In coalition with:
Coalition to Protect Puget Sound Habitat
APHETI
Washington Sierra Club - Aquaculture
I "#$ Friends of And(_arson Island Shoreline
0 » P Friends of Burley Lagoon
% & : $! Case Inlet Shoreline Association
Citizens of Harstine Island and Shine Beach
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Image Date: 52072044




Aquatic Resources Division

Bush and Callow Act Aguatic Lands
In Thurston County

Bush Act - 1895

O® calowAct-1895
Base map:

2009 Washington Orthophoto (3-ft Color) [NAIP]
Finlayson D.P. (2005) Combined bathymetry and topography of the Puget
Lowland, Washington State. University of Washington, (http://www.ocean.

washington.edu/data/pugetsound/)
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i I i |
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Extreme care was used during map compilation to
ensure accuracy. However, due to the need to rely on
~~~~~ ‘= . 4 i outside sources for information and changes in
X~ o8 ownership, the Department of Natural Resources cannot
it : accept responsibility for errors or omissions of
i data. Therefore, no warranties accompany this data.
Map Created 10/05/2011 by DTM.
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OVERALL LAND COVER SUMMARY (NLCD)

NLCD Code Description Acres

0 Unclassified 2,766
11 Open water (total) 1,802,508
River 15,905

Lakes 106,000
Estuary+Salt water 1,680,603

Estuary 552,712

Salt water 1,127,891

12 Perennial ice/snow 97,849
21 Developed open space 421,574
22 Developed low density 429,382
23 Developed medium density 167,844
24 Developed high density 66,678
31 Barren (rock/sand/clay) (total) 340,592
Beach 48,341
Non-beach 292,251

41 Deciduous forest 267,010
42 Evergreen forest 4,534,878
43 Mixed forest 677,680
52 Scrub/shrub 794,631
71 Grassland/herbaceous 320,443
81 Pasture/hay 307,242
82 Cultivated crops 73,266
90 Woody wetlands 174,132
Saltwater woody wetlands 7,024
Freshwater woody wetlands 167,109

95 Emergent herbaceous wetlands 124,918
Saltwater herbaceous wetlands 76,120
Freshwater herbaceous wetlands 48,798

Total 10,603,394
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E2FC"(+*(?%J2#%2'(€2'4(1&3"#(

RIPARIAN AREAS - USING 50m BUFFER AND DNR
HYDROGRAPHY LAYER

NLCD Code Description Acres
0 Unclassified 66
11 Open water (total) 14,202
12 Perennial ice/snow 4,693
21 Developed open space 69,982
22 Developed low density 34,010
23 Developed medium density 8,472
24 Developed high density 2,792
31 Barren (rock/sand/clay) (total) 32,127
41 Deciduous forest 61,154
42 Evergreen forest 1,027,004
43 Mixed forest 162,159
52 Scrub/shrub 200,180
71 Grassland/herbaceous 55,429
81 Pasture/hay 36,762
82 Cultivated crops 10,812
90 Woody wetlands 58,917
n/a Eel grass beds 49,422
95 Emergent herbaceous wetlands 18,665
Total 1,797,362
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E2FC"(_*(>&#"$.(A.2'4(A%V"(12.2

FOREST SUCCESSIONAL STAGE SUMMARY

Size Stage Acres
0-4.9 Early successional 911,059
5-9.9 Pole 892,615
10-19.9 Mid successional 1,682,082
20-29.9 Late successional 931,873
30+ Old growth 758,458

TOTAL 5,176,087
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(440™-10)&I& O&HK) /1] | A'H&+1.14:) % BIS<"| (A#/'$I$<&)%.<!-0+/0'1#], ' % 0#K)/ 7!

Z+$<HIHO<IOHS')&6IIS< & 1H& 1 2#/612)&1-(0+301'0)-6-§2-1- &*+0'-TIE<-1-&*+0"- &'
+IK3 +1$<10)44);+ 18447

P8



E2FC)(r (E2FC"(&=(G;&$9%."B(A"#3%;"$

[, +0+/#A4IN"-)%&0'-

=&)*+-+)/+/.!

P&HH+.IZ#$&, 749 &13)81<%62#110)/-%2(K)/

o). | 2+)2#-10)&1<%24/10)/-%2(K)/ |
i | [H$ &+ #4- 2+)4) +OBAI2HS &+ #4-1%-" 10)&1 I A HESIH |- Yo+4 +1.7I0')4). +0#4)

%-',17)&10)/-$&%60K)/) &N $<'&! (%6&()- -
20)4).+0HM2HS &+H#4-1%-' 10)&12" +0+] -

p+-$%&:#/0']
h'.%4#K)/

|>)+4!V&)-+)/!Y)l$&)4
Z#$'&IN' . %4#K)/

| 2+)4).+0#41Y)/$8)4
Z#-$E&H#$2'/$

h'.%4#K/.
N#-1#, 1Y 4+ 243" h'.%4#K)/1)J1&"1<)%-"1 #-'-11#:-) &(K)/1) JIO#&:)/ 1] ,1-%4I%&!
h'.%4#K)/ )5+, 114, 10&H#K)/1)J1)56. /114 () $&H/-(+&HK)/1104)%,13) &2#K) !

#1,18#+/IHAAN(&)*+,,1.61% . "$HS' 1#/,1) O'#/+01#H& H#-
=&)$'0K)/13&)2!-$)&2-1#/,1L)),+/.1!,&)%.<$!&'0)*'&6

|V&)-+)1 (&) OK)/I(&)™+,",1:B1(4#/$1&))$-1#/,1$&"10)* & |

ZHS &) &(K)/), Yo&+]. | &ctt+- 1 |& A'H-"1+/1, &BIK2'-[1$'2(' &HSY6 &,
#111);18 Yo d#K)/1) &I (AHISIH i+ 2441-(0+'-

| #5968:#410)/$8)41)J1(-$!-(0+- |
W:-)&(K)/NIN & #1+01#-$ 1134$84#K)/1) I ) 44%K)/

24),+4&-+$6#/,!
SH#+$#$

>)+41g)&2#K)/ Q)&2H#K)/N)JI-#, 1, 1-)+41]&) 21$<8&)%. <V/#$%6E&H4) (&)0'--'-
>00(()&K/.
"B&HISIYE04+.  |E&H-JE&!)I%SEHS-1I&)2!)/ 1(AHO1$) )< &N SEH/-T)&2#K)/1) !

=&+2#&6!=&),%0K*+

08+KOHAYY$E+$-1I8)21%6/%-#:4'1$)1%-#:4'1])&2-
=&)*+ +.10)&IS< 1 A+T1<+-$)&61/" -) I (A1/S-14] \HH]+ 244

N&);$<!:6!(4#/$-1(&)*+,"-:#-+-10) & #441$' & &'-$&+#4#,12)-$! 2#&+/']
O<#+/-

>(+&+$%#4#],Ih'4+.

=)A4+1HK)/ O &KA+HK)/) I (AH$-1#1,10&) (-1$<8) %. <! /HSYo&HA!-6-$'2-

Y %A4$%&#4

W'-$<'KO E<'1&)4';<+0<I/#S$Y08HA!: #Ib$6! (4H#6-1+/1H&HOK/.I(') (4'1$)14+*11:)&H
#1 1&O&HS 1+ 1#1#&

h'O&#K)/1#/,! E<'10)/$&+:%K)/1)J1+/$HOSI'0)-6-$'2- 14, I'[++&)/2'/$-1+/1H]&HOK/ !

E)%&+-2 C)(A1$)1' #.1+/18& 0&' H#K) HAHOK*+K -

>0+'/K30M4/,! M#A%') I HSY8HA&'-)%&0'-13) &' Y%60#K)/1H#,1-0+/K301&'- #&0<

V, %0#K)/#4

D) IVHS%EN D)8 A+ +) %) &I<+-$)&+01 (%&()--IS+T TII<' &+GH.'1H
IH$%8HA!'0)-6-$'2- 14,1 I #$%&-U

2#-' )/\pHA6I# | gH&A'6!QO09/,!,'In&))$IQOOP

PQ



E<-1H&/1$<"(&+2H#&6I0HS'.)&+'-)JV'0)-6-$'21-'&*+0'"- 11, 1#&') +-0%--' 1'4);7IX$1-<) %4, 1"
H' (14124 1$<#SI$<"- 104/ 1% &S<'&):&)HL):/1+/$)1-%6:dO#S' ) &+-71g)&I'5#2(4']!

&' O&HK)N0)/StH-1: YK 113-<+[ [1:+&, + N<HHH -1+ 22+] 1 1) $<' &IHOK*+K -7 IV & 616 #&!
'0)-6-$'21-'&*+0'-IH&'I#, " 1$)1$<12) &) $H+4" |0#S ) &+-T!

E<'10)44):+/.1-"0K)/-|(&)*+, 1) &*+'1) I (&) +-+)/+] 1N&" Yod#K] . 11-%(() &K 1#,10%4$%&H#4!
'0)-6-$'21-'&*+0'-71g) &IS<+-1:#-+0IV>MI&' ) &SI S<&"1-(10+301'5H#2(4'-1 ) &IS<'1=%6.'$1>) %o/, | 24+
H&N(&)*+, 1+/1-(O+HAIF> () B4+ <SIB<'1=06.'$1>) %/, | 2#-+/1G16&"-1; +$<+/1) &/ 1$'5$!:)5'-!
$<&)%.<)%S$I$<+-1-'0K)/711><)%4, 1#1I%44IV>MIZ &S )/1:6IVHES<IV0)/)2+0-1'#0<1-'&*+0'!
%04, 10)/SH+&' +)HAHIHAG-+-T

N#&3%$%& %' D(A"#3%:"$

SH'$/(R2."#

ZHS'&-<' -1(&)*+, 18 -<:#$' &1 J)&I<%62#/10)/-%2(K)/1#, 1#.8+0%4$% & N +/04%, +/.1-% & IHO'!
HS' &I &)/, HS &) &IAHE. 12'$&) ) A+SH/IH& H-11; 44-11+] Yo-$&6H] 1+ &&+ #K)/TIE<']
<6,&)4).+0#410604'+-1#1'0$',1:61-$8960$%8HA! 4'2'$-) J# #$ &-<' 1-%60<I#-10)&'-$-11:'$A#/ -1
#],1.)4).611#-1; A41#-1(&) 0'--'-1-Y0< -1 4() &/ - (+&HK) /11, 104+ 2#$ TI[* &IROT!) JI$<'!

&4, a-1()(Y4HK)/L'$-1$<'+&), &+/H+. | #E &1I&)210)&-$ L #$'&-<' -1S_"V=IQOOPU7!>)2'l
=00.'B1>) 00/, 1 PH-+/1& -+, [$-1H& 1H2) [ 1$<'- TIXIO& H-+].14)--1) 1) &'-$10)* &I#&) %o/ 1$<'1:) &4,
<H#-1'0&#-' | HS'&-%((461!,%'1$)14):'&).8) %/, #$ &I& O<HE. 1#],1$)14); &IL):|& 4+#: +4+$6!
S>6*+$-H+I1QOOPU7

E<'1=06."$1>)%/, 128 +/1+-1<#*+461+/L%'/0",1:61+$-1(&)5+2+$6!$)1$<' =0+ 301 O'#/1#/,1$<"
1462(+01#, 1Y #-0#,'[) Y6/$#+/-71D)0#410)-6-$' 2-1 0#($%& | (&' 0+(+SHK)1-+/1$<10)&21) JI &#+/1#
L) TIZHS &I+-134$8 1$<8)%. <1)&-$- 1, NS &I SHK)/1S) (&), %6004 H/1.&) %/, #$ & 1H |
& IHO'HS'&T
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Fresh Water in the Puget Sound Basin
XN$<'1>SNCU#A2+"12#-+/I1/'#&AB'AO TN IN(&+*#S'12%/+0+(#411+/,%-$&+#411#]1#.&+0%4 5% EH4 #$' &!
0)2'-1J&)2!.8)%/, :#$'&!-)%&0"-TN[)-$1) JI$<+-1:#$'&10)2'-1J&) 21;'44-11; <+O<H&IS&'HS',!

+$<IL%0) &+, 1#/,10<4)&+'TI[%0<1)JI$<'1. &) %/, ;#$' &!+-1+/0) &) &H#S', 1+/$)1$<"IV#-$10+/.1Y ) %/$6!
N&)%/,;#$' &I[#/#. 2 ISIW&'#I!;<+0<10)*'&-IQQP!2+4"-1)J14#] 1 +/1) &/ #&I$<"1>/)cYo#42+']
h+*&IM#44'67IWIN&)%/,;#$'&!=&)$'0K)/1Y)22+j"12'$1J&) 21Q00QdQO 09I 1#$!;<+0<IK2'1$<'!

Y)22+" +-#,',7!

WA$<)%.<14)0#411-<)&SAS'&2!, 24/ 1) &LHS &1:+$<, &A1 +-1(&' +0$',1$)1& 24+ | I+ ABI-$H:4'1+/!
$<1>/)CObHA2+ 128+ 1'5('&S$-1 (&', +O$!(&'--%&'1I&) 21'4-<' & 1+1$<"1=%%.'$1>) %/, |: +44]
0)/$&+:%$1$) -+/0& -+ HS &), 24 TIW, , +K)HAABI ZH-<+] $)/1>SHES 104+ 24 10<H/."

(&' +OK)/-1+/, +OHS IS<HSB!(&)4)/.',|,&)%.<$-I#] 1 '0&'#-" |-]); 2' 412+ <$!'5#. ' &#$'14):d
L);1-%22'&10)/,+K)/-ISVOYhZWIQOOBU7!Y %&& /$4611$<'& 1#&'1-) 2" (&)K'0$-1$) HA$ &I-$& #2!

L) H/1$<1>/) COo# A2+ 1 ZHS &-<' 11:)$<1T) &I <V62#/1%-"1#/ 1) &I#CYo# KO- (10+'-TIE<+-1) &H1+-1
+-0%--' 1+/I$<'1-0K)/N)/IF Z#$ &I . %64#K)IGT

>&84

9)),4+/04%, '-1:+) 2#--13) &1 <% 2#/10)/-% 2 (K)/11(&)*+,', B 1) J1) &/ +-2- 14 1!
J%I0K)/+/.I'0)-6-$'271=&)*+ +/.13)), 1+-1)/") JI$<12)-$1+2 () &SH#/$II%/0K)/-) JI 24 &+
'0)-6-$'2-71n4):#446113-<1#/,1-#J)), 1 (&)*+,1$<"| (&+2#&61-)%&0") I (&)$+/1$) )/ 1:+44+) !

() (A TNGH+-<+] 1] 13-<1+] Yo-$&+'-1(&)*+,'1 +&'0$I'2(4)62'/$1$)!1-) 2' I DCI2+44+)/1 () (4'1S_"V=!
QOORUT7!IW.&+0%AS$%8HA A4 1#A-)|(&)*+, - 1. &HS!,'#41) 1)), FHAY%' TIW.&+0%ASY0&HAIAH] -1 +/1$<"]_
#8'17)&'0#-$',1$)!(&),%0'| @RD!:+44+)/1))&$<!)JI0&)(-1#/, 14+*-$)OH!+/1QO8O!S_>pWI!IQO80U7!

2 &&+-N(H#-I)SHS) -I1L): &1:%64:-11-" -1# | #+&61(&),%60$-1#&'1$<"12#K)&!'0)/)2+016+'4,-1)J!

=06.'$1>)06/, | J#&2-T17'&&+"-1#&'I'-(0+HA461 <+ <I#4%'|(&),%0$-1])&I$<'1& . +)/7!!
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Food in the Puget Sound Basin

S+-$)&+0#4461!$<"1>/)cY%#42+' |MHAAL' 6 <#-1." [\ #/1# & # &+0<1+/ [#$%EH#4A1&'-) % &0'-71?' D) &' -'[4' &-!
H&&A* NS<'IHE&H-Yo((4+',!,"&I12) Yo/ Stt+1 JS-I1' +:4':%4:- 1] | (A11$1&))$-11: &&+'-11#] |

#:)HA4118#:%/] #I$!-#42)/T'E<'|>))cY%#42+"E&+:"12#/#.' |$<'|(&#+&+'a-1(&),%0K*+3$6!;+$<!
)O0#-+)/#4:%&/-T'W&E&+*+/.)-'4'&-14#$'&!, "' 4) (", \# A#&."<) (-1+/,%-$&6!+/1$<'I8CCOa-1!;<+0<!
L)%&+-<',1%/K41$<'14#$'18CAOa-7!]$<'&!#.&+0%4$%&'1344" 1 +$-1(4#0"1%/K4!$<"'8AROa-I!;<'/!
#.&+0%45%&'+/1$<"1*#44'6!,'04+/','S0+/.!Y)%/$6!;":-+$'1'QO80OU7!

E), #611$<'1>/)c%#42+'IW.&+0%4$%8&#41=&),%0K)/| p+-$&+0$!SW=pU!0)*'&-189I 000 #0& - 11 4#&. 46!
A)OHS' | 1#4)].12#+1d-$'21&+*' &- 1 1#4)[ 14): A% 1$&+: % $H&+-TI[* &IIPOOIHO& 1) I $<+-14#] |1 <#-!
11(&)$'0$', 1%/, &IS<'IgH&24#] 1=& - &*#K)1=&).&#2!S0+/.1Y) %/$61!QO80OU7IWO0)&, +/.1$) !
QOOD!-%&*'6!:6!10+/.1Y)%/$611#((&)5+2#$'461<#41) J1$)$H#A . &+0% A4SV &HAIHOK *+$61+/1$<'1>/) cYott4 2+
W-+1+-14)0#$' | +S<HNS<IW=pTIE<-'14#/ -1(&)*+,'1)$<14) O#A ] | [#K) #41])), 1 1#-1; 44 18-
4)0#41'2(4)62'/$'#/,I'0)-6-$'2!:'/'3$-7Ib+*-$)OH!#/ | #+&6!1I#&2-10)* &1$<"14#&."-$1#2) Y0/ $!
)JIH#O&'#.'ISIIDOOIH0& - JN)&#. 1 A#/,-10) & 4+*'-F)OHUI!; +$<N $<'&!-+./+30#/$!%-'-1+/04%, +/ !
(&),%0''$&"1 I#&2-110)&/1'#/,!/%&-'&+'-!So#k I'QOOAU7!

W,,+K)/#4461'#.&+0%43%&H#414#] ,-11:)S<IHOK*'1#/, | J#HAA) 11 (&) *+,"#'-$<'KO#/,10%4$%0 &H A #4%' T E<']
0+/.1Y)%/$6!Y)/-'&*#K)/Ip+-$&+0$!#--+-$',|; +$<I$<"1 (% &O<#-'1)JI1$<"I<+-$) &+0#4!['#,);: &) )H!
JH&211;<+0<I&'24+-1-WH1) (N1-(#0'10)&&+, ) &I+/1$<" IMH#A4'BTIE<"10+/.1Y ) %/$6 !5 +-$) &+01#/ !
>0'/+01Y)&&+,)&-1=&)K'0SI<'A( |, *4)(1$<"1Z-$1>/)cYUot42+ |h++ &Ih)#,1S'&+$#. 1Y) &&+,) &l!
<HO<IOH(+$HA+-1)/1<+-$)&+0#A10)&&+,) &I T HSY0& - 1#t-1;' 44 1-1%+"-1) J1#. & +0%ASYo&HA At -1-%0<I#-10%$
L);'&!3'4,-1#/ ) (#-$%&'-1'#/,|<+-$)&+0'1#&0<+$'0$%&'-%0<!#-| #+&6!IH#&2-$'#,-1#/,:#&/-1S0Y p]El!
QOOAUT7!

E<'>/)CYHA2-+' 124+ <H-1HIAHE. 1#2) %/$1) JI0&+KOH#A-#A2) 1< H:+ SHSI ! <+0<I$&H, +K)/#4 46!
(&)*+,' I H#AYo#:4'10)),1-)%&O'IS)I$<'1>/) CYottA2+ | E&+ 1 ) $<' &-TIE<','$#+4-1) JI$< 1<+ $HS!
#1,1)/d0)22'&O+H#AH#4%'"-1;+441:"1 +-0%--' 1+/14#$'&)-'0K)/-7!

S): " &11#.&+0%A$%8H#41(&), %0K)/ ! (H&K0%AHEABI0H#A'T) (8&HK)/-10#]!, &, H#$'&ICYo#4+$6IH
3-<I<#+$HSL <) SN (&) (&ABI2HH. TN I) Y& (HE&S/' &-)1$<+-I(&)K'OBII>F' #E&, -<+(!
=HES/'&-11:+$<1-%0(()&$1I&) 210+/.1Y ) Vb/$6I I <H-1<'A( | 2#/61 JH&2-1: +$<+1$<"1>/)CYo#4 2+ IMHA4 6!
+2(&)*1(&HOKO™-1$)1&" %601/ HK*1'*+&)/2'[$#AI'1'0$- T E<&)%. <IHOK*+K'-1-%0<I#-1 (4#/K/ !

& (H&+H ' SHK)/11)$<IS< A% ) JIS<+-I JH& 244 1+-1+/0&'#-' |1#] 1$<"14)0#41'0)/)261+-!

U<#I0', 717 &I-#A2) <t +$HS;+A41 (&) +, 1. & HE &I&'$Y&/+/13-<+].114) 0#41])), I/, 1; +441 &
&O&HK)HAIH I-()&$-13-<'&-1#-19) Y& +-$-7

22@(82."#%2C$
hit; |[HS &+#4-14/04%,'1:+)4) +OH A1 2HS &+#4-1%-' 10)&12" +0+/'-11J% A1HES I 1:%6+4, +/.11#,]
)4).+OHAI24#$ &+#4-1%-'17)&10)/-$&Y60K)/1) &) $<'&! (%&()-'-7
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Raw Materials in the Puget Sound Basin
E<'1>/)CY%#42+12#-+/10)/$H+/-1# &'#S!, #ANI)&H+ 1) &-$A#] -1 +$<)* &IBPT!) J1+$-14#/ 14/ |
$<'lg)&'-$!=&),%0K)/1p+-$&+0$7IE&"-I<#*'|:"/I<#&*'-$' 1) &) 21$<"1#&'#1)&) 21$<'14#$'18COO-!$)!
$<'I(&-/$71b)..+/.)IN4,d.&):$<IK2:'&!(‘#H' | +/1$<"IBAQO-I1-)I$<'&'1#&'I/))4,1.&); $<!
-$#1,-1&2#+[+.1'#1,12)-$1) J1$<"10%& &'[$1J) &'-$+-1$<+&, ) &!1J) % &$<!. /' &#K)/!.&);$<TE+2:'&!
(&), %0K)/1+-1-KAAHOK ¥ 1+/1$<"H&#I1H] 1#:) % B! $;' /$6! 2+/+/ . 104#+2-1S (&+2#&+461) & ICUHES!
0&6-$#4-UHE&'I-KAAIHOK* 1+/1$<"1'H#&:61"#K) [#410) &'-STE<'1>/) cU#42+' | MHA4'61#4-) | <#-I#!]
-+./+30#/$!1#2)%/$") N 4#] | +/1$& "1 J#&2-7

?"D-C2P'D(A"#3%;"$

N2%$(2'4(1IC%B2."(?"D-C2P&'

V0)-6-$'2-1<'4(1$)1&" Yo4#$1$<" #-)%-1)&K)/1)JV/%$&+/$I0604-1$<H#$I'1'0$1#$2)-(<'&+0!
0)20)-+K)/1#+&ICYH#A+$6H#],104+24#$' 1 & YoABRFF(8&)0'--1+-1IHO+4+$HS' 1:61$<"10#($Y & 1#/ !
4)].0$'821-$)&H. 1) JIOH&: )11 (HE&S) JIS<'. 4): HAI0#&:) 10604 71 Q) & -$- 1, 14/ +*+ Yo HAI $&"-
(AH#6VH1+2()&SHISI&) A 1418 YoA#K/ I$<"1#2)%/$1)IN)56. 1+/1$<'1#$2)-(<'&'1#, 1+/134$'&+] !
(44%S$#/$-1)%S$!)IS<"1#+811+/04%, +1.18'2)#41) J1$&) ()-(<'&+OD)/ 11#22)/+#11-%64I%8&! +)5+,'!
1+$8&).'11)5+,10)2()%/,-1S"|5UII0#&:)/12)/)5+, 14, 12'S<#/' 71!
Y#8:)/1-'C%'-$&HK)/1+-1#1-(0+3014, 1+2() &SHISIS6 (1) I #-18' Yo4#K)/710) &'-$-11#.&+0%A4$%6&HA!
A -1V SAH 1 | 2H#&+]'0)-6-$'2-1HAA (AH61#1&) A1 +/10#&: )N c%'-$&HK)/T! [ +-$%&:' )4,
&):$<10)& -$-1<H#* 1 & BIAH#E. |0#&:)1-$) OH-IS<HSI<H#*1#00%2% A4S | ¥ &I$<)%6-#/,-1) 16 H#&- 7!
h'(4#0+/.1)4,1.8):$<10)&"-$-1: +$<I/"; 1$&"-1&'-YoA$-1+/1/ $IOH&:)/1'2+--+)/-10#%-" 1:61$<'14)--!
)I1<%/, & ,-1)J16'H#8&-1) JIOHE&:)/HO0% 2% A#K)/1+/1-)+A10#&:)/1())4- 1 1 4#8&. 1 $& -1 SsH&2)I!
8AAQU7!

[#+/SH++] 1104+ 2488' | +S<+H/1#1-$#:4' 1 &#] " 1+-1+/0& ' #-+] .46 1#! (&+) &+$610) &!4)0#411T' ' &#A#] ]
+/$ &IHK)HAIKY6&+-,+OK)/-TIE<'1&)4') I1I)&'-$-1#], 1) $<'&!'0)-6-$'2-1+/10)/$&) 44+].In&"[<) %-
N#--1SNSN-UleI$<)- 1S <HSI0)/$&+:%0$1$) 1. 4):HA H& D+ Nol+- 1" [KHAIS)I$<'10)/K/Yo#K) 1) 1 4+
)I'HE&S<TIS); ™ &IIOH#&:)/I-'CY'-SEHK)/1+- 1)) SIS<') 46 1HAY' &)+, 1:6] #-1# 104+ 2#$']

&' .YoAH#K)/TID); i+ &ICYoHA+$610#/10H%-' | < HAS<IOH&'10)-$-1$)!1- (+H'1#-18'-(+ &HS)&B!, +-H-'-1,*'4) (7!
XN$<'1=%."$1>)%/ 11$<'L#-"-1-'c%'-$'&',1:610)&'-$--#* | @BRR7P!2+44+)/I(' &6 #&!+/1#*)+,",]
<HA$<IOH&'10)-$-1#/,1)$<'&10)-$-1+/I8BAARTHE<I5$ /- +*10)&'-$10)* &) JI$<"1 K& 1=%6. $1>) %/,
PH-+/1$<%-14+H'46!(&)*+,"-1#!-+./+30#/$1#2)%0/$) I #-1&" Y% 4#K)/!-' &*+0'- I S<HP!+-1¥' &6 1*#4%#: 4" +/!
$'8&2-)J1(%:4+0!<'#4$<7

[#14.10)&'-$- 1<t 1$<'1 () TKHAIS) - C%'-$ &I/ HE&ABIH-12060<0#&:)/#-1)4,1.8);$<1J) &'-$-I!
06$I$<+-18'CU+&'-14)]. &I&)SHK)/-1$<H/1 0% &&E $I+], Yo-S&+HAI-$tt] #&.,-I#],)$<'&IO<H#/.-1SSH&2)!!

#/ [#&H-11QO0QU7IW.&+0%A4$%68H#41-) +4-10#/1#4-)1-'cY%'-$ &1 2) &' 10#&:)/1;<'/10' &S#+/1$'0</+C%'-!
#&'1%-" 14+/04%, +/.10&) (1&)$HK)/-114+*-$)OH -8, +-()-#41#],10)/- &*#K)IK44#.'|I'-(0+#446]
NdKA441SZ-$1#/,1=)-$1!QOOQNE;"$/I'SI#A7I8AACUT71?2'0#%-1$<"-'1$6(*-1)J! (&H#OKO'-10) %4,
(&)*+,'l-+./+30H/$].4)HA*#4%' 1| @CI$)| @PAI('&!$)/1:61-)2'-K24S - 1o|$< & 1+-14+/0& #-',|
+B&-$I+/1+/04%, +1.1#.&+0%ASYo8HA At -1 +/|OH#&:)1S&H, +1.1 2#&H'S-11; +$<I JH&2'&-1&'0'+++].]
(#62'/$-10)&I$<+&1-'C%'-$&HK)/TIE<'I()S/KHA!) JI$<+- 1 2H&H SI# ) $<'&- 18 4H#$' 1$) . &+0%4$%0&HA!
A -1 +A41] +-0%--" 1+1$<"1-OK)/N)/1J%/ , +1.12'0</+-2-]
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Gas and Climate Regulation in the Puget Sound Basin
E<'I>/)cY%#42+'12#-+/1-KAA10)/$#+/- 111 &HP!, #ANIN)&-$' 141 11$<)%.<1;) &H+/.1J) &'-$-1#/,!
JH&24#/,10)%4, (A6 1#1A#&.'&I&)A'1+/104+2#$ 1| #-1#:-)&(K)/1+/1$<"1>/) CYUot 42+ 1 Z#$' &-<', 7!
=#62'/$-1$)1I#8&2'&-12#61-)2' #61+/0'|K*+'/)dK441#.8&+0%4$%& 1#/,14)].'&13)&'-$! &) $1K)/-!
0)&L)&H+/10)&-$-7IW,,+K)/#44611-)2'10+K'-11-060< 1#-1>/) cY#A2+' || <#*'I$HH /1 2'#-% & -1$)!
+2(&)*'1-%-$t+/#:+4+$67IE<10+$6!'5('0$-1$)!-#1 @8I0 OO H//% #4461 +/1-$) &2;#$'&10)-$-1J&) 2!
V&A1& (AHK/ NS<'-'1$&"-1; + 4414+ H'461#4-)10)/$&+:%$1$) 1, , +K) [#A10#&:)/1-'c %' -$&H#K) /7

1%$.-#F2";"(?"D-C2P&

V-SOHE&+ -1 1:#6-110)H-SHAL SAH 1<, A#] -I1+$'&K #412%0, LHS-11-H#.&#--1:' -[1&)OHI&"J-!

# IHA(10)&-$-1(&)*+,1-$)&21(&)$ OK)/ TNE <" 1H& H#-WH& W 4'1S) ) &: 1 1-$) &' 1 AH&..'
#2)%/$-1)J18H+ H$ &) & HS &I&Yo/) 11, Y08+ 1H1-$) 211+ /1, +K)/1$) | (&)*+,+/. HH: % L' &I# #+/-$!
O)H-SHALHY-TIV-$Yot&+'-|:H#6-1#], | $A#] - 1H&'| (H&K 0% AHEABI+2 () &SH/$]) & #:-) &+ !

L)), #$'&ISY)-$#/I#'$I#A7IIQOOCA_"V=IQOOPU7

E),#6110<#/. - 1+/14#1,1%-"110)2:+/' 1 + $<I$<' ) $/KHA1]) &I <+.<'&1I&'CY%'/061-$)&2!*/$-1, %!
$)104+2#$10<H#/ 11 2#H1$<+-1-'&*+0'1) N JI$<'12)-$1+2() &SH#/$1I) &I$ <"1 J%$%6&'1) JI'0)/) 2+0!
R4)(2'[BI+HNS< 1)) CYotA 2+ 1 ZHS &-<', TIX/) &, '&IS) 1 <H*'1(&), YoOK*'1#.&+0% A4SV &H A
D)&-$ 141 -11(&)$0S,1: %o+ 4SI0#(+$HAH 1<+ <#4%'11(&), %O0K*1'0)-6-$'2-11L)),|(&)$'OK)/!
206-$1:'I'T'OK* 1/, I'e0+/$7IN+*/1S<HSI-+ [+ 30H/$!+/I&H-$8I60SY6& IO#/1:' #2#. 1 %6&+].!
AHE."1-$) 821" [$-11$)%6&+-21#, 18 0&'H#K)/10) %4, I | <H#&2' #-1;'44 7]

IIS<12)-$l-+./+30H#/SI IHOS) &-1+/1#/1'0)-6-$'2a- 1 +4+$61$) | (&*/BIL)), +/.1+-1$<1#:-) &(K)/!
OH(#O+$6!)J1$<'1A# TIE<+-1+-1'$'&2+/" 1:614#],10)* &I$6(1SI)&'-$I*-71(#*2'/SUII-)+41cYoH4+$6!

#] )$<'&I<B,&)4). +OHAIH 1.')4) +0HA) BI#2+0-1: + $<HNS< L HS &< TIX/1$<"1=0%.'$!>) %/ I

+2(&2'#:4'-% & IHO HE HI<H-1+10&H-" 1:61) ¥ &IBOTI+/I$<'| (#-$I18P 16 #&-TIE<_>n>I"-K2#$'!

S<HBIV& A, ¥ 4)(2'/$I14'H,-1$)1+/0&H-"-1+/1L)), |(#H!,+-0<#&.-1L);-JI8OOdROOT!I)&!Qd
6'#&1-$)&2!'"/$-1QOdDOOT!I)&IBOAEHE! */$-1#/,180dQPOTIJ)&!I800d6 #E&!™*/$-1S0)/&#,11QOODUT!
1/1&I0'/$1-$%, 61+ /1h/$)/13) %/, IS<HSL 44/, -1(&)*+, ) * & @9IOIO00!(&IH#0& N JIL)),| #2#."]
(&)$'0K)/1Sh'-0<+/'!BAABUTIW/)$< &I (+4)$I-$%, 6!+/10+/.1Y)%/$6!,'2)/-$&HS' |S<HSIL)), I<HIH#&, !

&' %0K)/(&)K'0$-1+/1$<'1L)), (A#-+11#],1Y' #&IN+¥&10)%4, 1#)+,| @IRC!$)! @ QQIDDD! ('&I#0&1('&!
B'H&I+/! H2#.-1$)1<) 2" 1#/,10)%/$61L)),10)/$&) 41 JHO+4+K'-1S>;' "1 |=+]2#/1QOOBU7!!

E<'1&'S/K)/1)INI)&-SI0)* &I, 1&-$)&HK)/NIIL)), (AH-+-1H 1 SAH#] -1 (&) +, - HHSH] +:4]

#] P HA%H-4'10)-6-$'21-' &*+0'TI])-SI/) $H 4611+ $1&' %60'-1$<'] *#-$#K/.I'1'0$-1)JIL)),-I!
<+0<1+/04%,'1(&) ('&$6! #2# . 114)-$1;) &HIK2'I1+/K%&6!#/,14)--) 14+ 71 _13)&$%6/#$ 4611=%.'S!
>)%/, - $Yott&-+'-I<#*14)-$1#: ) %SIROT!) JIS<'+&-#ASI 248&-<"-1-+/0' V% &) (H#/1-4'2'[$!
SP%O<HIHI'SHATIIQOOBUTIZ'SAH] - 14, 1+/SHOBI&+ &+T'1L)), (A#+/-11+104%, +/ 1&+(HEH#/1]) &'-$-I!
#:-) &S IH/0& H- &+ &IL);-IS<HPI&'- %451 J&) 21-$)& 2! [$-1#] |<+.<I-[); 2'4$T!_(4#])

J)&'-$-1H4-) 1#:-) &: | 8+ HS &IN& Y60+ 1-%6 & IHO' &Y6/) L1+/$) 1 24K) &1-$& H21H | &+* &1-6-$'2- 7!
N&HS' &I &AAH], I HS &IL);-1, Y68+ .1;+/$'&1-$)&2-104#%6-"12)&'IL)),| #24.1:< 1S AH -!
H&14)-$1&+(HEAHIHEH-1HE ) +-0)//'0$',1]&)21&+* &-1#],1-$& #2-1)&1J) &' -$4#] 1 +-1&'(4#0' 1:6!
<)%-'-1#/,10)22'&0+#41,*4)(2'/$!S0&'-0<I#/, Ip+/+0)4#1IBAABUT!!
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Disturbance Regulation in the Puget Sound Basin

=&+)&I$) +$-1&'0SI-4'2' IS 1 +] Yo-$&+HA! % 4)(2'[SNS<'1>) CYo# 42+ 2#-+'5('&+'10" !

& Yo4#&1-$)&2-1#1,IL)), +1.11k%-$I#-1+$1,)'-1$) #671Z+$<)%$I#/610)/0&'$ 1411, 'S4 1# |

&+ (H&HHI* 'SHK):#-10)&0",1$) 1, #($!$)1$<'-'1 &' YoAH#H& HSYo&HA) +-$% & #/0'-TIW/1#&&H61)J!
0)2(4'5!(4#1$10)22%/+K'-1#&)-'I!;<+0<!;+$<-$)), 1#$%EHA! +-$%&:#/0'-1:61#:-) &:+/.1$<'+&!
''&.671p%&+].1-$)&2-1)4,1.8):$<1J)&"-$-1-)#HH" 19%6(1#. &'#$!,'#A) I:#$' &II#A4);+] 1)/461#14): ]

4% 41)J1-%&IHO0'1&%/)171g4)),+/.1:#-1J%8&S<'&!:%1'&' | 614#8&. 1$&H0S-1)I!; 'S4/ | 1#] | &+(H&+1H]!
*® ISHK)/:<+0<I-'&* 1#-1#1-+/H1J)&I'50'-- 1 #S &I# | (&™1$',1: %o +4,%(1) I ;:#$'&!

);l-$&#27!

E) #611'5+-K/10)&'-$!;+$<+1$<"1>/) COHA2-+' 1 24—+ /1<#-1:'0) 2'1+/0&'H-+/.461J&#.2'[$' || (#&$46!
96'15)1(&'--%0& - 1-Yo0< -1 4##] 1%-" 1A' 14108 #--NO<H] +1.1):/ &<+ (1 (#] &1 1&'-+, [K#4]
4)(2'/$1S0+.1Y)%/$6! ZbhI!lQO8OM[OY#1&'61!QOOU 7 h-+(H&+#/1* 'SHK)/1#],1:'SA##] - 1#&]
J)A4):+] 1+ 2+A#&IS&'] )N I&H. 2'[$HK) 11 HA$ &' 1<6,&)4).6!SY#$0<()4'#/,In"... 4l QOOAHUT!
W- 18 -%ASIS< 1 HS &-<' a- W +4+$61$) #:-)&:1$<' /& 61) I HSYo&HA +-$Y6& H/0'-1<H-1:" /1
—+./+30#/$461&',%0", 7!

XNG<'1>/)COHAD+ 128+ 108 HIHE H-1 A+ [ 1S &A% & HH-I AN+ /148 H-IS<HSIH& [ HSYo8H4)
L)), #6-7IX$L:#-1&'0/$46!-K2#S$' |$<HSI#IBOOAB'HEIL)), #4)/ 1$<"1>/)cYo#42+ 1N ++ &) %4,
+-(4HO0'#((&)5+2#$' 4618ROOI& -+, [$-1+/1>/)CYo#42+ 1#A) ' 1# 10)-$12) & 1$<#/! @ QAI2+44+)/!
SO0+.1Y)%/$6!g4)), +/.1>'&*+0-11QO80OU7IWA-)1$<'104)-"1(&)5+2+$6!)J1%6 & #/1#&#-1$) /H$% &H#4!
L)), :#6-12'H/-1S<HS! Y6&+/. L)), I1S<'&'1+-1#] &HS &IA+H 4+<)) I$<HSIL)), :#$'&-1;+441 (+OH!%(!

A3, d:#-" 1) AA%$HS-1-U00< - 1+], Yo-$&AHAMH 1 &'+ ' [KHAI0< 2+ 0#4-11 28 ]% & W, 1#.8&+0%A$V6&HA!
J&KA+'&ISo#KIQOOAUT!

XJ1.4):HAI$ 2( &H#$Y&-10)/KI%'1$)1&+-'112),'4-1(&' +O$IS<HSI$<'1=#0+30!") &$<;-$!; +44!

B(&H0'L ] &Y+ &-1H] ! &+ &1-%22' &-1S)$ 1, |>#A#S<'|QOOAUTIX/1=%.'$!>)%/,!

HS &-<' -11-1);(HOH!+-14+H 461$)! ' O&H-"11;<+4'| &#+/1;+A441+/0&'#-1SVA-/ &'$I#ATIIQOOAU7IW!

&' YoOK)/1+/1% (44,1 "SHK)1#A) .1 +$<I$<"-" 104+ 2#KOI0<H] - |1;+441& - %o ABI+/1H/1+/0& H-'1+/1
&tt+A)/A-1): 1% 1$-110%&S<' &IH, +1.1$)1$<"1-+&+$61)J1-%&IHO - HS'&):Yo+4, % (11L)), +1. 141!

A -4+, -1SY)e/\#,Is#&E&IIBAAQUT!

R+, [$-1+/1$<"1>/) COHA2+ 1 PH-+1%0] ' &-$t] |S<HSI-$)&2- 1] 1L)), +/. &1 &' Yo A#&I* [$-1+/!
S<IZHS &-<' I, 1'2(4) B H&+'$61) JI-SEHS' +-1$)1&' %60 1$<"1-$&'-- 11/, | #].'&I$<#$10)2'-!
J&)21-%0<!,+-$%&:#/0"- 7TIWF&I$<IQOORIL)),-1+/1>/) Y42+ 1) &V'5H2 (A I AOI& -+, 'I$-1H#((4+',
$)I<HI$<+&I<) V- 18+ 11 <+A1BQIH((4+', 1) I <H*I$<'+&1<)%-'-1)%.<$1) % $IS Y #$0< ()41
N'..41QOO0A:U7!b)0#41.)*&/2'/$10)/K/%'-1$) 1 28 +/SH+/1L)), 14" 1#4) ] IH'61 &+ &:H/H-11: %!

- 12)&NF 1 4 1$)1+2(4'2' S AS&H,+K)HAIL)), | (&) OK)/12'H-%& - 11-%60< #-14+"]

S HOH-1H 1S<" 1 (AHIK/ ) &+ (HEHHIF 'SHK)HA)] 1&+* & HIH-ISYHSO<() 4/, In'..' 41!
QOOA:UT7!=)4+0+-1$<HS$1&0)./+1$<'1>/)CO#A2++* &a- I HSY&HAS ] 06IS) L)), |;+441-#+
2)/'61+/1$<'14)/.1$'&27

A&YC(GHES$%& (1& #&C

"HSYOEHA &)-+) /1] 1 AR A+ -L(&)*+, 1-#] | & A1) 1-$& #2-110& HK/ I <H: + $H$1T)&I3-<1H
)$<&I-(0+-TIW, ,+K)/#44611$<'-'(&)0'--"-10#/12)* 10#8&.1Z)),6!p": &+-1SHZpUI$<&)%.<I$<']
(&)0'--N)J1&'0&%6+$2'/$I1: <+O<IHEN" ! 10) &< HAS<BIHCYHK 01 (&)0'--'-715): * &I1+J1$)) 124/6!
HE'H-1:0)21%/-$#:4'11$))12%0<10Zp;+441:, ' ()-+$', 110#Y0-+1. 1%/ [HSYoRHAKH2-1S<HS! #2#.1
<H+SHSH 1+/I&+].)/1& O& HK) HAIHOK*+$67!
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"HSYOEHA! &)-+)/1(&)B'OK)/1+-1(&)*+,' 1:61(4#/$18))$-1#/,1$&"10)* &71>)+41'&)-+)/10)/$&) 41 +!
04)-'4614+/H',1;+$<! +-$%&:H#0' (&K T1Z<+AN$<"1:-)&(K)/IO#(#O+$61) JI$<'14#/ 1, +441 A&, 46
($'&2+/'L)), HS &IAH 4-1I$<1&'STK)N) JIS<+-1;HS &IOH/ (AHB -+ .+ 30H#/SI8) 4"+ (&% /K.

Bt B+ - ) $<' &) #24.+1.10)82-1)JV'&)-+)IT1>" +2'I$#K)1J&) 211 448,V %2:'&1)J!

A} -O+ O]\ <H&2I-H#A2) |\ <H#:+ $HST!

JIS<NS< &I<H 1<V 24144 &HK)NII-<)& A+ 1#],|-$&'#210)&&+,)&-10#/1(&* I$I$<"1$6(1)J!
[HSY&HAN&)-+)19%6()/1; <+O<I-#A2)1#] )$<'&I-(0+-1, (1, 7IQ)& -, ], 1% '$HS' 1H& -]

IHSY8HAAG) (&) *+,'-$H:+A+$61H,1'&)-+)/10)/$&) AL <+4'1+2('&2'H#: 4% +A!-%&IHO-1)&!, 1) &-$',
HEH-1OHI)BI& SH+/1-)+41: AATISYo2HHOK*+K'-12#61/)$1)/ A6 H1 OS /1 #& Ha- 1 +4+$61$) & $#-+/1-) +411
QoSIOH1HA-) +HI0&H#-1$<1L):1) IV HS &IS<HSIZHE12): +4+1'1-)+ A (HEKOA'-TIWO0+, [$HA!-%6 & IHO'd:H#$'&!
+-0<H#&.-)&IHO&H-1-$)&2-1&'4#S' 1$)104+ 245 10<H#/ O/ ) $<I+HO& H#-'1'&)-+)1&-+-HT 1!

Soil Erosion Control in  the Puget Sound Basin

V&)-+)/10)/$&) A1 +/1$<"1>/) COUHA2+ 1 ZHP &-<' 1+-1#1+2() &SHI$-' &*+0'|1#-1$<"1-" +2'/$#K) /1] &) 2!
AH&.""#2)%/$-1)IV'&)-+)/10#/1:"1'5$&'2'46! #2#.+/.1$)!));/-$&'#2!:#$' &I cYo#4+$6#/,13-<!
<#:+$#$1S0Y pV>I'$IHATIIQOOUTIVE)-+) /ISt \WE'H#-1; &' 12#((,1:610+.1Y)%/$6 ! +//+] 1+/1$<']
4#$'18ACO-7E<'-%-0'(K:+4+36!)JI#! +*/1-4)("1+-1,'$'&2+/"1:6].&#+/d-+I'!-)+410)<"-+)/I!-4) (!

&, +IB &H+IIHA41I&'c%'/061#/,1+/$'/-+$61!-%&I#0"0)2()-+K)/1#/ ) (&2'#:+4+3611#/,1$6/ (') J 144/ !
0)*&!S0&-0<!#/,|p+/+0)4#|18AABU7

E<'L-GI2#/#.12'[$1+1$<"1> ) CYHA2+ 124+ [1;+AAIHAA):1 ) &IHSY8HAI &) -+)/1: <+4' (&) $'OK/.!
<HASHSH | Yo+ ASIHAYe' |61+ +[.1, % 4) (2SI, 0) & -SHK) 1+ & - S<HSIH& 1H$ &+-HI)J!
&)+ &IAH -4+, -7

R2."#(?"D-C2P&'
V0)-6-$'2-1#:-)&: i HS &), Vo8& N &tt+]-1H] | & A'H-"1+$I+/1 &BIK2'- 114, 1#4-) & Yo AHS' | H$' &

$'2( 8HSY& 1, IL);1 ) &N AHISIH W+ 24#41-('0+'- *E<H2)%/SH IK2+] NILHS&IL):1+/1$<"
=0.'$1>) %/, 1 28-+/1+-1+ 2() &SH/$1I) &I 2461 & H-)-N$<'1-%6((461) I, 'CYo#S 1#2) %/$-1)J10) ) 4!
HE &IHSI08AKOHAIK2'- 14142V &SH/SI) &I-#A42)/12+ &H#K) 1SN (&) +-+)/+1.1) I &+[H+1.1#] !
+&&+ HK)HS &IHAA):-1 J)&V0)-6-521.)),-1-Yo0< V- 104 H/1, &+ H+ HS &4 1#.8+0%A$%&H#A4!
(&), %6081/, 1$<"128+/$ #/0') I#, CYHS | HS &IL);- 1. [ &#S'-'4'0$8+0+$610)&!1<6,&)'4'0$&+0!
H2-710)&-SI0)* &I &+(H&AH/* 'SHK)/1H] 1 SA#] -HAA0)/$&+:%$1$)!2), Yod#K/I$<'IL):1) !
#5'81J&)21%(( &) &K)/-NIIS< 1 H#E &-<' 1F)1-$&H2- 11, 1&++' &-1+/1$<'14); &1 #E &-<', 7!
W.&+0%ASY08HAIH 10%6& !, % 4)(2'$NF/1&'-%64$-1+/14)-$1 1) & -$10)* &1) &I &+ (H&HHI* '$HK) [ TIE<+-
—<HH14#] 10)* &1+-12)] 1$<'12)-$1+2() &SHIBI0#Y0-'-) J1#1-2HA4' &1 )& < HS &IL); 1$) I0)#-$#4]
CSAH] ] HE-TIZ<ND)& S V- +]-HE | < H +ABI<H&F-$' [1$<'61:'0)2' ) 2+/#$' -6
&'0'/$46104'H8A0%$!)&16) %0/ 1-$H/,-|10H#Y6-+1.1$<"1&'28+[+1.1¥ 'SHK) 1 1 4+]' & AHE' &) 1$<']
J)&-$IL))&IS) #:-)&: 14 - LHS &T )&V HS IS IL);-1)* &IAH] 1+/$)1-$& H2-1HH | &+ &-!
0)/$8&+:%K/ 1)<+ < &ICHHIL)-1IL)), I*/$- 1V &)-+)/\HH] | 48] -4+, 1 +--%'- IS ) &1
2)/,14411QO0PUT7IS'#*BI<H&*-K/ 1#4-)1&' %0~ 1$<"1#:+4+$61)J1))&'-$-1$)!-4);461&'4'#-1: #$'&
Y08+].1,&61-%22'&12)I$<-1#/,12),' &HS$'-$& #21$'2(&HSY&'- TIE'1-)+41]&)21'&)-+)/1[$'&+].!
“$&H: IHIKYO& 13-<IH 1344-1-(#:1+].)7 - TIE<'-10%62%64H#K*1I'1'0$-10#/) #2#.':%o+4$1H
IHSY&HANOH(+SHAT!

Y)#-$#A1J&'-<#$'&!;'$A#/ -1 ) &2\#-#A+[+$6!.&#,+'[$!, +$<|-#AS #HS$' &I 2#&-<"-1#]1$<"1) 0'#/7!
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E<-1J&-<HE' &L SAH] - IH" (1-HAS!HS 81 I8) 21+/$&Yo,+/.1)/10)H-$HA &' -< #$' &1-Yo((4+"-11:)$<!
HPIS<'1-00& JHO 1 1+/1H#CYo+] &-TIWAS &HK)/1)J1<6,8)4).6!:61,+* &K/ | HE &1 &) 21 -$I#E+'-1+-1
0)/-+,'&' 1)1 HH2H#K) &IS<& HPIS) 0)#-SHAHE H-TIS6 (' &-#A++HK)/10#/1)00%&);<'/1$))1 2%60<!
J&-<VHS &I+ (& I$ 1]&)21& HO<H .- SUHE+-IIS<QHS [+ 1I&'-<V:H#F'&I- Y6 ((4+- 1<t +SHSIH
)$<'&I-'&*+0'-7!

WL +-0%--" 1+/1$<"1-OK)/N)/1p&-+TH+. | ZH$ &11'0)-6-$' 2- & 1#:4'1$) HS Y 8HAA61:)$<!-%((46!
#1,1$<'134% &I0AH/H#$' &10) &I <Y62#/1%-'T1)/':#61$) 196/, &-$#, 1$<'1'0)/) 2+01*#4%') J1+/$HOS!

HE &< -1 +-19)10) 2(H&1+SI$)I1$<"10)-$1)IV:Vo-+ 4, +/. W/ | 28+ SH+1+] L HS' &% (461, 1$& H$2'I$!
JHO+A+K'-TIE)I$<"I5$/$IS<#$14)--1)II'0)4). +0H#A1-6-$'2-1&'-%4$-1+/1&" %0", 1-%o((461*#4%' O#/1#4-)!
H-0'&SHH1$<8)%. <I$<10)-$)II<H+1$)1+2() &SB! HS &1I&) 21 41 <' & TIE<- 1#& '5#2(4']
)J;<H$I'0)/)2+-$-10#441&' (4#0'2/$10)-$-1S-"IW((/,+51?U7

W+, P&+ '$6!)J1-S&H2dL); %, 2 $HK)1$0</+Co% - 1<# 1" 1#,)($',1+/1$<']_/+$',!
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Water Regulation in the Puget Sound Basin
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Pollination in the Puget Sound Basin
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Biological Control in  the Puget Sound Basin
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Waste Treatment in the Puget Sound Basin
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Soil Formation in  the Puget Sound Basin
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Biodiversity and Habitat the Puget Sound Basin
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Scientibc and Educational Values in the Puget Sound Basin
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>06D-#'(), *(8&4"C(&=(./"(G:&'&BI(./2.(GM;C-4"$(Y 2.-#2C(12J%.2C

W, #($',1J&)2!Y)-$#/#'$I#ATIBAABH

W-IHSYO8HAIOH(+SHAI<H-1:0)2'1-OH&D &I1+/0& -+ HSS IS+)/1H, | &'~ HEOI<H-1:" 1442 1H$!

KA (] HAS &IHSHI'0))) 2+01H((8)HO<-TIXIQOO8BN)- (<I>$+.4+$IIIN) &. TWH'&4) I [+O<t 4!
>([0)N$<"): A1=&H1+/IV0)/) 2+0-10) &IB<+&1;) &HI'BH2++].1-) 2N JN$< 1+2( &I O$+)/-1+/!
2H&H'$!'0)/)2+-1)I$/N)*&4))H', 1:61$&H, +$+)/#4!'0)/)2+0-7!

&) NS<HBHSYEHAOH(+SHAI+-) IS 1+ ))& 1+-1$< 1 THOSIS<HSI+$1+-) IS /1$<) %, <B1) JIH-1-)2'$<+.
S<HBI<Vo2H/0: Yo+ ABIHAS &IHS+H-10#/1& (AHO TIX/1 2H/610#-"-11<); * &1 06+ ASI0#(+$HAIOH) $1& (4#0'!
IHSY&HAIOH(+SHATIZ< NHE &1:'0)2-1()44%S W I HSYo8HA1-6-$ 2- & | Bl tt+A1:41$)1 I +4S &I+ 1+ +-!
(-4 %0+ I HS &I I+ ASEHS+) | (AHISTIS): &1+ ), +¥ &-1-#42)/1() (YodHS+)/-1:0)2''5$+/0$I!

S<+&L. S +OIHEAH]O';+441:'14)-$1 1) &+ &7

E<+-1&'()&$1J)0%-"-1)/1$<"10)/$8&+:%6$+)/1) I HSYo&HAIO#(+SHAIS)I$<"1=%.'$1>)%/,1'0)/) 26711 Z<+4'L; ]

A4 +-0%--1: Yo+ ASI1<V 2411 ,1-)O+HAI OB (+ SHAIH--'$-1+1B< L HS &-<' 111 +441) S-S+ 2HS 1S <"+&!

A% TG+ Y6& IQW!I+44%-$EHE - 1#12)&'18):%6-$1*+-+) /1) JI$<'10)/)2611: <+O<ISHH- A4 1) Vo8 IOH(+$HA-1+/$)
#00)%/$7
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>06D-#"([,*(G:&C&D%:2C(G;& &B%;(884"C(&=(./"(G:& &B9

W H#($,1J&)21Y)-$H/H'SHATIBAABH!

Z<N-H#A2))1; &1$<)%.<$ID)!:106/4+ 248 1&+ <$-1$)1-H#42)/1-"2" 10/6/+2() &SHIST1S):* &1

21 &I +-<H.114)-1) I H&-<) & <H: +SHEIH ) $< &I IHO$) 818, %60 1-#42)/1 () (YoAHS+) -1/
$0</)4).614#/,1<%24/1()(YoAHSHN+O&H-' 1< &' 1:#-1HH-<+I$1I&) 214#/1'2($6]))&4, -0 [#&+)I$) 14
JVOALY,) &, 1-O' HEAYTI>Yo-$tt+H: +A+$61)J1-#A2)I0HSO< - 11-)2'S<+ 1))/ &&+' 1) Yo$I+/1 (#-S!
OB, -11+-1/); H108Y60-+#41CY%"-$+) TIW-1-#42) /11 #$' &II$+2:'&1114)), 10)/$&) 41#, ) $<' &1'0)-6-$'2!
~&*+0"-110)2'1-0#&0'&II$<'61:0)2'12) & KH#4Y#4'T!
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), -1 1 &F 4O TIE<+-14+-1)$<I<+.<461(&), %0$+*1#,'0)/) 2+0#44610) 2(4'5 7 E<%%-11+$1+-1+2() &$H/$!
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(A#/+].7!
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A"#3%:"$
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HEH-TIN)Y%. <] /(&' 4+ 2+H&B-K2#S'-)JI$<'. 4):#41'0)/) 2+ 01 #4%') JIO)#-SHAH | HE&-<) &
2H&+[T'0)-6-32-1,'2)/-$EHS' IS<HBIS;)d<+&, -1 JI$<'1$)$H#A!'0)-6-$'21- &*+0'1*#4%') I 1#44]
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SAAAUT! /,'&-$# +1.1$< 1 HS%& ) JIS<+-1'0)/) 2+0I#4%'1#,1<):1+$10<H#/.- 1 +$<1'0)-6-$'2!
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'504%,#:4")&!&+*#41.)),)&!-'&*+0"1#/,I<);!;'4412#& H $*#4%#K) /13- 1$<"/#$% &) )1 $<#$!-'&*+0'7

V0)-6-$'21J%/0K)/-1#/,1$<'1-'&*+0"-1$<'61(&), V60" HE!, +*' &-"1# 1) (' &HS$'1#0&,) -1 4#&.."

A4, -0H#(-1S-$)&21:9%1' &+ . UN&II+/1-)2'10#--11$<"1: <) 4| (A#/'SI SO#&:)1-'CYo'-$&HK)U T s +. <46
&, (], IS (<E-+OHA] 1 +)4) +OHA1-6-$' 2-12#H 1 4+T 11/, 1'0)/) 2+014+ T 1) /1$<'| (4H#/'$!

()--+: A1 I$<T) (&HK)/1)J104+2H$'11)56.11(&), YoOK)/ 1% $&+'/$I0604 - 11 #S & #, I'T'&..61L);-I!

$<12)X 2SN 044 N VAA+HS) &S], +-$&+:%K)/1) I +1'&[BIS6(-1) I (4#/$-!
H#]1-)+4-11:4), % &-+$BI 1 |S< -+ A1 +4+$61)1,'0)2()-' &) &4/ +-2-11-%60< -1 #0$' &+#11$) 104 H#/!
o(I/HSVRHANH-$'1(8),%60$-71]O'H-1) ( &HS' 1+ -+ 2+ AH& HBV: +$<1-) 2'1) & H/+-2-1-(#]+].!

A& N(HESNJIS<'L.A): 1, )0 % SE&+SI0604 -ISHH+/. | (4HO')* &I* & B AHE. - (HO'-1#,14)/ ]
K2'J&#2'-7

2'0#%-"'0)-6-$'2-1(&)*+, 1HI$&'2'],)Yo-46*#AYott: A'|1: + ' #&+'$61)J10)22)/1; #A$<1!(%:4+0!
)1 - &0 IHSIS<14):-$10)-$1) ¥ &14)/.1(&+),-) IIK2'1$<'BI#&1$<"1:'-$1-6-$'2-17)&!
(&),%0+/.1$<"-"1)) - 1#] 1= &*+0'-TIX$!:) %4, 1:'1+ 2 (&HOK O#A 4/ 1 +/1-) 2 108" 1+ 2 () -+ 414/ |
-+2(46!%/,'-+&#:4'!$)'&'(4#0'1$<"-'1'0)/) 2+0#446 " *#4%#:.4'| [#$% &H#41-6-$'2-;+$<!2)&'10)-$46!
#1,14'--1'e0+'/$!:%+4$!0#(+$#4!-%:-K$%$'- 7!!

M4+ 1 &*+0'-1; <+0<IH&IF (%:4+01.)) -GIS<H#SWHE 1) $'504%  #:4'1#] 1$<%-1%/ 2#&H $:4'11:%$!
)10)/$8+:%$'1$)!)%&10)22)/1; #4$<I1+-1, +e0%A$711s): ¥ &II#1/%2: &1) JI$'0</+C%'-1<H#*1:"!
RA)( 1)), '&+*10))) 2+01#4%'-1J)&1'0)-6-$'2!-'&*+0'-7

12C-2P&'(E":/'%f-"$(

W-08&+:+/.I'0)/) 2+01*#4%'1$)1$<'-'1'0)-6-$'21- &*+0'-I<'4(-1()4+061 24H &1/ 1$<"1(%:4+01,'0+,'!
<):1$)1#44)0#$'1 (%:4+01J%/,-13)&1$<'10)22)/1.)),1%()/!; <+O<! (&+#S$'L #4$<] ' ('],-!
SY)-$#/I#HIQOORORE-$'21.)),- 1,1 &*+0'-12#61:'1 +*+ " 1+/$)I$;)1. /' &#AI0#S'.) &+'-m!

2HE&H'SIH N A2HEH'ST [ H-Y0&+/. | 2H&H 'S HA%'-1-+2(461&'CYo+&'-12)/+$) &-+/. 1 2H&H'S! #EH1J) &
(&+0'- 14, ICYHIKK -1-)4, TE<+-1(&),%0K)/10&#$'-#1L);1)JV'0)-6-$'21.)) - I$<HBI<H* 14
2#H&H'$,'3/','0)/)2+01*#4%')* &IK2'7
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"VA2H&H'SHA%'-1)J1.)),- W - &*+0"-1#&12) &', +e0%A$IS) 12 #-%& TN Z< 1$<' &' 1+-1/)!
'5(4+0+$12#&HSII)&I-'&*+0"-112) &1+, +8& OBI2'#/-1) Jtt--'-+] *H#4%'-1 2%-$1:'1%-" 71!

E<'P#4%#K)/1$'0</+C%'"-1$<HS!;'&'1%-" 1$)1,'&+*I1$< HHAY - 1+1$<"| #SH:#-1;'&, < 4)(',)

S S<H T+ &)[2 ISHAH | HSY&H A -)%&0'0))) 2+0-7 IW-IE#:4'1821+/ +0#$-11$<"-'1$'0</+C%'-!
+/04%,'l, +8&'0$I2#&H'$!(&+0+/.11&'(4#0'2'/$10)-$11#*) +,',10)-$11 J#0$) & +/0) 2'12'$<), 1 &4
0)-$I1<',)/+01(&+0+/ .14/, 10)/K.'[S*#4%#K)/7

(
E2FC"()5%(12C-2.%&'(8"./&4&C&D%"$

38%4"4(1&9SWYUM!-'&*+0'-1#44);1-)0+'$6!$) 1#)+,10)-$-1$<H#S!:) %4, 1<#*'1:"1+/0%&& |
HI$< - 10') JI$<)-'1-'&F+0"N-$) &21 (&) S OK)/N(&)*+,' 1: 61 HE&&A &I+ 4] - 1H#¥) + -
(&) (&SB! H2#. - 1#4).1$<"10)#-$7
2"JC2;"B".(1&$. !ShYUm!-'&*+0-10#/1:"1&'(4#0',1: +$<I12#/d2#,1-6-$'2-" /% $&+I$!
0604+/.L:#-$I1S&HS2 /S (&)*+, 1:61; S4#,-10#/1:'1&'(4#0',1;+$<10)-$46!$& #$2'/$!
-6-$'2-7
>2;.&H#(H':&B1SgXUM!-'&*+0'-1(&)*+,'10)&IS<'1/<#/0'2'/$!) J1+/0) 2'-N :#$' &I CYoH4+$6!
+2(&)*2'[$-1+/0& #-'10)22' &0+#413-<'&+-10#$0<I#/,1$<"1+/0)2'-1)J13-<'&J)4H7
E#23"C(IRSBEYUM!-'&*+0'l, 24/, 124618/ C%+&'I$&H#* 411 <+0<I<#*'10)-$-1$<#$I0#/1&'L'0$
S 2(4+ A% ) <1 &*+0'N & O& HK) HE H-10H/ L IXHAY' IHSIA'H-$1:61; <HBI*+-+$) &
HE' A4+ 1$) (H619)IS&H-41$)1+S114+/04%, +/.1$<1+2(%$', *#4%'1) JI$<'+&IK2'
K"4&'%;(N#%;988=Um!-'&*+0'l,'2#/,12#61:1&'L'0$', 1+/1$<"1(&+0'"-1()(4': +441(#61J)&!
#--)O+HS 1)), -110)&ISH2(41<) Yo-+.1(&+0'-1#4)/ 1$<"10)#-$4+/1$,1$)'50", 1$<'!
(&+0'-1)J1+/4#] 1<) 2'-7
82#D%'2C(NH&AGSPB2P&IS[=UM!-'&*+0' ' 24 1+-1. [ &H#$' 1+/1# 6/#2+012),'4+].!
' +-&)12'[$1%-+.1H#1(&),%0K)/1I%/0K)/ISY)::dp) %. 4#-UIS)'-K2#$ 1$<"10<#. 1 +/1$<]
HA%') I YoB(Yo$-1+/1&-()/-'1) HIO<H . 1+/1 24$ & +#AI+] (% $-7
I&P'D".(12C-2P&' ISYMUMI-'&*+Q'1,'2#/,124#6!:'I'4+0+8',1:61()-+/.1<6()$<'KO#4!
-0 /HEA)-IS<HSBI+/¥)A%1-) 2 AV HK) 1) JHAS &KX -NI)&I+-SHI0'11()(4'). [ &HAAB!-$HS' |
S<HBIS<BIHE' +44+].19) (H#61D)&I+HO&H-' 1 (&'~ &*#K)/N)IL HO<'- 1 1-<)&'4+/'T
A#8-J(12C-2P& ISIMUMIIS<+-H((&)HO<I+-1:4-" 1)/|(&+O+(4'-1)J), ' 4+:'&#K*'1,'2)0&#06!
#11$<" 192 (K)1$<HS! (%0:4+01,'0+-+)/12#H+.1-<) %4, 1&'-%4S11/)$1I&) 21$<" 1. .&' #K)/!
)JI- (HEHS 4612 H-%6& 1+ +*+ VoAl (& &0 11:%$1I&)R0:%6(0$7.1"(<;7,N

W #($',1J&)2!g#& ' &!'$!#41QO0R
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E2FC"([5*(, JIH#&IHY%2.""$$(&=(12C-2.%& (8" ./&4&CE&D%"$(=8#(G;8$9%."B(A"#3%;"(E9J"

Ecosystem Service |[Amenability to  |[Most Appropriate Transferability
Economic Method for Valuation |Across Sites
Valuation
Gas regulation Medium CV,AC, RC High
Climate regulation Low CV,AC, RC High
Disturbance regulationHigh AC Medium
Biological regulation [Medium AC, P High
Water regulation High M, AC, RC, H, P, CV Medium
Soil retention Medium AC, RC, H Medium
Waste regulation High RC, AC, CV Medium to high
Nutrient regulation Medium AC, RC, CV Medium
Water supply High AC, RC, M, TC Medium
Food High MP High
Raw materials High MP High
Genetic resources Low M, AC Low
Medicinal resources [High AC, RC, P High
Ornamental resourcesHigh AC, RC, H Medium
Recreation High TC, CV, ranking Low
Aesthetics High H, TC, CV, ranking [Low
Science and educatiorlLow Ranking High
Spiritual and historic |Low CV, ranking Low

IE#:4'-1821,1Q?1-<); IS<HSI'HO<IHA%HK)/12'$<),)4). 61 <H#-1+$-1);/1-$&] $<-1#/ 14+ 2+ $#K)/-N]
)FN1&-$&+OK/.1+$-106-"18) 1#1-'4'0$1&H/.'1) IV'0)-6-$'21.)), - 1#/, 1-' &*+0'-1: + $<+/ 1+

A -O#('TNQ)&IH-SHIO'IS< *H#A%'L.'['&HS' 16111 HSYo8HAA61I%/0K)/+/.1'0)4) . +0#41-6-3'21+/1$<']
SRHS2' IS I H-$HE QIOHN: I-K2HS' 1:61%-+/.1$<"1&'(4#0'2'/$10)-$!ShYU!2'$<), |; <+0<!+-!

#-' NS (&HON) IS IO H(-SIHAS &IHK 1) &) : $tt+/+] IS<HPI- &*+0'1S$<'10)-$!) J10<'2+0#41)&!
2'0<H/+OHAHAS &IHKH-UTIWH)+,' 10)-$ISWY UL <+0<+-#1& 443" 12'$<), 110#/1:'1%-" 1$)!'-K2#$'|
HAY'L#-' 1)1$<10)-$1) I #2#. -1, %6'1$)14)-$1-' &*+0'- THE<+-12'$<) 1 #-1%-" 1$) *#4%'1$<']
1)),(&)$'0K)/I-'&*+0"-1(&)*+,", 1:61&-$) &', I<:+SH#S-1#/,1J%/OK)/-1; +$<+1$<'IL)), | (4#+/T!]
E&#+410)-$ISEY U, 10)/K/. [$I#4%#K)/1SY MU!-%6&*'6-1#8&'1%- J%413) &!'-K2#K/ .1 &' 0& #K)/1*#4%'- |
<HA'1< ) [+01(&H0+/.1SS=UI+-1%6-" 1) &1-K2#K/. (&) (&$6*#A4%'- 1#--)O+#S$', | +$<I#-$<'KO!
COLHA+K'-) JHSY8HAI'0)-6-3'2- TNV )/K/. IS H#AY#K)1-%&* 6- 14 ,10)/K)+H St #46-+-10#/11%-",|
$)12'#-%681'5+-$'/0'T*#4%') II'0)-6-$'2-1#/, | O<HE&+-2HK O+ 2HA-T[H&. +/#41(&), %0$!

K 2HK)IS[ZUI<H-.  &HALBY: " %6-" 1+/1HH 6/#2+012),'4+/10)/S'SSH 1+ -1+/I'5H2+/+/.!
<);I'0)-6-$'21-'&*+0'T4#4%'-10<#/. ) * &IK2' 71 g+/#44611.&) %6 (*#4%#K)/ISTMUI1#12) &' 1&'0'/$!

#, +K)19)I1$< 1 HAYHK) 1 A+$ EHSYOE ||, +&'0$A6I#, &' 1S<'1" 1$)12'H#-V6&'1-) O+HAIHAY'- 1 +]1#]
&)%(10)/$'5S7INX/12#/61#((4+0#K)/-1$<"1I%A41-%+$'1)J1'0)-6-$ 21 #4%#K)1$'0</+C%'-1: +441:"]
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&'C%+&',1$)1#00)%/$1I)&IS<1'0)/)2+01#4%'1) 1)), -1, 1-' &*+0'- IS <HSI# HSVo&H# A A# - OH (']

(&) +,-TIM$1I&) IS ISH#: A" 1 )X IS<HSI ) $1#A41'0)-6-$'21-'&*+0'- &1 &', +AB1H#4%' 1#] |
B<HSI-)2'1- & +0'-1<HH ) AV HK)1-$%6,+'- TIM &B!+2() &SH/S!- &*+0'-1-960<I#-104+ 243!

&' YoA#K)/1.''KOI&-) Y80 -I1#] |- (+&+$VUot A1 |<+-$)8+0#A -+ [+30#/0'1H&) 1. &' HS*#4%": %!
<HE Q) HAYoHK) 2 [#:+A+$BTIXH, +K)1 %S+ 10604+ 1141 :#-+01-%( () &K/.1-'&*+0'!
0o-%oHAA61& 0 +*-1& AHK* 4614): HAY% -1 1$<) Y. <A+ 1) 1S<' | (AH/'SL) %4, ) BL:'1()--+:4']
+$<)%$1+$IS_"V=IQOOPUT!I?'0#%-"1$&H,+K)/HA!'0)/) 2+0-HAYHK)/1+-1:#- )1 24#& +IHAI2H&H'$!
A% - HAYHK)12'$<), ) 4).+-1H& 1)S! 441-%6+$' 1) 1< T H#AY#K) /1) I HSYo8HA1-6-$'2-1$<H#$!
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Ecosystem
Service Land Cover Author(s) Minimum Maximum
Gas & Climate
Regulation Wetland Dodds, W.K., et al. 2008 $121.79 $121.79
Roel calculation for LA $31.32 $284.58
Copeland et al. (in press)
Grasslands (Calculated 1994) $0.06 $0.06
Costanza et al. 1997 $4.10 $4.10
Fankhauser and Pearce
(1994) $4.05 $4.05
Shrub In house calculation $6.60 $66.30
local estimate $7.77 $78.00
Urban green
space Birdsey, R.A. $216.49 $216.49
McPherson, E. G. 1992 $186.62 $930.90
McPherson, E. G., Scott, K. .
and Simpson, J. R. 1998 $28.53 $28.53
Pole Forest In house calculation $24.04 $464.33
Mid Forest In house calculation $34.34 $663.37
Late/Old Forest  In house calculation $46.35 $895.47
Riparian Forest
(pole) In house calculation $24.04 $464.33
Riparian Forest
(mid to late) In house calculation $46.35 $895.47
Water Thibodeau, F. R. and Ostro, B.
Regulation Wetland D. $6,765.49 $6,765.49
Grasslands Costanza et al. 1997 $1.76 $1.76
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Genetic
Resources

Aesthetic &
Recreational

Urban green
space

Pole Forest
Mid Forest
Late/Old Forest
Riparian Forest
(pole)

Riparian Forest
(mid to late)

Grasslands

Wetland

Salt Marsh

Shrub

Jones et al. (1985)
(Calculated 1992)

Birdsey, R.A.
McPherson, E. G. 1992
In house calculation

In house calculation

In house calculation

In house calculation

In house calculation

Perrings (1995) (Calculated
1992)

Allen, J. 1992
Dodds, W.K., et al. 2008
Doss, C. R. and Taff, S. J.

Hayes, K. M., Tyrrell, T. J. and
Anderson, G. 1992

Mahan, B. L., Polasky, S. and

Adams, R. M.

Thibodeau, F. R. and Ostro, B.
D.

Whitehead, J. C.

Anderson, G. D. and Edwards,
S. F. 1986

Bergstrom, J. C., et. al. 1990
Farber, S. 1987

Bennett, R., et. al.

Bishop, K.

Boxall, P. C., McFarlane, B. L.
and Gartrell, M.

Haener, M. K. and
Adamowicz, W. L.

Maxwell, S.

Prince, R. and Ahmed, E.
Shafer, E. L., et. al.

Willis, K. G.

Willis, K. G. and Garrod, G.
D.

$2.16
$181.85
$6.09
$10.23
$10.23
$10.23
$10.23
$10.23

$0.01

$109.98
$1,662.36

$4,456.50

$1,290.63
$36.98

$33.49
$1,111.66

$22.19
$15.66
$5.19
$179.98
$605.51

$0.19

$0.21
$12.54

$1.59
$573.56
$0.45

$4.37

$2.16
$181.85
$6.09
$10.23
$10.23
$10.23
$10.23
$10.23

$0.01

$9,946.87
$1,662.36

$4,923.49

$2,466.77
$36.98

$698.43
$2,235.11

$103.82
$25.31
$5.19
$179.98
$678.72

$0.19

$0.21
$12.54

$2.02
$573.56
$202.89

$4.37
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Habitat
Refugium &
Nursery

Agricultural
lands

Urban green
space

Lakes/Rivers

Pasture

Beach

Mid Forest
Late/Old Forest
Riparian Forest
(pole)

Riparian Forest
(mid to late)

Open Water
Estuary

Wetland

Salt Marsh

Bergstrom, J., Dillman, B. L.
and Stoll, J. R. 1985

Tyrvainen, L.
Burt, O. R. and Brewer, D.

Cordell, H. K. and Bergstrom,
J.C.

Kealy, M. J. and Bishop, R. C.

Kreutzwiser, R.

Loomis J.B. 2002

Patrick, R.,et. al.

Piper, S.

Shafer, E. L. et. al.

Ward, F A, Roach, B. A. and
Henderson, J. E.

Young, C. E. and Shortle, J.

S.

Boxall, P. C.

Edwards, S. F. and Gable, F.
J. 1991

Kline, J. D. and Swallow, S. K.

Silberman, J., Gerlowski, D.
A. and Williams, N. A.

Taylor, L. O. and Smith, V. K.
In house calculation

In house calculation

In house calculation

In house calculation

New Jersey Type A-C studies
Allen, J. et. al. 1992

Knowler, D. J. et. al.

Streiner and Loomis 1996
Vankooten, G. C. and

Schmitz, A.

Batie, S. S. and Wilson, J. R.
Bell, F W. 1997

$29.26
$1,342.21
$461.82
$135.37
$12.93
$181.25
$11,131.00
$1.69
$240.20
$551.74
$20.48

$81.85
$0.03

$149.20

$37,535.93

$23,486.04
$445.46
$5.20
$10.41
$1,109.90
$1,109.90
$11.51
$5,477.34
$62.67
$1,574.76

$6.30

$6.66
$164.08

$29.26
$3,934.57
$461.82
$1,419.65
$12.93
$181.25
$19,699.00
$25.56
$240.20
$1,101.41
$1,918.61

$81.85
$0.03

$149.20

$48,441.03

$23,486.04
$445.46
$339.36
$678.72
$11,305.57
$11,305.57
$1,381.50
$13,341.27
$287.22
$1,574.76

$6.30

$6.66
$1,082.32

CcQ



Water Supply

Shrub

Lakes/Rivers

Late/Old Forest

Riparian Forest
(mid to late)

Open Water
Estuary

Wetland

Lakes/Rivers

Marine

Riparian Forest
(mid to late)

Farber, S. and Costanza, R.
1987

Lynne, G. D., Conroy, P. and
Prochaska, F. J.

Haener, M. K. and
Adamowicz, W. L. 2000

Kenyon, W. and Nevin, C.
Shafer, E. L. et. al.
Loomis 1996

Streiner and Loomis 1996
In house calculation

In house calculation

Woodward and Wui, 2001
(low value); New Jersey from
A-C studies (for high value)

Allen, J. et. al. 1992
Creel, M. and Loomis, J.
Dodds, W.K., et al. 2008

Hayes, K. M., Tyrrell, T. J. and
Anderson, G. 1992

Lant, C. L. and Tobin, G.

Lant? - IL water qual study
1989

Pate, J. and Loomis, J.

Bouwes, N. W. and Scheider,
R

Croke, K., Fabian, R. and
Brenniman, G.

Henry, R, Ley, R. and Welle,
P.
Knowler, D. J. et. al.

Ribaudo, M. and Epp, D. J.

Hanley, N., Bell, D. and
Alvarez-Farizo, B. 2003

Nunes, P and Van den Bergh,
J. 2004
Soderqyist, T. and Scharin, H.

In house calculation

$1.42
$1.25
$1.31
$532.33
$3.17

$17.13

$1,479.84
$287.16

$287.16

$92.75
$11,160.70

$577.46

$1,357.64

$1,370.43
$211.88

$193.92
$3,829.07

$617.46
$565.91

$429.30
$58.89

$843.44
$822.24
$587.15
$275.97

$2,240.01

$1.42
$1.25
$9.00
$532.33
$3.17

$17.13

$1,479.84
$532.33

$532.33

$354.14
$33,418.85

$577.46

$1,357.64

$2,130.25
$2,333.31

$193.92
$3,829.07

$617.46
$565.91

$429.30
$269.91

$843.44
$822.24
$587.15
$458.81

$13,849.87

CD



Disturbance
Regulation

Waste
treatment

Soil Formation

Nutrient
Cycling

Biological
Control

Soil Erosion
Control

Pollination

Medicinal
Value

Open Water
Estuary

Salt Marsh
Beach

Riparian Forest
(mid to late)
Salt Marsh

Grasslands
Grasslands

Pasture

Wetland
Eel grass beds

Grasslands

Grasslands

Grasslands

Agricultural
lands

Mid Forest
Late/Old Forest

Late/Old Forest

New Jersey Type A-C studies

Costanza et al. 2007

Parsons, G. R. and Powell, M.

Pompe, J. J. and Rinehatrt, J.
R.

In house calculation
Breaux, A., Farber, S. and
Day, J. 1995

Pimentel et al. 1997

Costanza et al. 1997

Sala and Paruelo (1997)
(Calculated 1994)
Pimentel, D. 1998

Dodds, W.K., et al. 2008
Costanza et al. 1997

Pimentel et al. 1995
Pimentel et al. 1997
Barrow (1991) (Calculated
1992)

Costanza et al. 1997
Pimentel et al. 1995
Pimentel et al. 1997
Robinson, W. S,
Nowogrodzki, R. and Morse,
R. A. 1989

Southwick, E. E. and
Southwick, L. 1992

In house calculation

In house calculation

In house calculation

$5.88
$258.49
$23,637.86
$38,316.19
$8.04
$116.82

$50.98
$0.59

$0.52
$6.62

$7,346.62
$5,860.22

$9.74
$13.47

$19.04
$16.99
$10.77
$14.65

$12.88
$2.55
$33.51

$67.01

$5.01

$127.47
$102,105.30
$23,637.86
$38,316.19
$250.85
$18,807.44

$50.98
$0.59

$0.52
$6.62

$7,346.62
$16,410.10

$9.74
$13.47

$19.04
$16.99
$10.77
$14.65
$12.88
$2.55
$150.48
$300.96

$160.49
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The objective of this analysis was to assess the economic impact of shellfish aquaculture
production in the states of Washington, Oregon and California. Our intent was to explicitly
identify the production function of the industry through detailed interviews with key informants
and a general survey of producers. The motivation for doing this research was to develop reliable
economic information for policy makers managing local marine resources and global issues such
as eutrophication of estuaries and effects of ocean acidification. The species covered include
Pacific, Kumamoto, Eastern, European Flats, and Olympia Oysters, Manila, littleneck and geoduck
clams, and Blue and Mediterranean mussels. These species are grown out on the ground, on the
ground in bags or racked bags, and long line culture and are harvested using methods that
include high pressure hoses, hand picking, and dredging.

To assess the economic impact of shellfish aquaculture in Washington, Oregon and California,
Northern Economics implemented a survey of shellfish growers and conducted an Input-Output
(I-O) analysis. I-O analysis is a modeling tool used to measure the economic effects of a project
or industry using a matrix that tracks the flow of money between the industries within a specified
economic region of interest. For the purpose of our analysis, the regions of interest were the
states of Washington, Oregon and California. The model measures how many times a dollar is re-
VSHQW LQ RU "ULSSOHVp WKURXJK HDFK RI WKHVH VWDWHV: HEF
impacts quantify the effect of spending within the study region on supplies, services, labor, and
taxes. Induced impacts measure the money re-spent in the study area as a result of spending by
labor. Direct, indirect, and induced impacts sum to the total economic impacts of a project or
industry. This analysis presents total impacts as economic output, jobs created, and labor income
generated within the study area.

7KH VWXG\ WHDP XVHG ,03/%$1« VRIWZDUH WR HVWashD§bhib HFRQRP |
Oregon and California economies. IMPLAN is a software tool which uses information sourced
from local and census sources to produce region-specific economic impact models. IMPLANuses
specific data on what inputs are needed to produce the goods or services for over 440 economic
sectors, and county-specific data on what industries are available locally from which to purchase
those inputs. This analysis used IMPLAN2010 data. The limitation to most (not all) of the shellfish
economic impact studies reviewed in the literature is that estimates are based on data which are
not refined enough to develop an actual production function for the industry or use multipliers

not directly reflective of the shellfish LQGXVWU\:-V. VSHQThisGtudys &itémmsd to Q V
account for these limitations by collecting detailed expenditure data by type and location of each
business|Table ES-Joutlines the summary statistics used to generate final results.

WA CA OR
Acres Reported 22,502 6,201 3043
Farmed Acres Reported (%) 62% 12% 32%
Total State Acres 29,663 6,201 5,011
Employment 1,266 204 0

Revenues/Sales ($) 90,296,206 25,856,668 9,313,300




Expenditures/Acre ($) 4,880 1,912 n/a
Reported Production (Ibs) 19,009,588 1,792,795 n/a

n/a = not available

The study team estimates that the shellfish aquaculture industry in Washington spent
approximately $101.4 million in the Washington economy in 2010, which in turn generated $184
million, or 1.8 times the activity. Shellfish farmers were responsible for approximately 1,900 direct
jobs in 2010. They also generated an additional 810 jobs through indirect and induced activity,
for a total of 2,710 jobs. Finally, shellfish farmers paid approximately $37 million in wages in
2010. Their economic activity generated additional labor income of $39.9 million, for a total of
$77.1 million in labor income in the state of Washington.

The California shellfish aquaculture industry spent approximately $11.9 milion LQ WKDW VWDWH:-V
economy in 2010, which in turn generated $23.3 million or 1.9 times the activity. Shellfish farmers

were responsible for approximately 200 direct jobs in 2010. They also generated an additional 80

jobs through indirect and induced activity, for a total of 280 jobs. And, finally, shellfish farmers

paid approximately $5.4 million in wages in 2010. Their economic activity generated additional

labor income of $4.6 million, for a total of $10 million in labor income.

The study was unable to assess the complete range of economic impacts for Oregon due to data
limitations. For Washington State and California, we were able to estimate direct, indirect, and
induced impacts as well as identify related multipliers. The study team calculated the economic
impacts differently for Washington and California, however, again due to different levels of
detailed expenditure data collected. Since the team was able to collect detailed expenditure data
for Washington, we were able to calculate the expenditures going to each supporting industry
and whether those expenditures remained in the study area. The expenditure data reported
through the general survey implemented in California demonstrated a pattern similar to that of
Washington. As a result, WKH VWXG\ WHDP DVVXPHG WKH VSHQ@GEQJ LQ WKH
expense was the same as in Washington and that expenditures remained in the study area.
Because of the diverse nature of the data sets for each state, comparison of economic impacts
between states is not meaningful. However, in general, the statistics generated in this study
enhance our knowledge about the west coast shellfish aquaculture industry and can be used to
inform management and policy decision making.

As noted in the study the results of our analysis apply specifically to commercial shellfish
growers. Our analysis is not representative of the entire shellfish industry as wild and tribal
harvest and shellfish bed restoration are not included. The study team believes tribal growers
and harvesters, wild harvesters, and shellfish restoration activities have unique production and
expenditure patterns and warrant further investigation. Finally, our study focuses on the
economic impacts of the production of cultured shellfish only and did not include sales trends
and demand factors. Another area of potential future research is the economic impacts of
shellfish consumption. Residents and tourists of west coast communities all enjoy and benefit
from the supply of fresh shellfish provided by the aquaculture industry. People purchase shellfish
through retail markets, consume shellfish in restaurants, and enjoy local seafood fare at
fundraisers and events. An investigation into the revenue generated through these types of
shellfish sales could serve as a means to quantify additional economic impacts of the shellfish
aquaculture industry.




As the shellfish aquaculture industry grows on the west coast of the United States and around

the world, growers and policymakers strive for a deeper understanding of the LQGXVWU\-V
economic impact on local regions. Assessing an industr\ - ¥¥conomic impact is a way to gain a

deeper understanding of the role that industry plays in the local economy, thereby helping

industry representatives and local policy makers to make informed decisions. This analysis of

shellfish aguaculture extends from basic statistics such as total revenue and employment to more

detailed information such as tax payments and employee wage rates. Even more telling is the

ind XVWU\-V FRQQHFWLRQ WR WKH RWKHU L QTaiX MWadsdatdbanalysi® W VXSS
helps explain shellfish aquaculture-V E U Ridgadisldn other industries.

Several studies have attempted to estimate the economic impact of shellfish aquaculture in the
United States. A study from the NOAA Fisheries Office of Habitat Conservation used an input-
output model, to estimate that oysters worth $1 million in dockside value in Chesapeake Bay
generate an estimated $36.4 million in total sales, $21.8 million in income, and 932 person-years
of employment (NOAA undated). Gardner Pinfold Consulting Economists Ltd. DQG 2-+DUD
et al. [2003) estimated the economic impacts of shellfish aquaculture in Maine, while Philippakos
et al. (2001) utilized an input-output methodology to estimate the direct, indirect, and induced
economic impacts of the cultured clam industry in Florida. Burrage et al. examined the
regional economic impacts of a project intended to revitalize the northern Gulf Coast oyster
industry by relaying oysters (moving oysters from leases under compromised water quality to
leases in cleaner, approved waters before final harvest). Adams et al. (2009) report on the
significant growth in economic impact of commercial cultured clams in Florida linked to strong
demand for cultured shellfish, support by relevant agencies, and continued supply of high quality
coastal water within the region. They estimated the economic impact to the Florida economy in
2007 to be $52 million. Note that these authors do not report where or how they derived the
multipliers they used in their analyses. Koeger (2012) reports the economic impacts from two reef
construction projects in Alabama and associated activities (reef monitoring and community
workforce training) to be $8.4 million in local output, $2.8 million in earnings and 88 jobs created.
The study estimates that these reef construction projects will inject $4.3 million into two local
counties.

In Washington State, an early study by Bonacker and Cheney measured the direct

economic impacts of shellfish culture in Willapa Bay. The study examined expenditure patterns of

industry employees but did not calculate multiplier effects. According to a 1987 study of
:DVKLQIWRQ:-V DTXDFXOWXUH LQGXVWU\ FRQGXFWHG E\ WKH :DVKL(
Economic Development (Inveen 1987), the ratio of total jobs to direct jobs for the oyster industry

was 1.17. That is to say, for every one job directly related to the industry, 0.17 additional indirect

jobs were generated in other industries throughout the state. An economic impact analysis

conducted in the early 1990s by Conway (991) suggested that, on average, each job in
:DVKLQJIJWRQ:V R\WWWHU LQGXVWU\ VXSSRUWiH (e state pB@BreéGmy¥ LR QDO MF
this constitutes an employment multiplier for the oyster industry equal to 2.13. Wolf et al. (

of the Economic Development Council of Mason County estimated the economic impact of the
&RXQW\.V R\WWHU LQGXVWU\ XVLQJ WKH frehPtBeOWadhiAgpW St OWLSOLH
'"HSDUWPHQW RI 7UDGH DQG (FRQRPLF '"HYHORSPHQW:V VWXG\




2002 using the same employment multiplier (Economic Development Council of Mason County
2002).

The limitation to most (not all) of the studies reviewed is that they estimate the economic
impacts of projects related to shellfish aquaculture and restoration without gathering detailed
expenditure data or with use of a multiplier not directly related to shellfish production . That is,
much of the previous work did not collect the data necessary to generate a production function
specific to shellfish aquaculture. This study attempts to account for these limitations.! The goal of
this study was to collect the missing information needed to understand the economic impacts of
the west coast shellfish aquaculture industry by gathering data directly from shellfish aquaculture
growers. To that end, the study team surveyed growers in Washington, Oregon and California on
their revenue, expenditures, and employment to measure industry levels of spending and
employment in each state. The study team also gathered detailed expenditure data from seven
Washington State shellfish growers to model the additional economic effects generated by
shellfish growers in Washington and California.

Knowledge of the economic impact of shellfish aquaculture is beneficial in several policy
contexts. The economic model developed in this study can be applied to future shellfish
aquaculture projects to understand their economic impacts. The quantification of the existing
industry impacts demonstrates part of the economic loss that is possible from lost shellfish
aquaculture production due to ocean acidification or water quality degradation. In addition, the

economic impacts can illustrate the relative importance of shellfish aquaculture to other
industries in the state.

Note that the economic impacts described in this report are only part of the total value of

shellfish and shellfish production. Shellfish provide numerous benefits to society including food

for human consumption and remov al of nitrogen through bioextraction . The study Washington

State Shellfish Production & RestoratioEnvironmental and Economic Benefits and Costs
(http://pacshell.ora/pdf/NMAleconfinalreport.pdf ) enumerates the full suite of these values and

estimates a value for some of them in a series of memoranda 1RUWKHUQ (FRQRPLFV ,QF -V
report, Assessment of Benefits and Cost Associated with Shellfish Production and Restoration in

Puget Sound(Northern Economics, 2010a) provides context for how economic impacts relate to

the full valuation of shellfish production and restoration.

The following sections describe first the study methodology (Section 2), then the analysis of
survey responses from Washington State (Sectio, Oregon (Section{4), and California (section
. The final section discussesW K H V \GbXcRisionis (Sectior@.

1 7KH WHUP LVKHOOILVK DTXDFXOWXUH LQGXVWU\T LQ WKLY UHSRUW UHIHUV VW

consumption or shellfish growers. We do not address the economic impacts of tribal, wild harvest, or restoration
of shellfish beds.




To assess the economic impact of shellfish aquaculture in Washington, Oregon and California
Northern Economics implemented a survey of shellfish growers and conducted an Input-Output
(I-O) analysis. I-O analysis is a modeling tool used to measure the economic effects of a project
or industry using a matrix that tracks the flow of money between the industries within a specified
economic region of interest. For the purpose of our analysis, the regions of interest were the
states of Washington, Oregon and California. The model measures how many times a dollar is re-
VSHQW LQ RU ’"UL&&h@HNege Btaiked R M B R Q ReétdrdHitMeaks out.

Expenditure data form the basis of an I-O analysis. For this analysis, the team collected shellfish
aquaculture industry spending data through a major survey effort. This section of the report
describes the data gathering effort (Section(2.1]) DQG WKH VW X@appokch Sevtian|2.2).

The development of the survey instrument for this study began with an NEI 2010 pilot study for
this analysis. In this study, Northern Economics worked with one shellfish grower, going through
their 2009 line-item expenditures to determine the sectors where shellfish growers make their
largest purchases. We used the expenditure data to develop a pilot survey that two other
growers completed. While the results of this work were never fed into an I-O analysis, Northern
Economics gained insightinto grower activities and documented other lessons learned.

Northern Economics, with input from the study team members and the Pacific Coast Shellfish
Growers Association, developed this more UHFH QW SuhrRW FoF the: purposes of this study
we used a hybrid approach? Those respondents willing to share more detailed expenditure data
would be interviewed and become key respondents.uThose willing to participate, but only

prepared to share less-detailed information would be asked to complete a more general survey.

All respondents were asked to report on 2010 production.

The key respondent interviews were exhaustive, and provided the detailed data necessary to
GHWHUPLQH WKH VKHOOILVK DTXDFXO¥§vpatifit ShellifiisX itk -PSY SHQGL Q.
research biologist Bobbi Hudson conducted the key respondent interviews from May 2011to

August 2012. For these interviews, PSI received complete expenditure data for2010 from

respondents in addition to the general survey data. The key respondent interviews provided the

critical information that allowed for the proper coding of the industry and location of each

supplier, and data foU GHWHUPLQLQJ WKH SXUFKDYVL Qduasitieindustyy RI1 HDFK
described in section 2.2.1

The seven key respondents were all from Washington, and represented $27 million in
expenditures, or 37 percent of the $72 million total Washington aquaculture industry
expenditures estimated by this study. Key respondent interviews were not possible in Oregon

2 We recognized that gathering detailed data from all growers would not be possible due to the hesitancy of
some growers to provide sensitive business-related information.




and California. As a result, the study team generated |-O results for California using general
responses and sector data spending patterns from Washington. Data collected in Oregon were
insufficient for conducting an I-O analysis.

The general survey was easy for respondents to complete and provided the bulk of the data for
gauging total industry spending. The study team developed slightly different general surveys for

Washington, Oregon and California in order to accommodate their unique characteristics (please
see Appendix A for a copy of each survey). Generally, the surveys provided the following
information:

X Acres leased, owned, and under production

X Expenditures by category (payroll, capital purchases, fuel purchases, payments to
government, etc.)

X Production by species and product type
X Gross sales

Bobbi Hudson administered the general survey to shellfish aquaculture producers between May

DQG $XJIXVW $ SDSHU FRS\ DQG FRYHU OHWWHU ZHUH PDLOHG WR
Washington (330), Oregon (42), and California (30). Licensed shellfish contact lists were obtained

from the appropriate state DJHQFLHY 6KHOOILVK SURGXFWLRQ GDWD ZDV HVWDI
National Shellfish Sanitation Program (NSSP) |_rﬂt.p://WWW.fda.gov/Foodfoodsafetv/Prod_uct- |
Specificinformation/Seafood/FederalStatesPrograms/NationalShellfish Sanitation |

portal/state _permitting _shelflish_aqg.pdf). NSSP dictates a license structure to protect human

health and each state has a designated manager required to maintain monthly updated lists of

licensed producers (Washington Department of Health, Oregon Department of Agriculture, and

California Department of Fish and Wildlife respectively). Due to the license structure in each

VWDWH QRW DOO VKHOOILVK "HQWLWLHVpY ZHUH D PDWFK IRU RXU
2010 production numbers. ,Q :DVKLQIJWRQ KDUYHVWHUVp ZHUH LQFOXGHG EHF
maintain their own tidelands for commercial production. ,Q 2UHJRQ WKHUH DUHuVR IHZ "JU
(23); VXUYH\V ZHUH DOVR PDLOHG WR "VKHOOVWRENnNCHilocgh#aHUVH DQG
UHIJLVWHUHG "DTXDWLF | bivakessiich ds @babneGitl@lg@eRpedducers, which

were eliminated from the survey. In Washington, the team also had email addresses for nearly all

of the DOH registered shellfish producers, so non-respondents were emailed an additional

request to fill out the survey with a link to an online copy. In Oregon, David Landkamer of

Oregon Sea Grant called non-respondents to solicit responses. Ted Kuiper (formerly of Kuiper

Mariculture) of California called or met with each grower to complete the survey, as well as

followed up with several Oregon growers. All responses were mailed to Bobbi Hudson of PSI for

input into Excel spreadsheets

Economies are complex networks of relationships among businesses and people. I-O analysis is a
modeling approach that economists use to map these complex relationships. An I-O model
portrays an economy as a matrix of inputs and outputs; it allows economists to understand and




guantify how regional industries interact with one another. For the purpose of our analysis, I-O
allows us to estimate what impact shellfish aquaculture has on the Washington, Oregon and
California economies.

iIIustrates conceptually how an I-O analysis calculates economic impacts. The dollar sign
on the left represents project or industry expenditures; in our case, this is the money that is spent

by the shellfish aquaculture industry. This money is either spent on labor and materials or

distributed as returns to owners. Only a portion of this spending is retained within the I- O

framework; as indicated by the upward arrows, money distributed outside of the study area is

considered a leakage. The I-O framework only uses the purchase of local labor and materials to
calculate direct local impacts.

Once the study team determines direct local impacts, they can use an I-O model to estimate how
this spending affects other businesses within the study area economy. Like a rock tossed into a
pond, the direct expenditures produce rings of additional activity, referred to as indirect and
induced impacts. Indirect impacts quantify the effect of spending within the study region on
supplies, services, labor, and taxes. Induced impacts measure the money re-spent in the study
area as a result of the indirect impacts. Direct, indirect, and induced impacts sum to the total
economic impacts of a project or industry. This analysis presents total impacts as economic
output, jobs created, and labor income generated within the study area.

Source: Northern Economics, Inc. 2011.

The study team used IMPLANe software to estimate economic impacts to the Washington,

Oregon and California economies. IMPLAN is a software tool which uses information sourced
from local and census sources to produce region-specific economic impact models. IMPLANuses
specific data on what inputs are needed to produce the goods or services for over 440 economic




sectors, and county-specific data on what industries are available locally from which to purchase
those inputs. This analysis used IMPLAN2010 data.

Developing an accurate sector profile requires knowledge of the purchasing patterns of the
industry being analyzed. The 440 sectors within IMPLAN are an aggregation of the many more
industries which make up the U.S. economy. Each of the sectors of the national economy is
assigned to a North American Industry Classification System (NAICS) code. The thousands of
available NAICS codes are condensed into the 440 IMPLAN sectors. For example, IMPLANaps
NAICS codes beginning with 1122-1129 (which includes raising hogs and pigs, sheep and goat
farming and animal aquaculture) to IMPLAN sector 14 2 Animal Production, except cattle,
poultry, and eggs.

Rather than simply use IMPLAN sector 14, the study team sought a more accurate sector profile
for shellfish aquaculture. To this end, the study team identified the spending patterns unique to
shellfish aquaculture growers using the information obtained through the survey effort. The
shellfish aquaculture purchasing pattern tells us which industries the shellfish industry purchases
inputs from and the location of those suppliers. The study team then mapped this spending
pattern to IMPLAN support sectors, generating the I-O multipliers used to calculate the indirect
and induced effects on jobs, income, and business sales/output generated per dollar of spending
on various types of goods and services in the study ared.

3 W LV ZRUWK QRWLQJ WKDW WKH pRWKHUY VSHQGLQ ailddBWweyJIresponddsH TXLUHG XVH

IRU ERWK :DVKLQJWRQ DQG &DOLIRUQLD 7KH VWXG\ WHDP DVVXPHV WKDW JH
spending are similar in both states, however, California results are generated using California multipliers.




Shellfish aquaculture in Washington takes place in 12 of the 39 counties in the state. Figure 2
highlights these counties.

Source: Adapted from U.S. Census Bureau 2012

This section summarizes survey responses, highlights the acreage and expenditure data that
formed the basis of the Washington shellfish aquaculture I-O analysis, and presents statewide
economic impacts, with an estimate of contribution of impact by county.




Of the approximately 330 commercial® shellfish growers in the state of Washington, a total of 43,
or 13 percent, responded to the survey. However, these respondents accounted for 76 percent of
the total permitted acreage in the state (Table 1}. Seven of these firms submitted detailed
expenditure data, while the remaining 36 submitted responses to the more general survey. It is
worth noting, however, that only 32 of the 43 total respondents reported acreage and

expenditure data, two elements critical to our study. The metrics presented in the tables and
figures below are based primarily on these 32 responses.

summarizes the survey response rate as a percentage of commercially farmed acres by
county. Again, the numbers shown include only responses which included both acreage and
expenditure data.

County Survey Acreage Total Acreage Response Rate (%)
Grays Harbor 3,278 2,288 143*
Island 55 87 63
Jefferson 666 1,155 58
Kitsap 25 485 5
Mason 814 4,079 20
Pacific 14,681 17,288 85
Pierce 39 138 28
Skagit 2,233 3,018 74
Thurston 710 1,037 68
Other - 88 0
Total 22,502 29,663 76

Note: Total acreage by county was supplied to Northern Economics, Inc. by PSI.

*Acreage reported for Grays Harbor by survey respondents exceeds total acreage in Washington Department of
Health database. PSI confirmed with respondents that the survey total is likely correct and the difference is due
to inaccuracies in the WDFW database.

Source: Northern Economics, Inc. using survey data provided by PSI.

Survey respondents’ reported 1,266 direct jobs in Washington. Responses from individual firms
ranged from a low of 0 to more than 400 employees. The study team believes that the majority
of non-responses to the question stem from self-employed farmers who do not employ

additional staff and failed to include themselves when reporting. The breakdown of firm size (as
measured by employment) is illustrated in|Table 2

* It is worth noting that the 330 non-tribal commercial shellfish growers include harvest license holders who are
not necessarily shellfish growers. Consequently the 330 total overstates the actual number of shellfish
aquaculture farmers.

> Only respondents who reported acreage, employment and expenditures are included.




Size of Business Count of Firms 6 Percent of Total

No Employment Reported 14 33
1 to 10 Employees 9 21
11 to 30 Employees 10 23
31 to 50 Employees 5 12
>50 Employees 5 12
Total 43 100

Source: Northern Economics, Inc. using survey data provided by PSI.

Employment numbers reported by shellfish growers vary significantly by operation type. As
shown in the number of employees reported by an individual firm varies across farm
size. Of those survey respondents who provided employment and acreage information, minimum
employment was .01 persons per farmed acre (or 1 person per 100 farmed acres) while maximm
employment is reported as 5 people per farmed acre (or 500 people per 100 acres). On average,
Washington growers employ a total of 1 person per farmed acre. Assuming the lowest
employment ratio reported, we estimate a total of 1,840 direct jobs statewide (1 employee per
100 farmed acres).

® This 14 count is a minimum. Additional employment was reported for the aquaculture industry, but related to
processing, so omitted from the data summary.




Note: Two survey respondents are omitted from this figure to avoid identification. Only respondents who reported
both employment and acreage are included.
Source: Northern Economics, Inc. using survey data provided by PSI.

The majority of the leased or owned acreage of survey respondents was held in Pacific, Grays
Harbor, and Skagit Counties; however, employment at these shellfish farms was not restricted to
the county in which the leases are held. For example, only 4 percent of the acreage reported by
survey respondents was held in Mason County, but 32 percent of the employees were reported
to be residents of Mason County. Survey respondents also reported having employees in non-

VKHOOILVK SURGXFLQJ FRXQWLHY JURXSHG EHORZ DV 12WKHU -

generated by shellfish aquaculture farms impacts surrounding counties.

This ©



Source: Northern Economics, Inc. using survey data provided by PSI.

Respondents reported 2011 shellfish production by species and product type. Of the 43 total
respondents, 30 provided information on both revenues and production. The responses from the
30 survey respondents represented more than $90.3 million dollars in total revenue and $89.4
million worth of shellfish sales. While survey respondents did not attribute sales to species types,
they did supply total production volumes, summarized in Data were reported in round
pounds, dozens, bushels and gallons. The study team standardized responses using pounds of
meat weight for oysters’ and round pounds for other shellfish species.

” Per the Washington Department of Fish and Wildlife: 1 dozen oysters assumed to weigh .546 pounds (meat
weight). 1 gallon of oyster meat is assumed equivalent to 1 bushel of shell-on oysters; both weigh 8.75 pounds
in meat weight.




Source: Northern Economics, Inc. using survey data provided by PSI.

Washington Department of Fish and Wildlife (WDFW) maintains a database of shellfish harvest
and production. Until recently, reporting production was voluntary. [Table 3| and [Figure 6]
summarize reported survey production volumes and WDFW recorded production volumes. Of
significant note is the difference in oyster volumes, which suggests that the state data omit a
large portion of annual production.

Reported Survey Volumes

WDFW Harvest Pounds Survey Pounds as a Percent of WDFW
Species (2010) (2010) Recorded Volumes
Oyster 8,736,978 8,115,126 93
Clams 8,207,220 6,728,674 82
Geoduck 1,351,310 1,297,814 96
Mussels 2,947,456 2,867,974 97
Total 21,242,964 19,009,588 89

Source: Northern Economics, Inc. using survey data provided by PSI and WDFW 2010




Source: Northern Economics, Inc. using survey data provided by PSI and WDFW 2010

The study team estimated the total economic impact of the shellfish aquaculture industry in

Washington using estimates of acreage and expenditures. The Washington Department of Health
tracks statewide tideland acres permitted for shellfish aquaculture. Using their database, PSI
filtered leased acres for duplicate permits, wild catch areas and tribal acres to derive the
estimates of total commercially permitted acres by county (Table 4).




County Acres Species Cultured

Grays Harbor 2,288 oyster, clams

Island 87 oyster, clams
Jefferson 1,155 oyster, clams, geoduck
Kitsap 485 oyster, clams, geoduck
Mason 4,079 oyster, clams, geoduck
Pacific 17,288 oyster, clams

Pierce 138 oyster, clams, geoduck
Skagit 3,018 oyster, clams

Thurston 1,037 oyster, clams, geoduck
Clallam 86 oyster, clams

King -

Snohomish -

Whatcom 2

Grand Total 29,663

Source: PSI using DOH 2008

As previously noted, survey respondents who supplied both acreage and expenditure data
accounted for 22,500 acres or 76 percent of the 29,663permitted acres in Washington State. The
shellfish aquaculture growers that either own or lease these acres spent a total of $69.8 million in
2010. Of this total, approximately 81.1 percenf or $56.6 million were spent in the State of
Washington. The remainder was paid to firms or individuals out of state. Expenditures by firm
varied significantly, as shown inTable 5

Scale of Operations (Spending Levels) Number Percent
Greater than $10 M 3 8
Between $1 to $10 M 7 19
Between $500 K and $1 M 9 25
Between $100 K and $500 K 7 19
Between $50 K and $100 K 3 8
Less than $25 K 7 19

Total 36 100

Source: Northern Economics, Inc. using survey data provided by PSI

8 Based on key respondent data




7KH PDMRULW gexpgehditures Raxé- payroll, intermediate inputs (seed and shellfish) and
capital purchases|Figure 7|illustrates the general spending pattern of Washington State shellfish
aquaculture firms.

Source: Northern Economics, Inc. using PSI Survey responses, 2012

Using acreage and expenditure data reported, the study team derived metrics for expenditures
per acre. On average, shellfish aquaculture firms spend approximately $3,100 for every acre that
they own or lease. Given that 37.8 percent of tidelands are left unfarmed in any given year, this
dollar amount becomes $4,988 for every farmed acre. It should be noted that given 81.1 percent
of non-payroll expenditures are spent directly in Washingto n,” we calculated an estimate of
$4,880 per farmed acre.

In order to assess the economic impact of : DV KL Q Jgh&Il{Fh\aquaculture industry, the study
team estimated WK H L Q Gotal @xpehdWures, including those growers that did not respond

® This is based on the assumption that 100 percent of payroll was paid locally (employees worked in
Washington). Nineteen percent of non-payroll expenditures were spent out of state (only 81% of non-payroll
was spent locally).
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extrapolated the Washington expenditures per farmed acre ($4,880) to those acres not

accounted for by survey responses. The results of these calculations are shown

Table 6

Missing Washington Dollars

Survey Productive Missing from Survey
County Total Acreage Acreage Missing Acres Acres Responses
Grays Harbor 2,288 3,278 n/a 0 0
Island 87 55 32 20 97,076
Jefferson 1,155 666 489 304 1,483,438
Kitsap 485 25 460 286 1,395,463
Mason 4,079 814 3,265 2,029 9,904,481
Pacific 17,288 14,681 2,607 1,620 7,908,059
Pierce 138 39 99 61 299,994
Skagit 3,018 2,233 785 488 2,380,478
Thurston 1,037 710 327 203 991,203
Other 86 - 88 55 266,958
Total 29,663 22,502 8,151 5,067 24,727,150

Source: Northern Economics, Inc. using survey and acreage data provided by PSI

The extrapolated expenditures for non-survey respondents were distributed according to the
spending pattern shown in The most recent (2010) IMPLAN data for all the economic
sectors within the state were applied, generating the estimated output, employment, and labor
income shown in|Table 7]

Total Impacts Output Employment Labor Income
Direct 24,727,200 580 7,100,000
Indirect 9,670,300 90 4,400,500
Induced 13,813,300 90 4,012,200
Total 48,210,800 760 15,512,700

Note: Labor Income is a subset of Output.
Source: Northern Economics, Inc. using survey and acreage data provided by PSI and IMPLAN

The spending impacts generated by survey respondents are shown inTable 8

Total Impacts Output Employ ment Labor Income
Direct 76,690,900 1,320 30,190,600
Indirect 28,562,400 300 16,793,900
Induced 30,961,587 330 14,625,400
Total 136,214,887 1,950 61,609,900

Note: Labor Income is a subset of Output.
Source: Northern Economics, Inc. using survey and acreage data provided by PSI and IMPLAN




Combining estimated impacts of survey and non-survey UHV SR Q Gadu@sNiV the total
economic impacts of shellfish aquaculture to Washington State as illustrated in[Table 9

Multipliers per dollar Output Employment Labor Income
Direct 101,418,100 1,900 37,290,600
Indirect 38,232,700 390 21,194,400
Induced 44,774,900 420 18,637,600
Total 184,425,700 2,710 77,122,600

Note: Labor Income is a subset of Output.
Source: Northern Economics, Inc. using survey and acreage data provided by PSI and IMPLAN

In summary:

X The study team estimates that the shellfish aquaculture industry in Washington spent
approximately $101.4 million in the Washington economy in 2010, which in turn
generated $184 million, or 1.8 times the activity.

x  Shellfish farmers were responsible for approximately 1,900 direct jobs in 2010. They also
generated an additional 810 jobs through indirect and induced activity, for a total of
2,710 jobs in Washington State.

x Shellfish farmers paid approximately $37.3 million in wages in 2010. Their economic
activity generated additional labor income of $39.9 million, for a total of $77.2 million in
labor income in the state of Washington.

The economic multipliers generated through industry spending are summarized in For
every dollar spent by the industry, a total of $1.82worth of economic activity is generated in
Washington. In addition, every $1 spent by the industry in Washington generates $0.76 in wages
in the state. For every $1 million worth of spending by the industry, nearly 27 jobs are generated.

Output (per $) Employment (per $ Million ) Labor Income (per $)

Multiplier 1.82 26.72 0.76

Source: Northern Economics, Inc. using survey data provided by PSI and IMPLAN

Assuming that output, employment, and labor income are generated in proportion to acreage of
leased tidelands, the following table highlights the economic contribution that each county
would make toward the statewide impact.




County Percent of Acres Output Employment Labor Income
Grays Harbor 7.7% 11,966,300 210 5,957,500
Island 0.3% 455,000 10 226,500
Jefferson 3.9% 6,432,900 110 3,007,400
Kitsap 1.6% 2,536,600 40 1,262,800
Mason 13.8% 22,452,500 370 10,621,000
Pacific 58.3% 90,416,800 1,580 45,014,700
Pierce 0.5% 721,700 10 359,300
Skagit 10.2% 16,045,700 280 7,858,300
Thurston 3.5% 5,423,500 90 2,700,200
Other 0.3% 460,200 10 229,100
Total 100 156,911,400 2,710 77,236,900

Note: Labor Income is a subset of Output.
Source: Northern Economics, Inc. using survey and acreage data provided by PSI and IMPLAN

Note: Labor Income is a subset of Output.
Source: Northern Economics, Inc. using survey and acreage data provided by PSI and IMPLAN




By way of comparison to these results, the economic impacts of the nursery and landscaping
industry in Washington State show a total (direct and indirect) impact of $2.4 billion in output
(sales) and 43,000 total jobs (Holland and Bhattacharjee, 2006). The fruit tree industry in
Washington State provides $5.6 billion in total output impacts and $2.8 billion in total income
impacts (Jensen, 2004). Radtke (2011) illustrates a range of values from the literature. The
economic contribution from the Washington State commercial fishing industry ranges from
$60million to $3.48 billion while number of jobs generated ranges from 3,520 to 14,572. Finally,
the total economic impact of the petroleum refining industry to Washington State is 26,000 jobs
and $1.7 billion in personal income (Washington Research Council, 2012)




Shellfish aquaculture is more limited along the coast of Oregon than in Washington with a total
of only 23 current producers. Due to the limited number of survey responses received in Oregon,
the study team decided that a statewide economic impact analysis would not provide meaningful
or robust information. Instead, the study team summarized the survey data they did receive in
the following section to provide a glimpse of the Oregon shellfish aquaculture industry.

Source: Adapted from State of Oregon Health Authority, 2013

Survey response rates in Oregon were lower than those in Washington and California as only
eight of 23 shellfish growers responded to the general survey. Of the eight shellfish grower
responses, only four reported useable expenditure data. summarizes the grower-
reported commercially farmed and not-farmed acres by county.




County Reported Acres Not Farmed Acres Farmed Acres Farmed Acres (%)

Tillamook 2,860 2,025 835 29
Coos 123 40 83 67
Douglas 60 0 60 100
Total 3,043 2,065 978 32

Source: Northern Economics, Inc. using survey data provided by PSI.

Only 32 percent of the acres reported by survey respondents are actually under shellfish
cultivation. In the following section we describe the employment, production, revenues, and
expenses associated with these acres.

Employment reported by survey respondents equaled 107 direct jobs. Responses from individual
firms ranged from a low of 0 (self-employed) to a high of 85

Of the survey respondents who reported both employment and acreage, there was
approximately one employee reported per 23 acres of tideland under cultivation, or .04 people
per acre. This rate is much lower than that reported by both Washington and California growers,
and may be the product of the limited survey and data response.

Survey respondents reported $9.7 million worth of total revenue and $9.3 million worth of
revenue from shellfish sales respectively in 2011. Survey respondents did not attribute sales to
species types, and many did not report sales volumes. Therefore, a summary of total production
volumes cannot be derived.

Only four growers responded to the survey with useable expenditure estimates. Total spending
reported by these growers amounted to $377,000 in 2011.1° More than half of operating funds

were spent on payroll (63 percent). Unlike respondents from other states, Oregon survey
respondents reported a relatively small expenditure on intermediate inputs; seed and shellfish
accounted for only seven percent of total expenditures. 0 illustrates the general
spending pattern of Oregon shellfish aquaculture firms.

19 Note that in this case several growers reported revenues but only a subset of total expenditures.




Source: Northern Economics, Inc. using PSI Survey responses




Sixteen shellfish aquaculture farmers in California participated in the study according to PSI anda
local industry expert.* These 16 respondents represent the industry in its entirety or a 100

percent response rate. Shellfish aquaculture in California takes place in7 RI WKH M®WDWH:V
counties bordering the Pacific Ocean.
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The survey effort in California was similar to that in Washington with the exception that all
growers responded to the general survey; no detailed responses were obtained. Surveyed firms
included both shellfish growers and seed producers, but excluded abalone-only growers.
summarizes the reported commercially farmed and not-farmed acres by county.

County Reported Acres Not Farmed Acres Farmed Acres Farmed Acres (%)
Marin 1,413 1,071 342 24
Santa Barbara 70 35 35 50
San Luis Obisbo 135 120 15 11
Humboldt 4,577 4,234 343 7
Other 6.036 0 6 100
Total 6,201 5,460 740 12

Source: Northern Economics, Inc. using survey data provided by PSI.

According to the responses received, only 12 percent of the permitted tidelands in California are
actually under shellfish cultivation. In the following section we describe the employment,
production, revenues, and expenses associated with these acres.

Employment reported by survey respondents represented 204 direct jobs in California.
Responses from individual firms ranged from a low of 1 to a high of 60. One respondent listed
zero employees; as in Washington, the study team believes this to be a self-employed farmer
who did not employ additional staff and failed to include themselves when reporting. The
breakdown of firm size (as measured by employment) is shown irfTable 14

Size of Business Count of Firms Percent of Total
No Employment Reported 1 6
1 to 10 Employees 10 63
11 to 30 Employees 3 19
31 to 50 Employees 1 6
>50 Employees 1 6
Total 16 100

Source: Northern Economics, Inc. using survey data provided by PSI.

On average, California growers employ four people for every acre of tideland under cultivation;
this is nearly four times the rate reported for Washington. Survey respondents note a minimum
employment of .03 persons per farmed acre (or three people per 100 acres) and a maximum
employment of 6 people per farmed acre (or 600 people per 100 acres).




California survey respondents reported total employment for the state; a breakdown of jobs by
county is unavailable.

Survey respondents reported $25.9 million worth of total revenue and $23.9 million worth of
revenue from shellfish sales in 2011. While survey respondents did not attribute sales to species
types, they did supply total production volumes, summarized in Data were reported in
round pounds, dozens, singles and gallons. The study team standardized responses using
pounds of meat weight for oysters * and round pounds for other species.

Source: Northern Economics, Inc. using survey data provided by PSI.

California shellfish aquaculture production data are gathered by the California Department of
JLVK DQG :LOGOLIH $FFRUGLQJ taaRprodictibn \oWdystetd,- elanisH &R U G V
mussels amounted to 34 million pounds in 2011. There is great variation between survey and

state reported data due to differences in means by which data are compiled and the conversion

used from count to pounds.

21 dozen oysters is assumed to weigh .546 pounds (meat weight). 1 gallon of oyster meat is assumed
equivalent to 1 bushel of shell-on oysters; both weigh 8.75 pounds in meat weight.




Table 15| summarizes reported survey production volumes and CDFW recorded production
volumes.

Reported Survey

CDFW Harvest Pounds Survey Pounds Volumes as a Percent of
Species (2011) (2011) CDFW Recorded Volumes
Oyster 31,434,304 1,312,353 4
Clams 1,333,440 48,407 4
Geoduck -- -- --
Mussels 1,350,280 432,035 32
Total 34,118,024 1,792,795 5

Source: Northern Economics, Inc. using survey data provided by PSI and CDFW 2011

The study team estimated the total economic impact of the shellfish aguaculture industry in

California using acreage and expenditures reported by survey respondents. Humboldt and Marin
counties have the largest volumes of permitted tidelands , and are estimated to have
the most significant economic impact on the state.




Source: Northern Economics, Inc. using survey data provided by PSI

Firms in California tend to be relatively small or relatively large. 31 percent of respondents report
spending less than $50,000 a year on operations, while 44 percent report spending more than
$1 million on operations in 2011. No firms reported spending more than $10 million (|Table 16).

Scale of Operations (Spending Levels) Number Percent
Greater than $10 M 0 0
Between $1 to $10 M 4 25
Between $500 K and $1 M 3 19
Between $100 K and $500 K 3 19
Between $50 K and $100 K 1 6
Less than $50 K 5 31

Total 16 100

Source: Northern Economics, Inc. using survey data provided by PSI and WDFW 2010

Total spending for California growers amounted to $11.9 million in 2011. Almost half of
operating funds were spent on payroll (46 percent). Another large cost item is intermediate




inputs; seed and shellfish accounted for 17 percent of total expenditures|Figure 14]illustrates the
general spending pattern of California shellfish aquaculture firms.

. . 13
Source: Northern Economics, Inc. using PSI Survey responses

On average, California shellfish aquaculture firms spend approximately $1,912 for every acre that
they own or lease. Given that 88.1 percent of tidelands are left unfarmed in any given year, this
dollar amount jumps to $16,017 for every farmed acre ($11.9 million / 740 farmed acres). While
there are likely expenditures made to firms outside of California, the general survey responses
are not sufficient to accurately estimate this leakage.

In order to assess the economic impact of the California shellfish aquaculture industry, the study
team used the expenditures reported by survey respondents to estimate the output, employment

and labor income generated by the shellfish aquaculture industry. The results of our analysis are
summarized in|Table 17|

13 1n the case of California, some firms buy shellfish from other firms and then sell it. This is grouped with the
seed expenditure category as an intermediate input from the same industry.




Multipliers per dollar Output Employment Labor Income

Direct 11,859,800 200 5,440,000
Indirect 3,586,600 30 2,194,700
Induced 7,863,900 50 2,405,200
Total 23,310,300 280 10,039,900

Note: Labor Income is a subset of Output.
Source: Northern Economics, Inc. using survey and acreage data provided by PSI and IMPLAN

In summary:

X The study team estimates that the shellfish aquaculture industry in California spent
approximately $11.9 million in the California economy in 2010, which in turn generated
$23.3 million or 1.9 times the activity.

x Shellfish farmers were responsible for approximately 200 direct jobs in 2010. They also
generated an additional 80 jobs through indirect and induced activity, for a total of 280
jobs in California.

x Shellfish farmers paid approximately $5.4 million in wages in 2010. Their economic
activity generated additional labor income of $4.6 million, for a total of $10 million in
labor income in California.

The economic multipliers generated through industry spending are summarized in For
every dollar spent by the industry in California, a total of $1.97 worth of economic activity is
generated. In addition, every $1 spent by the industry in California generates $0.85 in wages in
the state. For every $1 million worth of spending by the industry, nearly 24 jobs are generated.

Output (per $) Employment (per $ Million ) Labor Income (per $)

Multiplier 1.96 24 0.85

Source: Northern Economics, Inc. using survey and acreage data provided by PSI and IMPLAN




This study assesses the economic impacts associated with non-tribal shellfish aquaculture in
Washington, Oregon and California. As indicated in our analysis we were unable to assess the
complete range of economic impacts for Oregon due to data limitations. For Washington State
and California we were able to estimate direct, indirect, and induced impacts as well as identify
related multipliers. The study team calculated the economic impacts differently for Washington
and California, however, again due to different levels of detailed expenditure data collected.
Since the team was able to collect detailed expenditure data for Washington, we were able to
calculate the expenditures going to each supporting industry and whether those expenditures
remained in the study area. The expenditure data reported through the general survey
implemented in California demonstrated a pattern similar to that of Washington. As a result, the
VWXG\ WHDP DVVXPHG WKH VSHQGLQJ LQ WKH tHeRd&meHdd jin FDWHJR U\
Washington and that expenditures remained in the study area. Because of the diverse nature of
the data sets for each state, comparison of economic impacts between states is not meaningful.
However, in general, the statistics generated in this study enhance our knowledge about the west
coast shellfish aquaculture industry and can be used to inform management and policy decision
making.

This study is the first complete analysis of the economic impact of Washington State shellfish
aquaculture production (by county), and the first study to report the spending patterns (the
production function) for the shellfish aquaculture industry in any region of the United States . The
Washington industry spending pattern data provided in this report will allow analysts to estimate
the economic impact of developments in the aquaculture industry in the future.

This study illustrates the inconsistencies in data collection in the shellfish aquaculture industry.
Note that our analysis is based on estimates of total acres of shellfish beds in production.
Because of uncertainties in these data, our results may under or overestimate economic impacts.
In addition, it should be noted that mapping expenditures to IMPLAN support industries was a
particularly difficult task given the range of businesses that supply shellfish growers. The study
team used business license records and internet searches to determine the appropriate industries
to assign to businesses. Where business types were unclear, we worked with respondents to
determine what goods or services they received from the specific vendor. Consequently, some
businesses may be coded sub-optimally, despite our best efforts.

The results of the analysis presented here apply specifically to commercial shellfish growers. Our
analysis is not representative of the entire shellfish industry as wild and tribal harvest and
shellfish bed restoration are not included.’* The study team believes tribal growers and
harvesters, wild harvestes, and shellfish restoration activities have unique production and
expenditure patterns and warrant further investigation. Finally, our study focuses on the
economic impacts of the production of cultured shellfish only and did not include sales trends
and demand factors. Another area of potential future research is the economic impacts of
shellfish consumption. Residents and tourists of west coast communities all enjoy and benefit
from the supply of fresh shellfish provided by the aquaculture industry. People purchase shellfish

1 The study team contacted regional tribes as part of the survey effort. However, responses from these groups
were not received.




through retail markets, consume shellfish in restaurants, and enjoy local seafood fare at
fundraisers and events. An investigation into the revenue generated through these types of
shellfish sales could serve as a means to quantify additional economic impacts of the shellfish
aquaculture industry.
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Revenuefor the 2010CalendarYear
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Revenuefrom ShellfishProducts
Estimatedgrosssalesof shellfish $
Estimated%of grosssalesnot farmedby you %
AnswerYesor Noto the following. Doesyour company... Yes/No
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Buymarketsizedshellfishfrom wild harvesters® ExampleDNRmanagedgeoduckn WA

Operatearetail store?
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would like usto follow up with you aboutyour comments.

Returnthis surveyto our secure private postoffice box: PacificShellfishinstitute
Attn: AquacultureSurvey
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Grosssales(wholesaleandretail) B |
Revenuefrom ShellfishProducts
Estimatedgrosssalesof shellfish $
Estimated%of grosssalesnot farmedby you %
AnswerYesor Noto the following. Doesyour company... Yes/No

Buymarketsizedaquaculturedshellfishproductsfrom other growers?

Buymarketsizedshellfishfrom wild harvesters® ExampleDNRmanagedgeoduckn WA

Operatearetail store?

Operateanothertourist attraction, suchfarm tours offered on aregularbasis?

Exportshellfishoutsidethe U.S.?

If you export, estimatethe percentageof shellfishexported(by volume,not revenue):

Comments Pleagerovideanyadditionalinformationyou deemnecessaryo explainthe information
you haveprovidedabove,and/or anycommentsor concernsaboutthis survey.Pleasdndicateif you
would like usto follow up with you aboutyour comments.

Returnthis surveyto our secure private postoffice box: PacificShellfishinstitute
Attn: AquacultureSurvey
120 StateAve.NE#1056
Olympia,WA 98501

Alternately,youmayaccesandsubmitthis surveyelectronicallyat www.pacshell.org/survey.html

Fortrackingpurposeonly, pleaseprovidethe following:

Businessiame

Dept. of Ag.permit #

Surveycompletedby

Phone# Emailaddress




Pleasecompleteby: April, 2012

ShellfishAquacultureExpensesSurvey

Tidelandspermitted for aquacultureand underyour control (owned,leased etc.)

Location(County)

Size(Acres)

Speciegultured

Ofthe total tidelandslisted above,how manyacreswere not under cultivationin 20107

acres

In atypicalyear,what percentageof your tidelandsare not under cultivation? %

Expensegor the 2010CalendarYear

TotalExpenses
LaborExpenses
TotalPayroll(wages)
TotalNon WageBenefits
Paymentsto Government
Federal
Stétéocal
Other ExpenseCategories
TidelandLeases
CapiEgpenditures
S&e8hellfish
Insurazariers
Freight
Gas/Fuel

| $

$
$

| H

BB PR PR

Likelymorethan the sumof categoriedistedbelow

Ownersandemployees
Includemedical bonusesetc.

Includepayrolltaxes,incometaxes,etc.
Includepermitandlicensefees,propertytaxes,etc.

Leasegpaymentsfor tidelands,but not permitfees
Includevesselsbuildings& heavymachinery>$10K
Paymentdor seedor shellfishfor grow out or resale
Total paymentsto insurancecompanies
Expensepaidto freight companieggroundé& air)
Expensepaidto fuelingstationsor fuel deliveries

ShellfishProductionVolumeharvestedand soldfrom tidelandslisted above.Pleasebe sureto include
units (gallons poundsor dozens)andwrite in the speciedor any“Other” shellfish.

Total
volume

Fresh
Whole

Fresh
Shucked

Seedor

Other
larvae

Frozen

Oysters

Clams

Geoducks

Mussels

Other1:

Other2:

Other3:

Numberof Employeegwhereemployeedive, refer to W rdformsif necessary)

CA OutsideCA

Continueto page?2
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Revenuefor the 2010CalendarYear

Grosssales(wholesaleandretail) B |
Revenuefrom ShellfishProducts
Estimatedgrosssalesof shellfish $
Estimated%of grosssalesnot farmedby you %
AnswerYesor Noto the following. Doesyour company... Yes/No

Buymarketsizedaquaculturedshellfishproductsfrom other growers?

Buymarketsizedshellfishfrom wild harvesters® ExampleDNRmanagedgeoduckn WA

Operatearetail store?

Operateanothertourist attraction, suchfarm tours offered on aregularbasis?

Exportshellfishoutsidethe U.S.?

If you export, estimatethe percentageof shellfishexported(by volume,not revenue):

Comments Pleagerovideanyadditionalinformationyou deemnecessaryo explainthe information
you haveprovidedabove,and/or anycommentsor concernsaboutthis survey.Pleasdndicateif you
would like usto follow up with you aboutyour comments.

Returnthis surveyto our secure private postoffice box: PacificShellfishinstitute
Attn: AquacultureSurvey
120 StateAve.NE#1056
Olympia,WA 98501

Alternately,youmayaccesandsubmitthis surveyelectronicallyat www.pacshell.org/survey.html

Fortrackingpurposeonly, pleaseprovidethe following:

Businessiame

Dept. of Ag.permit #

Surveycompletedby

Phone# Emailaddress
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