IUU Fishing: Economic Effects of [UU Imports
on U.S. Commercial Fishers

Species: Atlantic salmon, chinook salmon, chum salmon, coho salmon,
pink salmon, sockeye salmon

Model Release

Read Me :

This model accompanies the USITC report, Seafood Obtained via Illegal, Unreported, and Unregulated Fishing: U.S. Imports and
Economic Impact on U.S. Commercial Fisheries, Inv. 332-575. The report includes a quantitative analysis of the economic
impact of IUU imports on U.S. commercial fishers and U.S. commercial fishing production, trade, and prices. Economic effects
are modeled by species, with each species-level model customized to fit the unique features of the U.S. domestic industry.
Consumers of seafood products choose between domestic marine-capture sources, imports, and in some models, domestic
aquaculture products. Imports include both legal and IUU sources that enter the U.S. at the same price, so consumers cannot
distinguish an IUU from non-lUU product. 2018 data is used to establish an initial equilibrium with imports of IUU products
included in the baseline. The model then removes the IUU imports, as estimated in chapter 3, and solves for a new equilibrium
absent those products.

In the salmon model, there are domestic and imported varieties of atlantic, chinook, chum, coho, pink, and sockeye salmon
species. The model includes cross-species substitution, so relative price changes in one species affects the other species.
Landings of some of the domestic varieties are potentially constrained by low supply elasticities to capture their endangered
species status. There are two markets modeled: unprocessed and processed products. Landings flow to three destinations:
the unprocessed market, the processed market, or are exported outside the country. The price of the processed product is a
constant markup over the price of the unprocessed product, so increases in domestic prices of landed fish affect the price of
processing. Initial consumption of unprocessed products, before the policy change was implemented, was calculated as a
residual using 2018 conversion factors.

Data inputs in the simulation are in the BLUE-shaded cells (with sources for the input data listed in the cell above). Outputs
are in the GREEN-shaded cells. The white cells are intermediate calculations.

Note: p_xDU is the price of the unprocessed product sold to consumers. g_xDU is the quantity of landings, not the unpro-
cessed quantity sold to U.S. consumers. The unprocessed quantity sold to U.S. consumers must exclude exports and pro-

cessed product * conversion rate.

This PDF is a printout of the Mathematica file “IUU Fishing Model - salmon - model release.nb”
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1. Model Parameters

1.1 Within-Species Elasticity of Substitution

Source: USITC’s econometric estimation using the trade cost method in Riker (2020). More information can be found in the technical

appendix (appendix I).
Unprocessed Atlantic salmon: elasticity of substitution across varieties of unprocessed atlantic

salmon
In2]:= sigmaau = 5.1416;

Unprocessed chinook salmon: elasticity of substitution across varieties of unprocessed chinook

salmon
In[3]:= sigmacu = 4.0159 ;
Unprocessed chum salmon: elasticity of substitution across varieties of unprocessed chum salmon

In4]:= sigmahu = 4.0159;
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Unprocessed coho salmon: elasticity of substitution across varieties of unprocessed coho salmon
In[5]:= sigmaou = 4.0159;

Unprocessed pink salmon: elasticity of substitution across varieties of unprocessed pink salmon
In[6]:= sigmapu = 4.0159;

Unprocessed sockeye salmon: elasticity of substitution across varieties of unprocessed sockeye
salmon

In[7]:= sigmasu = 4.0159;
Processed chinook salmon: elasticity of substitution across varieties of processed chinook salmon
In[8]:= sigmacp = 4.0159;
Processed chum salmon: elasticity of substitution across varieties of processed chum salmon
In[9]:= sigmahp = 4.0159;
Processed coho salmon: elasticity of substitution across varieties of processed coho salmon
In[10]:= sigmaop = 4.0159;
Processed pink salmon: elasticity of substitution across varieties of processed pink salmon
In[11]:= sigmapp = 4.0159;
Processed sockeye salmon: elasticity of substitution across varieties of processed sockeye salmon

In[12]:= sigmasp = 4.0159 ;

1.2 Cross-Species Elasticity of Substitution

Source: USITC Staff Estimate and Interviews with Industry Participants.

Unprocessed: elasticity of substitution across unprocessed products
In[13]:= betau = 3.0;
Processed: elasticity of substitution across processed products

In[14]:= betap = 3.0;

1.3 Industry Price Elasticity of Demand

Source: USITC Staff Estimate.
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In[15]:=

In[16]:=

In[17):=

In[18]:=

In[19]:=

In[20]:=

In[21]:=

In[22]:=

In[23]:=

In[24]:=

Unprocessed
etau= -1.0;
Processed

etap= -1.0;

1.4 Illegal Imports Replacement Rates

Source: USITC Staff Estimate. Further discussion on qualitative factors and rate determination can be found in appendix | of the
USITC’s report.

Atlantic salmon: fraction of illegal imports replaced by legal imports of atlantic salmon
repla = 0.3;

Chinook salmon: fraction of illegal imports replaced by legal imports of chinook salmon
replc =0.3;

Chum salmon: fraction of illegal imports replaced by legal imports of chum salmon
replh =0.3;

Coho salmon: fraction of illegal imports replaced by legal imports of coho salmon
replo =90.3;

Pink salmon: fraction of illegal imports replaced by legal imports of pink salmon
replp =0.3;

Sockeye salmon: fraction of illegal imports replaced by legal imports of sockeye salmon

repls =0.3;

1.5 Price Elasticity of Supply
Source: USITC Staff Estimate and Interviews with Industry Participants.

U.S. production of Atlantic salmon
eau =5.0;
U.S. landings of chinook salmon

ecd =2.0;
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U.S. landings of chum salmon
In[25]:= ehd = 2.0;

U.S. landings of coho salmon
In[26]:= eod =2.0;

U.S. landings of pink salmon
In[27]:= epd =5.0;

U.S. landings of sockeye salmon

In[28]:= esd = 2.0;

1.6 Conversion Factors

Source: Conversion factors were obtained from NOAA Fisheries

In[29]:= cr = 1.52;

2. Data Inputs

2.1 U.S. Landings Quantities and Prices

Source: National Oceanic and Atmospheric Administration. National Marine Fisheries Service (NOAA Fisheries). Fisheries of the United
States 2018. Current Fishery Statistics No. 2018. U.S. Department of Commerce. Silver Spring MD: NOAA, February 2020. https://www.-
fisheries.noaa.gov/resource/document/fisheries-united-states-2018-report.

Chinook

In[30]:= qcdu@ = 3281 000.00; (*xkg+)

In[31]:= pcduoe = 11.7482; (*$/kg*)
Chum

In[32]:= ghdu@ = 62 944 000.00; (*xkgx)

In[33]:= phdu@ = 1.7379; (*$/kg*)
Coho

In[34]:= qodu@ = 13 104 000.00; (xkg*)
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In[35]:=

In[36]:=

In[37]:=

In[38]:=

In[39]:=

In[40]:=

In[41]:=

In[42]:=

In[43]:=

In[44]:=

In[45]:=

In[46]:=

podu@ = 2.8403; (x$/kgx)
Sockeye

qsdu@ = 120,339 000.00; (*xkgx)

psdu@ = 2.9210; (+$/kgx)
Pink

qpdu®@ = 61 590 000.00; (xkgx)

ppdue = 0.9970; (+$/kg*)
Atlantic

qadu@ = 18 003 000.00; (xkgx)

padu@ = 4.4179; (x$/kgx)

2.2 U.S. Processing Production Quantities and Prices

Sources:

National Oceanic and Atmospheric Administration. National Marine Fisheries Service (NOAA Fisheries). Fisheries of the United States
2018. Current Fishery Statistics No. 2018. U.S. Department of Commerce. Silver Spring MD: NOAA, February 2020. https.//www.fish-
eries.noaa.gov/resource/document/fisheries-united-states-2018-report.

National Oceanic and Atmospheric Administration. National Marine Fisheries Service (NOAA Fisheries). NOAA Processed Products
database. Accessed September 1, 2020.https://www.fisheries.noaa.gov/foss/f?p=215:3:5412288074334::NO:::

Processed Chinook

qcdpO® = 347 907.00; (xkgx)

pcdp@ = 31.9409; (x$/kg)

Processed Chum

qhdp0 =5 872 041.00; (xkgx*)

phdpe = 7.7801; (x$/kgx)
Processed Coho

qodp0 =4 061,329.00; (xkgx)



In[47]:=

In[48]:=

In[49]:=

In[52]:=

In[53]:=

In[54]:=

In[55]

In[56]:=

In[57]:=

In[58]:=

In[59]:=

podp@ = 6.8543; (x$/kgx)
Processed Pink

qpdp9 = 19 944 643.00; (xkgx)

ppdpe = 4.8824; (x$/kgx)
Processed Sockeye

qsdp0 = 27 432 877.00; (xkgx)

psdp@ = 13.9313; (x$/kg+)

2.3 Import Quantities and Prices
Source: IUU Estimate Database as described in Chapter 3 of the report.
Chinook

Total unprocessed imports

qctud =3 647 588; (xkg*)

pctud = 14.2695; (x$/kg+)

Total processed imports

qctpd = 590,030; (+kg*)
pctpl = 15.9467; (x$/kgx)
Illegal imports

qciu@ = 298 564; (xkgx)

qcip@ = 55 985; (xkgx)

Chum

Total unprocessed imports

ghtu@ = 944 068; (xkgx)

phtu@ = 4.27613; (x$/kg*)

Total processed imports

IUU Fishing Model - salmon - model release.nb
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In[60]:= ghtpo =11 082 850; (+kgx*)

wen=  phtp@ =7.53876; (x$/kgx)
Illegal imports

In[62]:= ghiu@ = 38 923; (+kg*)

In[63]:= ghip@ = 213 194; (xkg*)

Coho

Total unprocessed imports

In[64]:= qotu@ =469 052; (xkgx*)

In[65]:= potue = 10.337; (*$/kg*)
Total processed imports

In[66]:= qotpod =5 218 760; (xkg*)

neri=  potp@ = 9.88819; (x$/kgx)
Illegal imports

In[68]:= qoiu@ = 18 758; (+kgx)

In[69]:= qoip@ = 385 118; (xkgx)

Pink

Total unprocessed imports

In[70]:= qptue

2,269 827; (xkgx)

nr=  pptud = 5.69769; (x$/kgx)

Total processed imports

In[72]:= qptp0 =17 731 074; (+xkg*)

n7s=  pptpe = 6.62678; (x$/kgx)

Illegal imports



In[74]:=

In[75]

In[76]:=

In[77]:=

In[78]:=

In[79]:=

In[80]:=

In[81]:=

In[82]:=

In[83]:=

In[84]:=

In[85]:=

In[86]:=

In[87]:=

qpiu@ = 330 333; (xkgx*)

qpip0® = 818 928; (xkgx*)

Sockeye

Total unprocessed imports
qstud@ =4 236 885; (xkgx)
pstud = 8.7212; (x$/kgx)

Total processed imports

qstp@ =19 781 556; (+kgx*)

pstpl = 6.96608; (x$/kg*)

Illegal imports

qsiu@ = 560 874; (xkgx*)

qsip® = 3 655 213; (xkgx)

Atlantic

Total unprocessed imports

qatu@ =126 811 751; (xkgx)

patu@ = 8.33607; (x$/kg)
Total processed imports

qatp0 = 210 415 300; (xkg*)

patpe = 12.026; (*$/kgx)
Illegal imports

gaiu@ = 15108 631; (xkgx)

gqaip@ = 25 053 337; (xkgx)

Calculation of legal imports

IUU Fishing Model - salmon - model release.nb
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In[88]:=

In[89]:=

In[90]:=

In[91]:=

In[92]:=

In[93]:=

In[94]:=

In[96]:=

In[97]:=

In[98]:=

In[99]:=

In[100):=

In[101]:=

In[102]:=

In[103]:=

In[104]:=

In[106]):=

In[107]:=

In[108]:=

In[109):=

qalud = gatu@ - gaiu@;
qalpe = gatpo - qaipo;
qclue = qctu@ - qciuQ;
qclpe = qctpo - qcipo;
ghlu@ = ghtu@ - qhiu@;
ghlp® = qghtpe - qhipo;
qolu@ = qotu@ - qoiu@;
qolp® = qotp® - qoipo;
qplu@ = gptu@ - gpiu@;
qplpe = qptp@ - qpipo;
qslu@ = gstu@ - qsiuQ;

qslpo® = qstpo - qsipo;

2.4 Export Quantities

Source:National Oceanic and Atmospheric Administration. National Marine Fisheries Service (NOAA Fisheries). NOAA US Trade in
Fishery Products database. Accessed September 1, 2020. https.//foss.nmfs.noaa.gov/apexfoss/f?p=215:2:14884747663545::NO

gqadued® = 8 033 812.00; (xkg*)

qcdued® = 2 707 550.00; (xkg*)
qcdpe® = 131 378.00; (xkg*)
ghdue® = 36,963 258.00; (*xkg*)
ghdped® = 2471 392.00; (xkgx)
qodue® =5 980 213.00; (xkg*)

qodpe® = 1533 655.00; (xkgx)

qpdued® = 30,000 412.00; (*xkg=)

qpdped® = 16,530 654.00; (+kg*)

qsdued® = 40 802 050.00; (*xkg*)
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In[110]:= qsdpe@ = 20008 192.00; (+kgx*)

2.5 Catch Limits

No aggregate ACL available, inserted arbitrarily high limit so it doesn’t affect calculation.

In[111]:= qadcap = 400 000000.00; (xkgx)
In[112]:= qcdcap = 400 000 000.00; (xkgx)
In[113]:= ghdcap = 400 000 000.00; (xkgx)
In[114]:= qodcap = 400 000 000.00; (xkgx)
In[115]:= gqpdcap = 400 000 000.00; (xkgx)

In[116]:= gqsdcap = 400 000 000.00; (xkgx)

2.6 Import Market Share Statistics

7= N[qatue / (qatu@ + qadue - gadue® ) |
out[1171= ©.927116

nie= N[qetu@ / (qctu® + qcdu® - gcdue - cr gedpo) |
out[118= 0.987912

niop= N[qetp@ / (qctp@ + qcdp® - qcdpeo) |
outi119= 0.73154

niiz0.= N[qhtu@ / (ghtu@ + ghdu® - ghdue® - cr ghdpe) |
out[1201= 0.0524502

ni2i= N[qhtp@ / (qhtp@ + ghdp® - ghdpe@) |
out[121= 0.765205

nizzi= N[qotu@ / (qotu@ + qodu® - qodue@ - cr qodpe) |
out[1221= ©0.330407

nizs- N[qotp@ / (qotp@ + qodp® - qodpe@) |
out[123= 0.673698

nizai= N[qptu@ / (qptu@ + qpdu@ - qpdue® - cr qpdpe) |
out[1241= 0.64055
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nizs- N[qptp@ / (qptp@ + qpdpe - qpdpe@) |
out[125]= 0.838544

niizer= N[qstu@ / (gstu@ + qsdu@ - gsdue® - cr qsdpe) |
out[126]= 0.100696

nizr= N[qstp@ / (qstp@ + qsdpe - qsdpe@) |
out[127]= 0.727096

3. Calibration

inf12g1= vatu@ = qatu@ patue;
inr291= vatp@ = qatpe patpo;
inf1301= vetud = qctuld pctuo;
in1311= vetpd = qctpo pctpo;
in32= vhtu@ = ghtue phtue;
ini33= vhtp@ = ghtpe phtpe;
inf1341= votu@ = qotu@ potuo;
inr1351= votp@ = qotpe potpo;
inf13e1= Vptud = qptue pptuo;
ni1371= Vptp@ = qptp@ pptpo;
inf13e1= VStu@ = qstu@ pstuo;
inf1391= VStp@ = qstp@ pstpo;
ni40)= vadu@ = (qadu® - qadue®) paduo;

in1411= vedu® = (chua - qcdue® - cr qcdpo ) pcdu@;

inf142:= vedp@ qcdpo - chpee) pcdpo;
ni43= vhdu®@ = (qhdu®@ - ghdue® - cr ghdp® ) phduo;
qhdp@ - ghdpe®) phdpe;

in145:= vodu@

inf1441:= vhdp@ =
= (qodu@ - qodue® - cr qodp© ) podu@;

in[146:= vodp@
inf147:= vpdu® = (qpdu®@ - qpdue® - cr qpdpo ) ppdu@;
inf4g)= vpdp@ = (qpdpO - qupee) ppdp9;

(

(

(

(

(qodpe - qodpe®) podpo;

(

(

ni4e)= vsdu@ = (qsdu@ - qsdue® - cr qsdp® ) psduo;
(

niis0)= vsdp@ = (qsdp@ - qsdpe@) psdp@;



n-1= 3.1 Supply Parameters

In[152]:=

In[153]:=

In[154]:=

In[155]:=

In[157]:=

In[158]:=

In[160]:=

In[161]:=

In[162]:=

In[163]:=

In[164]:=

In[165]:=

In[166]:=

In[167]:=

In[168]:=

In[169):=

In[170]:=

eauu

aadu

ecdu

acdu

ehdu

ahdu

eodu

aodu

epdu

apdu

esdu

asdu

qadu@

N[eau H
(qadcap - qadue)

(qadcap - qadue) padue**;

B

qcdu@

N[ecd
(qcdcap - qcdue)

(qcdcap - qcdue) pcdues;

E
(qhdcap - ghdue) phdue®";

B

ghduo
(qhdcap - ghdue)

N[ehd

qodu@

N[eod
(qodcap - qodue)

(qodcap - qodu@) podue®;

B

qpdu®
(apdcap - qpdue)

N|[epd

(apdcap - qpdue) ppdue;

B

qsdu@

N[esd
(qsdcap - gsdue)

(qsdcap - qsdue) psdue®s®;

3.2 Demand Parameters

batu

Paue@

bctu

Pcuo@

bhtu

Phue

botu

Pou@

vatuo (patue]smmqu

vadu@ \ padu@

. . 1
(paduel-ngmaau + batu patuel—ngmaau) —1-sigmaau;

I

vctuo (pctue]si@wuhl.

vcdu@ \ pcdu@

: . 1
(pcdual—ngmacu + bctu pctuel—ﬂgmacu) _l—sigmacu_;

vhtuo (phtua]Sigmhwi'
vhdue \ phdue ’

: . 1
(phdu01-51gmahu + bhtu phtuel—ngmahu) T-signau }

votuo ( potue J sigmaou-1
3

vodu@ \ podu@

s . 1
(podual-51gmaou + botu potuol—ugmaou) T-sigmaou ;

IUU Fishing Model - salmon - model release.nb
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vptuo® [ pptu@ ) sismapu-1
ni71= bptu = —— (_J ;
vpdu@ \ ppdue
i . 1
ni72= Ppu@ = (ppdu@l SE"PY 4 bptu pptu@’ SEnPY) iigam 5
vstu@ (pstuo sigmasu-1
n173= bstu = ( ] ;
vsdu@ \ psdu@
i . 1
Inf1741= PSu@ = (psdu01—518masu + bstu pstuel—ngmasu) Teigen

vcdu® + vctu® ([ Pcu@ ) betau-1
nf7s1= beu = ( ) .

vadu® + vatu@ \Pau@ ’

vhdu® + vhtu@ [ Phu@ ) betau-1
in(17e):= bhu ( ) .

vadu® + vatud \Pau@ ’

vodu® + votu®
n1771= bou = (
vadu® + vatu@

.
3

Pou® betau-1
PauaJ

infi7er= bpu

vpdu@ + vptuo (Ppua]bemu4'

vadu@ + vatue \Pau@ ’

vsdu@ + vstu@ (Psu@ )betau-1
inf179:= bsu = ( ] .

k)
vadu@ + vatu@ \Pau0
inf180)= Pu@ = (Pau@l'b‘?cau + bcu Pcu@t-betau

1
bhu Phu@*-*¢*2" + bou Pou@*-***2" + bpu Ppu@*-"**a" + bsu Psu@*-t") et ;

vctpo
nps1= betp = ——— (
vcdpo

I

pctpo ] sigmacp-1
pcdp®

inf1821= Pcp@ = (pcdpal-sigmacp +bctp pctpel—sigmacp) FPrr—

vhtpo htpo \ sigmahp-1
infssi= bhtp = vhtpo (u] .

vhdpe | phdpe ’
i : 1
infis4i= Php@ = (phdp01-51gmahp +bhtp phtp01'51gmahp) Toga

votpo
infssi= botp = ——— (

potpo sigmaop-1
vodpo J

3

podp0
i . 1
ini1sel= Pop@ = (podp01'51gma°p + botp potpol-ﬂgmat)p) Totgmor ;

vptpo
ns71= bptp = vptpo (

ppt pa sigmapp-1
vpdpo J

3
ppdpo
. . 1
nies- Pppo = (ppdpe1-s1gmapp + bptp pptpal—SISmaPp) Tosignapr §

vstpo
in1s9;= bstp = (
vsdp0

E]

pst pa ] sigmasp-1
psdpo

i . 1
infooj= PSp@ = (psdpel—slgmasp + bstp pstpel—slgmasp) Trig



In[191]:=

In[192]:=

In[193]:=

In[194]:=

In[195]:=

In[196]:=

In[197]:=

In[198]:=

bhp =

bop =

bpp =

bsp =

bap =

Ppo =

ku
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vsdp@ + vstpo

]

vhdp@ + vhtp@ [ Phpe )betap-1 .
vcdpo + vctpo ( Pcp@] ’
vodp@ + votp@ (Pop@ \betap-1 '
vecdpo + vctpo ( PchJ ’
vpdp@ + vptp@ [ Ppp@ \betapr-1 ‘
vcdpo + vctpo ( Pcpa] g

Psp0 betap-1
vcdpo + vctpo ]

vatpe ( patpo ) betap-1
vedp9 + vetpo \ Pcpo ’
(Pcp@?-bet?P + bhp Php@*-°eteP 4

1
bop Pop@™~"*?P + bpp Ppp@*~"t? + bsp Psp@*~"¢t? 4+ bap patp@’~*e*P) ibewar

qatue Pue—etau—betau Pauabetau—sigmaau patuesigmaau

Bl

batu

qatpe Ppe-etap—betap patpebetap

bl

bap

4. New Equilibrium Calculation

In[199]:=

In[200]:=

In[201]:=

In[202]:=

In[203]:=

In[204]:=

In[205]):=

In[206]:=

In[207]:=

In[208]:=

In[209]:=

Pau

Pcu

Phu

Pou

Ppu

Psu

1
Pu = (Pau~"®t® 4 bcu Pcu®-***" 1 bhu Phu~"¢*2" + bou Pou®~***2" 1 bpu Ppu~"t2 4 bsu Psu®~*et") e 5

pcdp
phdp =
podp

ppdp

(padul—sigmaau + batu patul-sigmaau) $;
(pcdul-sigmacu + bctu pctul-sigmacu) $;
(phdul—sigmahu + bhtu phtul—sigmahu) $;
(podul-sigmaou + botu potul-sigmaou) $;
(ppdul—sigmapu + bptu pptul-sigmapu) $;

Y i —1
(psdu~SiEmst , pstu pstul-SiEnast) g

pcdu pcdpo .
pcdue ’
phdu phdpe
phduo
podu podpo .
podu@ ’
ppdu ppdp@
ppdu@ ’
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In[210):=

In[211]:=

In[212):=

In[213]:=

In[214]:=

In[215]:=

In[216]:=

In[217):=

In[218]:=

In[219]:=

In[220]:=

In[221]:=

In[222]:=

In[223]:=

In[224]:=

In[225]:=

In[226]:=

In[227]:=

In[228]:=

In[229]:=

In[230]:=

In[231]:=

psdu psdp0
=

psdp

psdu@
Pcp = (pcdp~S'E™<P . bctp petpt-SiEnacr) ﬁ,
Php = (phdp'-S*€""P 4 bhtp phtp’-siehp) ot ;
Pop = (podpl‘Sig"IaoP + botp potpl‘Sig'"“p) %,

Ppp = (ppdpl—sigmapp + bptp pptpl-sigmapp) —1_sigmapp;
s : 1
Psp = (psdp'~>'8"P . bstp pstp’>18"%P) iigusy ;

Pp = (Pcpl—betap +bhp Phpl—betap + bop Popl—betap + bpp Pppl—betap +bsp Pspl—betap + bap patpl—betap) l—blTap;
Equilibrium equations

Total supply (landings) = exports + consumer demand for whole fish + consumer demand for processed
fish

E1 = gadcap - aadu padu=®®"" == gadue® + ku Puctau+betau pg  sigmaau-betau o g -sigmaau .

E2 = qcdcap - acdu pcdu= == qcdue® + cr qcdpe® +
ku bcu Puetau+betau Pcu51gmacu—betau pcdu—ﬂgmacu +cr kp Ppetap+betap Pcp51gmacp—betap pcdp‘“g"‘ac”;

E3 = ghdcap - ahdu phdu=¢"" == ghdue® + cr qhdpe® +
ku bhu Puetau+betau Phusigmahu—betau phdu—s:i.gmahu +cr bhp kp Ppetap+betap Phpsigmahp—betap phdp—sigmahp;

E4 = qodcap - aodu podu=°%" == qodue® + cr qodpe® +
ku bou Puetau+betau Pousigmaou—betau podu—sigmaou +cr bop kp Ppetap+betap Popsigmaop—betap podp—sigmaop;

E5 = qpdcap - apdu ppdu~¢P% == qpdue® + cr qpdpe0 +
ku bpu Puetau+betau Ppusigmapu—betau ppdu—sigmapu +Cr bpp kp Ppetap+betap Pppsigmapp—betap ppdp—sigmapp;

E6 = gsdcap - asdu psdu~®5% == qsdue® + cr qsdpe0 +
ku bsu Puetau+betau Psusigmasu—betau psdu-sigmasu +Cr bsp kp Ppetap+betap Pspsigmasp-betap psdp—sigmasp;

Supply of imported unprocessed product = Demand for imported unprocessed product
E7 = qalu@ + repla qaiu® == ku batu Pustau+betau pgysigmaau-betau oy -sigmaau,

E8 = qclu® + replc qciu® == ku bctu bcu pystau+betau peysigmacu-betau e, -sigmacu,

E9 = qhlu® + replh qhiu® == ku bhtu bhu pystau+betau ppysigmahu-betau ¢ ,-sigmahu

E10 = qolu® + replo qoiu@ == ku botu bou Puctau+betau pgsigmaou-betau 14 ,-sigmaou

E11 = qplu® + replp qpiu® == ku bptu bpu Pyctau+betau ppsigmapu-betau ¢ ,-sigmapu ,

E12 = qslu@ + repls qsiu® == ku bstu bsu pyétau+betau pgysigmasu-betau g ;-sigmasu,

Supply of imported processed product = Demand for imported processed product

E13 = qalp® + repla qaip®@ == kp bap PpetaP+betap patp-betap,

E14 = qclp® + replc qcip@ == kp bctp PpetaP+betap pepsigmacp-betap pctpy-sigmacp,

E15 = ghlp@ + replh ghip® == kp bhtp bhp Pp®taP+betap pppsigmahp-betap npt,-signahp



In[232]:=

In[233]:=

In[234]:=

In[235]:=

out[235]=

In[236]:=

In[237]:=

In[238]:=

In[239]:=

In[240]:=

In[241]:=

In[242]:=

In[243]:=

In[244]:=

In[245]:=

In[246]:=

In[247]:=

In[248]:=

In[249]:=

In[250]:=

In[251]:=

In[252]:=

In[253]:=

In[254]:=
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E16 = qolp@ + replo qoip® == kp botp bop PpetaP+betap popsignaop-betap ot p-signacp ,

E17 = qplp@ + replp qpip@ == kp bptp bpp Pp®aP+0etaP pppsignapp-betap ppp-signace ;

E18 = qslp@ + repls qsip® == kp bstp bsp PpetaP+betap pgpsignasp-betap ot y-signasp
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FindRoot [ {E1, E2, E3, E4, E5, E6, E7, ES, E9, E10, E11, E12, E13, E14, E15, E16, E17, E18},

{padu, padu@}, {patu,
{phtu, phtue}, {podu,

{phtp, phtpo}, {potp,
{psdu, psdu@}, {pstu,

patu@}, {pcdu, pcdu@}, {pctu, pctue}, {phdu, phduo},
podu@}, {potu, potue@}, {patp, patp@}, {pctp, pctpo},

potp@}, {ppdu, ppdu@}, {pptu, pptu@}, {pptp, pptpo},
pstu@}, {pstp, pstp@}, AccuracyGoal -» 6, PrecisionGoal -» 6]

{padu -» 4.50327, patu - 8.91384, pcdu - 11.8541, pctu - 15.1364,

phdu - 1.76556, phtu - 4.45751, podu - 2.89877, potu - 10.8214,
patp - 12.9862, pctp » 16.9778, phtp » 7.92113, potp —» 10.5185, ppdu —» 1.00104,
pptu - 6.12923, pptp » 7.01129, psdu -» 2.9752, pstu - 9.26916, pstp » 7.57592}

padul = padu /. %;
patul = patu /. %%;
patpl = patp /. %%%;
pcdul = pcdu /. %%%%;
pctul = pctu /. %%%%%;
pctpl = pctp /. %%%%%%;
phdul = phdu /. %%%%%%%;
phtul = phtu /. %%%%%%%%;
phtpl = phtp /. %%%%%%%%%;
podul = podu /. %%%%%%%%%% ;
potul = potu /. %%%%%%%%%%% ;
potpl = potp /. %%%%%%%%%%%% ;
ppdul = ppdu /. %%%%%%%%%%%%%
pptul = pptu /. %%%%%%%%%%%%%%;
pptpl = pptp /. %%%%%%%%%%%%%%% ;
psdul = psdu /. %%%%%%%%%%%%%%%% ;
pstul = pstu /. %%%%%%%%%%%%%%%%% ;
Pstpl = pstp /. %%%%%%%%%%%%%%%%%%
pcdpi = pcdul pcdpei

pcduo
phdp1 = phdul phdpe;

phdu@
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podul podp0
in2sei= podpl = ———
podu@
ppdul ppdp®

ppdu@

ines71= ppdpl =

psdul psdp@
in2ssi= psdpl = ———
psdu@

nzsop- Paul = (padul®-Si8™ 4 patu patull-siEmaay) e
nzeoy= Peul = (pcdul®~SHMcY 4 petu petull-signacy) g
n2611= Phul = (phdull'Sig"‘ahu + bhtu ph‘tull'Sigmah”) $;
nzezi= Poul = (podull-Si8™Y , botu potull-sigmacy) e ;
nzes= Ppul = (ppdul®~SiE™PY . pptu pptull-sinapy) $,

Y : —1
ini264= Psul = (psdull'Slgm"=|Su + bstu pstull'“gmasu) 1osignasu §

in2651= Pul = (Paull'be'cau + bcu Pcu1l-betau |

1
bhu Phu1-"¢*2" 4 bou Pou1~"¢*2" + bpu Ppu1~P¢t® + bsu Psu1~PtaY) Toera ;

nzeep= Pepl = (pedpl®~SiE™P 4 betp potplt SIEEP) i ;

. . 1
inz671= Phpl (phdpll'51gmalhp + bhtp phtp11'51gmahp) Tsignahp

Y s 1
nzss)= Popl = (podpl'~si&"P 4 botp potpl®~S1E"AP) Lsigmaos 5
nzeop= Pppl = (ppdpl'-SiE"PP 4 bptp pptplt-SIETPP) Tiigm ;

Y . 1
nez7op= Pspl = (psdpl~S8™sP 4 bstp pstpl~SIE"P) isigness 5

in2711= Ppl = (Pcpll'betap + bhp Php1t-betap

bop Pop1'~"¢t?P 4 bpp Ppp1~"t? 4+ bsp Psp1-Pt?P 4 bap patpl?-beter) ﬁ,
ine72;= qadul = qadcap - aadu padul=¢3;
ne7a= qatul = gqalu@ + replagaiu@;
ne74= qatpl = qalp® + repla qaip@;
ne7si= qedul = qedcap - acdu pcdul—ecd¥;
ne7er= qctul = qclu@ + replc qciu@;
ne771= qctpl = qclp® + replc qcip0;
nerer= qedpl = qcdpe® + kp Ppl1etap+betap pepqsigmacp-betap e g -sigmacp,
nerer= qhdul = ghdcap - ahdu phdu1-¢hdv;

inzsop= qhtul = gqhlu@ + replh ghiue;



In[281]:=

In[282]:=

In[283]:=

In[284]:=

In[285]:=

In[286]:=

In[287]:=

In[288]:=

In[289]:=

In[290]:=

In[291]:=

In[292]:=

In[293]:=

In[294]:=
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ghtpl = qhlp@ + replh ghipo;

ghdpl = ghdpe® + kp bhp Pp1etap+betap pppq signahp-betap pp gy -sigmahp
godul = qodcap - aodu podul-¢°%";

qotul = qolu@ + replo qoiu@;

qotpl = qolpo + replo qoip@;

godpl = qodpe® + kp bop Pp1etap+betap popq sigmaop-betap 1o gy -sigmaop
qpdul = gpdcap - apdu ppdul-¢Pd;

qptul = gplu@ + replp qpiu@;

qptpl = qplp@ + replp qpip@;

qpdpl = qpdpe® + kp bpp Pp1etap+betap pppyq signapp-betap gy -sigmapp
gsdul = gsdcap - asdu psdu1-¢59";

qstul = gslu@ + repls qsiu@;

qstpl = qslp@ + repls qsip@;

qsdpl = qsdpeO + kp bsp Ppletap+betap Psplsigmasp—betap psdpl'SigmaSP;

5. Results

In[295]):=

Out[295]=

In[296]:=

Out[296]=

In[297]:=

out[297]=

Atlantic Salmon
Percent change in price of unprocessed domestic production

(padul - padue) 100

padu@

1.93229

Percent change in quantity of landings

(qadul - gadue) 100

gadu@

9.54774

Change ($) in operating income, unprocessed product

(1/sigmaau) (padul (qadul - qadue®) - padu@ (qadu® - gadue@) )

1.671 x 10°

Percent change in price of unprocessed imports
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In[298]:=

out[298]=

In[299]:=

out[299]=

In[300]:=

Out[300]=

In[301]:=

out[301]=

In[302]:=

out[302]=

In[303]:=

out[303]=

In[304]:=

out[304]=

(patul - patue) 100

patuo

6.93098

Percent change in quantity of unprocessed imports

(qatul - qatue) 100

qatuo

-8.33995

Percent change in price of processed imports

(patpl - patpe) 100

patpo

7.98448

Percent change in quantity of processed imports

(qatpl - qatpe) 100

qatpeo

-8.33463

Chinook Salmon
Percent change in price of unprocessed domestic production

(pcdul - pcdue) 100

pcdue

0.901156

Percent change in quantity of landings

(qcdul - qcdue) 100

qcdu@

1.79411

Percent change in price of processed domestic production

(pcdp1 - pcdpe) 100

pcdp0

0.901156

Percent change in quantity of processed domestic product
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(qcdp1 - qcdpe) 100

In[305]:=

qcdpo

Out[305]= 9.84545

Change ($) in operating income, unprocessed product

nzoe= (1 /sigmacu) (pedul (qcdul - qcdue@ - crqedpl) - pcdu@ (qcdu@ - gedue® - cr qedpe) )

Out[306]= 21 248.9

Change ($) in operating income, processed product
neon= (1 / sigmacp) (pedpl (qcdpl - qcdpe@) - pcdp@ (qcdpe - gedpeo) )

out[307]= 290 410.

Percent change in price of unprocessed imports

(pctul - pctue) 100

In[308]:=

pctuo

Out[308]= 6.07504

Percent change in quantity of unprocessed imports

(qctul - qctue) 100

In[309]:=
qctuo

out[309]= -5.72967

Percent change in price of processed imports

(pctpl - pctpe) 100

In[310]:=

pctpo

out[310]= 6.46592

Percent change in quantity of processed imports

(qctpl - qctpe) 100

In[311]:=

qctpo

out[311]= -6.64195

Chum Salmon

Percent change in price of unprocessed domestic production
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(phdul - phdue) 100
phdue

In(312]:=
out[312]= 1.59132

Percent change in quantity of landings

(qhdul - ghdue) 100
ghdue

In[313]:=
out[313]= 3.14829

Percent change in price of processed domestic production
(phdp1 - phdpe) 100
phdpe

In(314]:=
out[314]= 1.59132

Percent change in quantity of processed domestic product
(qhdp1 - ghdpe) 100
ghdpe

out[315]= 7 .4969

Change ($) in operating income, unprocessed product

meie= (1 /sigmahu) (phdul (ghdul - ghdue@ - cr ghdpl) - phdu@ (ghdu@ - ghdue® - cr qhdpe) )

out[316]= 694 491.

Change ($) in operating income, processed product
nein= (1 /sigmahp) (phdpl (qhdpl - ghdpe@) - phdpe (qhdpe - ghdpee) )

out[317]= 971 261.

Percent change in price of unprocessed imports

(phtul - phtue) 100
phtue

In318]:=
out[318]= 4.24167

Percent change in quantity of unprocessed imports



In[319]

out[319]=

In[320]

out[320]=

In[321]

out[321]=

In[322]

out[322]=

In[323]

out[323]=

In[324]

out[324]=

In[32

3]

]

Out[325]=
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(ghtul - ghtue) 100
ghtue

-2.88603

Percent change in price of processed imports
(phtp1 - phtpe) 100
phtpo

5.07208

Percent change in quantity of processed imports

(qhtpl - ghtpe) 100
ghtpo

-1.34655

Coho Salmon
Percent change in price of unprocessed domestic production

(podul - podue) 100

podu@

2.05842

Percent change in quantity of landings

(qodul - qodue) 100

qodu@

4.07223

Percent change in price of processed domestic production

(podp1 - podpe) 100

podpo

2.05842

Percent change in quantity of processed domestic product

(qodp1 - qodpe) 100

qodpo

7.46636

Change ($) in operating income, unprocessed product
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nszer= (1 / sigmaou) (podul (qodul - qodue® - cr qodpl) - podu@ (qodu@ - godue@ - cr qodpe) )

Out[326]= 66 ,323.2

Change ($) in operating income, processed product
nser= (1 /sigmaop) (podpl (qodpl - qodpe@) - podp@ (qodp@ - qodpe®) )

out[327]= 617,014.

Percent change in price of unprocessed imports

(potul - potue) 100

In[328]:=
potuo

out[328]= 4.68644

Percent change in quantity of unprocessed imports

(qotul - qotue) 100

In[329]:=

qotuo

out[329]= -2.79939

Percent change in price of processed imports

(potp1 - potpe) 100

In[330]:=
potpe

out[330]= 6.37439

Percent change in quantity of processed imports

(qotp1l - qotpe) 100

In[331]:=

qotpo

out[331]= -5.16564

Pink Salmon
Percent change in price of unprocessed domestic production

(ppdul - ppdue) 100

In[332]:=
ppdu@

out[332]= 0.405075

Percent change in quantity of landings
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(qpdul - gpdue) 100

In[333]:=

qpdu@

out[333]= 2.01757

Percent change in price of processed domestic production

(ppdp1 - ppdpe) 100
ppdpe

In[334]:=
out[334]= 0.405075

Percent change in quantity of processed domestic product

(apdp1 - qpdpe) 100
qpdpo

3]

In[335]

Out[335]= 3.32277

Change ($) in operating income, unprocessed product
mssep= (1 /sigmapu) (ppdul (qpdul - qpdue@ - cr qpdpl) - ppdu@ (qpdu@ - gpdue® - cr qpdpe) )

Out[336]= 59 932.5

Change ($) in operating income, processed product
wssr= (1 /sigmapp) (ppdpl (qpdpl - qpdpe@) - ppdp@ (qpdpe - qpdpeo) )

out[337]= 825,784.

Percent change in price of unprocessed imports

(pptul - pptue) 100

In[338]:=

pptuo

out[338]= 7.57388

Percent change in quantity of unprocessed imports

(qptul - gptue) 100

In[339]:=

qptuo

Out[339]= -10.1873

Percent change in price of processed imports
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(pptpl - pptpe) 100
pptpe

In[340]:=
Out[340]= 5.80233

Percent change in quantity of processed imports

(aptp1 - gptpe) 100
qptpe

In[341]:=
out[341]= -3.23302

Sockeye Salmon
Percent change in price of unprocessed domestic production

(psdul - psdue) 100

In[342]:=

psdu@

out[342]= 1.85552

Percent change in quantity of landings

(qsdul - gsdue) 100

In[343]:=
gqsdu@

out[343]= 3.64809

Percent change in price of processed domestic production

(psdp1 - psdpe) 100

In[344]:=

psdpo

out[344]= 1.85552

Percent change in quantity of processed domestic product

(qsdp1 - qsdpe) 100

In[345]:=

qsdp@

Oout[345]= 3.59378

Change ($) in operating income, unprocessed product

nsai= (1 /sigmasu) (psdul (qsdul - gsdue@ - cr qsdpl) - psdu@ (qsdu@ - gsdue@ - cr qsdpe) )

Out[346]= 2.6529 x 10°

Change ($) in operating income, processed product
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nean= (1 / sigmasp) (psdpl (qsdpl - gsdpe@) - psdpe (qsdpe - gsdpee) )

Out[347]= 3.96142 x 10°

Percent change in price of unprocessed imports

(pstul - pstue) 100

In[348]:=

pstuo

Out[348]= 6.28314

Percent change in quantity of unprocessed imports

(qstul - gstue) 100

In[349]:=

qstuo

out[349]= -9.26652

Percent change in price of processed imports

(pstpl - pstpe) 100

In[350]:=

pstpo

Out[350]= 8.75436

Percent change in quantity of processed imports

(astpl - qstpe) 100

In[351]:=

qstpo

out[351]= -12.9345

Price Indexes
Percent change in unprocessed price index

(Pul - Pue) 100
Puo

out[352]= 6.10258

Percent change in processed price index
(Pp1 - Ppe) 100
Ppo

In[353]:=

out[353]= 7.43472



