. The third and fi nal part in this series will expand this concept to the 
management of other resources, and offer suggestions on how this strategy might contribute to future sustainability initiatives.

Life, Liberty and the Pursuit of Negative Entropy
By John Milne

Part II - Entropy-based Watershed Management
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approach, where existing detention ponds 
are replaced with infi ltration/retention 
facilities, is typical of projects that score 
high on the county’s hydrologic accounting 
measure, and is also consistent with the 
county’s generalized effort to increase 
groundwater elevations throughout the 
watershed wherever possible.

The project took advantage of low but 
signifi cant infi ltration rates in the bottom of 

the existing detention facility as well as an 
extra foot of available surface storage to 
greatly improve the fl ow control provided 
by the facility while also enhancing 
groundwater recharge.

In addition to identifying cost-effective 
CIP projects, the hydrologic accounting 
computations were also used to assess 
the effectiveness of pre-and post-
project fl ow control within the basin. 

The graphic shows this catchment area 
to be approximately 50% mitigated to 
today’s fl ow control standards. Based 
on that measure, further fl ow control 
improvements would not be a priority for 
this area. 

West Mill Creek Headwaters 
Enhancement Project
This project, currently under design, 
restores the natural drainage patterns 
and groundwater recharge in a degraded 
headwater wetland.

The project is a good example of how 
watershed planning and stormwater 
and wetland capital projects have 
traditionally proceeded in Clark County. 
The county tries to determine how the 
natural hydrology worked then put 
everything back that same way. Here we 
are reversing the ditching that has been 
done in this headwaters area in the past. 

The entropy-based resource 
management principle here was 
simplifi ed to re-establishing and 
maintaining groundwater elevations 
as high as possible, then reforesting 
the whole site. The project design 
was based on an annual watershed 
water balance computation rather 
than standard fl ow control design. 
Early modeling results showed that the 
project would recharge an additional 11 
acre-feet annually and increase stream 
base fl ows by 30% through the summer 
months.  

Life, Liberty and the Pursuit of Negative Entropy

2008-2012 Stormwater CIP: Grassland Meadows Stormwater Facility Retrofi t
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NE 72nd Avenue Road Project  
This is a slightly different example of 
using this organizing principle as a 
framework for viewing watershed issues. 
Though this issue didn’t arise from a 
watershed management activity, use 
of this organizing principle helped the 
county with an important legal defense.   

In this case, two important county 
road projects and one large watershed 
project were threatened by a third-party 
lawsuit which claimed that, by paving 
over an expanded right of way area, a 
road-widening project would reduce 
recharge and so dry up wetlands in the 
area. If you are accustomed to viewing 
watershed issues from an entropy-based 
watershed management perspective, an 
answer to this diffi cult SEPA contention 
readily comes into view. Recall that the 
county’s main watershed objective is 
to keep the groundwater at as high an 
elevation as possible, not just to promote 
recharge. A question to ask is “what 
does recharge do directly for wetlands, 
streams, etc.?” Isn’t the elevation of 
the groundwater table (water in liquid 
phase at the highest possible potential 
energy) the only thing that matters, 
regardless of how that elevation came to 
be? The simple graphic below showed 
that, by fi lling in existing ditches, the 
county road project would eliminate an 
existing groundwater discharge and so 

Life, Liberty and the Pursuit of Negative Entropy

Fully mitigated fl ow control area, Grassland 
Meadows catchment

West Mill Creek Headwaters Enhancement Project 

raise groundwater elevations to have a net 
positive effect on the regional groundwater 
and wetlands. 

  
Sustainable Land Use Plan
This last example is a simple graduate 
school term paper, which nonetheless 
led the county to draw some important 
watershed management conclusions and 
identify some potentially highly effective 

capital improvement projects. Recognizing 
that regulations, capital improvement 
projects, and even watershed plans 
have been only partially successful in 
preventing watershed degradation, this 
term paper proposed using the land use 
planning process as a potentially more 
effective intervention point. The Cougar 
Creek basin, an urbanized basin tributary 
to Salmon Creek, was used to develop a 
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sustainable land use plan based on water 
resources.  

The plan was developed in several 
simple steps:  

Step 1: Current comprehensive plan
The fi rst map shows the current land 
use plan, mostly econometric and 
transportation-based. The goal is to try 
to develop a new plan with the same mix 
of land uses but distributed throughout 
the watershed in a way that will produce 

less impacts, cost less and be more 
sustainable. 

Step 2: Use a groundwater fl ow model to 
determine the best watershed arrangement 
of land uses.
The assumption here is that the most 
sustainable land use arrangement will 
be the one that produces the highest 
groundwater elevations throughout the 
watershed. This is the same strategy 
as “pump up the groundwater as high 

as possible,” but now quantifi ed and 
modeled.

 The method is to:
• Assign groundwater recharge and 

discharge values to Industrial/
Commercial, Residential and Parks/
Open space land uses.

• Place each of those three generalized 
land uses in the upper, middle or lower 
portions of the watershed.

• Analyze alternative land use placements 
using a groundwater fl ow model to 
compute the resulting groundwater 
elevations.

• Determine the optimal arrangement of 
land uses, i.e., the one which produces 
the highest groundwater elevations.

Step 3: Envirometric overlay
The envirometric overlay is developed 
based on the outcomes from the 
groundwater model, and sites land uses 
where they would maintain the highest 
groundwater elevations throughout the 
watershed. The solution worked out to 
be Residential at the highest elevations, 
Parks in the headwaters and valleys, 
and Industrial/Commercial in the lower 
watershed (but above the valley fl oor). 
Basically, place the land uses with the 
most net recharge in the highest locations 
in the watershed and avoid adding new 
groundwater drains.   

E 72nd Avenue Road Project; elimination of ditch discharges. 
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Step 4: Sustainable land use plan
The last map is a simple compromise 
between the original comprehensive plan 
and the envirometric overlay. It shows the 
fi nal revised zoning plus some associated 
new infrastructure. In this instance, there 
is not that much change; because I-5 is a 
critical north-south transportation corridor, 
that need generally governs. However, 
some industrial development has been 
moved to a different location in the lower 
watershed, served by a new roadway 
arterial. And several small parks have been 
combined into one large regional park, 
sited to protect the headwaters area.

Summary and conclusions
Use of an entropy-based watershed 
management strategy has led to subtle 
but important changes to Clark County’s 
watershed management operations. 
While Ecology’s recent move towards 
LID techniques has brought state and 
county stormwater strategies closer 
together, the county’s approach extends 
this strategy to what can be considered 
to be “LID on a watershed scale.” Instead 
of being the constant focus, fl ow control 
is recognized as just one important 
technique for watershed protection 
and restoration, and the importance of 
maintaining or supplementing surface 
water and groundwater storage is equally 
emphasized. The need for headwaters 
protection and restoration is recognized, 
and trench dams are used as a cheap 
but effective watershed retrofi t in high 
groundwater areas.   

The county strategy has also been 
useful in a broader, organizational sense. 
Where watershed plans have often 
been held to be an essential precursor 
to effective watershed management, 
the county strategy also allows the 
development of more targeted and faster-
implemented sub-basin retrofi t plans 
for watershed rehabilitation. Looking to 
the future, an entropy-based watershed 
management strategy also suggests 
that the development of sustainable land 
use plans may be more effective than 
watershed plans in preventing watershed 
degradation in the fi rst place. 

Development of a sustainable land use plan.

“Use of an entropy-based watershed management strategy has led to subtle 
but important changes to Clark County’s watershed management operations.”

Life, Liberty and the Pursuit of Negative Entropy
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Entropy-based resource management
Clark County has many responsibilities 
beyond stormwater management. If 
entropy-based watershed management 
can be a useful organizing principle for 
managing water resources, might a similar 
strategy be useful for managing other 
resources such as energy?  

Consider the difference in traffic flow 
patterns between a roundabout and a 
signalized intersection. At a roundabout, a 
car moves through the intersection without 
stopping. At a traffic intersection stop 
light, the car engine is running and using 
fuel, but the car is not going anywhere. 
This is an unnecessary and unproductive 
increase in entropy; an entropy change 
from a liquid with high potential energy to 
a gas with high kinetic energy. If we next 
note that energy use may be more related 
to corridor travel time (i.e., the time the car 
engine is running) than maximum design 
speed, we may be able to develop a more 
energy-efficient roadway grid by changing 
the design focus to minimizing the average 
corridor travel time. This can potentially 
be achieved by replacing a series of traffic 
signals with a roundabout corridor that 
allows continuous traffic flow without 
forced stoppages.  

Postulating that the reduced entropy in 
a roundabout corridor may lead to a more 
energy-efficient roadway grid is sufficient 
in itself as a hypothesis to be investigated. 
However, this example also offers an 
opportunity to mimic a natural system to 
try to find a more sustainable design. To 
minimize the entropy in the system, we 
can suggest that the design of an energy-
efficient roadway grid would attempt to 
develop the most orderly flow of traffic, 
and try to find an appropriate analog that 
will effectively represent the traffic flow 

process and suggest a solution. Consider 
the cars in a morning commute to act like 
molecules moving  within a substance:

For the roundabout, traffic moves in a 
well-ordered manner, like a liquid. For the 
signalized intersection, traffic flow is more 
disrupted, disorderly and random; more 
like a gas. Liquid is a higher-order physical 
state than gas; mimicking a liquid should 
result in better resource management than 
mimicking a gas.

So, using an entropy-based resource 
management approach in two different 
ways to try to develop a more energy-
efficient roadway grid, we arrive at 
the same suggested solution; use 
roundabouts at every opportunity rather 
than standard signalized intersections. 
Note the simplicity of this proposal from 
another viewpoint. We’ve been trying for 
many years to design cars that use less 
energy per mile; shouldn’t we also design 
our roads to do the same?   

Sustainable roadway grid
The entropy-based resource management 
strategy can be extended one crucial step 
further to assess what might be the most 
sustainable roadway grid system to service 
(say) a sustainable land use plan.  

Nature works very efficiently on all 
systems at the same time. We can also 
mimic this holistic feature of natural 
systems; we can walk and chew gum at 
the same time. The last example showed 
how we could design our roads for more 
sustainable use of energy; can we also 
promote sustainable water resource 
management at the same time? This 
is easily done; we simply combine a 
roundabout corridor with a green-street 
roadway design.

The roadway grid now combines the 
most sustainable energy use design with 
the most sustainable water resources 
design. With its frugal use of both energy 
and water resources, this now represents a 

Traffic flow; roundabout vs. signalized intersection

Part III: Entropy-based Resource Management and Sustainability
Life, Liberty and the Pursuit of Negative Entropy
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Clark County’s approach to stormwater management and watershed rehabilitation has focused on restoring the natural watershed 
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some county examples. This final article expands this concept to the management of other natural resources and suggests how this 
strategy might contribute to future sustainability initiatives.
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truly holistic and sustainable roadway grid 
system, as seen in these outcomes from a 
comparison between the two competing 
roadway grid alternatives:

The results show a reduction in energy 
use (here represented by annual fuel cost), 
confirming the roundabout corridor alterna-
tive as the more energy-efficient, more 
sustainable roadway grid.

As in previous examples, use of an 
entropy-based resource management 
strategy has led us to intervene early 
in a fundamental process to achieve 
our main objective as well as many 
additional benefits. There is something 
to please everyone. For capital budget 
hawks this is the cheapest, most cost-
effective roadway infrastructure. For 
environmental advocates, there is carbon 
dioxide reduction and presumably some 
associated slowdown in global warming. 
Wetlands will benefit from improved 
groundwater recharge, and fish will 
benefit from deeper, cooler base flows in 
streams. And, for county citizens, there is 
a safe, fast, comfortable and inexpensive 
commute, surely what we are looking for in 
a good, sustainable roadway design.  

Entropy based resource  
management and sustainability
The movement towards sustainability in 
general may also benefit from new ap-
plications of an entropy-based resource 
management strategy. For example, we 
may wish to develop more natural, multi-
benefit storage systems for renewable 
energy. Recall from earlier discussion that 
natural systems work holistically across 
physical boundaries to create, store and 
use energy and resources efficiently. Could 
we mimic this holistic, multi-resource 
operation to convert kinetic wind energy 
into recoverable potential energy using 
some other resource? New techniques 
and adaptations of older methods come 
to mind, including linking up wind energy 
with off-peak pumped storage of captured 
stormwater runoff or with underground 
injection of compressed air.  

The sustainable land use plan in an 
earlier article was created by optimizing 
the land use pattern for sustainable use of 
a single resource. Following an entropy-
based resource management strategy 
to its logical conclusion, however, a fully 
sustainable land use plan would need to 
optimize all systems and resources neces-
sary for life in the municipality. It would 
need to minimize the entropy of the entire 
urban area as an integrated system while 

Signalized  
Intersections

Roundabout  
Corridor % Reduction

TRANSPORTATION/ENERGY USE

Capital cost $10.4m/mile $8.6/mile 17%

Annual fuel cost $1.17m $0.92m 21%

Travel time 21%

Intersection fatalities 89%

Intersection injuries 76%

STORMWATER/WATER CONSERVATION

Annual runoff volume to streams 22.38 ac-ft 0 ac-ft 100%

Stream erosion Reduced

Annual groundwater recharge 0 ac-ft 22.38 ac-ft Improved

STREAM WATER QUALITY (ANNUAL POLLUTANT LOADINGS)

Total suspended solids 452.7 lbs 0 lbs 100%

Total zinc 2.82 lbs 0 lbs 100%

Total copper 0.65 lbs 0 lbs 100%

Summer stream temperature Reduced

AIR QUALITY/ENVIRONMENTAL

Project impervious area 10.06 acres 9.09 acres 9%

Wetland impacts 1.89 acres 0 acres 100%

Total hydrocarbons 26%

Carbon monoxide 19%

Carbon dioxide 2102 tons 1660 tons 21%

Methane, nitrous oxide, HFC 105 tons 83 tons 21%

Table 1: One-mile roadway corridor; signalized intersections vs. roundabouts

Sustainable roadway grid
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supplying all the needs for a given popula-
tion in a given geographic location.   

Minimizing the entropy of a complex, 
interdependent, human-built system is a 
difficult quantitative exercise. However, as in 
the earlier example, we can opt to mimic a 
natural eco-system, say a Pacific Northwest 
forest, to provide clues as to how each 
individual discipline might contribute to a 
solution. Just as trees grow as high as pos-
sible, trapping as much of the sun’s energy 
as possible and creating biomass, our 
buildings might tend to be taller and employ 
solar panels to supply the energy needed 
for the building and its inhabitants. Roof 
cisterns could be used to capture and store 
much of the annual rainfall at a high eleva-
tion, available for reuse. To minimize entropy 
changes in the transportation system, resi-
dential and work buildings would need to be 
close together, and the use of mass transit 
would be emphasized. And all traffic would 
need to use an orderly, sustainable roadway 
grid, with as many roundabout intersections 
as possible. For optimal water use, land 
use types would need to be arranged in 
a systematic way within the watershed as 
discussed in the earlier article.   

Some of these measures are already 
being implemented, others may potentially 
be used in the future, and all are consistent 
with and can be conceived and developed 
using an entropy-based resource manage-
ment strategy.  

Conclusions 
This three-part article has suggested 
how the use of entropy-based watershed 
management can help develop effective 
watershed rehabilitation strategies and 
also contribute to other areas of resource 
management and sustainability. Rather 
than focus on the many symptoms of wa-
tershed degradation, this strategy looks 
for the primary cause, looking directly at 
the second law of thermodynamics as the 
fundamental theory describing how natu-
ral resources are utilized and impacted 
and as the key to developing effective 
sustainability measures and programs.

Use of this principle has resulted in 
significant changes to the county’s wa-
tershed management operations.  In one 
respect, entropy-based watershed man-
agement can be thought of as “LID on a 
watershed scale.” However, the strategy 
also emphasizes the need to minimize 
groundwater discharges and to preserve 
groundwater and surface water storage. 
The preservation and rehabilitation of 

headwater areas is similarly emphasized. 
Sub-basin retrofit plans facilitate the 
speedy rehabilitation of priority watershed 
areas, while sustainable land use plans 
may be effective in preventing watershed 
impacts in the first place.   

A related entropy-based resource man-
agement strategy can potentially perform a 
similar function in promoting efficient ener-
gy use and the conservation and frugal use 
of other natural resources. The sustainable 

roadway grid example shows that effective 
interdisciplinary cooperation and coordina-
tion will be needed if we are to replicate the 
efficiency and holistic operation of natural 
systems. Order needs to be established 
not only at a molecular level, but in all our 
operations, programs, regulations and gov-
ernmental structures, as we move towards 
a sustainable future.    

As Ross the biologist says, “create nega-
tive entropy.” Happiness will surely follow. 
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