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This series documents the scientific basis for stock assessments and 
fisheries management advice in New Zealand. It addresses the issues of 
the day in the current legislative context and in the time frames 
required. The documents it contains are not intended as definitive 
statements on the subjects addressed but rather as progress reports on 
ongoing investigations. 



COST BENEFIT ANALYSIS OF ALTERNATIVE MANAGEMENT 

STRATEGIES FOR CHATHAM RISE ORANGE ROUGHY. 

Backaround 

Recent stock assessments of Chatham Rise (Area 3B) orange roughy 
indicate that the current quota of 34 000 t is notsustainable (see 
Appendix I of Robertson and Mace 1988). It is believed that the stock 
has experienced recruitment failure and' overfishing af the TAC. The 
recommended quota for the 1987/88 fishing year is 17 430 t. 

A cost benefit analysis was undertaken to evaluate the potential 
economic gains from a quota reduction. The analysis was conducted 
from a national viewpoint (i.e. where possible, costs that are 
actually transfer payments within the economy were ignored). 

Methods 

The analysis was performed using a computer simulation model (see 
Mace and Doonan 1988 for a detailed description). The model describes 
and synthesises the available information on orange roughy,population 
dynamics, fishing activity and the economics of the orange roughy 
fishing industry. Symbols used in this report correspond to those in 
Mace and Doonan (1988). 

Biological Submodel 

The biological submodel simulates growth, recruitment and natural 
mortality using standard fisheries equations and the best current 
scientific information on orange roughy demographics. Virgin biomass 
and the equilibrium virgin recruitment were back calculated from the 
most recent estimate of biomass (96 800 t) using a dynamic pool model 
and the catch history. Estimates of the extent to which removals from 
the stock have overrun reported catches were incorporated into the 
analysis. Fish growth was calculated from a von-Bertalanffy equation. 
Recruitment was simulated using a Beverton-Holt stock-recruitment 
relationship. The steepness of the relationship was altered by use of 
a parameter, h, defined such that recruitment is h times virgin 
recruitment when stock size is 20% of virgin biomass. It was assumed 
that the number of new recruits to the exploited stock was negligible 
(zero) for the years 1984-87 inclusive. The main biological 
parameters used in the model are given in Table 1. 

Fishing submodel 

The fishing submodel removes fish from the exploited stock using 
either the catch history scaled up to account for overruns, a 
constant catch (quota) strategy, or a constant instantaneous fishing 
mortality (F) strategy. A catch equation was used to account for the 



simultaneous occurrence of fishing morlulity and nacural mortality. 

Economic Submodel 

The economic submodel includes export value, costs of fishing and 
processing, and a discount rate. Information obtained from the 
Fishing Industry Board in November 1987 put the price received for 
orange roughy fillets on the U.S.A. market at $US2.80/lb. Using 
appropriate conversion factors, this translates to $NZ2,567/tonne 
greenweight. It was assumed that export value will remain constant 
over time, in real terms. 

Data on daily costs of fishing and average daily catch were obtained 
from a fishing company that has vessels operating bn Chatham Rise 
orange roughy. All costs were treated as variable costs. New 
Zealand's deepwater fisheries are not fully capitalised and it is 
probably reasonable to assume that excess capacity resulting from 
quota reductions can be deployed in other fisheries. Current total 
costs of fishing were estimated to be $1,05O/tonnc greenweight (cost 
per day divided by catch per day). Costs of fishing were related to 
stock size by a hyperbolic function that is relatively flat as long 
as stock size remains above 20% of virgin biomass (cost/tonne at 20% 
of virgin biomass is 1.5 times that at 100% virgin biomass) and 
increases rapidly thereafter. This simulates a commonly-observed 
phenomenon for aggregated fish species whereby catch per unit of 
fishing effort remains relatively constant until stocks are reduced 
to very low levels. 

The cost of processing fish was estimated to be 5320/tonne 
greenweight, based on data supplied by another fishing company. This 
cost was also assumed to remain conatant over time, in real terms. 

Two alternative discount rates (5) were used:& = 0.10 (standard 
economic rate) and 5 = 0.03 ("social rate" that has sometimes been 
applied to renewable resources). 

The main output from the economic submodel was the net present value 
(NPV) calculated from 

NPV = (P - Ci - e p ) .  CATCHi.e-i 

where i = year (year zero is the 1987/88 fishing year) 
P = price per tonne (export value) 
ci = cost of catching each tonne in year i 
c. = processing cost 

CATCHi = catch in year i (tonnes) 
= discount rate 

It was assumed that fishing will cease before profits become 
negative. This occurs at low stock size, when the cost of catching 
each tonne of fish becomes high. 



Management Strategies 

Three alternative management strategies were investigated: 

(i) Leave quota at 34 000 t indefinitely. 
(ii) Reduce quota to 17 430 t for the 1987/88 fishing year and 

leave it at this level indefinitely. 
(iii) Reduce quota to 17 430 t for the 1987/88 fishing year and use 

a fishing mortality level of F=0.18 thereafter. ( A  fishing 
mortality of 0.18 translates approximately into a yield equal 
to 18% of the mid-season stock size). 

Future recruitment scenarios 

One of the largest uncertainties in the prediction of future yields 
(and future profits) is when and to what extent recruitment of new 
fish to the exploited stock will increase. Four possible scenarios 
were simulated: 

(i) immediate recovery (new recruits begin to enter in the 
1987/88 fishing year) 

(ii) to years to recovery (one more year of zero new recruits) 
(iii) four years to recovery (three more years of zero new 

recruits ) 
(iv) six years to recovery (five more years of zero new recruits) 

In each case, new recruitment was calculated from the Beverton-Holt 
stock-recruitment relationship, taking account of the lag between 
spawning and entry into the fishery. 

Results 

Calculations of NPV are presented for two examples that use different 
estimates of virgin biomass, level of TAC overrun to date, and 
steepness of the stock-recruitment relationship (Tables 2 and 3). For 
both examples a management strategy using F = 0.18 from 1988/89 
onwards would require further reductions in quota (Table 4). 

Evaluation of the analysis 

The analysis has been formulated in such a way that most of the 
assumptions will lead to conservative estimates of the gain (in 
absolute terms) in NPV from a quota reduction. Conservative 
assumptions include: 

(i) The cost data used were provided voluntarily by a fishing 
company. They may be high estimates since it is to the 
industry's advantage not to under-estimate costs (e.g. tax 
purposes). 

(ii) The company probably included some costs that are actually 
transfer payments within the economy (e.g. insurance). 

(iii) All costs were treated as variable, whereas in reality some 
are fixed (and non-malleable) and have already occurred. 

(iv) The analysis assumes that fishers are perfectly rational, in 



an economic sense, with perfect ability to predict fishing 
success. They cease fishing before it becomes unprofitable. 

(v) "Negligible" recruitmentto the orange roughy stock has been 
simulated as zero recruitment. 

One assumption that would result in over-estimation of the gain in 
NPV is the assumption that all TAC overruns cease from the 1987/88 
fishing year onwards. If this is not to be the case it may be 
necessary to adjust quotas accordingly. 

Costs not considered in the analysis include research and monitoring 
(intervention) costs. It was assumed that these would remain siaildr 
regardless of the quota level. Stock size and quota have little 
influence on the desirable scope of a research surrey. With a quota 
reduction, intervention costs could increase due to some factors 
(e.g. a need for tougher enforcement) and decrease due to others 
(e.g. fewer fish to monitor or fewer trips). 

Conclusions 

Even if recruitment recovers immediately, the orange roughy 
stock is unlikely to be able to sustain a quota of 34 000 t. 
It is possible that fishing at this level could be profitable 
in the short term, but it will almost certainly lead to 
subsequent stock collapse, and a long recovery period before 
the fishery is viable again. 

Fishing at 17 430 t is probably biologically safe and 
economically profitable in the short term, unless recruitment 
takes more than 2-3 years to recover. 

A management strategy using F = 0.18 is the best option both 
from a biological and an economic perspective. This is 
particularly true if recruitment takes several years to 
recover. 

If recruitment takes more than two years to recover, further 
reductions in quota may be necessary. 

There will probably be a net gain in NPV from a buyback to 
achieve a quota of 17 430 t, even from a purely economic 
perspective. There will certainly be one from a social 
value/conservation perspective. 
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Table 1. Biological parameters used in the model. 

Parameter Symbol Value 

Natural mortality M 
Age at recruitment Ar 
Age at maturity Am 
Length-weight intercept a 
Length-weight exponent b 
Maximum length (cm) Lw 
Body growth coefficient K 
Growth intercept to 

Catch (tonnes) 

1978-79 0 
1979-80 11800 
1980-81 31100 
1981-82 28200 
1982-83* 32605 
1983-84* 32535 
1984-85 29340 
1985-86 23420 
1986-87 34000 (quota) 

* A 15 month catch period was used to account for the changeover in 
fishing year from 1 April - 31 March to 1 October - 30 September. 



Table 2. NPV ( $  millions) to 25 years or year preceding economic 
collapse under various assumptions about discount rate, management 
strategy and time when recruitment recovers. Virgin biomass ( B o )  = 
406,500 t, level of TAC overrun to date = 30%, stock-recruitment 
parameter (h) = 0 .95 .  When F = 0.18,  long-run eq~tlihrium biomass = 
114,760 t; long run equilibrium catch = 20,725 t. First number in 
brackets represents the year of biological colhpse !stock size less 
than target catch); second number represents the veer of economic 
collapse (profits negative). 

MANAGEMENT STRATEGY 

RECOVERY OF 
RECRUITMENT 

immediate 
two years 
four years 
six years 

immediate 
two years 
four years 
six years 

* Year in brackets is the latter part of the split fishing year; e.g. 
92  represents the 1991/92 fishing year. 



Table 3. NPV ( $  millions) to 25 years or year preceding economic 
collapse under various assumptions about discount rate, management 
strategy and time when recruitment recovers. Virgin biomass ( B o )  = 
450, 000 t, level of TAC overrun to date = 50%, stock-recruitment 
parameter (h) = 0.80. When F = 0.18, long-run equilibrium biomass = 
110,050 t; long run equilibrium catch = 19,870 t. First number in 
brackets represents the year of biological collapse (stock size less 
than target catch); second number represents the year of economic 
collapse (profits negative). 

MANAGEMENT STRATEGY 

RECOVERY OF 34 OOOt 17 430t 
RECRUITMENT 

immediate 118.2 (92)(93)t 207.1 
two years 52.6 (90 
four years 29.7 (89 
six years 29.7 (89 

immediate 130.7 (92 
two years 54.6 (90 
four years 2'9.7 (89 
six years 29.7 (89 

17 430t, then 
5 = 0.18 

t Year in brackets is the latter part of the split fishing year; e.g. 
92 represents the 1991/92 fishing year. 



Table 4. Yield projections (tonnes) for the first three years of a 
management strategy using F = 0.18, under various assumptions about 
the time when recruitment recovers. (A) Yields corresponding to the 
example given in Table 2. (B) Yields corresponding to v,he example 
given in Table 3. 

FISHING YEAR 

RECOVERY OF 1988/89 1989/90 1990/91 
RECRUITMENT 

immediate 
two years 
four years 
six years 

immediate 
two years 
four years 
six years 


