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Abstract

The Baltic cod fishery has historically been the most valuable commercial fishery in Denmark. However, incentives to invest have recently been lacking due to stringent quota ration regulations, perceptions of stock uncertainty and poor returns of capital, and strict capacity management. Such a development may have restricted the technological progress of the cod exploiting fleet.   

By means of a production function analysis of cod trawling vessels for 1987-99, technological progress was shown to be 1.8% per annum. Split into two sub-periods, annual changes were 2.8% for 1987-93 and 0.8% for 1994-99. The average annual change in output for the fleet was negative, at nearly 3% per annum, with the spawning stock biomass declining at a similar rate. Effort variables increased significantly, suggesting that productivity (output per unit input) declined over the period. This evolution is in line with the general trend of the fishery that has seen a decline in cod stocks and overall production.

A preliminary analysis using Data Envelopment Analysis (DEA) estimates that the sub-fleet is experiencing problems of excess capacity, as output could potentially be increased whilst fixed inputs remain constant. Capacity utilisation (CU) scores of the 23 vessels for the 1987-99 period range from 0.52 to 0.92, with a sub-fleet average of 0.73. It is also considered that the homeport locations of the vessels in the sub-fleet may have an impact on performance in the fishery. The results are tentative and the analysis should be expanded to incorporate more data, as well as considering a revenue-based approach. Similarities and contrasts of the technological progress and capacity estimations are discussed.

The findings of the paper suggest that technological progress undermines fleet reduction initiatives under MAGPs, although its impact is not uniform over time. Furthermore, preliminary capacity estimations indicate that the vessels in the sub-fleet are experiencing excess capacity during the high season of the cod fishery. Such findings should be considered when adopting a capacity management policy, although these estimates should only be seen as a tentative contribution, given the vessel-specific and seasonal nature of data. 

1.
Introduction

Danish capacity policy has been guided by the European Commission initiative of Multi-annual Guidance Programmes (MAGPs) since its implementation in 1983. Although the success of the programmes at the European-wide level has been mixed (Lindebo 1999), the Danish fishing industry has seen a significant capacity reduction, far in excess of defined targets. Assuming that problems with tonnage and engine power measurement discrepancies have played a relatively marginal role in Denmark, the reductions in fleet size have been of the magnitude of 27% and 26%, in terms of tonnage and engine power respectively, during the 1989-99 period. The success of the capacity adjustment policy and strict limitations on fleet modernisation and renewal has, however, led to an ageing fleet with the average age of vessels being over 30 years old (Lindebo 2000). In fact, the fleet situation at the end of 1999 would allow for an expansion of capacity during 2000-01 by 23% (tonnage) and 26% (engine power), whilst still respecting MAGP targets, with possible expansions in the 4B3 trawl segments of 19% and 29%, respectively (European Commission 2000).  

It has been argued that cuts in nominal capacity, such as tonnage and engine power of vessels, often ignore the potential impact of technological progress on fishing capacity (i.e. the ability of a vessel to catch fish). Analysing the impact of technological progress has to date been limited to a few fisheries specific studies, where the impact has been estimated to result in a 2-3% potential increase in production per annum. The European Commission, aware of the role that technological progress could potentially have on the effectiveness of MAGPs, commissioned a study in 2000 entitled “The impact of technological progress on fishing effort”. The study was finalised in January 2001 and the results of the Danish case study form the basis of this paper.

The aim of the paper is to review and analyse the development of the Baltic cod trawl fishery during the period 1987-99. Analysing technological progress is often complicated by the fact that available quantifiable data does not pick up such developments over time. Hence, the study undertaken is based on literature, interviews with industry, and data (vessel register, logbooks, account database) to give a clearer picture of observed developments in the fishery.

The compilation of a comprehensive dataset of 23 actively fishing trawling vessels (sub-fleet) during 1987-99, has enabled the assessment of technological progress, production, and performance on the individual vessel and sub-fleet levels. The analysis is based on standard economic analytical procedures for assessing technical change by means of production function analysis. The use of the Data Envelopment Analysis (DEA) approach has allowed for a preliminary analysis of capacity dimensions (capacity output and capacity utilisation) of the sub-fleet during for the observed period. These estimates have been carried out in addition to the original study. A discussion of the implications for capacity management, in the light of technological progress and capacity estimations, concludes the paper.  

2.
The Baltic cod fishery

The Baltic Sea is the largest brackish water area in the world and is divided up into the ICES areas IIIb (the Sound), IIIc (the Belts and Western Baltic) and IIId (Eastern Baltic). The sea is semi-enclosed and is connected to the Kattegat, Skagerrak and North Sea through the narrow Sound between Denmark and Sweden, and through the Belts between Jutland, Funen and Zeeland. These channels allow for continuous exchange of water that the ecological balance of the Baltic region depends upon. 

The importance of freshwater influx from rivers and prevailing winds and currents, especially winter storms, play a vital role in determining environmental factors such as salinity, oxygen and water temperature. The successful recruitment of fish species is very dependant on the correct balance of the environmental factors at the egg, larval and juvenile stages. Predation by seals, sea birds and other fish species, fish disease, as well as the impact of pollution in areas of slow water exchange, will also influence the recruitment to fisheries. Any changes in the system will have a significant effect on fish stocks and hence impact the fishing industry.

Commercially, the most important stocks in the Baltic Sea are cod, herring, sprat, salmon, as well as various flatfishes (flounder, plaice, turbot, dab and brill) and sea trout. The central and northern parts of the Baltic Sea also support freshwater species. The cod (Gadus morhua) in the Baltic Sea is divided into two separate stocks, based on genotypic and phenotypic characteristics. These are the Eastern (sub divisions 25-32) and Western (sub-divisions 22-24) cod stocks, located east and west of Bornholm respectively. Around 90% of the overall cod stock in the Baltic Sea is composed of the Eastern stock. 

At the beginning of this century, the exploitation of cod in the Baltic Sea was very limited. By the end of the period 1921-34 the total landings were 4,000-8,000 tonnes. The fishing gear used were mainly long-lines, set-nets, and small seines in shallow waters. The introduction of more efficient gear from 1935 onwards, such as otter trawl and Danish seine in the Eastern Baltic, resulted in a steady increase in landings. From the 1950’s until 1978, the landings varied between 120,000-180,000 tonnes, and later increased to a peak of 400,000 tonnes in 1984. This increase led to a surge in fisheries exploitation by attracting vessels from other Baltic fisheries and from fleets normally operating outside the Baltic region (Bagge et al 1994). 

The cod fishery then declined rapidly in the late 1980’s and early 1990’s with recorded landings of only 60,000 tonnes in 1992. These variations were possibly due to changing environmental conditions caused by periods of low inflows of fresh saltwater, periods of stagnation and increasing eutrophication (leading to the depletion of oxygen in bottom water layers), and affected the recruitment of cod to the fishery. Changing fishing effort and extended exploitation patterns through investment has also been responsible, with fishing mortality continuing to increase during the stock decline. The decline in stocks and landings, along with reduced/fluctuating cod prices, has led to an overall reduction in fleet size. The cod fishery is today characterised by demersal trawls, high opening trawls (operating in both pelagic and demersal zones) and gillnets. There has also been a gradual increase in gillnetting during the 1990’s in the Baltic region.  

The current International Council for the Exploration of the Seas (ICES) advice regards exploitation levels to be within safe biological levels for the Western cod stock and recommend a 20% reduction in fishing mortality. The stock has rebuilt from the low spawning stock biomass (SSB) in the early 1990’s as a result of strong recruitment (ICES 2000b). The Eastern stock is considered to be exploited outside safe biological levels and it is recommended that fishing mortality be reduced by 40%. The recruitment to the fishery has been low over the last ten years, partly due to the low influx of saline water from the North Sea since the early 1980’s. The stock development of the two separate cod stocks during 1983-2000 can be viewed in the table below. The Danish quota has historically accounted for around 25-30% of the overall Baltic quota during the 1990’s and has been fully utilised. 

Table 1. Cod stock status, 1983-2000


Western stock (sub-divisions 22-24)
Eastern stock (sub-divisions 25-32)
Baltic quota

Year
Fishing mortality (age 3-6)
SSB (1000 t)
Fishing mortality (age 4-7)
SSB (1000 t)
(tonnes)

1983
0.917
48.93
0.705
638.76
-

1984
0.805
46.06
0.900
648.12
-

1985
1.214
47.32
0.763
532.29
-

1986
1.707
28.51
1.153
389.57
-

1987
1.026
22.20
0.964
311.52
-

1988
0.945
29.40
0.858
292.91
-

1989
1.146
25.71
1.138
237.78
220,000

1990
1.293
14.46
1.207
216.01
211,000

1991
1.960
10.46
1.361
152.10
171,000

1992
1.327
8.57
0.956
96.96
100,000

1993
1.402
15.85
0.320
119.27
40,000

1994
0.606
28.99
0.528
199.45
60,000

1995
1.044
30.14
0.694
244.13
120,000

1996
1.211
36.75
0.970
163.55
165,000

1997
1.553
37.57
1.079
133.00
180,000

1998
0.955
19.24
1.045
109.10
145,000

1999
1.133
31.70
0.899
116.04
126,000

2000
0.790
40.03
0.681
134.61
105,000

Source: ICES (2000a) and IBSFC (Baltic quota) 

Although ICES give separate advice on the two stocks, the International Baltic Sea Fishery Commission (IBSFC) manages the Baltic cod as one unit and sets one TAC accordingly. For 2000, the IBSFC adopted a ban on cod fishing from 1 July to 20 August inclusive, also effective in previous years. The cod TAC for 2000 was reduced by 17% from the 1999 level, to be in line with the precautionary approach. There have been significant problems with discarding of undersized fish in the cod trawl fishery and the IBSFC has introduced mesh size increases and the use of exit windows in the trawl to combat this trend (ICES 2000b).

Mesh size restrictions have been regulated by the European Commission; inter alia Council Decisions 1520/98, 88/98, and 779/97. In addition, further national regulations have been imposed on the fishery on an annual basis. During the period 1987-99, the mesh size restrictions have ranged from 90 mm to 120 mm in the cod trawl fishery. In the Belts region (Western Baltic), Danish vessels have been restricted to 300 HP in order to safeguard the livelihood of local fishers. However, around Bornholm the smaller vessels have to compete with the larger trawling vessels, of both Danish and international origin. 

3. The Danish Baltic cod fishery 

3.1
Fishery development 

The cod fishery is regarded as the most profitable fishery in Denmark. The general trends in the exploitation of Baltic cod by Danish vessels for the 1987-99 period is portrayed in the tables and figures below. Fleet statistics are based on vessels targeting cod in the Baltic Sea (ICES areas III bcd) during the period. 

Table 2. Fleet statistics, 1987-99


1987
1990
1993
1996
1999

  Volume (tonnes)






  Cod landings 
38,723
25,367
5,894
32,169
28,246

  Total landings 
65,460
48,057
85,261
208,845
197,819

  % cod landings 
59
53
7
15
14

  Value (1000 DKK)






  Cod landings 
275,108
238,912
45,355
189,738
296,360

  Total landings 
318,306
280,954
141,631
349,447
465,576

  % cod landings 
86
85
32
54
64

  Average cod price (DKK/kg) 
7.10
9.40
7.70
5.90
10.50

  Per vessel (average)






  GT
44
42
35
62
74

  KW
250
243
207
234
252


  Loa (metres)
17.8
17.2
15.9
17.1
18.0


  Age (years)
22.1
24.9
29.4
30.7
32.5

  Insurance value (1000 DKK)
2,676
2,758
2,158
2,867
3,393

  Number of vessels
458
404
364
468
509

Source: Directorate of Fisheries database

Table 2 and Figure 1 help to illustrate the boom and bust development of the Danish cod fishery. Following the boom period of the mid-1980’s, Baltic cod accounted for almost 50% of the overall landings of vessels in terms of volume, and over 80% in terms of value. By 1993, however, these proportions had been cut to 7% and 32% respectively, following the stock collapse and quota reductions. During this period, vessels fishing out of Bornholm were given financial aids to remain in port, and many vessels were also decommissioned or sold privately. Although the situation has gradually improved during the latter half of the 1990’s, the recent cod crisis in the North Sea has not gone unnoticed. A quota cut of 5% was introduced in 2001 for the Baltic Sea, in comparison to the 2000 quota level. This compares to cuts in Danish quota of 40%, 12% and 45%, in the Skagerrak, Kattegat and North Sea/Norwegian Sea, respectively. It can be expected that under current conditions, all Danish cod fisheries will remain under pressure for some time to come. 
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Figure 1. Volume and value of cod landings, 1987-99 

Source: Directorate of Fisheries database

The majority of the cod quota has often been taken in the first three months of each year, and hence, vessels need to be flexible and re-rig to exploit other fisheries. During the low season of the cod fishery, a proportion of the trawling fleet exploit other species in areas such as the Kattegat. However, the relatively high value of the cod landings compared to overall landings still indicates that these vessels regard the cod fishery as their main target fishery. Figure 2 below illustrates the seasonal and distributional characteristics of the fishery. 
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Cod prices have also fluctuated considerably. The market on Bornholm is restricted to a few buyers, mainly supplying the frozen export market. Fish quality plays a relatively small role and prices are traditionally lower, sometimes up to 10% lower, than on markets in the rest of Denmark. Markets on Bornholm also face uneven supplies and seasonal market gluts.  

3.2
Fleet development 

The fleet exploiting the cod fishery has been dominated by trawling vessels. Table 3 shows that side trawlers, stern trawlers and combination trawlers accounted for over 80% of landings (volume and value) in both 1993 and 1999. In 1987, these vessels accounted for over 95% of landings. During the same period, these vessels have constituted between 70-80% of the number of vessels in the overall fleet. These vessels are classified as 4B3 vessels under the current MAGP IV fleet segmentation. 

Table 3. Fleet segment statistics, 1987, 1993 and 1999

 
   --- Cod landings ---
---------- Per vessel (average) ----------
 Vessel 

 number



  Year/Vessel type
Volume (tonnes)
Value

(1000 DKK)
GT
KW
Loa
Age
Ins. value

(1000 DKK)


  1987









  Side trawlers
19,098
136,942
34
236
16.9
24.1
2,002
76

  Stern trawlers
10,513
73,225
95
380
22.7
13.8
5,495
234

  Combination trawlers (stern/side)
7,732
54,547
87
396
24.6
18.5
5,096
49

  Netters/trawlers
58
426
14
101
11.4
23.7
511
3

  Other trawlers
257
1,848
22
136
13.1
29.4
669
18

  Danish seiners
154
1,328
50
145
16.7
27.3
1,690
19

  Netters
796
5,946
14
88
10.6
23.2
587
45

  Others
115
847
20
136
14.4
27.4
1,653
14

  Total
38,723
275,108
44
250
17.8
22.1
2,676
458

  1993









  Side trawlers
3,718
28,769
33
212
15.9
30.5
1,924
182

  Stern trawlers
923
6,802
61
282
18.5
25.0
3,933
58

  Combination trawlers (stern/side)
306
2,351
61
316
20.6
27.2
3,927
30

  Netters/trawlers
327
2,333
18
114
12.0
27.7
806
23

  Other trawlers
46
427
22
148
12.7
34.7
894
9

  Danish seiners
271
2,348
41
158
16.6
32.2
1,796
20

  Netters
303
2,320
12
81
10.2
29.1
531
36

  Others
0.3
4
25
126
15.5
42.0
1,269
6

  Total
5,894
45,355
35
207
15.9
29.4
2,158
364

  1999









  Side trawlers
14,918
156,461
45
220
16.3
36.6
2,139
190

  Stern trawlers
4,514
47,164
148
388
23.5
28.7
6,604
107

  Combination trawlers (stern/side)
3,821
39,828
143
406
24.2
31.1
6,267
62

  Netters/trawlers
2,755
28,761
13
99
11.1
29.5
856
78

  Other trawlers
434
4,512
38
169
14.4
26.9
1,873
12

  Danish seiners
1,756
19,125
60
183
17.7
34.0
2,529
48

  Netters
-
-
-
-
-
-
-
-

  Others
48
507
27
134
14.8
28.2
2,044
12

  Total
28,246
296,360
74
252
18.0
32.5
3,393
509

Source: Directorate of Fisheries database

The most evident development in the Baltic trawl fishery has been the relocation of Danish vessels from the west coast of Denmark to the Baltic Sea, leading to an increase in fleet size. Following the collapse of the North Sea fisheries in the 1980’s, large trawling vessels, mainly from the industrial fleet, began fishing the profitable cod fishery in the Baltic. Furthermore, a large proportion of older vessels were bought by Bornholm fishers who wished to expand their productivity. 

The relocation of these larger vessels contributed to expansion in fleet capacity and helped to solve two national problems; namely 1) alleviate the difficulties experienced in the North Sea fisheries, and 2) expand the productivity of the profitable Baltic trawl fishery. The exploiting fleet is, as a consequence, made up a permanent fleet of vessels based in the Baltic region, mainly on Bornholm, and a non-stationary trawling fleet of generally larger vessels that entered the fishery only during the high season.         

The technological-economic way of thinking, that until recently has strongly influenced the development of the fleet, is that the larger vessels have been the most rational. Their significant catch and storage capacity has allowed these vessels to stay at sea for longer periods of time during worse weather, whilst ensuring consistent landings to markets. However, with the changing structure of the fishery, these larger trawlers have become old-fashioned in technological terms and have found it difficult to survive with limited fish resources and restricted fishing areas. In this situation, costs have outweighed revenues, ultimately leading to the transfer to third countries, funded decommissioning, or bankruptcy of these vessels. The current cod exploiting fleet is therefore dominated by smaller trawling vessels that are more flexible and adaptable to fluctuating stock levels and seasonal fisheries.  

3.3
Fleet investments

During the 1983-88 period, investments were made in vessels, technology and equipments, partly financed (up to 40%) by EU and national funding programmes. The inflow of capital over the period, principally for capacity build up, amounted to approximately €39 million (Vedsmand et al 1998). A substantial share of these subsidies was granted to vessels in the Baltic cod fishery, in order to increase catches in one of the most profitable fisheries. However, strict regulations were put in place to limit capacity increases in terms of tonnage and engine power in the late 1980’s, and as in the rest of the EU, there was a gradual tightening of investments towards capacity-enhancing projects. The number of funded constructions was very limited and modernisation projects were largely restricted to projects including:

· Renovations/layout conversions, promoting onboard safety and better working conditions

· New electronics (fish finders, radar and plotters), helping to reduce fuel consumption and improve fishing selectivity  

· Cooling/freezer systems, helping to reduce cooling time, lessening ice requirements, and enhancing fish quality

· New engine installations, aiding better fuel efficiency 

· Safety equipment, promoting onboard safety 

A further slowdown in fleet investment occurred in 1992-93 when cod stocks rapidly declined. Strict capacity regulations have remained throughout the 1990’s. 

The improved status of the Western cod stock and higher market prices led to renewed optimism in the cod fishery in 1999 and was likely to lead to further modernisation, enhancing the flexibility of the fleet. The struggling Eastern cod stock was likely to continue to cause less optimism amongst those fishers. However, rising oil prices and restricted return on capital possibilities in 2000 has continued to limit new investments in the fishery. Furthermore, the incentives for a vessel to catch more fish than other vessels, through investments in new technologies, are limited by the production restrictions (rations) imposed on each vessel. The recent cuts in cod quota can expect to impose further pressure on the fishery in the forthcoming years.     

4.

Technological progress

Technological progress allows vessels to increase their production given the same level of effort and other factors. Alternatively, vessels are able to reduce effort and maintain the same level of production. Hence, technological progress may help to undermine fleet reduction programmes, as it will tend to lead to an increase in catch per unit of effort. 

4.1
Qualitative analysis  

The main technological and regulatory developments that have influenced the trawling fleet over the 1987-99 period are examined below, and are based on qualified information from literature and interviews with industry. There has been no specific time frame for many of the individual developments although it is noticeable that most prominent developments took place before the analysed period, during the 1970’s to mid-1980. Available information has not allowed for a quantification of the various innovations, in terms of time period and expected or realised impact on individual vessel performance indicators. 

Relevant persons involved in the cod trawl fishery were chosen for the interviews, including representations from a biological institution, an accounting firm, a ship builder, a gear supplier, a fish processing company, a fishermen’s association and a fishermen’s labour environment council. The interviews provided valuable information for identifying and qualifying the most important areas of technological progress in the fishery, both in general and fleet-specific terms. 

The majority of interviewed persons responded that the factor that by far had had the biggest impact on performance, and indeed affected a fisher’s incentive to invest in new technologies, was the stock development and management regulations, including quota rations and mesh size restrictions. Furthermore, the general opinion was that the modernisation of the fleet during the period has helped to improve working conditions and safety, whilst reducing operating costs. Investments in technologies to increase production and improve fish quality have been rather limited in comparison. 

Table 4 below summarises the various innovation areas and issues that have played a role in the progress of the cod trawl fishery in the Baltic Sea during the 1987-99 period, indicating their perceived impact. The scope of this paper does not allow for the detailed discussion of the various innovations/issues included in the original study report.  

Table 4. Progress of the Danish cod trawling fleet, 1987-99

  Innovations/issues
Change 1987-99
------------------------ Perceived impact ------------------------



Increased

landings
Cost 

reduction
Product 

quality
Safety

  Hull 

  - size/shape, layout,

  construction
Limited
-
+
-
++

  Engine

  - power, configuration, 

  aux. engines, propeller
Yes
++
++
-
-

  Fishing gear

  - trawl size/construction,

  lines/warps, drums,

  winches/haulers
Yes
++
++
+
+

  Electronics

  - fish finder, net sensor,

  autopilot/GPS/radar, 

  communication, computer
Yes
+
++
-
++

  Processing & storage

  - gutting/filleting, chilling/

  storing
Limited
-
+
++
+

  Markets 
Limited
-
-
+
-

  Quota regulations
Yes
-
-
-
-

Note: (++) significant positive impact, (+) positive impact, (-) no impact or negative impact 

4.2
Dataset

To analyse technological progress in the Danish cod trawl fishery in the Baltic Sea, a sub-fleet of 23 actively fishing vessels was identified and analysed. With the seasonal variations of the cod fishery and the variety of adopted fishing strategies, it was imperative that the representative sample should portray a sub-fleet that concentrated their efforts on exploiting cod in the Baltic Sea. Since February is one of the high season months of the cod fishery, landing data for this month only became the basis for the analysis. 

Each of the trawling vessels in the sub-fleet has the following characteristics over the 1987-99 period, based on Directorate of Fisheries data:

· Registered February cod landings from ICES area III bcd

· Registered February cod landings for each of the given years 

· Registered as a trawling vessel in MAGP category 4B3

At least 97% of average February fish landings (volume) of each vessel are from the Baltic Sea, with cod comprising at least two-thirds of these landings. In value terms, February cod landings of each vessel constitute over 75% of landing values. Furthermore, almost 85% of average annual fish landings of each vessel are from the Baltic Sea, with cod representing 50% of annual landing values. 

Figure 3 shows that the landings of the 23 vessels have followed the general trend of the fishery, although they seem to have under-performed the TAC development during the late 1980’s and out-performed the TAC during the fishery decline in mid-1990. 
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Source: Directorate of Fisheries data

During the low season the vessels have chosen to fish for other species, such as sprat, herring and lobster. Some vessels have also chosen to trawl for herring and sprat in the winter months. Other vessels have altered their fishing strategies following a change of ownership and/or homeport. The 23 vessels are all trawlers and all but one is constructed of a wooden hull, with overall lengths ranging between 9.70-20.00 metres. The majority of vessels have used demersal trawls as their main fishing gear, with pelagic trawl and gillnets having been used to a lesser extent. Some vessels have also adopted pair trawling as a means to exploit the fishery. The vessels are based in homeport areas as follows: Bornholm (9), Zeeland (7), Jutland (4) and Funen (3).
The dataset for the sub-fleet vessels includes the following variables, for each of the vessels for February of each year during 1987-99:

· Landing volume of cod 

· Landing value of cod 

· Landing volume of other fish 

· Landing value of other fish 

· Days at sea (logbook database)

· Landing declarations (account database) 

· Vessel characteristics (GT, kW, LOA, age, insurance value) 

· Homeport area (4 areas)

· Fishing gear used 

· Cod ‘intensity’ index (proportion of cod in total landings in volume terms) 

· SSB index (proxy of stock index, weighted according to East/West stock exploitation)

· Technological progress 

All data is based on various databases held by the Directorate of Fisheries. Technological progress was defined in terms of dummy variables. A table of dummy variables for each vessel was drawn up and included annual observations for the following, where no change=0, and change=1, 2, 3 etc.: Ownership/homeport, Hull, Structural renovation, Layout conversion, and New engine.

Although the Directorate of Fisheries holds comprehensive information on an individual vessel basis, detailed information regarding vessel modernisation and structural renovations, and investment in new gear, engines, storage facilities, electronics etc., is not readily available. Hence, unless specific information was given in literature or through interviews, any technological progress and vessel modernisation is likely to be quantified only by a rise in insurance values of vessels. 

Where available information is not able to explain a significant rise in insurance value, i.e. not a rise that simply takes account of inflation and other market developments, then it should be assumed that there has probably been some form of investment in one of the non-observable variables. The insurance value includes the vessel and its fixed equipment, the engine, and electronics. It does not, however, cover the fishing gear (e.g. trawl). This should therefore be assessed as technological progress in its own right, although the specifics of the insurance value rise cannot be defined. Similarly, limited technological progress is assumed where a vessel’s insurance value remains stable over the period.      

4.3
Production function analysis 

James Kirkley of the Virginia Institute of Marine Science and Cathy Morrison of the University of California undertook a statistical analysis of the dataset, based on standard economic analytical procedures for assessing technical change. The analysis commenced with the specification of a production function; its subsequent statistical estimation; and subsequent analysis. The results were further analysed at SJFI, in order to evaluate the impact of technological progress in the trawl fishery. A summary of the principal results is given below.  

Technological change – fleet level
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Technological change for the entire fleet during 1987-99 was 1.8% per annum. Split into two sub-periods, the there was an average annual change of 2.8% during 1987-93 and a 0.8% change during 1994-99 (see Figure 4).

Figure 4. Technological change for trawling sub-fleet, 1987-99  

· Technological change for the fleet was fully captured by embodied technological change (capital investments and insurance values) and, hence, disembodied technological change (external time trend factors) was regarded as insignificant.

· The analysis suggests that the value captured in the insurance value estimate is representative of technological advancements that have had an important contribution to technological change.  

Technological change – vessel level

· Embodied technological change of vessels varied from all-positive average contributions, to no exhibited improvements, to those with only negative impacts. 

· For example, three vessels showed clear positive effects of technological innovations of 11%, 7%, and 5% per annum, all from Zeeland. Another vessel showed no technological progress over the entire period, whereas a further vessel seemed to have experienced technological regress of about 2% per annum in terms of effective output production.  

Fleet production

· The average annual change in output for the fleet was negative, at nearly 3% per annum. The spawning stock biomass (SSB) declined at a similar rate. Both the effort variables (days at sea and landing declarations) increased significantly, suggesting that productivity (output per unit input) declined over the period.

· An increase in SSB contributed significantly to output, with a 1% increase in SSB resulting in a 0.58% increase in output. 

Performance indicators

· Given all other measured characteristics of production, two vessels were higher-than-average producers, averaging 1.5% greater production. One vessel produced more than 2% below average. 

· The type of gear affected output significantly, with demersal pair trawling in particular exhibiting significantly higher output. Gillnetting, however, showed significantly lower output on average.         

· The results indicate that the technical efficiency of the entire fleet was low, with a reduction in efficiency taking place during the 1994-99 period, compared to the preceding sub-period.  

The results seem to support the general evolution of the cod fishery in the Baltic region. They also reinforce the qualitative information from interviews that indicate that fishers have had few incentives to invest in new technologies during the latter half of the 1990’s. The fleet has seen an overall production development that closely follows the trend in the spawning stock biomass. Technological progress has been in the magnitude of 1.8% per annum during 1987-99, although this average somewhat simplifies the evolution. 

The analysis clearly shows that during the latter part of the 1980’s and early 1990’s, the fleet enjoyed a period of technological improvements mainly through capital investments. Following the stock decline in 1993-94, and a consequential reduction in quotas, the fleet seemed to experience a marked slowdown in technological progress, with only a 0.8% annual change during 1994-99 compared to 2.8% in the 1987-93 sub-period. A reduction in overall efficiency of the fleet also seemed to be evident in the latter half of the 1990’s. Furthermore, the analysis indicates that vessels have performed differently and have contributed to overall technological progress to various extents, some of which have had a significant negative impact on overall progress.          

It is the clear that selecting 23 vessels out of a large mobile fleet may give rise to skewed results if one uses the results as an overall indicator for the whole fleet exploiting Baltic cod. The analysis has shown significant variance of technological progress and performance between vessels. Furthermore, the vessel data included in the analysis only comprise landings of cod and other fish in the month of February of each year. The highly flexible and mobile nature of the fleet may lead to the analysis not taking changing fishing strategies and management restrictions into account. 

It is possible that conditions of weather, the environment, fish stocks, and markets have played an important role in determining these strategies. Furthermore, the analysis has not distinguished cod landings from other fish landings, and so overall landings may have led over- or under-estimations of landings (e.g. where large volumes of herring landings have complemented or substituted cod landings). This was a result of ignoring the cod ‘intensity’ index in the analysis due to the specification requirements of the production function model. 

A further problem is that simply concentrating on the cod fishery in one month does not account for potential capital investments that are aimed towards other fisheries in other time periods and/or fishing areas. This highlights the general problem one faces when analysing a Danish fleet segment that is able to move between fisheries, areas, and species within a given year. Nevertheless, the analysis is believed to be a relatively good indicator of the technological progress of the Baltic cod trawling fleet as the chosen vessels in the sub-fleet have a significant and dominating track record in the fishery during the 1987-99 period.       

It is acknowledged that the statistical analysis undertaken has resulted in a comprehensive list of findings on the fleet and vessel levels, in terms of production and performance indicators as well as their relationship with technological progress. It is currently outside the scope of this paper to review all these findings. Furthermore, although technological progress is often tied to the idea of increasing production, it is evident that some capital investments also aim to reduce operating costs, improve safety and working conditions, and help to diversify fishing strategies. These are obviously more difficult to quantify here, although an extended analysis that incorporates cost and earning data would provide a sufficient basis for analysing potential changes in the cost structure of vessel operations.      

5. 
DEA capacity analysis

The approach used in this paper to assess capacity is Data Envelopment Analysis (DEA). The DEA approach is a mathematical linear programming technique where an optimal solution is determined given a set of constraints, and finds the relative technical efficiency of vessels. That is, the methodology helps to estimate the vessels that are best at generating output given their inputs. These vessels are to be found on the frontier of production. It also identifies how far the other firms are from this frontier. Using the output-oriented version, this information is used to estimate measures of capacity output and capacity utilisation, and gives the potential output given the current use of inputs (Bay Michelsen 2001, Vestergaard et al 1999). Capacity output (CO) indicates how much a firm can increase their production, e.g. a score of 1.3 means that CO is 1.3 times the currently observed output. In this case, capacity utilisation (CU) is then defined as 1/1.3. 

The analysis was undertaken for 13 datasets, one for each year during the 1987-99 period, as previously used in the technological progress analysis. The defined outputs were cod and other fish and fixed inputs were GT, kW, Loa and Insurance value. The General Algebraic Modelling System (GAMS) software was used to execute the analysis, based on a model developed by Niels Vestergaard. 

Capacity output and CU scores for the 23 vessels given in Table 5 indicate that the sub-fleet experiences excess capacity problems, with average CU scores of vessels ranging from 0.52 to 0.92 for the entire 1987-99 period. Furthermore, the average CU scores for the whole sub-fleet range from 0.65 to 0.82 for the years 1987-99 (not shown in the table), averaging 0.73 for the whole period. It should be noted that the yearly estimates are based on yearly frontier positions of vessels’ production, and hence averaging over many years could be misleading, as these frontier positions will tend to change from year to year. The analysis needs to be extended in order to account for such changes. It also seem to show an increase in excess capacity in later years, given the further decrease in the average sub-fleet CU for 1994-99.  

It is noticeable that CU scores of vessels vary considerably depending on homeports. 8 out of 11 vessels with the highest CU scores are from Bornholm, ranging from 0.77-0.92 on average for 1987-99. Further, 5 out of 7 vessels with the lowest scores are from Zeeland, ranging from 0.52-0.64. Contrastingly, in terms of cod landings, 8 out of the top 10 vessels are from Bornholm. 

These results seem to support that the Bornholm vessels in the sub-fleet have fewer problems with capacity in the Baltic cod fishery, at least in terms of cod production during the high season. In this respect, Zeeland vessels seem to exhibit greater capacity problems. These conclusions may be rather simplistic given the data criteria for the analysis. It might be expected that vessels from Zeeland, being closer to other fishing areas than those on Bornholm, are more flexible in terms of their annual fishing strategies. Therefore, in spite of appearing relatively poor operators fishers during their time in the high season cod fishery, they may more efficient than their Bornholm counterparts in other parts of the year. It is therefore imperative to base the analysis on annual data, in order to account for flexible and mobile fishing behaviour that characterise most Danish fisheries. 

Table 5. Average capacity scores, 23 vessels, 1987-1999

  Vessel no.
  Homeport
  CO 1987-99
St. deviation
  CU 1987-99
  CU 1987-93
  CU 1994-99

  1
  Zeeland
1.49
(0.66)
0.77
0.75
0.78

  2
Bornholm
1.73
(0.78)
0.66
0.71
0.59

  3
  Zeeland
2.33
(1.68)
0.59
0.63
0.54

  4
Bornholm
1.24
(0.31)
0.85
0.89
0.80

  5
Bornholm
1.41
(0.50)
0.77
0.75
0.80

  6
Jutland
1.70
(0.77)
0.68
0.71
0.65

  7
  Zeeland
2.06
(1.35)
0.66
0.58
0.74

  8
Jutland
1.29
(0.39)
0.83
0.78
0.89

  9
Bornholm
1.25
(0.30)
0.84
0.83
0.84

  10
Bornholm
1.14
(0.17)
0.89
0.90
0.88

  11
  Zeeland
1.75
(0.62)
0.64
0.66
0.61

  12
  Zeeland
2.18
(1.15)
0.56
0.72
0.38

  13
  Zeeland
3.71
(3.16)
0.55
0.59
0.50

  14
Funen
2.59
(1.72)
0.52
0.47
0.58

  15
Funen
1.11
(0.14)
0.92
0.97
0.85

  16
Jutland
2.77
(3.11)
0.58
0.67
0.47

  17
Jutland
1.53
(1.15)
0.82
0.83
0.80

  18
Funen
1.52
(0.70)
0.75
0.70
0.80

  19
  Zeeland
4.86
(10.27)
0.62
0.50
0.76

  20
Bornholm
1.44
(0.65)
0.78
0.68
0.91

  21
Bornholm
1.29
(0.39)
0.83
0.91
0.74

  22
Bornholm
1.28
(0.38)
0.83
0.89
0.76

  23
Bornholm
1.58
(1.46)
0.81
0.86
0.75

  Sub-fleet average

1.88
(0.61)
0.73
0.74
0.71

  St. deviation

-
-
(0.12)
(0.13)
(0.15)

It should be noted that the impact of ration regulations, based on vessel length criteria, may restrict vessels from producing their desired output. Hence, even if a vessel has greater fixed inputs than other vessels, it will still be limited in terms of possible production. In other words, vessels that have greater capacity or are more efficient are not rewarded, but rather penalised, under the current management system. Such an impact of regulation will undoubtedly have led to distortion in the tabulated results. The standard deviations also give an indication of varying strategic behaviour over the period.  

Further analyses are required to verify the applicability of these findings to capacity management policy. Firstly, comparisons and regressions of current CU scores may offer additional clues to capacity development over time and the causes for observable changes. Secondly, given that economic data is available, a revenue-based approach should be undertaken. Results from such an approach would clarify the distinction between landings of cod and other fish. Thirdly, for results to be applicable to management at the trawl fleet level, the analysis should incorporate a larger sample of vessels and the possible expansion from February to annual data. The overall Danish fleet is highly mobile and exploits multiple species, and so a comprehensive analysis of capacity should incorporate data that fully represent the fishing strategies of these vessels throughout the year. Such an analysis will lead to more relevant estimates of capacity utilisation in Danish fisheries, as analysing cod fisheries in isolation will in itself not give managers a clear picture of potential capacity problems. 

6.
Comparison of technological progress/capacity estimations

It is interesting to note, as a means of comparison, that the three vessels that exhibited the greatest technological progress were among the vessels with lowest CU scores. Furthermore, CU scores above 0.80 were observed for only 8-9 vessels, depending on the observation period analysed. Most of these vessels showed relatively restricted technological progress in comparison. On the other hand, CU scores below 0.60 were observed for 4-6 vessels in the various observation periods, with comparatively greater technological progress. 

Despite reductions in the cod TAC in the 1994-99 period, the production of vessels in February has remained relatively stable, and has even increased in some years (see Figure 3). Given that average sub-fleet CU has decreased on average from 1987-93 to 1994-99 would indicate that technological progress might have expanded the potential output of vessels, a potential that has not been realised in terms of a proportional increase in production. This is highlighted by the fact that vessels with the greatest technological progress also have poor CU scores. The reduction in technical efficiency of the sub-fleet indicated by the technological progress analysis contributes further support to this conclusion.

CU scores for individual vessels have both increased/decreased between the two sub-periods, and since annual fishing strategies are not taken into account, these interpretations should remain speculative. The small sample of vessels also makes the analysis sensitive to large deviations of individual vessels from the average of the sub-fleet. It should further be acknowledged that estimations of technological progress were largely captured by changes in insurance values of vessels. It can therefore be expected that as a rise in insurance value contributes to increasing technological progress, it will similarly impact CU estimations.   

7.
Conclusions

The Baltic cod fishery has historically been the most valuable commercial fishery in Denmark and has been exploited by a mobile multi-gear fishing fleet. Following a prosperous fishery in the 1980’s, a considerable stock decline with consequential quota reductions was observed. Incentives to invest have been lacking due to stringent quota ration regulations, perceptions of stock uncertainty and poor returns of capital, and strict national capacity restrictions. 

The statistical analysis of 23 cod trawling vessels fishing in February for the years 1987-99 shows that technological progress for the sub-fleet was 1.8% per annum, based on an average annual change of 2.8% during 1987-93 and a 0.8% change during 1994-99. The average annual change in output for the fleet was negative, at nearly 3% per annum, with the spawning stock biomass declining at a similar rate. Effort variables increased significantly, suggesting that productivity (output per unit input) declined over the period. There seems to be a clear downward trend in the contribution of technological progress to output since 1993, at least in part due to the reduction in exhibited investments. This evolution is in line with the general trend of the fishery that has seen a decline in cod stocks and overall production, and the perceptions of the industry that there are few incentives to invest under current conditions.

The DEA analysis gives preliminary estimates of fleet capacity for the observed period. Results indicate that the sub-fleet is experiencing problems of excess capacity, as output could potentially be increased whilst fixed inputs remain constant. Capacity utilisation (CU) scores of the 23 vessels for the 1987-99 period range from 0.52 to 0.92, with a sub-fleet average of 0.73. Problems of capacity seem to have increased for the sub-fleet during the 1994-99 period. It is also considered that the homeport locations of the vessels in the sub-fleet may have an impact on performance in the fishery, with Bornholm vessels appearing to have fewer capacity problems. 

Further analysis of the CU scores is required as well as attempting a revenue-based approach. The quota ration restrictions imposed on vessels should also be assessed, as these can expect to play an essential role in determining the level of vessel production. The current results remain tentative and the analysis should be expanded to incorporate more vessels as well as annual data, in order to account for the flexibility of vessels in Danish fisheries. 

Comparing technological progress and capacity estimations is discussed, where initial indications are that technological progress of vessels have led to a drop in capacity utilisation scores. This could indicate that vessels have not been able to fulfil their catching potential as a result of management regulations. However, such interpretations should be regarded as preliminary. 

The findings of this paper suggest that technological progress in the Danish cod trawl fishery has undermined reductions in fishing effort under MAGPs, although its impact has not been uniform over time. Reductions in cod stocks and quota allocations have tended to mitigate investment incentives, and subsequently technological progress of the fleet has seen a noticeable decrease. Preliminary capacity estimations also indicate that the vessels in the sub-fleet are experiencing excess capacity during the high season of the cod fishery. In light of fleet reduction initiatives under the MAGP, such findings should be considered when adopting a capacity management policy. Furthermore, given the current status of the cod fishery in Denmark, potential capacity expansion allowed under the MAGP should be avoided. This would furthermore call into question the validity and objectives of MAGP capacity targets. 

It should be noted that the findings of this paper are based on vessel-specific and seasonal data for the Baltic cod trawl fishery. Aggregation of results to an annual fleet or industry level for management purposes is therefore inappropriate at this stage. 
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