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Abstract: 

The particular production function and the conditions in the fishing industry have implications for adjustment patterns both in the primary fishery and in related industries. When resource availability changes, or prices of traded products suddenly change, adjustments are required throughout the fisheries sector. In this paper the character of these adjustments is analysed on a sector by sector basis to compare the effects on prices, quantities and income generation in relevant sectors. Implications for the analysis of fishermen’s behaviour and reaction to natural variation, trade conditions and legislation are derived.

1. Introduction.

The focus of this paper is the adjustment process in and between the primary fishery sector and the related production sectors. Recently in Denmark and probably in other European countries as well, there has been a change in the development process and the relationship between the areas in which the fishery is located and the areas primarily expected to benefit from the single market and the new economy. Also in some cases local economies have experienced unexpected drops in value added and thus tax revenue generation. In a local economy which is in a process of positive convergence towards the high income earning areas short run negative changes in the growth are not felt as strongly as they are when the convergence process turns into a process of divergence. 

The fisheries sector generally was important in the local economies for two reasons. Partly because it generates income and employment in places, that have a disadvantage in markets, partly because the fluctuations in the fishery sector has a different profile than the profile of the general business cycles.  On the other hand the fishery sector also is characterized by strong fluctuations due to natural variation in the resource as well as market developments and changes in legislation. If there is a negative trend in the local economy in general and at the same time a sharp downturn in the fisheries sector this could cause some distress not only in the fisheries sector but throughout the local economy. It is therefore of interest to have a closer look at how the fishery interacts with the rest of the economy, when such changes in the business environment of the fishery sector occur.

In section two the relationship between fishery and the local economy is given a qualitative assessment. In section three some recent developments in the local economies are described, while in section four a quantitative analysis of the interaction between the fishery and the related industries is carried out. The model setting, which is used for the analysis, is shortly described in Annex 1.

2. Fisheries and cohesion of the national and local economy

In recent reports on the development of the local communities in Denmark (Norstrand et al.2001) a new development in the cohesion on the national level is described. Previously there were a tendency to diminish the differences between the regions in the national economy, but since 1993 there has been at tendency to centralise the growth in the population in the centres particularly around the capital. Since 1998 there has been a change so that the convergence in income per capita now has become a divergence. The reasons given for this are mainly internationalisation and new economy.

The communities, which lack the most, are communities situated on islands and far from the population centres. Since fishery activity in the Atlantic and Baltic areas is typically located in remote areas with low den​sity of population, this means that the communities in which fishery is important suffer from the new trend in centralisation and divergence.

Further some counties and municipalities recently experienced unexpected drops in income generation. This has effects on the local business environment but also on the local tax income revenue and therefore on the welfare system in the local economies.

Obviously an unexpected downturn in growth is felt particularly hard when there is a general tendency to diverge from the national development, so it is understandable that there is some focus on the factors that provoked this new development.

However the general change was in fact foreseen during the single market process up to 1992. The single market process was set in motion follow​ing the single European Act in 1986. With this in​strument the tradeability of goods was facilitated through the removal of technical trade barriers.

Cohesion was a concern in the single market pro​cess. This was originally not linked to the situation of fisheries, only to certain geographic characteristics. However since fishery and fisheries related activity generally is located in remote areas the coincidence is that fisheries dependent areas are at the same time areas of low den​sity, low income population i.e. cohe​sion priority areas. (Frost et al 1997)

The European Union is one of the corners of the so-called triad of the global economy. Partly the pur​pose for starting up the single market and EMU processes were to increase global competi​tiveness of EU industry. By creating a large efficiently func​tioning home market for EU industries the basis for competition in the global economy was to be strengthened.

It was envisaged that increased transparency and effi​ciency of the markets could lead to concentration of production in areas where production was already con​cen​trated. Due to potential synergy effects production could be concentrated and unem​ployment in areas lagging could be reduced. Con​nected to the Single act a modifica​tion and doubling of the structural funds (Regio​nal, Social and FEOGA dev. funds) was arranged. More support was envisaged for lagging areas and for areas with industrial decline and for employ​ment, par​ticularly of young people.

In a study concern​ing the Nordic countries it was men​tioned that a decision by the Icelandic and Norwe​gians to strengthen their market positions in EU would seriously affect fisheries depend​ent local communities around the North Sea. Aside from such remarks surprisingly little refer​ence was made to the particular cohesion role of fisheries. One reason could be that fisheries take place within the so‑called travel to work area and therefore statis​ti​cally "disappears" in the usual analysis based on the NUTS level spatial distinction.

Maps produced to highlight scenarios for the regional development in Europe confirmed the expected core development in the area between southern England and Northern Italy, sometimes named the "Blue Banana". This US inspired under​stand​ing of concentration of develop​ment in "belts" later was contradicted by studies indicating "spots" in belts rather than evenly developing belts. This of cause relates very well to fisheries, which obviously take place in spots along the coastline. To many such spots no activ​ity would be taking place if it were not for the fishery. To other spots fishery adds an element of income and more important​ly an element of variability. This variability however does not follow the variation of industrial produc​tion, thus fishery besides providing income also to some extent modifies the busi​ness cycles of indus​try.

But in general the spots with a tendency to attract business activity do not coincide with fisheries dependent areas. On the contrary the activity is likely to concentrate in the densely populated areas. This is in fact the picture, which is now emerging in Denmark. And it is particularly interesting that the first indicator to break the trend according to statistical investigations changes in 1992-1993. Since then there has been a centralisation trend, so that in absolute terms the population grows faster in the centres than in the rest of the country. 

A number of maps of Europe highlighting different aspects of cohesion were produced during the single marked process. When comparing the maps on the areas expected to benefit from the single market process with the maps showing areas of priority for structural support for the fishery it was clear that they were almost exactly opposite. 

So it seems that what is now statistically measurable was in fact foreseen in the scenarios produced during the single marked process. And not only was it foreseen but structural funds were made available to help the marginalized areas by facilitating the establishment of trans European networks and infrastructure (Holland, 1993)

3. Recent developments in the local economies.

The vulnerability of the local economy to changes in the fishery activity is dependent on the particular profile and product mix of the local fishery. In some areas a specialised fishery takes place while in other communities a flexible multi product fishery takes place.

Recently there has been some concern in the western parts of Denmark due to the reduction of quotas for Cod from the North Sea. There has been a dramatic change in resource availability.

In figure 1 the development of the Danish landings of cod from the North Sea are displayed.
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Figure 1
For some fleets this may be a serious problem. For other fleets cod is not a major target species. In table 1 the profile of the fisheries of fleets related to three communities is given. The three communities are selected because they represent three typical societies. The three types are the “Town with a harbour” type (Represented by fleet E), the local “Coastline” fisheries community (Represented by fleet L+SK) and the “Island” economy (Represented by fleet R+SE).

Table 1. Value of the Danish fishery by vessel district
 

 
1000 Dkr

 
1996
1997
1998
1999

E



 

Cod
15,734
12,633
15,023
14,844

Plaice
25,104
33,924
22,190
27,956

Herring
32,189
24,637
24,540
30,010

Industry
304,655
446,224
460,578
297,996

Total
443,857
587,118
585,601
447,139

 



 

L+SK



 

Cod
115,979
131,391
163,910
147,989

Plaice
105,953
110,077
93,323
107,099

Herring
4,149
4,735
8,452
14,498

Industry
216,760
267,034
280,838
196,842

Total
566,733
642,507
683,097
619,591

 



 

R+SE



 

Cod
109,329
114,242
117,193
145,812

Plaice
3,983
4,866
4,690
4,020

Herring
6,579
1,024
1,171
74

Industry
1,123
5,625
6,841
3,942

Total
186,293
194,168
210,425
232,117

The translation of landings value into income generation.

For each fleet it is obvious that there are quite marked changes from year to year, both in terms of the value of the harvest of each individual species and in terms of the over all value of catches. The value of the catch does not immediately reflect the value to society in terms of income generation. There are costs associated with bringing in the catch. On the other hand when the catch is processed in the community this creates further income, which must be counted as well.

On a previous occasion the relationship between landings value and income generation was studied using input output data and information on the application of raw material fish from the Baltic for various processing purposes. The result of the calculations were that the income generated per money unit of landings were between 1 and 3. The value added created by high priced fish are often much lower than low priced species. 

Since in the fishery it is the resource and regulation that are constraints, the calculation of value added per unit of landings was performed on the basis of this constraint. The result is the value added generated by a unit of landings. For technical reasons the landings unit was the quantity that costs one money unit. (Dkr).

Using the following formulation and information of the use (processing and/or trade) of the landings throughout the value added chain it was then possible to estimate the value added likely to be generated on average per Dkr unit of landings. This number can be considered as a multiplier and therefore can be used in a variety of cases, where the total income generation effect of typical landings are needed. 
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Where xn is the production value in non-fisheries sectors.

I is the unity matrix.

An  and Af  are coefficient matrices corresponding to xn and xf.

xf  is production value in fisheries sectors

G is wholesale gross earnings by sales of fresh fish for exports.

y are primary inputs

Yn and Yf are corresponding coefficient matrices.

Table 2. Value added per money unit of landings

Species
Value added per Dkr landings value.

Cod
1.826

Salmon
2.495

Eel
1.317

Herring1
2.136

Sprat1
2.703

Industry (Reduction)
1.539

Notes:  1)  Consumption

Source: Christensen and Joergensen 1989

In some cases the landings value is considered at suitable measure of the direct income effect of landings. This is based on the assumption that inputs have no alternative use and therefore should not be deducted. This is not considered suitable for the present case.

For the catches in the North Sea a multiplier below 2 will be suitable, since much of the landings are species that are not processed to a large extent. Using a multiplier of 1.6 on the change in total catch value from 1998 to 1999 would result in an estimate of the change in income generation by  Dkr. 220 mill for the Town with a harbour community (E) and Dkr.102 mill for the Coastline community (L+SK). With a tax base of Dkr. 8,881 mill and Dkr. 560 mill in the two communities, this corresponds to a change in the tax base of 2.5% and 18.3%. 

As expected the variability in the Coastline community is much larger than the variability in the Town with a harbour community. But, even in the Town with a harbour community the effect is so strong that it may cause problems in the budgetary process.

4. Analysis of the interaction between the fishing industry and related production sectors

Local communities along the coastline are used to the changes in landings and prices caused by nature or caused by sudden changes in marked conditions or regulation.

The adjustments caused by such changes carry through in the related industries and in income generation. The nature of such effects and a quantitative estimate can be obtained from a general equilibrium setting. This has been done for a set of changes that are typical for fisheries dependent communities and the results are reported below.

A short description of the model framework that was used for the calculations is given in appendix 1. A more complete description is given in Joergensen, 2000. The production functions were adapted to the special conditions when a natural resource is one of the inputs in the production process. The specific functions used are so called nested CES functions, where inputs are combined with other inputs into so-called composite goods or indices at different levels. 

Natural resources in the production functions. 

An example of a simple nest structure is given in figure 2, while examples of more complex structures are given in appendix 2 along with the GAMS syntax used for calculating elasticities in these cases.

In figure 2 a set of inputs are listed and the inputs are combined at four levels. First input D and K are combined into a composite input, then this composite input is combined with input L. At each level from 1 to 4 a substitution elasticity, 1 to 4 is given. At level 3 input N is introduced (N for Natural resource). If the substitution elasticity with regard to this input is low, the natural resource is necessary in the production process. Therefore for the primary sectors, Agriculture and Fisheries, a natural resource was specified along with other inputs in the production process. For Agriculture this input, Res1, is agricultural land and for fisheries the specific input, Res2, is reflecting the availability of fisheries resources.

Figure 2. Nest structure. Simple.

Sector j
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The production sectors in the model are presented in figure 3. The sectors were selected so that fisheries specific interactions between production sectors are highlighted.

Figure 3. The specification of production sectors.

Nr.
Code
Sector

 
 
 



 

1
Agric
Farming

2
Fishn
Fishing

3
COiG
Coal, Oil Gas

4
OPrim
Other Primary prod

5
SlPC
Slaughtering Pig, Cat. Poul

6
FPro
Fish Processing

7
OFoo
Other Food

8
FMea
Fish Meal

9
OMil
Oil Mills Animal Food

10
PapA
Paper Articles

11
RopN
Other Materials Rope, Tar, Plast

12
Eqip
Equipment

13
RepS
Repair Mash. Shipbuild

14
OMan
Other Manufacture

15
Whol
Wholes Retail

16
Tran
Transport Comm

17
BSrv
Business Service, Insur. Fin Inst.

18
GovS
Gov serv

19
OSrv
Other serv

20
Save
Savings

Results of exogenous shocks.

To investigate the results of sudden changes that may have serious effects on the stability of the fishery sector and the associated community a set of experiments were performed with the general equilibrium model.

One of the typical changes that cause distress among fishers is a sudden change in the competition of imported products. Increased availability of imported fish causes demand for and prices of domestic landings to drop. This often has caused disagreements and disputes between the fishing industry and the processing industry in the past.

To study the effects of such a change throughout the fishing sectors under various conditions regarding the substitutability between fish products, the results of alternative runs are listed below. Also the effect of a resource constraint, which makes it impossible to change the level of production was investigated. Finally the result of a change in resource conditions was studied. 

Since the business structure of a town with a harbour in terms of shares is similar to the business structure at the national level, and since the model economy can be scaled up or down, it was chosen to perform the experiments on the business structure at the national level for the town with a harbour case. The scaling factor is 1.5% in population and a little more in terms of employment, so that the local community has approximately 1.5% of total employment. But shares remain the same. Therefore the national average was used.

Case 1. Import price on unprocessed fish to drop by 10%. 

Processed products close substitutes.

The first case shows the effect of a drop in import price of first hand fish. All import prices are exogenous. So in this case the change in the price of imported fish (MFis) is specified to drop by 10%. The result is shown in figure 4. In the lower section specifying the changes in prices at the producer level/Import prices only one import price is changing. This is pF(Mfis), which drops by 0.1 or 10%. As can be seen in the same table section, the price of processed fish, pF(Fpro), will drop as a consequence of the drop in prices of imported fish, but only by 1.7%, since imported raw material fish constitute only a share of the costs. Fish meal (FMea) also decreases in price. Further prices of Meat (SlPC, Slaughteries Pigs and Cattle) drop, due to substitution effects. The changes in producer prices are repeated in consumer prices according to the table section on Prices at consumer level. Consumption reacts due to the drop in prices. In the table section on Consumption demand for domestic products, the consumption of processed fish (Fpro) is shown to increase by 3.3%, while the demand for meat (SlPC) increases by 0.0016% in this case. 

Case 2. Import price on unprocessed fish to drop by 10%. 

Processed products less close substitutes.

In case 2 the substitution between processed fish and meat is lower. The substitution elasticity is only 0.5 whereas it was 2.0 in case 1. The effect of this can be studied from figure 5

Again the import price of fish drops by 10%. The effect on prices at the producer level is as in case 1. But the demand for processed fish now only increases by 0.9%. This of cause is due to the fact that fish and meat are not so close substitutes, so when the price of fish drops, consumers less willingly substitute fish for meat. The consumption of meat therefore increases more in this case. (The consumption of meat does not drop as in normal substitution, since the price of meat has dropped. All other prices are not the same in this general setting).

Case 3. Import price on unprocessed fish to drop by 10%. Output fixed.

Processed products less close substitutes. 

In both  case 1 and 2 the production in the fishing sector increases marginally. Since the effect is small, this does not constitute a major problem. However in principle the production in the fishing sector - and agriculture – is fixed by the availability of resources and quotas. Therefore in case 3 it was chosen to fix the production in these two sectors by introducing a fixed and sector specific factor, called Res1 in agriculture and Res2 in the fishery sector. In figure 6 the result of a run with this specification is shown. As can be seen from the first table section on Production by good, the change in Agriculture (Agri) and Fishery (Fish) no longer appear - since there is no change. The result is that less fish is available compared to case 2, so when import prices drop, the effect on domestic prices is modified. The effect on consumption therefore also is modified.

Now domestic production of fish is fixed and both domestic consumption and export of fish drop. This could be inconsistent, unless intermediate demand for fish increases sufficiently to outweigh the drop in final demand. To check that this is the case, details of case 3 are given in figure 7 in absolute terms. The first section of figure 7 shows relative changes in production by good. The second section shows the same changes in both relative and absolute changes. Further the absolute change in final demand is added. As can be observed, the changes add up to zero, confirming that the material balance for fish is consistent. Final demand drops by 14.47 Mill. Dkr, whereas intermediate demand for fish increases equally.

Case 4. Drop in resource availability or landings. 

Whereas in case 3 the domestic output of fish was fixed, in case 4 the result of a run with a drop in the availability of resource in the fishing sector is displayed. The production drops by 10% as is shown in the first table section of figure 8. The result is that the price of domestic fish increases by 5.9% even though the substitution elasticity between domestic and imported fish in the processing sector is as high as 9 in this case. Fish processing and fish meal production obviously are harmed by the drop in available raw materials. The change also has an effect on other related sectors and surprisingly in some cases with a moderate positive effect on delivering sectors. 

Figure 4 Ouput from GAMS run Case 1 

Import price on unprocessed fish to drop by 10%. 

Processed products close substitutes.
----        VARIABLE  X.L  Production by good

 
 
 
 
 
 
 
 

Agri
0.00010
Fish
0.00400
CoiG
-0.00024
OPri
0.00044

SlPC
0.00009
FPro
0.01300
Ofoo
0.00002
FMea
0.00300

Omil
0.00053
PapA
0.00024
RopN
-0.00002
Eqip
-0.00009

RepS
0.00005
OMan
0.00001
Tran
0.00017
BSrv
-0.00013

GovS
-0.00005
OSrv
-0.00030
SAVE
0.00045
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  C.L  Consumtion demand domestic products

 
 
 
 
 
 
 
 

Agri
0.00059
Fish
0.00039
CoiG
-0.00034
OPri
0.00093

SlPC
0.00002
FPro
0.03300
Ofoo
0.00014
FMea
0.00600

Omil
0.00100
RopN
-0.00004
Eqip
-0.00006
RepS
-0.00005

OMan
-0.00008
Whol
-0.00010
Tran
0.00042
BSrv
-0.00082

GovS
-0.00083
OSrv
-0.00034
SAVE
-0.00100
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  D.L  Export demand (only domestic products)

 
 
 
 
 
 
 
 

Agri
0.00025
Fish
0.00008
CoiG
-0.00053
OPri
0.00053

SlPC
0.00012
FPro
0.01400
Ofoo
-0.00013
FMea
0.00500

Omil
0.00070
PapA
-0.00024
RopN
-0.00028
Eqip
-0.00029

RepS
-0.00029
OMan
-0.00031
Whol
-0.00033
Tran
0.00011

BSrv
-0.00093
GovS
-0.00094
Osrv
-0.00053
SAVE
-0.00100

 
 
 
 
 
 
 
 

----        VARIABLE  pH.L  Prices  consumer level

 
 
 
 
 
 
 
 

Agri
-0.00062
Fish
-0.00041
CoiG
0.00031
OPri
-0.00095

SlPC
-0.00046
FPro
-0.01700
Ofoo
-0.00017
FMea
-0.00600

Omil
-0.00100
PapA
-0.00003
RopN
0.00001
Eqip
0.00003

RepS
0.00002
OMan
0.00006
Whol
0.00007
Tran
-0.00044

BSrv
0.00079
GovS
0.00080
Osrv
0.00031
SAVE
0.00100

MFis
-0.10000
TIND
0.01300
CAPI
-0.00007
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  pF.L  Prices  producer level/Import price

 
 
 
 
 
 
 
 

Agri
-0.00062
Fish
-0.00041
CoiG
0.00031
OPri
-0.00095

SlPC
-0.00046
FPro
-0.01700
Ofoo
-0.00017
FMea
-0.00600

Omil
-0.00100
PapA
-0.00003
RopN
0.00001
Eqip
0.00003

RepS
0.00002
OMan
0.00006
Whol
0.00007
Tran
-0.00044

BSrv
0.00079
GovS
0.00080
Osrv
0.00031
SAVE
0.00100

MFis
-0.10000
TIND
0.01300
CAPI
-0.00007
 
 

 
 
 
 
 
 
 
 

Note: The output from the GAMS run only lists variables that change, and only the relative change. I.e. 0.1 = 10%
Figure 5. Ouput from GAMS run Case 2 

Import price on unprocessed fish to drop by 10%. 

Processed products less close substitutes.
----        VARIABLE  X.L  Production by good

 
 
 
 
 
 
 
 

Agri
0.00018
Fish
0.00400
CoiG
-0.00025
OPri
0.00045

SlPC
0.00024
FPro
0.01200
Ofoo
0.00001
FMea
0.00300

Omil
0.00054
PapA
0.00023
RopN
-0.00003
Eqip
-0.00010

RepS
0.00005
Tran
0.00017
BSrv
-0.00013
GovS
-0.00005

OSrv
-0.00030
SAVE
0.00045
 
 
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  C.L  Consumtion demand domestic products

 
 
 
 
 
 
 
 

Agri
0.00059
Fish
0.00039
CoiG
-0.00034
OPri
0.00093

SlPC
0.00065
FPro
0.00900
OFoo
0.00014
FMea
0.00600

Omil
0.00100
RopN
-0.00004
Eqip
-0.00006
RepS
-0.00005

OMan
-0.00008
Whol
-0.00010
Tran
0.00042
BSrv
-0.00082

GovS
-0.00083
OSrv
-0.00034
SAVE
-0.00100
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  D.L  Export demand (only domestic products)

 
 
 
 
 
 
 
 

Agri
0.00024
Fish
0.00007
COiG
-0.00054
OPri
0.00052

SlPC
0.00011
FPro
0.01400
OFoo
-0.00014
FMea
0.00500

Omil
0.00069
PapA
-0.00025
RopN
-0.00028
Eqip
-0.00030

RepS
-0.00030
OMan
-0.00032
Whol
-0.00033
Tran
0.00010

BSrv
-0.00094
GovS
-0.00094
OSrv
-0.00054
SAVE
-0.00100

 
 
 
 
 
 
 
 

----        VARIABLE  pH.L  Prices  consumer level

 
 
 
 
 
 
 
 

Agri
-0.00061
Fish
-0.00041
COiG
0.00032
OPri
-0.00094

SlPC
-0.00046
FPro
-0.01700
OFoo
-0.00016
FMea
-0.00600

Omil
-0.00100
PapA
-0.00003
RopN
0.00001
Eqip
0.00003

RepS
0.00003
OMan
0.00006
Whol
0.00007
Tran
-0.00044

BSrv
0.00079
GovS
0.00080
OSrv
0.00032
SAVE
0.00100

MFis
-0.10000
TIND
0.01300
CAPI
-0.00006
 
 

 

----        VARIABLE  pF.L  Prices  producer level/Import price

 
 
 
 
 
 
 
 

Agri
-0.00061
Fish
-0.00041
COiG
0.00032
OPri
-0.00094

SlPC
-0.00046
FPro
-0.01700
OFoo
-0.00016
FMea
-0.00600

Omil
-0.00100
PapA
-0.00003
RopN
0.00001
Eqip
0.00003

RepS
0.00003
OMan
0.00006
Whol
0.00007
Tran
-0.00044

BSrv
0.00079
GovS
0.00080
OSrv
0.00032
SAVE
0.00100

MFis
-0.10000
TIND
0.01300
CAPI
-0.00006
 
 

Note: The output from the GAMS run only lists variables that change, and only the relative change. I.e. 0.1 = 10%.

Figure 6. Ouput from GAMS run Case 3 

Import price on unprocessed fish to drop by 10%. Output fixed
Processed products less close substitutes.
----        VARIABLE  X.L  Production by good

 
 
 
 
 
 
 
 

COiG
-0.00003
OPri
0.00103
SlPC
0.00012
FPro
0.01161

OFoo
-0.00011
FMea
0.00116
Omil
0.00116
PapA
0.00041

RopN
0.00026
Eqip
0.00031
RepS
0.00018
OMan
0.00028

Whol
0.00010
Tran
0.00066
BSrv
-0.00022
GovS
-0.00012

OSrv
-0.00079
SAVE
0.00103
 
 
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  C.L  Consumtion demand domestic products

 
 
 
 
 
 
 
 

Agri
-0.00056
Fish
-0.01009
COiG
-0.00080
OPri
0.00161

SlPC
0.00003
FPro
0.00792
OFoo
-0.00029
FMea
0.00179

Omil
0.00204
RopN
-0.00009
Eqip
-0.00015
RepS
-0.00012

OMan
-0.00023
Whol
-0.00023
Tran
0.00100
BSrv
-0.00196

GovS
-0.00202
OSrv
-0.00091
SAVE
-0.00324
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  D.L  Export demand (only domestic products)

 
 
 
 
 
 
 
 

Agri
-0.00016
Fish
-0.00812
COiG
-0.00036
OPri
0.00166

SlPC
0.00016
FPro
0.01327
OFoo
0.00006
FMea
0.00180

Omil
0.00202
PapA
0.00031
RopN
0.00023
Eqip
0.00019

RepS
0.00020
OMan
0.00012
Whol
0.00012
Tran
0.00114

BSrv
-0.00133
GovS
-0.00138
OSrv
-0.00045
SAVE
-0.00240

 
 
 
 
 
 
 
 

----        VARIABLE  pH.L  Prices  consumer level

 
 
 
 
 
 
 
 

Agri
0.00049
Fish
0.00996
COiG
0.00072
OPri
-0.00168

SlPC
0.0001
FPro
-0.0155
OFoo
0.00022
FMea
-0.00185

Omil
-0.0021
PapA
-0.00007
RopN
0.00002
Eqip
0.00007

RepS
0.00005
OMan
0.00015
Whol
0.00016
Tran
-0.00106

BSrv
0.00188
GovS
0.00194
OSrv
0.00083
SAVE
0.00315

MFis
-0.1
TIND
0.03008
CAPI
-0.00019
Res1
0.00907

Res2
0.22164
 
 
 
 
 
 

----        VARIABLE  pF.L  Prices  producer level/Import price

 
 
 
 
 
 
 
 

Agri
0.00049
Fish
0.00996
COiG
0.00072
OPri
-0.00168

SlPC
0.0001
FPro
-0.0155
OFoo
0.00022
FMea
-0.00185

Omil
-0.0021
PapA
-0.00007
RopN
0.00002
Eqip
0.00007

RepS
0.00005
OMan
0.00015
Whol
0.00016
Tran
-0.00106

BSrv
0.00188
GovS
0.00194
OSrv
0.00083
SAVE
0.00315

MFis
-0.1
TIND
0.03008
CAPI
-0.00019
Res1
0.00907

Res2
0.22164
 
 
 
 
 
 

Figure 7.  Details, case 3.

----   1279 VARIABLE  X.L  Production by good

COiG
-0.00003
OPri
0.00103
SlPC
0.00012
FPro
0.01161

OFoo
-0.00011
FMea
0.00116
Omil
0.00117
PapA
0.00041

RopN
0.00027
Eqip
0.00031
RepS
0.00019
OMan
0.00028

Whol
0.0001
Tran
0.00066
BSrv
-0.00022
GovS
-0.00012

OSrv
-0.00079
SAVE
0.00103
 
 
 
 

Sector
Pct ch.
Abs initial
Abs ch.

 
 
Mill Dkr
Mill Dkr

AgrS
0
0
0

FisS
0
0
0

COiS
0
0
0

OPrS
0.001
57
0.06

SlPS
0.0001
1
0

FPrS
0.0116
1138
13.21

OFoS
-0.0001
10
0

FMeS
0.0012
945
1.09

OmiS
0.0012
14
0.02

PapS
0.0004
0
0

RopS
0.0003
0
0

EqiS
0.0003
0
0

RpSS
0.0002
0
0

OMaS
0.0003
5
0

WhoS
0.0001
0
0

TraS
0.0007
0
0

BSrS
-0.0002
0
0

GoSS
-0.0001
14
0

OSrS
-0.0008
49
-0.04

INVS
0.001
129
0.13

Cons
 
 
-0.36

Pub


0

Wrl


-14.11

 
 
 
 

 
 
Sum
0

Figure 8 Output from GAMS run Case 4

Drop in resource availability/landings by 10%. 

Processed products close substitutes. 

----        VARIABLE  X.L  Production by good

 
 
 
 
 
 
 
 

Fish
-0.10000
COiG
0.00117
OPri
0.00129
SlPC
0.00005

FPro
-0.00513
OFoo
0.00033
FMea
-0.00991
Omil
0.00089

PapA
0.00077
RopN
0.00063
Eqip
0.00125
RepS
-0.00043

OMan
0.00074
Whol
0.00058
Tran
0.00082
BSrv
0.00013

GovS
-0.00005
OSrv
-0.00010
SAVE
0.00037
 
 

 
 
 
 
 
 
 
 

----        VARIABLE  C.L  Consumtion demand domestic products

 
 
 
 
 
 
 
 

Agri
-0.00257
Fish
-0.05829
COiG
0.00007
OPri
0.00106

SlPC
-0.00130
FPro
-0.00491
OFoo
-0.00044
FMea
-0.02220

Omil
0.00112
PapA
0.00063
RopN
0.00055
Eqip
0.00050

RepS
0.00054
OMan
0.00044
Whol
0.00047
Tran
0.00142

BSrv
-0.00090
GovS
-0.00099
OSrv
-0.00013
SAVE
-0.00209

 
 
 
 
 
 
 
 

----        VARIABLE  D.L  Export demand (only domestic products)

 
 
 
 
 
 
 
 

Agri
-0.00058
Fish
-0.04713
COiG
0.00163
OPri
0.00245

SlPC
0.00056
FPro
-0.00545
OFoo
0.00120
FMea
-0.01698

Omil
0.00250
PapA
0.00209
RopN
0.00203
Eqip
0.00199

RepS
0.00202
OMan
0.00193
Whol
0.00196
Tran
0.00275

BSrv
0.00082
GovS
0.00074
OSrv
0.00146
SAVE
-0.00018

 
 
 
 
 
 
 
 

----        VARIABLE  pH.L  Prices  consumer level

 
 
 
 
 
 
 
 

Agri
0.00310
Fish
0.05850
COiG
0.00047
OPri
-0.00051

SlPC
0.00174
FPro
0.00889
OFoo
0.00098
FMea
0.02262

Omil
-0.00057
PapA
-0.00008
Eqip
0.00004
OMan
0.00011

Whol
0.00008
Tran
-0.00087
BSrv
0.00144
GovS
0.00153

OSrv
0.00067
SAVE
0.00262
TIND
0.02330
CAPI
-0.00027

Res1
0.01943
Res2
244.031
 
 
 
 

 

----        VARIABLE  pF.L  Prices  producer level/Import price

 
 
 
 
 
 
 
 

Agri
0.00310
Fish
0.05850
COiG
0.00047
OPri
-0.00051

SlPC
0.00174
FPro
0.00889
OFoo
0.00098
FMea
0.02262

Omil
-0.00057
PapA
-0.00008
Eqip
0.00004
OMan
0.00011

Whol
0.00008
Tran
-0.00087
BSrv
0.00144
GovS
0.00153

OSrv
0.00067
SAVE
0.00262
TIND
0.02330
CAPI
-0.00027

Res1
0.01943
Res2
244.031
 
 
 
 

Note: The output from the GAMS run only lists variables that change, and only the relative change. I.e. 0.1 = 10%. 

5. Conclusion

Over the later years there has been a change in the distribution of growth between the population centres and the communities in which fisheries typically take place. This has to some extent put more focus on the vulnerability of communities in which fisheries are important. Particularly when resource availability declines or other disturbances appear, such as a drop in world market prices. The particular production function and the conditions in the fishing industry have implications for adjustment patterns both in the primary fishery and in related industries. Adjustments are required throughout the fisheries sector. It can be a complex exercise to trace the effects through the economy, so a model framework often will be needed, and helps remembering the various channels through which the adjustment passes. In this paper the character of these adjustments was analysed in four cases on a sector by sector basis to compare the effects on prices, quantities and income generation in relevant sectors. The analysis shows that the immediate effect of changes in resources and prices are dampened by the economic system, but also that the specification of the role of natural resources in the production function is important when a quantitative estimate of the effects is carried out. 
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Appendix 1.  A short description of the model

The following outline was used for the specification of the model in absolute level, whereas in the practical implementation the model was linearized using variables in relative changes and elasticities as parameters was used and a few modifications required by the GAMS software were necessary. The linearized version was selected to facilitate interpretation of results. It was not necessary to use a linearized version, but it was selected because it has virtues in the interpretation phase and when checks are performed. Tracing the origin of a change in a variable in principle involves looking at all other variables in the model due to its simultaneous nature. This is easier when results are stated in the relative change form. It is not as accurate as the in level version which is another possibility but this is not deemed important in this context since it is the effects and the analysis which is in focus and not an attempt to produce a very accurate prediction of specific impacts. The general equilibrium framework has its major advantage in analysis of fundamental economic behaviour such as choice under budget restrictions which may obviously not be what happens in the short run. 

Generally production functions and utility functions are nested CES which allow a flexible specification of cross elasticities using Allen substitution elasticities between pairs of inputs nested at different levels. The key to the analysis of behaviour are these elasticities.

The following section lists the model. First input demand by production sectors then demand by institutional sectors. Then on to production sector price determination ("price balances") and material balances. Finally income determination for institutional sectors and miscellaneous.

Indices. 

IDE is the set (Index) of domestic goods extended with the savings good. IM is the set of import goods. The last being non competitive. IT is the set of indirect taxes, undistributed. IFA is the set of  primary factors of production. 

1 Input demand in production sectors.

Producers' demand for intermediate goods:




 ADVANCE \U 2.40

ADVANCE \D 2.40



The demand for intermediate good  i by production sector j  is a function d of prices at producer level of all possible inputs, the vector PF . Since CRS is implied the demand is for given prices proportional to the production level is sector j, Xj . The last category of inputs is the savings good (which production sectors do not demand).

Producers' demand for imported goods are treated analogously

Producers' payment of indirect taxes. (The "undistributed" tax good)






ADVANCE \U 2.40

ADVANCE \D 2.40




Taxes are subdivided in three categories, Indirect undistributed taxes, indirect distributed taxes and direct taxes on factor income. To keep the system simple indirect taxes paid by production sectors are kept undistributed as in the Input-output table. Again to keep the system formally as consistent as possible this tax is interpreted as a primary input delivered by the public sector to the business sectors and institutional sectors where relevant. Think of vehicle excise duty as a payment for the delivery of a transport related good by the public sector.

Demand for capital and labour by production sectors, F,  follow the style of other inputs.

2. Institutional demand for goods.

Consumers demand for finished goods:










The demand for good i is a function of consumer level prices PH and income.

3. Price determination by cost minimisation:










Output prices of production sectors are determined by cost minimisation over inputs. Adding up property.

4. Material balances.

Market clearing domestic products:








Market clearing for imported goods and factors follow the same style

5. Income generation and miscellaneous.

Consumer prises 










Prices to households are prices at producer level times an ad valorem tax coefficient, which normally is assumed to be one plus the tax rate. For primary inputs direct taxation is represented by a tax coefficient below one so that for example the net wage rate is below the factor price level. See below on price levels.

Household income




Household income is net factor income plus a transfer. In the actual model database transfers are netted out against direct taxes.

Public sector income




Public sector income is indirect taxation revenue from production sectors consumers and export minus transfers. Taxation can be negative as with export and some business sectors. Note that some of the public sector income formally is for delivery of the "primary" tax good.

Foreign sector income follows the style of Household income

6 Linearization.

This system then is linearized and variables expressed in relative changes. For any variable Z the relative change is 

. The relation between two relative changes typically is an elasticity. So coefficients in the linear representation are elasticities. In some cases just shares. 

The above representation suffers from an index error which must be corrected in the GAMS representation. This is the reason why a supply function specifying a one to one relation between production sector activity and output is added as the first set of relations.

6 Closure

With the full data base with 20 domestic goods and 20 import goods the number of equations is 1028 and the number of variables is 1091. A possible closure then is to exogenously set 20 import prices, 40 tax instruments, and a selection of three of the four variables L, K, TIT and G or natural resources Res1 and Res2, so that the production in the primary sectors is exogenously determined.

Appendix 2 Nest structures of the production function.

In section 4 above an example of a simple nest structure was given. In that structure only one new nest was introduced at each level. In some cases it is necessary to use a more complex or flexible structure in which there are several new nests at each level. It is then necessary to specify which commodities are joined at each level and by which substitution elasticity. An example of two such structures are given below along with the GAMS syntax, which provides the information in a way which makes it possible for a GAMS program to calculate all the necessary cross elasticities needed in the calculations. A conceptual framework (Keller, 1978) and an algorithm for calculation of the elasticities is attached. 

Nest structure. Flexible.

Sector 1

                                                                   


Input

                1               2         3                 4                5                6

Cost shares

                0,1           0,2      0,3              0,2             0,2           





            Substitution elasticities

 = 0,5

 = 0,3

 = 1,0

 = 0,0

Nest structure Sector 2

                                                                   




Input:

                1               2         3                 4                5                6

Cost shares:

                0,1           0,2      0,3              0,2             0,1              0,1           





            Substitution elasticities

 = 0,5

 = 2,0

 = 1,0

 = 0,0

Nest structure expressed by GAMS syntax.

TABLE NSTRUK(ROW,NHEAD)

     S   V1  V2 lev   SIGMAN

R1   1    1   2   1     0.5

R2   1    3   4   1     0.3

R3   1    1   3   2     1 

R4   1    1   5   3     0

R5   2    1   2   1     0.5

R6   2    3   4   1     2

R7   2    3   5   1     2

R8   2    1   3   2     1

R9   2    1   6   3     0

Calculation of elasticities (based on Keller 1978)

Association

Two components are said to be associated if the component on the higher level includes the component on the lower level:

qn,l  qm,l

Cost share for a component is given by:

The lowet common level for two components is called K and the highest level is called L.The partial substitution elasticity within each nest is called n,K .

Using this the substitution elasticity can be calculated as (for nm)


And forr n=m:


- When the lowest common level at the same time is the highest level the elasticity must be:
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