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Abstract:

and	
  other	
  relevant	
  features.	
  Ecological	
  economics	
  is	
  a	
  recent	
  advancement	
  in	
  economics	
  and	
  provides	
  an	
  

in	
  this	
  study.	
  Results	
  show	
  that	
  ecosystems	
  in	
  the	
  Puyallup	
  River	
  Watershed	
  provide	
  $526	
  million	
  to	
  $5	
  billion	
  

The	
  Puyallup	
  River	
  Watershed:	
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Century.	
  Investments	
  made	
  today	
  will	
  determine	
  its	
  
physical	
  appearance	
  and	
  regional	
  economic	
  vitality	
  

future.	
  	
  

In	
  the	
  20th	
  century,	
  our	
  economy	
  was	
  primarily	
  

boats	
  and	
  nets.	
  Conversely,	
  in	
  the	
  21st	
  century,	
  
our	
  economy	
  is	
  limited	
  by	
  natural	
  capital.	
  	
  Boats	
  

habitat:	
  natural	
  capital.	
  Some	
  of	
  the	
  most	
  pressing	
  
challenges	
  facing	
  the	
  Puyallup	
  River	
  Watershed	
  

are	
  addressed	
  with	
  the	
  Whole	
  Economy	
  model	
  
introduced	
  in	
  this	
  report.	
  

This	
  report	
  illuminates	
  reasons	
  for	
  decision-­‐makers	
  in	
  
the	
  Puyallup	
  River	
  Watershed	
  to	
  choose	
  to	
  advance	
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the	
  economy	
  for	
  a	
  sustainable	
  future	
  through	
  wise	
  
investment	
  decisions.	
  These	
  choices	
  will	
  provide	
  

of	
  the	
  Whole	
  Economy	
  model	
  will	
  lower	
  costs,	
  

the	
  Puyallup	
  River	
  Watershed	
  economy.	
  It	
  will	
  also	
  

freshwater	
  supply.

Ecosystem	
  services	
  in	
  the	
  Puyallup	
  River	
  Watershed	
  

market	
  value	
  and	
  cost	
  avoidance.	
  The	
  results	
  are	
  

the

most	
  economic	
  analysis,	
  uncertainty	
  exists.	
  The	
  

to	
  a	
  house	
  or	
  business	
  appraisal.	
  Though	
  wide,	
  it	
  

default	
  value	
  of	
  ecosystems	
  for	
  too	
  long.	
  As	
  further	
  
studies	
  are	
  added	
  to	
  the	
  Earth	
  Economics	
  database,	
  

services	
  is	
  completed,	
  this	
  range	
  in	
  values	
  will	
  
narrow.	
  A	
  limited	
  range	
  of	
  the	
  known	
  ecosystem	
  
services	
  were	
  valued	
  in	
  this	
  study,	
  so	
  the	
  low	
  end	
  of	
  
the	
  range	
  can	
  be	
  considered	
  a	
  baseline	
  value.

Ecosystem	
  services	
  may	
  also	
  be	
  treated	
  like	
  

Valued	
  as	
  such,	
  a	
  discount	
  rate	
  may	
  be	
  applied	
  

present	
  value	
  of	
  these	
  systems.	
  If	
  treated	
  like	
  an	
  
asset	
  with	
  a	
  lifespan	
  of	
  100	
  years,

	
  

Recognizing	
  this	
  value	
  presents	
  an	
  opportunity	
  for	
  
advancement	
  of	
  the	
  whole	
  Puyallup	
  River	
  Watershed	
  
economy.
Allowing	
  ecosystems	
  to	
  be	
  further	
  degraded	
  will	
  create	
  

To	
  ensure	
  a	
  healthy,	
  resilient	
  Puyallup	
  River	
  Watershed	
  

value	
  should	
  be	
  incorporated	
  into	
  decision-­‐making.	
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principles	
  should	
  be	
  considered:

.	
  Ecosystems	
  can	
  be	
  managed	
  sustainably	
  

investment.

.	
  Careful	
  decision-­‐making	
  regarding	
  how	
  and	
  
where	
  resources	
  are	
  moved	
  or	
  invested	
  is	
  necessary	
  to	
  

markets	
  and	
  measures	
  are	
  necessary	
  for	
  prudent	
  
decision-­‐making.

and	
  human	
  well-­‐being	
  should	
  now	
  be	
  a	
  high	
  priority	
  
in	
  local	
  decision-­‐making.	
  This	
  report	
  can	
  be	
  used	
  to	
  

agency	
  goals,	
  metrics,	
  indicators,	
  assessment	
  and	
  

	
  
Ecosystem	
  service	
  values	
  could	
  also	
  be	
  considered	
  
when	
  developing	
  budgets,	
  program	
  plans,	
  and	
  grant	
  

Watershed	
  decision-­‐makers	
  have	
  the	
  opportunity	
  

scale	
  to	
  taking	
  an	
  integrated	
  approach	
  that	
  develops	
  

in	
  which	
  green	
  infrastructure	
  is	
  an	
  asset	
  with	
  

services	
  in	
  the	
  Puyallup	
  River	
  Watershed	
  and	
  a	
  whole	
  

is	
  also	
  a	
  need	
  to	
  further	
  develop	
  goals,	
  policies,	
  
and	
  measures	
  that	
  support	
  discussions	
  about	
  the	
  

include:

	
  Hydrological	
  models	
  and	
  GIS	
  data	
  

can	
  also	
  show	
  impairments	
  to	
  ecosystem	
  services,	
  such	
  
as	
  features	
  on	
  the	
  landscape	
  that	
  impact	
  salmon	
  habitat.	
  	
  

the	
  landscape,	
  funding	
  mechanisms	
  can	
  be	
  designed	
  for	
  
green	
  infrastructure	
  investments.	
  These	
  investments	
  

because	
  they	
  invest	
  in	
  a	
  suite	
  of	
  ecosystem	
  services	
  for	
  
maximum	
  economic	
  returns.
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and	
  the	
  economy	
  of	
  the	
  Puyallup	
  River	
  
Watershed.

Introduce	
  the	
  discipline	
  of	
  ecological	
  economics	
  

including	
  ecosystem	
  services.

Provide	
  a	
  conceptual	
  model	
  for	
  aligning	
  

Watershed,	
  including	
  economic	
  advancement,	
  

sustained	
  by	
  ecosystems	
  in	
  the	
  Puyallup	
  River	
  
Watershed.

Calculate	
  the	
  dollar-­‐value	
  of	
  the	
  natural	
  goods	
  
and	
  services	
  provided	
  in	
  the	
  Puyallup	
  River	
  
Watershed.	
  	
  

Discuss	
  how	
  this	
  value	
  could	
  be	
  included	
  in	
  local	
  

private,	
  to	
  improve	
  prosperity	
  for	
  all.

	
   introduces	
  	
  	
  	
  	
  	
  	
  	
  

	
  ecology	
  of	
  the	
  Puyallup	
  River	
  Watershed.

	
   	
  	
  	
  

	
  necessary	
  to	
  understanding	
  the	
  Puyallup	
  River	
  	
  
	
  Watershed.

	
  
	
  describes	
  ecosystem	
  services	
  	
  

	
  from	
  within	
  the	
  Puyallup	
  River	
  Watershed.

	
  
	
  determines	
  a	
  range	
  of	
  dollar	
  values	
  	
  	
  	
  

	
  for	
  some	
  goods	
  and	
  services	
  provided	
  by	
  	
   	
  
	
  ecosystems	
  of	
  the	
  Puyallup	
  River	
  Watershed.	
  

	
   discusses	
  	
  

The	
  Puyallup	
  River	
  Watershed:	
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The	
  Puyallup	
  River	
  Watershed	
  is	
  rich	
  in	
  geographic,	
  cultural	
  and	
  biological	
  diversity.	
  It	
  

The	
  Puyallup	
  River	
  Watershed	
  is	
  located	
  in	
  
Washington	
  State,	
  largely	
  within	
  Pierce	
  County	
  

1	
  It	
  is	
  

at	
  the	
  watershed	
  scale.2	
  The	
  Puyallup	
  Watershed	
  

S’Puyalupubsh,	
  which	
  translates	
  as	
  “generous	
  and	
  

The	
  Puyallup	
  Watershed	
  has	
  recent	
  volcanic	
  and	
  

lowlands	
  approximately	
  15,000	
  years	
  ago	
  and	
  ended	
  

3

Valley	
  at	
  an	
  average	
  depth	
  of	
  25	
  feet.	
  The	
  Electron	
  

and	
  their	
  tributaries	
  have	
  cut	
  through	
  the	
  various	
  

up	
  to	
  500,000	
  tons	
  per	
  year	
  in	
  the	
  Upper	
  White	
  

Part I The Puyallup River Watershed

The	
  Puyallup	
  River	
  Watershed:	
  



the	
  crest	
  of	
  the	
  Cascade	
  Mountains	
  and	
  the	
  summit	
  

Bay	
  and	
  the	
  City	
  of	
  Tacoma	
  at	
  sea	
  level,	
  drains	
  an	
  area	
  
	
  

the	
  largest	
  river	
  in	
  the	
  watershed,	
  beginning	
  at	
  the	
  

miles	
  northwestward	
  to	
  Commencement	
  Bay.	
  The	
  
two	
  principal	
  tributaries	
  of	
  the	
  Puyallup	
  River	
  are	
  the	
  

slopes	
  of	
  Mount	
  Rainier.

The	
  White	
  River	
  was	
  historically	
  a	
  tributary	
  to	
  the	
  

later	
  replaced	
  with	
  a	
  permanent	
  diversion	
  wall,	
  

rivers	
  in	
  the	
  Puyallup	
  Watershed	
  include	
  the	
  Mowich,	
  
Greenwater,	
  Clearwater	
  Rivers	
  and	
  South	
  Prairie	
  
Creek.	
  The	
  Puyallup	
  River	
  and	
  its	
  tributaries	
  together	
  

 6 The	
  Puyallup	
  River	
  Watershed:	
  

Part 1
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Part 1

Tacoma

Puyallup



People	
  
The	
  Puyallup	
  Watershed	
  has	
  sustained	
  a	
  human	
  
economy	
  for	
  thousands	
  of	
  years.	
  The	
  Muckleshoot	
  
Indian	
  Tribe	
  and	
  the	
  Puyallup	
  Tribe	
  of	
  Indians,	
  both	
  
descended	
  from	
  the	
  Coast	
  Salish	
  peoples,	
  have	
  

the	
  Puyallup	
  Watershed	
  and	
  its	
  surrounds,	
  perhaps	
  

The	
  Muckleshoot	
  Indian	
  Tribe	
  was	
  signatory	
  to	
  both	
  
the	
  Treaty	
  of	
  Point	
  Elliot	
  and	
  the	
  Treaty	
  of	
  Medicine	
  

and	
  bands	
  now	
  part	
  of	
  the	
  Muckleshoot	
  Tribe	
  include	
  
those	
  of	
  the	
  Green,	
  White,	
  and	
  Puyallup	
  Rivers	
  

The	
  Puyallup	
  Tribe	
  of	
  Indians	
  is	
  the	
  present-­‐day	
  
successor	
  to	
  the	
  tribes	
  and	
  bands	
  of	
  the	
  Puyallup	
  
River	
  and	
  its	
  tributaries,	
  as	
  well	
  as	
  those	
  of	
  Vashon	
  
Island,	
  who	
  were	
  all	
  signatories	
  to	
  the	
  Treaty	
  of	
  

approximately	
  18,000	
  acres.	
  Both	
  the	
  Puyallup	
  and	
  

usual	
  and	
  accustomed	
  areas	
  and	
  catch	
  up	
  to	
  50%	
  of	
  

5	
  

Today	
  approximately	
  280,000	
  people	
  live	
  within	
  

backgrounds.6
areas:	
  Algona,	
  Auburn,	
  Bonney	
  Lake,	
  Buckley,	
  

watershed	
  include	
  the	
  Port	
  of	
  Tacoma,	
  Pierce	
  County,	
  
Washington	
  State	
  and	
  the	
  federal	
  government.

Infrastructure
The	
  natural	
  capital,	
  or	
  green	
  infrastructure,	
  of	
  the	
  
Puyallup	
  River	
  Watershed	
  has	
  historically	
  provided	
  

role	
  through	
  the	
  provisioning	
  of	
  at	
  least	
  23	
  ecosystem	
  

established	
  an	
  economy	
  based	
  on	
  these	
  natural	
  

roots	
  and	
  berries.	
  They	
  built	
  homes,	
  clothing,	
  utensils	
  

Today,	
  the	
  natural	
  capital	
  of	
  the	
  Puyallup	
  Watershed	
  
economy	
  comprises	
  evergreen	
  and	
  deciduous	
  

	
  	
  and	
  a	
  major	
  U.S.	
  port	
  that	
  
handles	
  more	
  than	
  $25	
  billion	
  in	
  goods	
  annually.	
  

5

6
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Puyallup	
  Watershed,	
  the	
  Electron	
  Dam	
  on	
  the	
  Upper	
  

the	
  White	
  River,	
  Mud	
  Mountain	
  Dam.

Land	
  Cover	
  and	
  Land	
  Use

is	
  more	
  intensive.	
  Land	
  use	
  in	
  the	
  Lower	
  Puyallup	
  

8	
  The	
  more	
  expansive	
  Upper	
  Puyallup	
  
Watershed	
  is	
  predominantly	
  commercial	
  forestland	
  

Historically,	
  two	
  important	
  land	
  covers	
  in	
  the	
  
watershed	
  have	
  been	
  forest	
  lands	
  and	
  agricultural	
  

The	
  Puyallup,	
  White	
  and	
  Carbon	
  Rivers	
  are	
  all	
  contained	
  within	
  a	
  revetment	
  and	
  levee	
  system	
  for	
  their	
  lower	
  26,	
  8	
  and	
  5	
  miles	
  

Lower	
  Puyallup	
  Watershed
Hylebos,	
  Commencement	
  Bay,	
  Clarks/Clear	
  Creek,	
  Lower	
  White,	
  and	
  Middle	
  Puyallup	
  sub-­‐watersheds.	
  See	
  the	
  Pierce	
  County	
  website	
  

Upper	
  Puyallup	
  Watershed
Upper	
  Puyallup,	
  Upper	
  White,	
  Upper	
  Carbon,	
  Lower	
  Carbon,	
  and	
  South	
  Praire	
  Creek	
  sub-­‐watersheds.	
  See	
  the	
  Pierce	
  County	
  website	
  

source	
  of	
  revenue	
  and	
  jobs	
  within	
  the	
  watershed	
  and	
  

services	
  to	
  the	
  local	
  economy.	
  Agricultural	
  lands	
  also	
  

for	
  wildlife.	
  Some	
  of	
  the	
  main	
  features	
  of	
  forest	
  lands	
  
and	
  agricultural	
  lands	
  in	
  the	
  Puyallup	
  Watershed	
  are	
  
outlined	
  below.

8
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Tacoma,	
  for	
  instance,	
  the	
  largest	
  city	
  in	
  the	
  watershed	
  
and	
  the	
  third-­‐largest	
  city	
  in	
  Washington	
  State,	
  was	
  

today	
  is	
  located	
  in	
  the	
  Upper	
  Puyallup	
  sub-­‐watershed,	
  
where	
  about	
  half	
  is	
  in	
  private	
  ownership	
  and	
  much	
  
of	
  the	
  remaining	
  half	
  is	
  owned	
  and	
  managed	
  by	
  the	
  

Of	
  the	
  public	
  forestland,	
  about	
  130,000	
  acres	
  is	
  

the	
  natural	
  services	
  they	
  provide.	
  Urban	
  forests	
  are	
  

pressure	
  as	
  well.

Agricultural	
  lands	
  in	
  Puyallup	
  Watershed	
  make	
  up	
  

two	
  of	
  the	
  most	
  concentrated	
  areas	
  of	
  agricultural	
  

Commencement	
  Bay.	
  Today	
  the	
  valley	
  supports	
  about	
  

Lake-­‐Buckley	
  Plateau	
  agricultural	
  area	
  lies	
  roughly	
  
between	
  Buckley,	
  Bonney	
  Lake,	
  Carbonado	
  and	
  the	
  

area	
  is	
  used	
  for	
  agriculture,	
  including	
  cropland	
  and	
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The	
  Puyallup	
  Valley	
  has	
  long	
  been	
  a	
  regional	
  center	
  

soils	
  comprised	
  of	
  silt	
  and	
  sand	
  that	
  were	
  deposited	
  

the	
  Puyallup	
  River.	
  Today,	
  the	
  valley	
  leads	
  Washington	
  

onion,	
  radishes	
  and	
  many	
  other	
  vegetables,	
  berry	
  

Like	
  many	
  other	
  regions	
  in	
  the	
  United	
  States,	
  
agricultural	
  land	
  in	
  the	
  Puyallup	
  Watershed	
  today	
  
faces	
  a	
  number	
  of	
  challenges,	
  notably	
  a	
  decline	
  
in	
  the	
  number	
  and	
  size	
  of	
  commercial	
  farms	
  and	
  

In	
  the	
  Puyallup	
  Valley,	
  for	
  example,	
  the	
  price	
  of	
  land	
  

can	
  range	
  from	
  $50,000	
  to	
  $1	
  million	
  per	
  acre,	
  well	
  
above	
  the	
  economic	
  value	
  of	
  most	
  agricultural	
  land.	
  

lands	
  in	
  the	
  watershed	
  also	
  presents	
  many	
  

many	
  farmers	
  have	
  been	
  able	
  to	
  capitalize	
  on	
  their	
  
proximity	
  to	
  the	
  large,	
  urban	
  Puget	
  Sound	
  market	
  



The	
  Lower	
  White	
  River	
  Biodiversity	
  Management	
  Area	
  is	
  1,560	
  acres	
  in	
  size.	
  It	
  consists	
  of	
  deciduous/conifer	
  forest	
  running	
  along	
  10
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Regional	
  Biodiversity
In	
  plain	
  terms,	
  biodiversity	
  is	
  the	
  variety	
  of	
  life	
  in	
  a	
  

resilience	
  of	
  most	
  ecosystems	
  that	
  humans	
  rely	
  on	
  for	
  

as	
  a	
  hotspot	
  for	
  biological	
  diversity	
  in	
  the	
  United	
  
States,	
  containing	
  more	
  species	
  than	
  31	
  other	
  states	
  

the	
  Puyallup	
  Watershed	
  is	
  part	
  of	
  the	
  Puget	
  Sound	
  

include	
  old	
  growth	
  forest,	
  rivers	
  and	
  streams,	
  alpine	
  
meadows,	
  freshwater	
  wetlands,	
  and	
  coasts	
  and	
  

8	
  of	
  which	
  lie	
  within	
  the	
  Puyallup	
  Watershed.	
  One	
  

the	
  plant	
  and	
  animal	
  diversity	
  found	
  in	
  a	
  designated	
  

a	
  BioBlitz	
  is	
  to	
  monitor	
  biodiversity	
  levels	
  in	
  these	
  
areas	
  and	
  to	
  build	
  enthusiasm	
  around	
  biodiversity.	
  
During	
  a	
  2006	
  BioBlitz	
  held	
  in	
  the	
  Lower	
  White	
  River	
  

10



 13 The	
  Puyallup	
  River	
  Watershed:	
  

Part 1

Today,	
  despite	
  their	
  size,	
  Puget	
  Sound	
  and	
  the	
  
Puyallup	
  Watershed	
  are	
  ecologically	
  fragile,	
  and	
  

a	
  number	
  of	
  factors.	
  To	
  illustrate,	
  as	
  of	
  2010	
  more	
  
than	
  21	
  species	
  in	
  the	
  Puget	
  Sound	
  have	
  been	
  listed	
  
as	
  threatened	
  or	
  endangered	
  under	
  the	
  Endangered	
  

due	
  to	
  urban	
  and	
  suburban	
  development,	
  logging,	
  

which	
  species	
  meet	
  their	
  needs.	
  A	
  healthy	
  ecosystem	
  

appropriate	
  chemical	
  and	
  temperature	
  regimes,	
  

Groups	
  in	
  the	
  watershed,	
  including	
  tribes,	
  Pierce	
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and	
  embracing	
  an	
  integrated	
  approach	
  to	
  managing	
  a	
  watershed	
  economy.

progress	
  has	
  been	
  instrumental	
  in	
  raising	
  global	
  
standards	
  of	
  living	
  and	
  comfort.	
  In	
  the	
  late	
  18th	
  
century,	
  Adam	
  Smith,	
  David	
  Ricardo	
  and	
  others	
  

guide	
  economic	
  policy	
  today.	
  When	
  Smith	
  and	
  Ricardo	
  

the	
  science	
  of	
  ecology	
  did	
  not	
  exist,	
  and	
  natural	
  goods	
  

build	
  and	
  distribute	
  these	
  built	
  goods.

1.	
  
2.	
  

3.	
   What	
  ends	
  receive	
  priority,	
  and	
  to	
  what	
  extent	
  do	
  

Part II Key Ecological Economics Concepts



Throughput	
  is	
  rate	
  at	
  which	
  material	
  and	
  energy	
  resources	
  are	
  used	
  by	
  an	
  economy.	
  11
12

13

Capital

Labor

Land
Built
Capital

IndividualHuman-­‐made

ProcessInvestment GDP
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measure,	
  a	
  purpose	
  for	
  which	
  it	
  was	
  never	
  intended.12

Because	
  built	
  capital	
  was	
  the	
  primary	
  goal	
  of	
  

on	
  goods	
  and	
  services	
  sold	
  in	
  markets.	
  Natural,	
  

included	
  in	
  economic	
  analysis.13

and	
  the	
  GDP	
  measure.

was	
  thought	
  to	
  depend	
  on	
  what	
  people	
  wanted,	
  

and	
  services	
  they	
  bought	
  and	
  sold	
  on	
  a	
  market.	
  Early	
  
economics	
  assumed	
  that	
  markets	
  revealed	
  most	
  
desired	
  ends,	
  and	
  that	
  most	
  scarce	
  resources	
  were	
  

throughput.11	
  Today,	
  GDP	
  is	
  used	
  to	
  measure	
  total	
  
output,	
  assuming	
  the	
  market	
  supplies	
  most	
  of	
  our	
  

Part 2Part 2
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Over	
  the	
  past	
  50	
  years,	
  humans	
  have	
  altered	
  
ecosystems	
  more	
  rapidly	
  and	
  extensively	
  than	
  in	
  any	
  

capital.	
  This	
  is	
  true	
  for	
  many	
  resources	
  within	
  the	
  
Puget	
  Sound.	
  Our	
  ability	
  to	
  lay	
  asphalt	
  outweighs	
  our	
  

limited	
  by	
  land	
  availability	
  and	
  tree	
  growth,	
  rather	
  

	
  Compare	
  this	
  value	
  with	
  a	
  more	
  

in	
  western	
  Washington	
  and	
  Oregon,	
  which	
  found	
  

15	
  

On	
  a	
  global	
  scale,	
  many	
  expert	
  studies	
  now	
  show	
  that	
  

for	
  other	
  species,	
  including	
  those	
  that	
  support	
  

is	
  the	
  total	
  biomass	
  that	
  is	
  produced	
  by	
  ecosystems	
  

on	
  Earth.	
  Other	
  measures	
  present	
  a	
  similar	
  picture:	
  

and	
  sea	
  area	
  that	
  would	
  be	
  needed	
  to	
  sustainably	
  
regenerate	
  the	
  resources	
  that	
  humans	
  consume	
  and	
  
the	
  waste	
  they	
  produce	
  annually.	
  It	
  was	
  found	
  that	
  

in	
  the	
  past	
  century	
  alone,	
  the	
  per-­‐capita	
  economic	
  

Part 2Part 2
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reduced	
  the	
  scarcity	
  of	
  market	
  goods	
  for	
  much	
  of	
  the	
  

the	
  way	
  the	
  economy	
  is	
  structured	
  and	
  understood.	
  

reasons.	
  

would	
  be	
  expected	
  to	
  grow	
  from	
  50%	
  full	
  to	
  100%	
  
full	
  in	
  one	
  doubling	
  period	
  –	
  the	
  same	
  period	
  it	
  

improvements	
  in	
  technology	
  and	
  general	
  living	
  

have	
  been	
  able	
  to	
  acknowledge.	
  

an	
  economic	
  model,	
  then	
  a	
  shortage	
  of	
  one	
  does	
  

for	
  delivering	
  water	
  to	
  the	
  tap.	
  By	
  default,	
  the	
  

would	
  also	
  avoid	
  the	
  problem	
  of	
  scarcity.	
  The	
  false	
  

If	
  natural	
  capital	
  is	
  thought	
  of	
  as	
  a	
  complement	
  

always	
  must	
  be	
  to	
  varying	
  degrees,	
  then	
  its	
  scarcity	
  

complements	
  to	
  all	
  types	
  of	
  built	
  capital,	
  because	
  

indeed,	
  all	
  built	
  capital	
  is	
  derived	
  from	
  natural	
  capital.	
  

Ecological	
  economics	
  grounds	
  economic	
  thinking	
  in	
  

advancement	
  of	
  economic	
  thought.	
  Ecological	
  
economics	
  is	
  built	
  upon	
  supply	
  and	
  demand,	
  and	
  

adds	
  the	
  constraints	
  of	
  shrinking	
  oil	
  supplies	
  and	
  
other	
  physical	
  constraints,	
  and	
  the	
  problem	
  of	
  scale	
  

between	
  ecosystems,	
  the	
  economy,	
  and	
  human	
  

services	
  contribute	
  to	
  human	
  well-­‐being,	
  both	
  directly	
  

are	
  four	
  guiding	
  principles	
  for	
  a	
  healthy	
  economy:	
  

which	
  are	
  displayed	
  in	
  blue.

Part 2Part 2
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16	
  	
  
Many	
  of	
  these	
  ends	
  can	
  be	
  met	
  on	
  the	
  market,	
  but	
  

may	
  include	
  a	
  dependable	
  supply	
  of	
  food	
  and	
  clean	
  

family,	
  health	
  and	
  social	
  bonds	
  such	
  as	
  friendship.	
  

the	
  future,	
  largely	
  depends	
  on	
  understanding	
  the	
  

Desired	
  Ends,	
  Scarce	
  Resources	
  and	
  Guiding	
  Principles

Part 2Part 2



Natural	
  capital	
  underlies	
  all	
  others,	
  which	
  in	
  turn	
  

economy:

The	
  stock	
  of	
  minerals,	
  energy,	
  
plants,	
  animals	
  and	
  ecosystems	
  found	
  on	
  earth	
  

When	
  taken	
  as	
  one	
  whole	
  system,	
  natural	
  capital	
  
provides	
  the	
  total	
  biophysical	
  context	
  for	
  the	
  
human	
  economy.	
  

The	
  self-­‐esteem	
  and	
  knowledge	
  

The	
  infrastructure	
  of	
  technologies,	
  
machines,	
  tools	
  and	
  transport	
  that	
  humans	
  

and	
  services,	
  the	
  products	
  that	
  are	
  typically	
  found	
  
in	
  markets.

The	
  shares,	
  bonds,	
  banknotes,	
  

that	
  play	
  an	
  important	
  role	
  in	
  the	
  economy,	
  

represents	
  a	
  promise	
  that	
  it	
  will	
  eventually	
  be	
  

capital.	
  

What	
  ends	
  get	
  priority,	
  and	
  
to	
  what	
  extent	
  do	
  we	
  allocate	
  resources	
  to	
  them?	
  

	
  Living	
  within	
  a	
  physical	
  scale	
  
that	
  does	
  not	
  destroy	
  the	
  basic	
  ecosystems	
  that	
  
maintain	
  the	
  economy.	
  Ecosystems	
  are	
  part	
  of	
  

at	
  great	
  cost.

gains	
  from	
  natural,	
  built,	
  human,	
  social,	
  and	
  

Careful	
  decision-­‐making	
  regarding	
  how	
  
and	
  where	
  resources	
  are	
  moved	
  or	
  invested	
  to	
  

capital	
  for	
  the	
  types	
  of	
  goods	
  and	
  services	
  they	
  

balance	
  is	
  detrimental	
  to	
  the	
  goal	
  of	
  long-­‐term	
  
sustainability.

This	
  principle	
  consists	
  of	
  two	
  
elements:

instruments,	
  systems,	
  and	
  markets	
  that	
  

achieved.	
  

-­‐	
   Employing	
  measurements	
  that	
  give	
  an	
  accurate	
  

measuring	
  what	
  our	
  scarce	
  resources	
  are	
  and	
  
whether	
  desired	
  ends	
  are	
  being	
  met.
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Addressing	
  Inherent	
  Complexity
The	
  economy	
  is	
  a	
  complex	
  system.	
  Complex	
  systems	
  

example,	
  wetlands	
  that	
  are	
  converted	
  to	
  open	
  water	
  
produce	
  reduced	
  amounts	
  of	
  ecosystem	
  services	
  and	
  

Economic	
  goals	
  are	
  more	
  surely	
  reached	
  building	
  in	
  

Ecosystems	
  provide	
  economically	
  valuable	
  goods	
  
and	
  services.	
  Ecosystem	
  services	
  were	
  recently	
  given	
  
higher	
  prominence	
  in	
  the	
  Millennium	
  Ecosystem	
  

completed	
  in	
  2005.	
  The	
  Millennium	
  Ecosystem	
  
Assessment	
  examined	
  the	
  worldwide	
  changes	
  in	
  
ecosystems,	
  their	
  impacts	
  on	
  human	
  well-­‐being,	
  and	
  

project,	
  involving	
  over	
  1,360	
  experts	
  worldwide	
  

governments,	
  businesses,	
  NGOs,	
  indigenous	
  peoples	
  

between	
  ecosystems	
  and	
  human	
  well-­‐being.	
  Today,	
  
a	
  number	
  of	
  federal	
  agencies	
  in	
  the	
  United	
  States,	
  

Geological	
  Service,	
  and	
  the	
  United	
  States	
  Department	
  
of	
  Agriculture,	
  house	
  dedicated	
  ecosystem	
  services	
  
departments	
  to	
  advance	
  understanding	
  of	
  how	
  
ecosystem	
  services	
  can	
  be	
  promoted	
  to	
  improve	
  long-­‐

The	
  natural	
  environment	
  provides	
  many	
  of	
  the	
  things	
  
humans	
  need	
  for	
  survival,	
  including	
  breathable	
  
air,	
  drinkable	
  water,	
  food	
  for	
  nourishment,	
  and	
  

ecosystem	
  goods	
  or	
  services.	
  Every	
  ecosystem	
  
produces	
  a	
  suite	
  of	
  ecosystem	
  services.
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Healthy,	
  resilient,	
  natural	
  infrastructure,	
  referred	
  to	
  

ecosystem	
  goods	
  and	
  services.	
  The	
  natural	
  capital	
  
of	
  an	
  ecosystem	
  consists	
  of	
  its	
  individual	
  structural	
  

and	
  capital	
  that	
  are	
  typically	
  valued	
  in	
  the	
  economy,	
  

Ecosystem	
  

Processses

Ecosystem

Part 2Part 2
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watersheds.	
  If	
  a	
  levee	
  is	
  valued	
  as	
  an	
  economic	
  asset	
  

cost	
  and	
  low	
  maintenance	
  costs.	
  Many	
  built	
  structures	
  

levees	
  and	
  dams,	
  were	
  installed	
  decades	
  ago,	
  when	
  

This	
  has	
  led	
  to	
  expensive	
  cycles	
  of	
  loss	
  and	
  repair	
  in	
  

taxpayers.	
  Once	
  lost,	
  ecosystem	
  goods	
  and	
  services	
  
are	
  expensive	
  to	
  recover	
  or	
  may	
  not	
  be	
  recoverable	
  
at	
  all.	
  If	
  ecosystems	
  are	
  valued	
  as	
  assets	
  however,	
  the	
  

lost.

Ecosystem	
  Goods

which	
  means	
  that	
  if	
  one	
  individual	
  owns	
  or	
  uses	
  a	
  

one	
  person	
  eats	
  an	
  apple,	
  another	
  person	
  cannot	
  eat	
  
that	
  same	
  apple.	
  Excludable	
  goods	
  can	
  be	
  traded	
  and	
  

current	
  market	
  price.	
  

Ecosystem	
  Services

processes	
  through	
  which	
  natural	
  ecosystems,	
  and	
  the	
  

services	
  are	
  generally	
  not	
  tangible	
  items	
  that	
  one	
  

are	
  a	
  few	
  of	
  the	
  services	
  that	
  ecosystems	
  may	
  

market	
  values	
  rarely	
  exist,	
  ecosystems	
  services	
  have	
  

service.	
  A	
  standing	
  forest	
  may	
  be	
  cut	
  down	
  once	
  every	
  

with	
  revenue	
  generated	
  from	
  the	
  harvest	
  and	
  sales	
  of	
  

might	
  purify	
  the	
  drinking	
  water	
  for	
  a	
  nearby	
  city	
  for	
  

control,	
  and	
  many	
  other	
  services.	
  

of	
  the	
  Cedar	
  River	
  Watershed	
  over	
  100	
  years	
  ago.	
  

this	
  management	
  approach.	
  

goods	
  and	
  services	
  provided	
  by	
  a	
  given	
  ecosystem.	
  
This	
  allows	
  for	
  proposed	
  management	
  policies	
  to	
  
be	
  considered	
  in	
  terms	
  of	
  their	
  ability	
  to	
  improve	
  
ecological	
  processes	
  that	
  produce	
  valuable	
  ecosystem	
  
goods	
  and	
  services.	
  The	
  full	
  array	
  of	
  ecosystem	
  goods	
  
and	
  services	
  produced	
  in	
  the	
  Puyallup	
  Watershed	
  are	
  
valued	
  in	
  Part	
  IV	
  of	
  this	
  report.	
  

Part 2Part 2
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Part III Ecosystem Services in the Puyallup 
River Watershed

ecosystem	
  services	
  provided	
  in	
  the	
  Puyallup	
  Watershed.

ways.	
  This	
  study	
  follows	
  the	
  approach	
  developed	
  

consistent	
  with	
  the	
  Millennium	
  Ecosystem	
  Assessment	
  
completed	
  in	
  2005,	
  as	
  well	
  as	
  much	
  of	
  the	
  ecosystem	
  

accepted	
  these	
  categories.

the	
  natural	
  control	
  of	
  ecosystem	
  processes.	
  Intact	
  

check.

provide	
  basic	
  goods	
  including	
  

that	
  can	
  be	
  used	
  for	
  lumber	
  and	
  paper,	
  wild	
  and	
  

be	
  used	
  for	
  medicinal	
  purposes.	
  Rivers	
  provide	
  fresh	
  

	
  provide	
  humans	
  with	
  

habitat	
  to	
  wild	
  plants	
  and	
  animals	
  and	
  thereby	
  

Part 2
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Table	
  1	
  -­‐	
  List	
  of	
  23	
  Ecosystem	
  Services

	
   Adapted	
  from	
  de	
  Groot	
  et	
  al.,	
  2002
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of	
  natural	
  disturbances	
  on	
  humans.	
  Natural	
  

These	
  areas	
  are	
  able	
  to	
  absorb	
  and	
  store	
  large	
  

capacity	
  of	
  the	
  land.	
  This	
  is	
  a	
  factor	
  of	
  land	
  cover	
  

dynamics	
  within	
  the	
  watershed.	
  In	
  the	
  Puget	
  Sound	
  
region,	
  impermeable	
  surface	
  area,	
  such	
  as	
  parking	
  
lots,	
  roads	
  and	
  roofs,	
  has	
  increased	
  by	
  over	
  10%	
  
in	
  the	
  past	
  15	
  years.	
  The	
  U.S.	
  Geological	
  Survey	
  

of	
  100%	
  to	
  600%	
  for	
  2-­‐year	
  storm	
  events,	
  20%	
  to	
  
300%	
  for	
  10-­‐year	
  events,	
  and	
  10%	
  to	
  250%	
  for	
  100-­‐

valuable	
  ecosystem	
  services:	
  reduced	
  damage	
  from	
  

important	
  for	
  the	
  future	
  of	
  economic	
  development	
  
in	
  the	
  Puyallup	
  Watershed.	
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measured	
  in	
  ecosystem	
  services,	
  dollars,	
  health,	
  and	
  

and	
  build	
  a	
  healthy	
  and	
  prosperous	
  economy.	
  It	
  is	
  
important	
  to	
  determine	
  the	
  right	
  level	
  of	
  investment	
  
and	
  balance	
  between	
  built	
  structures	
  and	
  green	
  
infrastructure.	
  In	
  many	
  cases	
  it	
  is	
  possible	
  to	
  design	
  

An	
  example	
  is	
  a	
  city	
  stormwater	
  system	
  that	
  retains	
  

in	
  the	
  Puyallup	
  Watershed.	
  Headwater	
  forests	
  to	
  

occurred	
  for	
  thousands	
  of	
  years	
  along	
  the	
  rivers	
  of	
  
the	
  Puyallup	
  Watershed.	
  They	
  are	
  generated	
  by	
  the	
  

in	
  the	
  Puyallup	
  Watershed,	
  spurring	
  stormwater	
  

treatment	
  plants	
  are	
  located	
  within	
  the	
  100-­‐year	
  

Puyallup,	
  Sumner	
  and	
  Tacoma.	
  Wastewater	
  treatment	
  

Greater	
  investments	
  in	
  natural	
  capital	
  in	
  the	
  lower	
  
reaches	
  of	
  the	
  Puyallup	
  Watershed,	
  where	
  both	
  

whale	
  and	
  bird	
  watching,	
  and	
  enjoying	
  local	
  seafood	
  
and	
  wines.	
  

also	
  important	
  ecological	
  services	
  associated	
  with	
  

tourists	
  safe	
  as	
  well	
  as	
  protect	
  both	
  private	
  and	
  public	
  
infrastructure	
  needed	
  for	
  the	
  tourist	
  industry.	
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is	
  dominated	
  by	
  Mount	
  Rainier.	
  	
  Mount	
  Rainier	
  is	
  

draws	
  more	
  than	
  two	
  million	
  visitors	
  each	
  year,	
  

and	
  snowboarding,	
  hiking,	
  mountain	
  climbing,	
  

local	
  watershed	
  economy	
  and	
  in	
  general	
  promotes	
  

capital	
  inputs	
  than	
  other	
  economic	
  sectors.	
  Mount	
  

to	
  the	
  lower	
  reaches	
  of	
  the	
  Puyallup	
  Watershed	
  by	
  

including	
  the	
  Puyallup,	
  White	
  and	
  Carbon	
  Rivers.	
  

The	
  80	
  acres	
  of	
  Lake	
  Tapps	
  are	
  popular	
  for	
  swimming,	
  
boat	
  launching	
  and	
  park	
  trails,	
  while	
  the	
  Puyallup	
  

in	
  Washington	
  State	
  and	
  close	
  to	
  80%	
  of	
  this	
  revenue	
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devoted	
  to	
  studying	
  marine	
  and	
  terrestrial	
  

importance	
  of	
  ecosystems.	
  Government,	
  academic,	
  
and	
  private	
  resources	
  are	
  devoted	
  to	
  formal	
  study	
  
of	
  ecosystems	
  in	
  the	
  Puget	
  Sound	
  Basin.	
  Study	
  of	
  
the	
  natural	
  environment	
  produces	
  human,	
  social	
  

environments	
  also	
  provide	
  local	
  employment.	
  

:

The	
  Center	
  for	
  Urban	
  Waters,	
  located	
  in	
  Tacoma,	
  

environmental	
  sciences	
  research	
  program,	
  and	
  the	
  

missions	
  and	
  individuals	
  with	
  diverse	
  skills	
  to	
  develop	
  

a	
  body	
  of	
  water	
  in	
  Commencement	
  Bay	
  widely	
  

applied	
  research	
  and	
  modern	
  laboratories	
  where	
  

pollutants	
  in	
  water,	
  soils,	
  sediment,	
  biota	
  and	
  air	
  
throughout	
  the	
  Puget	
  Sound	
  region.	
  The	
  common	
  

can	
  base	
  important	
  decisions.	
  Also,	
  undergraduate	
  
and	
  graduate	
  students	
  at	
  the	
  University	
  of	
  
Washington	
  Tacoma	
  have	
  the	
  opportunity	
  to	
  work	
  

a	
  world-­‐class	
  research	
  facility	
  and	
  disciplinary	
  experts.
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Water	
  Supply
As	
  water	
  moves	
  through	
  a	
  watershed,	
  it	
  can	
  be	
  
extracted	
  as	
  surface	
  water	
  or	
  ground	
  water	
  for	
  the	
  use	
  
of	
  large	
  metropolitan	
  areas,	
  industry	
  and	
  agriculture.	
  

of	
  a	
  watershed,	
  such	
  as	
  forests,	
  wetlands	
  and	
  geology,	
  

gets	
  its	
  drinking	
  water	
  from	
  forested	
  watersheds	
  

the	
  world	
  has	
  decreased	
  water	
  supply,	
  due	
  to	
  lower	
  

:

In	
  the	
  Puget	
  Sound	
  region,	
  snowpack	
  performs	
  a	
  

systems	
  in	
  the	
  region	
  largely	
  depend	
  on	
  snowpack	
  
to	
  supplement	
  water	
  storage:	
  almost	
  all	
  of	
  the	
  major	
  
municipal	
  water	
  systems	
  west	
  of	
  the	
  Cascades	
  have	
  

system	
  of	
  reservoirs.	
  The	
  economic	
  value	
  of	
  snowpack	
  

storage	
  system,	
  such	
  as	
  a	
  surface	
  water	
  reservoir.	
  

made	
  reservoir	
  systems	
  were	
  included	
  –	
  such	
  as	
  

higher.

watershed	
  processes	
  is	
  vital	
  to	
  many	
  residents	
  of	
  the	
  

are	
  met	
  by	
  wells	
  reaching	
  several	
  hundred	
  feet	
  deep	
  
into	
  glacial	
  deposits	
  that	
  underlie	
  the	
  area.	
  Tacoma	
  

the	
  Green	
  River,	
  located	
  in	
  the	
  Green-­‐Duwamish	
  

sources	
  help	
  supply	
  water	
  to	
  more	
  than	
  310,000	
  
people,	
  including	
  residents	
  of	
  the	
  City	
  of	
  Tacoma	
  

of	
  its	
  water	
  from	
  the	
  Salmon	
  and	
  Maplewood	
  Springs,	
  

Tacoma-­‐Puyallup	
  area	
  has	
  placed	
  increasing	
  demands	
  
on	
  groundwater	
  resources,	
  and	
  some	
  concerns	
  have	
  
been	
  raised	
  that	
  land	
  development	
  may	
  impede	
  

pollutants	
  have	
  previously	
  been	
  found	
  in	
  two	
  wells	
  in	
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The	
  transfer	
  of	
  nutrients	
  from	
  one	
  place	
  to	
  another	
  

living	
  things	
  depend	
  on	
  the	
  nutrient	
  cycles	
  of	
  carbon,	
  

important	
  elements	
  in	
  oceanic	
  nutrient	
  cycles	
  because	
  

the	
  movement	
  of	
  nutrients	
  and	
  turn	
  them	
  from	
  
biologically	
  unavailable	
  forms,	
  such	
  as	
  rocks	
  or	
  gases	
  
in	
  the	
  atmosphere,	
  into	
  forms	
  that	
  can	
  be	
  used	
  by	
  
other	
  living	
  things.	
  Nutrient	
  cycling	
  is	
  a	
  fundamental	
  

would	
  cease	
  to	
  exist.	
  

plants	
  depend	
  on	
  biologically	
  mediated	
  breakdown	
  

for	
  growth	
  available.	
  As	
  plants	
  and	
  plant	
  parts	
  
decompose,	
  they	
  contribute	
  to	
  the	
  pool	
  of	
  organic	
  

structures	
  can	
  also	
  provide	
  support	
  to	
  living	
  plants.	
  

block	
  sunlight,	
  but	
  they	
  can	
  draw	
  nutrients	
  from	
  

of	
  nutrients	
  from	
  one	
  form	
  to	
  another.	
  Larger	
  animals	
  
play	
  a	
  crucial	
  role	
  in	
  nutrient	
  cycles	
  by	
  moving	
  
nutrients	
  from	
  one	
  place	
  to	
  another	
  in	
  the	
  form	
  of	
  

environments.	
  Salmon	
  and	
  marine	
  birds	
  bring	
  marine	
  
nutrients	
  into	
  terrestrial	
  and	
  freshwater	
  ecosystems,	
  

:

Salmon	
  enhance	
  local	
  ecosystems	
  in	
  the	
  Puyallup	
  
Watershed	
  by	
  moving	
  nutrients	
  into	
  creeks	
  and	
  rivers	
  
such	
  as	
  South	
  Prairie	
  Creek.	
  Salmon	
  spend	
  most	
  

Ocean,	
  where	
  they	
  accumulate	
  carbon,	
  nitrogen,	
  
phosphorous	
  and	
  other	
  micronutrients	
  in	
  their	
  

these	
  marine-­‐derived	
  nutrients	
  are	
  released	
  into	
  
the	
  freshwater	
  river	
  system,	
  providing	
  an	
  important	
  

the	
  health	
  of	
  their	
  habitat	
  and,	
  in	
  turn,	
  the	
  health	
  of	
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Watershed	
  is	
  important	
  for	
  many	
  reasons:	
  The	
  supply	
  

water	
  allows	
  for	
  clean	
  drinking	
  water.	
  Also	
  important	
  

Recent	
  analysis	
  suggests	
  that	
  a	
  lengthened	
  summer	
  

minerals	
  and	
  oxygen.	
  Many	
  ecosystems	
  absorb	
  water	
  

to	
  streams	
  and	
  rivers	
  in	
  the	
  lower	
  watershed.	
  In	
  
undeveloped	
  areas	
  of	
  a	
  watershed,	
  typically	
  less	
  

When	
  forested	
  basins	
  are	
  heavily	
  harvested	
  the	
  

summer	
  months,	
  because	
  the	
  water	
  is	
  not	
  retained	
  in	
  

:

The	
  Climate	
  Impacts	
  Group,	
  a	
  research	
  group	
  based	
  
at	
  the	
  University	
  of	
  Washington,	
  recently	
  published	
  

in	
  the	
  Puget	
  Sound	
  region,	
  salmon	
  with	
  an	
  ocean-­‐

approach	
  that	
  acknowledges	
  changes	
  in	
  future	
  water	
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Spiritual	
  and	
  Religious	
  Experience
Many	
  natural	
  areas	
  have	
  special	
  importance	
  to	
  

watershed	
  residents.	
  Non-­‐tribal	
  people	
  also	
  tend	
  

landscape	
  in	
  which	
  they	
  live.	
  Spiritual	
  and	
  religious	
  

across	
  individuals.	
  One	
  way	
  to	
  gain	
  insight	
  is	
  to	
  ask	
  
people	
  how	
  much	
  they	
  would	
  be	
  willing	
  to	
  pay	
  to	
  
protect	
  a	
  given	
  species	
  or	
  area.	
  

medium	
  for	
  plant	
  growth	
  as	
  well	
  as	
  nutrients	
  for	
  
plants,	
  and	
  habitat	
  for	
  millions	
  of	
  micro-­‐	
  and	
  macro-­‐
organisms.	
  Healthy	
  soils	
  are	
  able	
  to	
  store	
  water	
  

of	
  other	
  ecosystem	
  services,	
  including	
  disturbance	
  

years	
  through	
  a	
  process	
  that	
  involves	
  parent	
  material,	
  

building,	
  maintaining	
  and	
  moving	
  shorelines	
  naturally	
  

human	
  use:	
  Historic	
  gravel	
  deposits	
  are	
  mined	
  in	
  

slope	
  to	
  erosion	
  is	
  determined	
  by	
  factors	
  such	
  as	
  grain	
  

degraded.	
  

Water	
  Quality	
  and	
  Waste	
  Treatment

estuaries,	
  bays,	
  and	
  nearshore	
  submerged	
  lands	
  break	
  

webs,	
  or	
  overload	
  of	
  nutrients	
  or	
  waste	
  products	
  

breeding	
  sites	
  for	
  disease	
  vectors	
  where	
  they	
  were	
  
once	
  nonexistent.	
  People	
  can	
  be	
  exposed	
  to	
  disease	
  
in	
  coastal	
  areas	
  through	
  direct	
  contact	
  with	
  bacterial	
  
or	
  viral	
  agents	
  while	
  swimming	
  or	
  washing	
  in	
  fresh	
  or	
  

or	
  water.	
  

biological	
  processes	
  are	
  limited	
  by	
  nitrogen	
  and	
  
phosphorous,	
  changes	
  in	
  these	
  nutrient	
  levels	
  may	
  

increases	
  in	
  nutrient	
  loading	
  in	
  	
  Hood	
  Canal	
  due	
  to	
  

nitrogen	
  and	
  phosphorous	
  loads	
  to	
  Puget	
  Sound	
  
waters	
  than	
  the	
  forested	
  watersheds	
  in	
  the	
  Olympic	
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estuarine	
  macroalgae	
  and	
  nearshore	
  sedimentary	
  
organisms	
  play	
  a	
  crucial	
  role	
  in	
  removing	
  nitrogen	
  

Biological	
  Control	
  

health,	
  crops	
  and	
  livestock.	
  A	
  number	
  of	
  natural	
  
predators	
  exist	
  for	
  pest	
  species,	
  which	
  can	
  contribute	
  
to	
  control	
  of	
  damages.	
  Natural	
  predators	
  can	
  also	
  play	
  

birds	
  consume	
  insects	
  that	
  may	
  prey	
  on	
  trees.	
  

introduced	
  to	
  areas	
  beyond	
  their	
  natural	
  range,	
  and	
  

for	
  this	
  damage	
  in	
  the	
  United	
  States	
  range	
  from	
  $1.1	
  

disease	
  was	
  at	
  least	
  28%	
  for	
  the	
  years	
  2001-­‐2003.	
  The	
  

has	
  shown	
  that	
  pests	
  are	
  best	
  managed	
  naturally	
  and	
  

also	
  ways	
  to	
  manage	
  crops	
  so	
  as	
  to	
  enhance	
  biological	
  

Habitat	
  and	
  Biodiversity

of	
  species	
  as	
  well	
  as	
  the	
  ecosystems	
  they	
  comprise.	
  It	
  

can	
  also	
  be	
  considered	
  an	
  ecosystem	
  service	
  in	
  itself	
  

more	
  resilient	
  to	
  change	
  despite	
  environmental	
  

A	
  healthy	
  ecosystem	
  provides	
  physical	
  structure,	
  

components	
  of	
  habitats.

One	
  recent	
  meta-­‐analysis	
  of	
  marine	
  data	
  and	
  

ecosystem	
  services	
  found	
  strong	
  evidence	
  that	
  loss	
  of	
  

through	
  such	
  mechanisms	
  as	
  the	
  establishment	
  of	
  

diversity	
  and	
  ecosystem	
  services	
  in	
  the	
  marine	
  
environment.

upon	
  which	
  all	
  other	
  ecosystem	
  services	
  depend.	
  
It	
  refers	
  to	
  the	
  conversion	
  of	
  energy	
  from	
  sunlight	
  

plants,	
  seaweed,	
  seafood,	
  and	
  livestock,	
  and	
  use	
  of	
  
photosynthesis-­‐dependent	
  materials	
  such	
  as	
  wood,	
  

on	
  the	
  delivery	
  of	
  many	
  other	
  ecosystem	
  services.	
  
Loss	
  of	
  forests	
  to	
  development	
  also	
  decreases	
  primary	
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plants,	
  macro-­‐algae,	
  and	
  sea	
  grasses	
  in	
  the	
  coastal	
  
and	
  nearshore	
  environment,	
  as	
  well	
  as	
  from	
  

in	
  the	
  coastal	
  zone	
  out	
  to	
  the	
  farthest	
  extent	
  of	
  

When	
  humans	
  consume	
  most	
  ocean	
  primary	
  

remainder	
  of	
  the	
  food	
  web	
  and	
  all	
  the	
  ecological	
  

harvests	
  in	
  the	
  past	
  were	
  focused	
  primarily	
  on	
  the	
  
top-­‐level	
  food-­‐web	
  species	
  such	
  as	
  cod,	
  as	
  demand	
  

pressure	
  has	
  been	
  increased	
  on	
  smaller	
  species	
  like	
  

due	
  to	
  changes	
  in	
  currents,	
  upwelling,	
  and	
  changes	
  in	
  

Atmospheric	
  oxygen	
  is	
  a	
  product	
  of	
  photosynthesis	
  
from	
  marine	
  plankton	
  and	
  terrestrial	
  plants.	
  Removal	
  
of	
  pollutants	
  is	
  another	
  important	
  aspect	
  of	
  gas	
  

pounds	
  of	
  pollutants	
  per	
  year	
  in	
  the	
  Puget	
  Sound	
  

transparent	
  to	
  light,	
  but	
  trap	
  heat,	
  warming	
  the	
  planet	
  
like	
  a	
  greenhouse.	
  Carbon	
  dioxide	
  is	
  removed	
  through	
  

a	
  single	
  species	
  pollinator.	
  The	
  importance	
  of	
  wild	
  
pollinators	
  to	
  food	
  crops	
  means	
  that	
  wild	
  habitats	
  
near	
  croplands	
  are	
  necessary	
  in	
  order	
  to	
  provide	
  

intact.	
  

of	
  ecosystems.	
  Agricultural	
  lands	
  are	
  the	
  primary	
  

ecosystem	
  good	
  with	
  labor	
  and	
  built	
  capital	
  inputs.	
  

is	
  measured	
  by	
  the	
  total	
  market	
  value	
  of	
  crops	
  
produced.	
  While	
  this	
  measure	
  is	
  useful,	
  market	
  

Marine	
  ecosystems	
  are	
  the	
  largest	
  sources	
  of	
  food	
  

the	
  primary	
  source	
  of	
  protein	
  for	
  one	
  billion	
  people,	
  

to	
  the	
  social	
  importance	
  of	
  this	
  service.	
  There	
  is	
  also	
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at	
  least	
  
services	
  would	
  have	
  a	
  value	
  of	
  between	
  

Part IV Valuation of the 
Puyallup River Watershed

Watershed	
  can	
  be	
  divided	
  into	
  the	
  following	
  steps:

the	
  acreage	
  of	
  each	
  land	
  cover	
  class	
  within	
  the	
  
watershed.	
  Examples	
  of	
  land	
  cover	
  classes	
  include	
  
pasture,	
  estuary,	
  urban	
  green	
  space	
  and	
  riparian	
  
forest.	
  Land	
  cover	
  classes	
  were	
  chosen	
  based	
  on	
  the	
  

type	
  of	
  class.

of	
  Land	
  Cover	
  Classes:	
  The	
  ecosystem	
  services	
  

a	
  database	
  of	
  peer	
  reviewed	
  ecosystem	
  service	
  

land	
  cover	
  class	
  is	
  selected	
  depending	
  on	
  the	
  
geographic	
  and	
  land-­‐cover	
  match	
  to	
  the	
  site.	
  These	
  
are	
  like	
  comparables	
  used	
  in	
  a	
  house	
  or	
  business	
  
appraisal.	
  	
  Each	
  land	
  cover	
  class	
  is	
  assigned	
  a	
  total	
  
high	
  and	
  low	
  annual	
  per-­‐acre	
  value	
  for	
  its	
  ecosystem	
  
services.	
  

and	
  low	
  annual	
  value	
  of	
  ecosystem	
  services	
  for	
  

of	
  that	
  land	
  cover	
  class	
  within	
  the	
  watershed	
  to	
  

Land	
  cover	
  class	
  values	
  are	
  summed	
  to	
  arrive	
  at	
  a	
  
total	
  annual	
  value	
  for	
  the	
  Puyallup	
  Watershed.	
  Net	
  
present	
  values	
  are	
  calculated	
  for	
  the	
  watershed	
  over	
  

assess	
  and	
  categorize	
  the	
  land	
  cover	
  in	
  the	
  Puyallup	
  
Watershed.	
  The	
  GIS	
  data	
  is	
  gathered	
  through	
  aerial	
  

Earth	
  Economics	
  maintains	
  a	
  database	
  of	
  peer-­‐
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Watershed	
  was	
  divided	
  into	
  13	
  land	
  cover	
  classes.	
  

in	
  the	
  Puyallup	
  Watershed	
  are	
  listed	
  in	
  Table	
  2,	
  and	
  

boundaries,	
  was	
  then	
  combined	
  with	
  the	
  NLCD	
  

and	
  acreages	
  that	
  comprise	
  the	
  Puyallup	
  Watershed,	
  

Watershed.

Table	
  2	
  -­‐	
  NLCD	
  Land	
  Cover	
  Classes	
  used	
  in	
  this	
  Study

Agricultural	
  land

Pasture

Urban	
  Area

Grassland

Shrub/Scrub

Estuary

Rivers/Lakes

Wetlands

Perennial	
  Snow/Ice
Map	
  by	
  Greg	
  Lund



Table	
  3	
  -­‐	
  Total	
  Acreages	
  by	
  Land	
  Cover	
  Class	
  in	
  the	
  Puyallup	
  River	
  Watershed

the	
  landscape.	
  Mapping	
  goods	
  and	
  services	
  provided	
  
by	
  factories,	
  restaurants,	
  schools	
  and	
  businesses	
  

value	
  of	
  these	
  goods,	
  services,	
  housing	
  and	
  industry	
  

Puyallup	
  Watershed	
  is	
  similar.	
  Each	
  land	
  cover	
  class,	
  

provides	
  economically	
  valuable	
  goods	
  and	
  services.	
  

ecosystem	
  services.	
  Some	
  land	
  cover	
  classes	
  produce	
  

that	
  biodiversity	
  is	
  concentrated	
  in	
  one	
  half	
  of	
  the	
  

strategy.
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Provided	
  by	
  Various	
  Land	
  Covers

Source:	
  Erik	
  Nelson	
  and	
  Heather	
  Tallis,	
  Stanford	
  
University,	
  Palo	
  Alto,	
  California

Land	
  Cover	
  Class	
  Values
Natural	
  capital	
  in	
  the	
  Puyallup	
  Watershed	
  generates	
  

income.	
  As	
  long	
  as	
  this	
  natural	
  infrastructure	
  of	
  the	
  

represents	
  the	
  dollar	
  value	
  generated	
  by	
  a	
  single	
  

report,	
  urban	
  wetlands	
  in	
  Western	
  Washington	
  were	
  

The	
  full	
  suite	
  of	
  ecosystem	
  services	
  produced	
  by	
  a	
  

for	
  that	
  land	
  cover	
  class.	
  In	
  the	
  case	
  of	
  wetlands,	
  this	
  
means	
  summing	
  all	
  of	
  its	
  known	
  ecosystem	
  service	
  

of	
  acres	
  of	
  wetlands	
  in	
  the	
  Puyallup	
  Watershed	
  for	
  a	
  
value	
  in	
  $/year.	
  

appraisal	
  of	
  ecosystem	
  service	
  values	
  is	
  accomplished.	
  

an	
  appraisal,	
  rather	
  than	
  a	
  precise	
  measure,	
  because	
  

depending	
  on	
  proximity	
  has	
  been	
  the	
  subject	
  of	
  a	
  

and	
  academic	
  partners.	
  See	
  Appendix	
  B	
  for	
  the	
  list	
  of	
  
primary	
  studies	
  applied	
  to	
  the	
  Puyallup	
  Watershed	
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studies	
  conducted	
  on	
  ecosystem	
  services,	
  not	
  all	
  

land	
  cover	
  class	
  could	
  be	
  assigned	
  a	
  known	
  value	
  

–	
  	
  though	
  such	
  areas	
  also	
  clearly	
  provide	
  biological	
  

by	
  each	
  land	
  cover	
  type	
  in	
  the	
  Puyallup	
  River	
  Basin,	
  
compared	
  with	
  those	
  that	
  were	
  actually	
  valued	
  in	
  this	
  
study,	
  is	
  provided	
  in	
  Table	
  5.
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Table	
  5	
  indicates	
  that	
  a	
  large	
  number	
  of	
  ecosystem	
  

valued	
  in	
  a	
  primary	
  study.	
  This	
  suggests	
  that	
  the	
  

the	
  true	
  value,	
  because	
  many	
  ecosystem	
  services	
  

EstuaryEstuary Forest All AgesForest All Ages Rivers and LakesRivers and Lakes
Ecosystem Service General Min Max Min Max Min Max
Aesthetic & Recreational $1.44 $1,298.23 $0.18 $2,158.01 $1.79 $20,880.94
Biological Control $31.57 $31.57 $1.62 $9.53
Cultural & Spiritual $15.04 $20.82 $0.26 $2.41
Disturbance Regulation $229.44 $229.44 $14.83 $14.83
Erosion Retention $55.37 $110.34
Gas & Climate Regulation $10.57 $1,049.40
Genetic Resources $9.23 $9.23
Habitat Refugium & Nursery $12.24 $1,468.64 $1.05 $2,972.74 $17.13 $1,568.63
Nutrient Cycling $5,909.39 $16,556.93 $208.23 $534.31
Pollination $59.00 $420.45
Raw Materials $15.57 $15.57 $10.00 $348.47
Soil Formation $4.05 $5.77
Storm Protection $1.15 $1.15
Waste Treatment $35.21 $166.29 $74.43 $967.62
Water Regulation $0.06 $534.31 $908.86 $3,510.07
Water Supply $5.53 $135.51 $9.00 $843.44 $32.34 $5,925.34
Food Production $15.97 $708.84 $28.12 $28.84 $16.59 $16.59
Science and Education $39.08 $67.27
TOTAL $6,236.19 $20,465.55 $487.01 $9,276.79 $1,051.14 $32,869.19

added	
  to	
  the	
  database,	
  the	
  combined	
  known	
  value	
  
of	
  ecosystem	
  services	
  in	
  the	
  Puyallup	
  Watershed	
  will	
  

service	
  values	
  for	
  individual	
  land	
  cover	
  classes	
  in	
  the	
  
Puyallup	
  Watershed.

 45 The	
  Puyallup	
  River	
  Watershed:	
  

Part 4



PasturePasture Urban Green SpaceUrban Green Space
Ecosystem Service General Min Max Min Max
Aesthetic & Recreational $0.03 $25.77 $1,336.99 $3,919.27
Biological Control $13.56 $13.56
Cultural & Spiritual
Disturbance Regulation
Erosion Retention
Gas & Climate Regulation $28.42 $927.28
Genetic Resources
Habitat Refugium & Nursery
Nutrient Cycling
Pollination $2.25 $11.34
Raw Materials
Soil Formation $0.57 $6.59
Storm Protection
Waste Treatment
Water Regulation $6.06 $166.29
Water Supply
Food Production $34.91 $34.91
Science and Education $39.08 $67.27
TOTAL $51.32 $92.17 $1,410.55 $5,080.10

GrasslandsGrasslands Shrub Shrub 
Ecosystem Service General Min Max Min Max
Aesthetic & Recreational $0.19 $2,139.70
Biological Control $9.15 $13.42
Cultural & Spiritual
Disturbance Regulation
Erosion Retention $16.93 $17.89
Gas & Climate Regulation $0.06 $166.08 $6.57 $73.30
Genetic Resources $0.01 $0.01
Habitat Refugium & Nursery $1.30 $530.25
Nutrient Cycling
Pollination $10.12 $420.45
Raw Materials
Soil Formation $0.49 $0.58
Storm Protection
Waste Treatment $50.78 $50.78
Water Regulation $1.75 $2.03
Water Supply
Food Production $23.08 $23.08
Science and Education $39.08 $67.27
TOTAL $112.37 $694.32 $47.15 $2,810.52
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Emergent Herbaceous WetlandsEmergent Herbaceous Wetlands Woody WetlandsWoody Wetlands
Ecosystem Service General Min Max Min Max
Aesthetic & Recreational $1.12 $9,908.17 $1.12 $9,908.17
Biological Control
Cultural & Spiritual
Disturbance Regulation $14,528.95 $14,528.95 $14,528.95 $14,528.95
Erosion Retention
Gas & Climate Regulation $4.94 $515.82 $4.94 $774.40
Genetic Resources
Habitat Refugium & Nursery $5.92 $13,289.37 $5.92 $13,289.37
Nutrient Cycling $7,318.04 $7,318.04 $7,318.04 $7,318.04
Pollination
Raw Materials $4.26 $2,760.11 $2,760.11 $2,760.11
Soil Formation
Storm Protection $1,394.58 $1,394.58 $1,394.58 $1,394.58
Waste Treatment $166.29 $1,058.45 $166.29 $1,058.45
Water Regulation $557.66 $6,739.17 $557.66 $6,739.17
Water Supply $0.44 $33,288.83 $0.44 $33,288.83
Food Production $53.37 $1,233.49 $53.37 $1,233.49
Science and Education
TOTAL $24,035.58 $92,034.99 $26,791.43 $92,293.57

Riparian ForestRiparian Forest Agricultural LandsAgricultural Lands
Ecosystem Service General Min Max Min Max
Aesthetic & Recreational $0.18 $11,261.59 $25.77 $29.15
Biological Control $9.11 $9.53 $2.06 $515.82
Cultural & Spiritual $4.95 $4.95
Disturbance Regulation $8.01 $249.87 $4.94 $120.10
Erosion Retention $14.83 $1,416.76
Gas & Climate Regulation $10.57 $1,049.40 $9.11 $515.82
Genetic Resources
Habitat Refugium & Nursery $0.26 $2,972.74
Nutrient Cycling $2.06 $166.08
Pollination $66.75 $420.45 $2.25 $420.45
Raw Materials
Soil Formation $0.57 $256.55
Storm Protection
Waste Treatment $166.29 $166.29
Water Regulation $10.19 $534.31
Water Supply $5.16 $13,795.98
Food Production $34.91 $34.91
Science and Education $39.08 $67.27
TOTAL $320.55 $30,532.39 $96.50 $3,475.64
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across	
  all	
  land	
  cover	
  types	
  in	
  the	
  Puyallup	
  River	
  Watershed.	
  The	
  table	
  includes	
  each	
  land	
  cover	
  class	
  with	
  its	
  
acreage	
  and	
  value,	
  and	
  the	
  total	
  annual	
  value	
  for	
  all	
  lands	
  within	
  the	
  Puyallup	
  Watershed.	
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Net	
  Present	
  Value

a	
  capital	
  asset.	
  This	
  analogy	
  can	
  be	
  extended	
  by	
  

of	
  ecosystem	
  services,	
  just	
  as	
  the	
  asset	
  value	
  of	
  a	
  

approximately	
  calculated	
  as	
  the	
  net	
  present	
  value	
  

however,	
  because	
  ecosystems	
  are	
  not	
  bought	
  and	
  sold	
  
in	
  this	
  manner.

discount	
  rate	
  for	
  large	
  projects,	
  which	
  lowers	
  the	
  

Puyallup	
  Watershed	
  was	
  valued	
  using	
  two	
  discount	
  

A	
  discount	
  rate	
  is	
  designed	
  to	
  control	
  for	
  the	
  
following:

	
  This	
  is	
  the	
  rate	
  
at	
  which	
  people	
  value	
  what	
  they	
  can	
  have	
  now,	
  

	
  A	
  dollar	
  in	
  

a	
  dollar	
  today,	
  because	
  a	
  dollar	
  today	
  can	
  be	
  
invested	
  for	
  a	
  return	
  in	
  one	
  year.

	
  Built	
  assets	
  such	
  as	
  cars	
  and	
  levees	
  
tend	
  to	
  deteriorate	
  and	
  lose	
  value	
  due	
  to	
  wear	
  
and	
  tear,	
  while	
  natural	
  assets	
  tend	
  to	
  appreciate	
  

types	
  of	
  assets.	
  

resources	
  should	
  be	
  treated	
  with	
  lower	
  discount	
  
rates	
  than	
  built	
  capital	
  assets	
  because	
  they	
  provide	
  

the	
  Puyallup	
  Watershed	
  provides	
  reside	
  in	
  the	
  

built	
  capital	
  reside	
  in	
  the	
  near-­‐term,	
  with	
  few	
  or	
  

types	
  of	
  assets	
  are	
  important	
  to	
  maintain	
  a	
  high	
  

preference	
  for	
  a	
  forest	
  like	
  it	
  was	
  a	
  building,	
  or	
  a	
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Overall,	
  18	
  categories	
  of	
  ecosystem	
  services	
  were	
  
valued	
  across	
  13	
  land	
  cover	
  classes.	
  

from	
  the	
  present	
  day.	
  Because	
  natural	
  assets	
  tend	
  to	
  
appreciate,	
  rather	
  than	
  depreciate,	
  the	
  true	
  discount	
  
rate	
  is	
  likely	
  to	
  be	
  lower.	
  

	
  The	
  

	
  More	
  detailed	
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Part V Applications of Study Findings

ecosystems	
  are	
  degraded.	
  The	
  long-­‐term	
  health	
  of	
  the	
  Puyallup	
  Watershed	
  and	
  the	
  Puget	
  Sound	
  region	
  depends	
  upon	
  

	
  text	
  below.

make	
  today	
  to	
  place	
  resources	
  for	
  returns	
  in	
  the	
  
future.	
  An	
  economy	
  is	
  the	
  product	
  of	
  previous	
  

considering	
  not	
  only	
  the	
  short-­‐term	
  costs	
  and	
  

term	
  investment.	
  In	
  hindsight,	
  this	
  investment	
  has	
  

generated	
  in	
  the	
  Puyallup	
  Watershed	
  demonstrates	
  
that	
  nature	
  is	
  an	
  investment	
  worth	
  maintaining.	
  

be	
  done	
  to	
  further	
  account	
  for	
  the	
  natural	
  goods	
  and	
  
services	
  that	
  are	
  produced	
  for	
  greater	
  overall	
  well-­‐
being	
  in	
  this	
  Whole	
  Economy.
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armored	
  river	
  in	
  the	
  Puget	
  Sound	
  Basin,	
  and	
  one	
  

investment	
  in	
  impermeable	
  surfaces	
  and	
  stormwater	
  

combined	
  to	
  become	
  expensive	
  investments	
  in	
  built	
  

of	
  wetlands,	
  forests	
  and	
  other	
  ecosystem	
  structures	
  

built	
  infrastructure.	
  

The	
  large	
  dollar	
  values	
  of	
  ecosystem	
  goods	
  and	
  
services	
  in	
  the	
  Puyallup	
  Watershed	
  demonstrate	
  the	
  
importance	
  of	
  ecosystems	
  to	
  the	
  local	
  economy.	
  The	
  

and	
  applicable	
  to	
  informing	
  decisions	
  at	
  every	
  

and	
  other	
  watershed-­‐based	
  analysis	
  should	
  be	
  
informed	
  by	
  ecosystem	
  service	
  analysis.	
  These	
  

in	
  recent	
  years.	
  Including	
  the	
  human	
  economy	
  
and	
  ecosystem	
  services	
  is	
  crucial	
  in	
  advancing	
  
the	
  understanding,	
  value	
  and	
  depth	
  of	
  watershed	
  

Department	
  of	
  Natural	
  Resources,	
  Washington	
  
State	
  Department	
  of	
  Ecology,	
  and	
  the	
  Army	
  

analysis	
  should	
  proceed	
  at	
  a	
  rapid	
  pace.

important	
  and	
  need	
  to	
  be	
  valued	
  to	
  properly	
  
inform	
  public	
  and	
  private	
  investment.	
  These	
  
improvements	
  in	
  economic	
  analysis,	
  which	
  promote	
  

services.	
  The	
  mapping	
  of	
  ecosystem	
  services	
  on	
  

should	
  be	
  created.	
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services-­‐related	
  policies	
  include:
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analyses	
  to	
  make	
  investment	
  decisions	
  in	
  areas	
  

road	
  building,	
  economic	
  development,	
  tax	
  breaks	
  

analysis,	
  yet	
  federal	
  rules	
  dictate	
  that	
  the	
  system	
  that	
  

and	
  cannot	
  be	
  valued	
  in	
  the	
  analysis.	
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Environmental	
  Impact	
  Statements
In	
  Washington	
  State,	
  environmental	
  impact	
  statements	
  

environmental	
  impact	
  statements	
  is	
  the	
  lack	
  of	
  an	
  
economic	
  interface.	
  In	
  other	
  words,	
  environmental	
  

which	
  is	
  denominated	
  in	
  dollars.	
  Ecosystem	
  service	
  

is	
  the	
  weakest	
  area	
  of	
  environmental	
  planning	
  and	
  

Three	
  scenarios	
  were	
  examined	
  for	
  ecosystem	
  service	
  

allows	
  for	
  a	
  stronger	
  understanding	
  of	
  the	
  economic	
  

value	
  of	
  ecosystem	
  services	
  enhanced	
  by	
  the	
  project	
  
and	
  provided	
  to	
  the	
  public	
  also	
  strengthens	
  the	
  
capacity	
  for	
  funding	
  proposals.

Land	
  Use	
  Policy	
  and	
  Management
One	
  of	
  the	
  biggest	
  environmental	
  threats	
  to	
  the	
  
South	
  Puget	
  Sound	
  region	
  is	
  the	
  loss	
  of	
  forest.21	
  The	
  
region	
  has	
  been	
  losing	
  forest	
  at	
  a	
  rate	
  of	
  10	
  acres	
  

forestland	
  in	
  the	
  Puget	
  Sound	
  are	
  owned	
  by	
  small	
  

	
  Owning	
  less	
  than	
  5,000	
  acres.

21

22

private	
  landowners,	
  comprising	
  approximately	
  half	
  
of	
  the	
  total	
  forestland	
  in	
  private	
  ownership.22	
  The	
  
tax	
  burden	
  of	
  forest	
  ownership	
  is	
  a	
  great	
  burden	
  on	
  
small	
  landowners,	
  because	
  taxes	
  are	
  based	
  on	
  the	
  

taxes	
  makes	
  forestry	
  less	
  viable	
  and	
  puts	
  pressure	
  
on	
  small	
  landowners	
  to	
  convert	
  forestlands	
  into	
  real	
  
estate	
  development	
  and	
  other	
  uses.

Internal	
  Policy	
  and	
  Procedure	
  Revamp

green	
  infrastructure,	
  buildings,	
  and	
  investment	
  

capital	
  asset	
  that	
  is	
  measurable	
  within	
  standard	
  

rate	
  of	
  return	
  on	
  investment,	
  it	
  would	
  likely	
  never	
  

but	
  to	
  provide	
  safe	
  and	
  reliable	
  drinking	
  water	
  for	
  
the	
  people	
  of	
  Tacoma	
  and	
  Pierce	
  County	
  into	
  the	
  

acres	
  of	
  land	
  surrounding	
  the	
  Green	
  River	
  Watershed	
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The	
  values	
  included	
  in	
  this	
  report	
  provide	
  reference	
  
values	
  for	
  some	
  of	
  the	
  ecosystem	
  services	
  that	
  are	
  
produced	
  by	
  comparable	
  ecosystems	
  to	
  those	
  in	
  the	
  

example,	
  might	
  like	
  to	
  apply	
  for	
  grant	
  funding	
  that	
  
would	
  restore	
  100	
  acres	
  of	
  shrub/scrub	
  to	
  riparian	
  
forest.	
  Using	
  the	
  values	
  found	
  in	
  this	
  appendix	
  as	
  

to	
  show	
  the	
  increase	
  in	
  public	
  economic	
  value	
  

will	
  show	
  the	
  economic	
  return	
  on	
  investment	
  to	
  

investment.	
  

Green	
  Jobs	
  Analysis
Ecosystem	
  services	
  and	
  jobs	
  are	
  closely	
  connected.	
  

economic	
  importance	
  and	
  provide	
  an	
  increase	
  in	
  

sustainable,	
  well-­‐paid	
  jobs.	
  Establishing	
  an	
  increase	
  
in	
  permanent	
  employment	
  is	
  far	
  more	
  important	
  
than	
  providing	
  temporary	
  jobs,	
  and	
  federal	
  
agencies	
  recognize	
  and	
  measure	
  this	
  accordingly.	
  

project	
  funding	
  by	
  linking	
  projects	
  to	
  green	
  jobs	
  
development.	
  

Watershed	
  Investment	
  Districts
As	
  the	
  Puget	
  Sound	
  region	
  has	
  become	
  more	
  
crowded,	
  so	
  have	
  its	
  tax	
  districts.	
  Inevitably,	
  there	
  

a	
  dozen	
  stormwater	
  districts	
  previously	
  invested	
  
millions	
  of	
  dollars	
  to	
  build	
  stormwater	
  systems	
  that	
  

stem	
  of	
  the	
  river	
  as	
  fast	
  as	
  possible.	
  Prior	
  to	
  2008,	
  

as	
  forests	
  disappeared	
  and	
  impermeable	
  surfaces	
  
and	
  stormwater	
  systems	
  expanded,	
  causing	
  greater	
  

in	
  the	
  upper	
  and	
  middle	
  watershed	
  areas.	
  The	
  

in	
  higher	
  levees	
  in	
  the	
  lower	
  reaches,	
  which	
  were	
  

is	
  part	
  of	
  a	
  cycle	
  that	
  is	
  unhealthy	
  for	
  humans,	
  
salmon,	
  the	
  economy	
  and	
  the	
  environment.

The	
  work	
  accomplished	
  by	
  Water	
  Resource	
  

the	
  Green	
  River	
  Valley	
  demonstrates	
  an	
  impressive,	
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return	
  on	
  investment.	
  In	
  the	
  case	
  of	
  salmon	
  recovery,	
  

ecosystem	
  services.	
  A	
  successful	
  salmon	
  plan	
  improves	
  

well-­‐being.
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There	
  are	
  many	
  ways	
  in	
  which	
  the	
  economy	
  of	
  the	
  

When	
  ecosystems	
  are	
  healthy,	
  they	
  provide	
  vast	
  

ecosystem	
  services	
  in	
  the	
  Puyallup	
  Watershed,	
  

the	
  watershed	
  every	
  year.	
  The	
  results	
  are	
  compelling:	
  

Ecosystem	
  services	
  may	
  also	
  be	
  treated	
  like	
  an	
  

does.	
  Valued	
  as	
  such,	
  a	
  discount	
  rate	
  may	
  be	
  applied	
  

present	
  value	
  of	
  these	
  systems.	
  

are	
  defendable	
  and	
  applicable	
  to	
  decision-­‐making	
  at	
  

management.	
  This	
  study	
  also	
  introduces	
  a	
  Whole	
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Economy	
  model	
  to	
  explicitly	
  link	
  the	
  regional	
  economy	
  
to	
  the	
  watershed.	
  It	
  can	
  also	
  be	
  used	
  to	
  help	
  guide	
  
advancements	
  towards	
  a	
  sustainable	
  green	
  economy	
  

now	
  among	
  the	
  most	
  pressing	
  areas	
  of	
  concern	
  in	
  
the	
  Puyallup	
  Watershed.	
  Decision-­‐makers	
  in	
  the	
  
watershed	
  –	
  government,	
  tribal,	
  business	
  and	
  others	
  
–	
  can	
  use	
  the	
  concepts	
  and	
  values	
  presented	
  in	
  this	
  

agency	
  goals,	
  metrics,	
  indicators,	
  assessments	
  and	
  

values	
  should	
  be	
  considered	
  when	
  developing	
  budgets	
  

Sound	
  health	
  indicators,	
  and	
  development	
  review	
  and	
  

services	
  in	
  the	
  Puyallup	
  River	
  Watershed	
  and	
  a	
  

in	
  the	
  process	
  of	
  developing	
  policies,	
  measures	
  
and	
  indicators	
  that	
  support	
  discussions	
  about	
  the	
  

Conclusion
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Next	
  steps	
  recommended	
  in	
  this	
  study	
  include:

to	
  land	
  prices.	
  Scenario	
  studies	
  could	
  also	
  

	
  Using	
  

or	
  salmon	
  habitat,	
  are	
  provisioned	
  on	
  the	
  

services.	
  Mapping	
  can	
  also	
  show	
  impairments	
  
to	
  ecosystem	
  services,	
  such	
  as	
  features	
  on	
  the	
  
landscape	
  that	
  impact	
  salmon	
  habitat.	
  	
  

impairments	
  across	
  the	
  landscape,	
  funding	
  
mechanisms	
  can	
  be	
  designed	
  for	
  green	
  
infrastructure	
  investments.	
  These	
  investments	
  

designed	
  to	
  address	
  a	
  single	
  problem,	
  such	
  as	
  

of	
  ecosystem	
  services	
  for	
  maximum	
  economic	
  
returns.

Residents	
  and	
  decision-­‐makers	
  in	
  the	
  Puyallup	
  
Watershed	
  have	
  an	
  excellent	
  opportunity	
  to	
  begin	
  
developing	
  policies,	
  measures	
  and	
  indicators	
  that	
  

well-­‐being.	
  Seizing	
  the	
  opportunity	
  and	
  rising	
  to	
  the	
  
challenge	
  will	
  ensure	
  a	
  sustainable	
  and	
  desirable	
  
future	
  for	
  all	
  Puyallup	
  Watershed	
  residents.
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from	
  prior	
  studies	
  of	
  that	
  ecosystem	
  type.	
  Like	
  any	
  economic	
  analysis,	
  this	
  methodology	
  has	
  strengths	
  

1.	
  
ecosystems	
  being	
  studied.

2.	
  

3.	
  

etc.	
  in	
  a	
  large	
  geographic	
  area	
  cannot	
  be	
  ascertained.	
  In	
  technical	
  terms,	
  we	
  have	
  far	
  too	
  few	
  data	
  

1.	
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2.	
  
an	
  across-­‐the-­‐board	
  claim	
  that	
  the	
  per-­‐acre	
  value	
  of	
  forest	
  or	
  agricultural	
  land	
  depends	
  on	
  the	
  
size	
  of	
  the	
  parcel.	
  While	
  the	
  claim	
  does	
  appear	
  to	
  hold	
  for	
  nutrient	
  cycling	
  and	
  other	
  services,	
  the	
  

site,	
  and	
  marginal	
  value	
  will	
  average	
  out.

3.	
  

extent	
  of	
  publicizing	
  a	
  single	
  asking	
  price	
  rather	
  than	
  a	
  price	
  range.

In	
  this	
  report	
  we	
  have	
  displayed	
  our	
  study	
  results	
  in	
  a	
  way	
  that	
  allows	
  one	
  to	
  appreciate	
  the	
  range	
  

than	
  precisely	
  wrong.
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That	
  the	
  value	
  ecosystems	
  provide	
  to	
  people	
  exceeds	
  the	
  gross	
  world	
  product	
  should,	
  with	
  

Consider	
  the	
  value	
  of	
  one	
  ecosystem	
  service,	
  such	
  as	
  photosynthesis,	
  and	
  the	
  ecosystem	
  good	
  it	
  

breathable	
  air	
  and	
  possessions,	
  informal	
  surveys	
  have	
  shown	
  the	
  choice	
  of	
  oxygen	
  over	
  material	
  
goods	
  is	
  unanimous.	
  This	
  indicates	
  that	
  the	
  value	
  of	
  photosynthesis	
  and	
  atmospheric	
  oxygen	
  to	
  people	
  

service	
  and	
  good.

curves	
  as	
  the	
  sources	
  of	
  ecosystem	
  services	
  become	
  more	
  limited.	
  The	
  values	
  of	
  many	
  ecological	
  

	
  The	
  approach	
  does	
  not	
  fully	
  include	
  the	
  infrastructure	
  or	
  existence	
  value	
  of	
  
ecosystems.	
  It	
  is	
  well	
  known	
  that	
  people	
  value	
  the	
  existence	
  of	
  certain	
  ecosystems,	
  even	
  if	
  they	
  

including	
  this	
  service	
  will	
  obviously	
  increase	
  the	
  total	
  values.

	
  Economic	
  and	
  existence	
  values	
  are	
  not	
  the	
  sole	
  decision-­‐making	
  

values	
  to	
  land	
  cover	
  types	
  based,	
  in	
  some	
  cases,	
  on	
  their	
  contextual	
  surroundings,	
  one	
  of	
  the	
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-­‐	
   Accuracy:	
  The	
  source	
  GIS	
  layers	
  are	
  assumed	
  to	
  be	
  accurate	
  but	
  may	
  contain	
  some	
  minor	
  
inaccuracies	
  due	
  to	
  land	
  use	
  change	
  since	
  the	
  data	
  was	
  sourced,	
  inaccurate	
  satellite	
  
readings	
  and	
  other	
  factors.	
  

-­‐	
   Categorical	
  Precision:	
  The	
  absence	
  of	
  certain	
  GIS	
  layers	
  that	
  matched	
  the	
  land	
  cover	
  

value.

ecosystems,	
  i.e.	
  that	
  every	
  acre	
  of	
  forest	
  produces	
  the	
  same	
  ecosystem	
  services.	
  This	
  is	
  clearly	
  

systems	
  dynamics	
  studies	
  of	
  ecosystem	
  services	
  have	
  shown	
  that	
  including	
  interdependencies	
  

service	
  levels	
  ripple	
  throughout	
  the	
  economy.

	
  That	
  not	
  all	
  ecosystems	
  have	
  been	
  valued	
  or	
  studied	
  well	
  is	
  perhaps	
  the	
  

services.	
  More	
  complete	
  coverage	
  would	
  almost	
  certainly	
  increase	
  the	
  values	
  shown	
  in	
  this	
  report,	
  

which	
  of	
  those	
  were	
  valued.
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increase	
  the	
  values	
  based	
  on	
  willingness-­‐to-­‐pay,	
  as	
  people	
  would	
  realize	
  that	
  ecosystems	
  provided	
  
more	
  services	
  than	
  they	
  had	
  previously	
  known.

in	
  the	
  demand	
  curve	
  would	
  move	
  demand	
  to	
  higher	
  levels	
  than	
  a	
  smooth	
  curve,	
  the	
  presence	
  

supply	
  of	
  such	
  services	
  is	
  reduced.

more	
  precisely	
  how	
  much	
  the	
  low	
  and	
  high	
  values	
  would	
  change.



sustainable	
  economies.	
  By	
  using	
  systems	
  modeling,	
  GIS	
  mapping	
  and	
  new	
  science-­‐based	
  economic	
  tools,	
  combined	
  

recognize	
  that	
  intact	
  ecosystems	
  provide	
  immense	
  value	
  to	
  regional	
  and	
  local	
  economies.	
  	
  We	
  have	
  a	
  track	
  record	
  

	
  
Earth	
  Economics	
  applies	
  new	
  economic	
  tools	
  and	
  principles	
  to	
  meet	
  challenges	
  of	
  the	
  21st	
  century:	
  achieving	
  the	
  

	
  

	
  

economic	
  analysis.
	
  

Economics	
  analyzes	
  the	
  jobs	
  that	
  will	
  be	
  created,	
  maintained,	
  or	
  lost	
  by	
  doing	
  or	
  not	
  doing	
  a	
  project.
	
  

	
  
Scenario	
  Mapping	
  and	
  Modeling:	
  	
  Working	
  with	
  leading	
  systems	
  modelers,	
  ecologists	
  and	
  hydrologists,	
  

	
  

	
  

public	
  agencies,	
  Earth	
  Economics	
  conducts	
  workshops,	
  lectures	
  and	
  media	
  events	
  to	
  increase	
  awareness	
  about	
  
ecological	
  economics.

	
  
Conversion	
  to	
  Sustainability:	
  Working	
  with	
  the	
  electronic	
  recycling	
  industry,	
  paper	
  mills	
  and	
  other	
  industries,	
  

	
  

appraisals	
  possible.
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