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ABSTRACT 

A sensitivity analysis of the SKEBUB simulation model parameterized to 

Balsfjord in northern Norway was performed using Monte Carlo error analysis. 

The large number of measured output variables (33) were reduced to seven 

principal components, and these seven principal components regressed 

against input parameters. Starvation of fish species which were neither 

piscivorous in habit nor consumers of phytoplankton predominated on the , 

first component which explained 24% of the data variance. Input parameters 

determining temperature and the temperature/growth relationship of euphausiids 

were its primary determinants. This contrasts with a previous analysis of 

SKEBUB roughly parameterized to the Georges Bank, where predation predominated 

(Bax 1983b). Euphausiids and prawns had large loadings on most of the seven 

factors indicating their pervasive influence throughout the system. The cod 

biomass was correlated chiefly with input parameters from the euphausiid group. 

Cod also had a negative correlation between growth and percent consumption, 

(unlike the positive correlation between these two parameters for the other 

fish group~) perhaps resulting from their cannibalistic nature. Coefficients 

of variation of output variables were up to 24 times those of input parameters 

indicating an error magnification in line with published results. Herring 

biomass was negatively correlated with the biomasses of other fish groups 

in the factor loadings and a more detailed analysis of this feature is 

recommended. 
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S COPE OF TH I S REPORT 

This report presents the results of global sensitivity analyses on 

an ecosimulation model of Ba1sfjord in northern Norway. The simulation 

model SKEBUB (Laevastu and Bax 1982, Bax 1983a) was parameterized for 

Ba1sfjord by J-E Eliassen of the University of Troms0 in conjunction with 

T. Laevastu of the Northwest and Alaska Fisheries Center and the author. 

Details of the simulation are presented elsewhere (Eliassen et a1., in 

prep.) • 

INTRODUCTION 

The Simulation 

SKEBUB is a multispecies, biomass-based ecosimulation model, simulating 

in this instance the dynamics of 14 groups of organisms and their interactions. 

It is a simplification of the holistic ecosimu1ation models described in 

Laevastu and Larkins (1981) but does not have spatial resolution. The 14 

groups comprise all major taxa in the ecosystem under study (microorganisms 

and parasites are not included), each group representing species assemblages, 

individual species, or age groups within a species. While the biomass of 

several of these groups is prescribed, the majority have biomasses determined 

within the simulation such that at equilibrium their annual proportionate 

increase in biomass (growth minus non-predation mortalities) approximates 

their (comparatively) fixed losses due to intergroup predation. SKEBUB runs 

in two modes - in the first, or equilibrium searching mode the indeterminate 
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biomasses are individually adjusted following each of a series of 30 

simulations of one year to reach the point where their annual growth equals 

their annual losses. In the second, or prognostic mode the indeterminate 

biomasses fluctuate freely from the equilibrium values, responding to 

system perturbations such as a change in fishing pressure or temperature 

anomalies. 

The assumption of a constant equilibrium in an ecosystem is of course 

fallacious (e.g., Wiens 1984), and perhaps particularly so for a fishery 

ecosystem as any survey of stock and recruit relationships demonstrates. 

Equilibrium in the context of this simulation is envisaged as the long-term 

mean biomass values for the different groups. In its initial stages 

equilibrium searching highlights inconsistencies in input data; for example, 

where predation of species A on species B calculated from stomach contents 

analysis is larger than that available from species B as indicated by survey 

data. In its final stages the concept of equilibrium provides a stable, 

and replicable, position from which to study perturbations to the system. 

Sensitivity Analyses 

Sensitivity analyses of large simulation models can take two forms. If 

the statistical properties of all input parameters are known (an increasingly 

rare occurrence as model size increases) then a Monte Carlo error analysis 

can provide estimates of the statistical precision of the simulation results. 

In most instances error distributions of at least some input parameters are 

not known or may not exist for parameters which do not have analogues in the 

real world. In these instances Monte Carlo error analysis with proportionate 
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error distributions for each parameter (e.g., ± 10% of the baseline value) 

determines the most sensitive parameters, variables, and interactions in 

the model. Properties of the simulated system are often inferred from 

such analyses of the model. 

Although univariate sensitivity analyses are sometimes used, these 

procedures tacitly assume that the parameters operate independently of one 

another, which is usually not the case. Multivariate analyses perturb 

parameters simultaneously and with a sufficient number of independent runs 

of the model provide a measure of the sensitivity of the chosen output 

variables to each parameter over the prescribed range of all other parameters. 

The number of runs required can be reduced by the simultaneous but sequential 

perturbation of parameters at defined levels either in the form of a 

fractional factorial analysis of variance, or as a Latin hypercube sampling 

strategy (Rose 1983). 

Several techniques have been used to analyze Monte Carlo error analysis 

output. One is to compare the simple correlation coefficients of all 

parameter/variable combinations (Gardner et al., 1981); however, this method 

fails to completely account for parameter interactions. Partial correlation 

analysis accounts for effects of other variables besides the independent 

variable, but ~ priori selection of variables is required to reduce chance 

correlations. Multiple regression analysis solves many of the problems with 

correlation analysis (Reed et _ al., 1984), and can be used to eliminate 

independent variables with only minor (or perhaps chance) relationship to the 

dependent variable. These techniques all analyze one output variable at a 

time. When the analysis of many output variables is required the number can 
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first be reduced with principal components analysis (Green 1979) or a 

GH'Biplot can be used to simultaneously estimate variances and correlations 

of all input parameters and output variables (Gabriel 1971, Huson 1982). 

Different researchers with different goals and different models will require 

different methods of sensitivity analysis, but usually more than one method 

should be used to gain an overall idea of model response (Huson 1982, 

Rose 1983). 

METHODS 

Simulation 

The simulation model SKEBUB (Laevastu and Bax 1982, Bax 1982), parameterized 

to simulate the Balsfjord ecosystem (Eliassen et al., in prep.), was run to 

produce a stable equilibrium. Values of the parameters at equilibrium were 

stored to be used as the baseline values around which random perturbations 

were generated and input in the Monte Carlo error analysis. Results from 

sensitivity analyses can depend on the stage in the running of the model at 

which they are extracted (O'Niell et al., 1980). The equilibrium position 

is the logical stage at which to conduct the analysis in SKEBUB, however it 

is noted that the model likely would show different sensitivities to 

parameters if it were analyzed at a point away from this equilibrium. 

Selection of Variables 

An initial Monte Carlo error analysis with 1000 individual simulations, 

each consisting of 30 year-long iterations, was run with all input parameters 

perturbed independently over a triangular error distribution with limits of 

+ 5% of baseline values. Four output variables were measured at equilibrium 
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for each species or group: the biomass of each group consumed in the 

equilibrium year; the required biomass not consumed by each biomass in the 

equilibrium year; the mean annual biomass of each group at equilibrium; and 

the commercial catch from each group in the equilibrium year. 

Coefficients of variation for each measured output variable were 

substantially higher for 0 cod than for any other group (Table 1), indicating 

the sensitivity of larval and juvenile cod to parameter perturbation. Although 

these high coefficients of variation were a valid response from the simulation, 

the continued subdivision of cod into age classes would lead to a biased 

interpretation of species interactions since other species were not subdivided 

on age. Consequently, for the purposes of subsequent analyses the same random 

perturbation was applied to each of the cod age groups for any input parameter 

and each output variable was summed over all age groups. Within the 

simulation each age group fluctuated without constraints from the other age 

groups. 

A second Monte Carlo error analysis indicated that coefficients of variation 

of the pooled cod age groups were compaRable to those of other biomasses 

(Table 1). Before the final analyses both the biomass of each group consumed 

by others in the equilibrium year and the amount of required food not obtained 

by each group were expressed as percentages of that groups biomass. This 

removed the dependence of these variables on the equilibrium biomass. This 

transformation was not required for those groups with predetermined biomasses 

because all variables were standardized (expressed as a ratio of their mean) 

before statistical analysis. 



-7-

Monte Carlo Error Analysis 

Two error analyses of 2500 individual simulations with 30 iterations to 

equilibrium were run. All parameters (listed in Table 2) were perturbed 

independently for each biomass group to within + 5% of the baseline value. 

A triangular error distribution was used. The one difference between the 

two analyses was the seed for the random number generator. Statistical 

results were compared from each analysis and only those results common to 

both analyses are presented in the body of this paper. 

Statistical Analyses of Error Analysis Output 

Up to four output variables were measured for each of eleven biomass 

groups producing 33 measured output variables. To simultaneously analyze 

all output variables and associated input parameters from a SKEBUB 

simulation a GH'Siplot (Gabriel 1971, Huson 1982) was used by Sax (1983b) j 

however, the goodness of fit between the two dominant eigenvalues and the 

original data was poor. In this analysis parameters and/or biomass groups 

indicated to have low variance in the GH'Biplots were systematically removed 

from the statistical analyses. This approach was taken to increase the 

goodness of fit to the data matrix; however, unstable output resulted with 

dominant eigenvalues changing following the deletLon of seemingly innocuous 

parameters. The need for an alternative multivariate analysis was indicated. 

Principal components analysis (PCA) is recommended for reducing multi

variate data sets to their primary descriptors (Green 1979), and has the 

added advantage of producing orthogonal factors. PCA was used to reduce 

the number of output variables; input parameters were already orthogonal. 

A standardized PCA was used since output variables were not all in the same 
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units (Pielou 1984), and this PCA was centered to produce a more complete 

subdivision of the data. SMDP (Dixon et al., 1983) was used to carry out 

the analysis. Factor scores for each factor (or principal component) and 

each simulation run were stored and used as the dependent variables in 

subsequent forward, stepwise mUltiple regression analyses, where all input 

parameters were available to be entered as independent variables. Signed 

square roots of the factor scores were used in the regression analyses to 

normalize the residuals. It needs be remembered that in these analyses 

the independent variables are acting through the equilibriation process. 

Thus a biomass which is growing rapidly will be reduced in absolute amount 

through equilibriation and will appear as a reduced biomass in the final 

output. This procedure, though complicating the interpretation of results, 

will not affect the conclusions as to which output variables are most 

sensitive, nor which input parameters are most influential in determing 

those sensi:tivitJes, but the directions of the relationship between variables 

and parameters must be interpreted with care, 

Complete tables of factor loadings from the PCA, and multiple regression 

summary tables are presented in Appendices; abbreviated tables are presented 

in the body of the paper. 

Results 

Simple statistics on each parameter and variable from the 2500 run 

Monte Carlo error analysis are given in Table 3. Coefficients of variation 

are very similar (0.020 - 0.021) for all input parameters (1~69) as is 

demanded by the construction of the error analysis. Coefficients of 

variation of output variables (70-102) ranged from 0.019 to 0.479, i.e., up 
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to a 24-fold increase over input variation. Highest variations occurred 

for the equilibrium biomass, with lower variations for amount consumed and 

amount of food not obtained. Output variables 97 to 102, the amount of 

each group caught, were highly correlated with equilibrium biomass 

(r > 0.99) and these output variables were dropped from further analyses. 

The correlation occurs because the coefficients of fishing mortality are 

fixed during equilibriation. 

Principal components analysis of the remaining 27 output variables 

indicated seven factors which together explained 0.78 of the variance in 

the data space (Table 4a). The first factor which represents general 

starvation accounted for 0.24 of the data space variance, the last factor 

representing the group "other fish" explained 0.06. Factor scores for each 

of the seven factors for each of the 2500 runs were regressed on all 

independent variables following a square root transformation to normalize 

the data (Table 4b). Each factor is discussed below both in terms of those 

output variables having the largest loadings on it and in terms of those 

input parameters explaining the larger parts of its variability. Complete 

output tables for the PCA and for the regression analyses are given in 

Appendix tables I and 2 a-h, respectively. 

Factor I: Starvation 

The starvation (amount of required food not obtained expressed as a 

percentage of the groups biomass) of five groups were the major positive 

loadings on this factor (Table 4). These five groups were those which 

had little fish in their diet and little phytoplankton. Other more 

piscivorous groups (the cod) would have increased flexibility in diet, and 
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the zooplankton groups (copepods and euphausiids) have a large proportion 

of the diet as phytoplankton, a group which did not appear to be limiting. 

It can be difficult to visualize the mechanisms ' leading to the grouping 

of various variables on one factor and in this case I used individual 

regression analyses on each of the output variables with absolute loadings 

greater than 0.5 to supplement the information from the PCA and the regression 

analysis (Table 4). An increase in TAEUPH would cause a decrease in the 

growth rate of euphaus i ids because surface wate'r temperatures (TTU) are 

already below the prescribed acclimation temperature for most months of the 

year (Fig. 1). This decreased growth rate would require that in the 

equilibriation process th~ biomass of euphausiids (BBEUPH) be raised to 

withstand the predation pressure still acting on it. Increases in the 

biomass of euphausiids, already large in comparison with fish species, means 

that more food is required from the system, while at the same time the 

decreased growth rate of euphausiids means that there would be proportionately 

less of the euphausiid biomass available for consumption by other species. 

Other parameters associated with increased siarvation in the five groups 

and in decreased biomasses were parameters which increased their growth 

directly (GCAP, GPRWN), indirectly (TACAP, TAOTH), or increased their food 

requirements (FRMFLAT). The equilibrlation process would cause the biomasses 

to be lowered as growth rates increased, while increased starvation would 

result from the increased food requirements associated with increased growth 

rates. 

Three general conclusions are evident from Factor 1: 1) lack of food for 

the herring, capel in, flatfish, other fish, and prawns contribute to the 
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greatest variability in the system; 2) biomass of euphausiids is a key 

variable in determining general food availability; and 3) both 1) and 2) 

are sensitive to the water temperature, and to the ~cclimation temperatures 

of the different species. 

Factor 2: Copepods 

Input parameters which decrease growth indirectly (decreasing temperatures, 

TTU, or increasing acclimation temperature TACOP), or decrease growth directly 

(GCOP) lead to an increase in equilibrium biomass (BBCOP) necessary to 

sustain the incident predation. This increased biomass requires a larger 

consumption of phytoplankton, and percentage consumption (PCPHYT) consequently 

increases as phytoplankton biomass is predetermined. A direct consequence 

of the model formulation is that decreased growth results in a decreased 

availability to predation and hence percentage consumption of copepods 

(PCCOP) decreases. 

Decreased starvation of copepods (SCCOp) as growth rate decreases may 

be as a result of its direct influence on food requirements, however two 

output variables having negative loadings on Factor 2, percent consumption 

of benthos (PCBEN) and of euphausiids (PCEUPH), indicate indirect interaction 

effects with copepods since neither of those two groups are in the diet of 

copepods (Appendix Table 3). A possible intermediary is the prawn biomass, 

the starvation of which has po~itive loading on this factor, and the diet of 

which is about 18% copepods. Temperature effects on the growth rate of 

euphausiids (TAEUPH) also influence Factor 2, perhaps operating through 

prawns as the intermediary link. 
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Factor 3: Euphausiids/Predation 

Increased growth rate (GEUPH) and increased temperatures {TTU)/decreased 

acclimation temperature (TAEUPH) cause a reduction nf the required biomass 

at equilibrium and hence the negative loading of BBEUPH. 

Decreased biomass of the euphausiids and hence decreased amount of 

euphausi ids available for predation (even though percentage consumption 

increases) cause switching by the cod from euphausiids to prawns and capelin 

causing the increased percentage consumption of these species (PCPRWN and 

peCAP). These percentage consumptions can also be increased directly through 

increases of designated amount available (APPRWN) or increases in growth 

(GCAP). Similar effects also arise through an increase in cod biomass 

(BBCOD) produced by its decreasing growth rate (GCOD). Predation is also 

increased on benthos and zooplankton (PCBEN and PCZOO) while it is decreased 

on herring (PCHERR), though not necessarily by the same mechanism. 

Factor 4: Cod 

Major loadings on this factor are the percent consumption and the starvation 

of cod (PCCOD and SCCOD). Biomass of cod is conspicuous by its absence, 

but referring back to Table 5 it can be seen that parameters associated with 

euphausiids have a greater impact on cod biomass than those associated with 

the cod itself. Availability to predation (APCOD) has the expected positive 

relation with percent consumption. Growth parameters (GCOD and negative 

effect of TACOD) are negatively related to starvation and percent consumption. 

In the herring, flatfish, other fish groups, where both availability 

to predation and growth are important parameters, their actions are positively 

correlated, and in other groups (euphausiids, copepods, capel in) growth is 
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positively correlated with percent consumption, indicating an effect of the 

model formulation where availability to predation is made a direct function 

of grOlNth. For the cod :, growth and percent consumptoion are negatively 

correlated. Although this difference in response may be an artifact 

produced by the independent operation of the three age groups of cod within 

the model, it may also result from the cannibalistic nature of the cod whose 

largest predator is itself (Appendix Table 3). 

Factor 5: Herring 

Required equilibrium biomass of herring (BBHERR) increases as growth rate 

(GHERR) decreases directly, or indirectly through temperature effects 

(TAHERR and TTU), or indirectly through increased availability to predation 

(APHERR). Two other groups have significant loadings on this factor; there 

is a positive correlation with the biomass of euphausiids (BBEUPH), perhaps 

mediated through the cod biomass (BBCOD) which has a negative correlation 

with the herring biomass. Additionally, input parameters which would increase 

biomass of prawns (APPRWN and GPRWN) tend to increase herring biomass, 

possibly through an effect on the euphausiids, a shared food resource. 

Factors 6 and 7: Flatfish and Other fish 

For both factors, decreased growth, either directly or indirectly through 

temperature and predation effects, increase both the required equilibrium 

biomass and the percent consumption of each group. Additionally, the growth 

rate of prawns exerts a signficant effect on the other fish biomass/percent 

consumption. In both these groups and in herring, starvation does not appear 

as a significant loading, having already been separated out under general 

starvation by Factor 1. 
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DISCUSSION 

Principal components analysis was used to reduce the large number of 

output variables to a more ' tractable number, and to an extent it was 

successful. Subdivisions produced by the peA are similar to those produced 

by ranking simple correlation coefficients (AppendilxTable 4), but in addition 

produced seven new orthogonal variables for comparison with input data. That 

seven factors were necessary to describe the system is an indication of its 

complexity; the complexity of the real system must be considerably greater 

yet than the simplified representation of this model. In this analysis of 

2500 replicates it was difficult to identify linkages between different 

variables and parameters and it is difficult to conceive of being able to 

successfully identify any except the most obvious linkages from field sampling 

of the natural population where limited sampling, sampling errors, biases, 

and unknown environmental variability would cloud the data. 

Coefficients of variation of output variables were increased up to 24 

times over those of input parameters. This increase is in accord with those 

observed in previous analyses of SKEBUB (Bax 1983b), and with analyses of 

simpler models which also have this magnification of variability (O'Neill 

et al., 1980). This error magnification would be reduced substantially by 

placing constraints on what constituted an acceptable simulation run. For 

example, if all runs in the Monte Carlo error analysis were required to have 

each biomass as stable as that in the baseline run, few would be accepted. 

Objective criteria instead of, or in addition to, a stable equilibrium could 

also be used to take advantage of the better known features of the system -

catch rates, production/biomass ratios, etc. 
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Analysis of the Monte Carlo-generated data with PCA reduces the number 

of output variables by pooling those with common variability. When pooled 

in this fashion starvation of five species was domihant on the factor 

explaining most of the variability. Very different results arise when the 

variables are analyzed individually; the ten variables (excluding catch) 

with the highest coefficients of variation in Table 3 are: 

Biomass of prawns 

Percent consumption of cod 

Percent consumption of herring 

Biomass of other fish 

Biomass of capelin 

Biomass of copepods 

Biomass of cod 

Biomass of herring 

Biomass of euphausiids 

Biomass of flatfish 

Obviously group biomass is, in general, the output variable with highest 

variability, and percent consumption of cod and herring are also highly 

ranked. Starvation is not ranked in the top 10 for any species. Thus 

whereas PCA finds the greatest variability in the system by pooling the 

variability in starvation of several species, a univariate analysis treats 

each variable individually and fails to identify variability common to many 

groups. This common variability would be detected through analyses of the 

significant input parameters (e.g., Table 5). 
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Several general conclusions from the peA analysis include the importance 

of starvation in the system, its relation to temperature, and the importance 

of euphausiids and prawns throughout the system. This contrasts with a 

previous analysis of ~KEBUB, roughly parameterized to represent the Georges 

Bank ecosystem, where interspecific predation was found to be a more sensitive 

output variable than starvation, and temperature did not affect simulation 

results greatly (Bax 1983b). It is in the contrast between systems, where 

the constraints of the model itself can to a degree be cancelled out, that 

most information can be derived from ecosystem models. Future comparisons 

between the Ba1sfjord simulation and a simulation of a geographically similar 

but biologically different system are recommended. 

An idea of the relative influence of the different groups on other groups 

in the ecosystem is gained by comparing the number of factors on which each 

group has a "significant" loading (an absolute value of 0.25 is used as the 

level of significance in this discussion). The prawns have significant 

loadings on six factors, euphausiids on five, cod, cope pods , and phytoplankton 

on four, and the remaining groups have significant loadings on three factors 

each. Temperature appears on all seven factors. Although prawns have 

significant loadings on six factors, they are not the dominant influence on 

anyone, and instead contribute to the variance of all factors. Similarly, 

the cod, although dominating Factor 4, have their biomass determined 

principally by parameters affecting the euphausiids (Table 5). All groups, 

with the exception of the copepods, have significant loadings on Factor 1, 

the dominant factor, perhaps indicating a degree of independence of copepods 

from the rest of the system. 
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Lastly, it is possible to subdivide the groups into two based on whether 

their biomasses have negative or positive loadings on the same factors. Only 

the flatfish group, which biomass appears only in the factor in which it is 

the dominant group, cannot be categorized in this manner, suggesting a degree 

of separation from the rest of the system. The grouping is as follows: 

Euphausiids 

Copepods 

Herring 

Cod 

Capelin 

Other fish 

Prawns 

A surprising aspect here is that the herring are in an opposite group than 

the other fish species, including the capelin with which they share many 

characteristics. In view of expected increases in herring off the Norwegian 

coast in the next few years, a more detailed analysis of their effect on 

this system is warranted, although beyond the scope of this report. 
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Table l.--Coefficients of variation of output variables from the SKEBUB-Ba1sfjord 
simulation during Monte Carlo error analysis. Values in parentheses 
are coefficients of variations with output variables for cod pooled 
over age groups. 

Biomass 
cons umed by 

others 
Species kg/km2 

0 Cod 0.84 

Cod 0.29 

2+ Cod 0.31 
(0.48) 

Herring 0.25 
(0.26) 

Cape 1 in 0.29 
(0.31) 

Fl atf ish o. 19 
(0.20) 

Other finfish 0.32 
(0.32) 

Prawns 0.51 
(0.48) 

Benthos 0.04 
(0.04) 

Copepods 0.22 
(0.22) 

Euphaus i ids 0.21 
(0.22) 

Other zooplankton o. 13 
(0. 13) 

Phytoplankton 0.15 
(0.14) 

Requ ired 
food biomass 
not obta~ned 

kg/km 

0.69 

0.21 

o. 18 
(0.28) 

0.21 
(0.21) 

0.22 
(0.24) 

0.18 
(0. J 8) 

0.29 
(0.29) 

0.42 
(0.41) 

0.25 
(0.25) 

0.23 
(0.24) 

Biomass 
kg/km2 

0.83 

0.28 

0.23 
(0.24) 

0.24 
(0.25) 

0.29 
(0.31) 

o. 18 
(0. J 8) 

0.31 
(0.31) 

0.50 
(0.47) 

0.27 
(0.26) 

0.25 
(0.26) 

Catch 
kg/km2 

0.84 

0.28 

0.23 
(0.25) 

0.24 
(0.26) 

0.29 
(0.31) 

0.18 
(0.19) 

0.31 
(0.31) 

0.50 
(0.47) 
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Table 2.--List of input parameters, biomass groups, output variables used 

in the Monte Carlo error analysis, and their abbreviations.lI 

INPUT PARAMETERS 

AP Availability to predation 

CFT Occurrence in predators diets 

V Starting biomass 

G Growth coefficient 

FRG Food requirement for growth 

FRM Food requirement for maintenance 

TA Acclimation temperature 

B Rate of prey switching 

DMAX Maximum prey switching 

TTU Temperature in upper layers 

TT Temperature in bottom layers 

OUTPUT VARIABLES 

PC Percent of equilibrium biomass consumed by others 

B I aMASS GROUPS 

COD Cod 

HERR Herring 

CAP Cape 1 in 

FLAT Flatfi sh 

OTHR Other finfish 

PRWN Prawns 

BEN Benthos 

COP Copepods 

EUPH Euphausiids 

ZOO Other zooplankton 

PHYT Phytoplan~ton 

SC Required food not obtained expressed as percent of equilibrium biomass 

BB Equilibrium biomass 

FP Total catch 

!I Parameters and variables (except B, DMAX, TTU, and TT) are species specific 

and are identified by both parameter/variable name and a biomass name, 

e.g. APCOD. 



Table 3.--Simple s tati s tics on individual parame ters and variables used in error 
analysis of the S KEB UB -BALS F J ORO model. 

URHeL£ SHNtARO CDUf"ICI£NT SMALLEst I.UGESI S~ALL[SI LARGEST 
U. U"E liEU D£HAlIOII GF UH A 110N SKUIIUS ~uAl0ns ULUE ULU[ STO SCORE STO SCORE 

I apeDO Z.8Z70 O.05U G.GZ06U 0.0411 ·O.61U 2.noo 2.'6Z6 -Z.3458 Z.3HO 
2 APHE R5 3.930' 0.0 e06 0.CZ050S -0.00' 3 -[.f077 3.1582 '.IZ~5 ·Z.3900 Z.UU 
1 aPCAP '- 6105 0.0'61 O. [ZO~f6 0.0081 '[.£152 •••• 02 '.!tiZ ·Z.1980 Z.lUG • APHAt 4.555' o.on, O. OZO]!, o.OOZ 1 '0.590' 4.JlZ1 4.7140 -Z.40H Z. 46 74 
5 APOTHI 4.'079 0.1009 0.(Z0566 -0.0 10 I -~.HJO 4.U5! 5.15]] 'Z-,024 2.'le1 
t APrRh 10.H06 a .ZIZ 7 G.tZCII2 0.002Z -C.E!~' 10.OZ84 11.0'" ·Z.4077 Z. ]"2 
1 APBEN 5.'605 O.IZZ' 0.OZ0572 -0.0152 -0.571Z 5.6" 7 f.Z574 -Z.17H Z. '2 14 
8 APeor t. 8 17' 0.1976 0.OZ0120 -O.OH ~ -C.!77 3 '.HI! 10.zaH ·Z.4183 2.1473 , APEUPh '.1145 0.186 , a.CZOH7 O.Of" -C.!795 1.1312 '.6JJS -Z .H8! Z.4626 

10 APZOC 17.7757 0.311 ! D.czoni 0.01l6 -c.Hn ".'267 18.&804 -Z.ll" 2.HO' 
IJ APPH,I IU.'86. 3.!380 0.OZOJ08 0.0364 -C.6215 179.8047 1ge.3465 ·z .191 ! Z.4lU 
12 CFeoo 0.H5C 0.0~66 O.[2C'09 -0.0158 -C.6otZ •• 30'1 O.3HO -Z.16U· 2.4Z3! 
13 CFHEU 1.3851 0.02'0 G.CZOtE8 O.OJ4I -C.6428 1.311' 1.'5!0 -Z.ll33 Z.3lS8 
h ereAP Z. !272 O.O~O 0.(Z06Z5 0.0080 'C.H05 2."01 2.9668 ·2.]'09 2.3940 
15 eFHA' 1.]573 a .ozat G.OZ0693 -0.0068 '[.7Ill I.Z91 ! I.un 'Z.]530 2.2991 
It eFOTU l.le&2 o.oza. e.C20"7 0.0410 'C.~6Z0 1.3184 1.'536 -Z.Je15 Z.l147 
11 CFPR W. 5.0"0 G.IOZZ G.0200U 0.0087 -O.~119 '.8U2 !.J4!5 'Z.4]44 Z.4619 
II CFa£" 14.921' 0.1019 0.OZ0625 -0.0541 -C.~t18 14.175' 1~.6514 'Z.44~' 2.3513 
19 eFCO, 15.H5' O.lHl G.CZU10 -o.OfOI ,o.un 14.6Z37 1E.1525 ·Z.4Z50 Z.4Jea 
ZO eFEUPH It.teO' 0.H15 C.C1f991 0.0134 -~.~lZ9 U.Z651 20.1021 'Z.3880 2.~OJt 
ZI eFlOC 5.8187 0.1206 O. ~Z0721 0.0 15 2 -0.U9S 5.HO! 6.1075 'Z.1085 Z. J 96a 
ZZ eFP" T1 16 •• 573 o .Be 6 a.Gzeon -O.Of94 'c.lIn 15.648e 17.Z1 U -z.~", 2.3OZ0 
Z] teOo !OZl.9S8Z U.6060 a.02C346 -0.0111 -C!.!152 Z88l.Hoe III !.2500 -Z.1454 2.H09 
Z~ 'HERR 11'3.9802 15.6791 O. (20221 0.0015 -(.'!l~J 1616.99oe 1852.0Z00 'Z.4 lSI Z.'615 Z5 'CAP 1340.Z401 170.l 0~6 a. CZOU1 0.0606 -(.f!OZ 19H.670e 175f.9Z00 ·Z.!3" Z.4410 
Zt .FLAT 268.,09 4 5.4156 O. ~ZC21l 0.0150 -(.'!779 2S5.7eOC Z82.2Z00 ·Z.4 IS' z. 4lt td 
Z7 'OTHR 957.7S11 19 .9417 C.ozoe29 -0.0044 '0.6375 710.6100 100!.7000 'Z.l641 Z.'014 
2f 'PRWR 2800.6115 !& .Z61l O.OZ 0087 0.0329 -(l.~!1r. 2665.150C ZHl.OSOO 'Z.,045 Z.4425 
29 tEE II lHH.9113 IHZ.l1u, 0.OZ05'6 -0.n6S -(.5110 68975.1 CO ( nOU.7100 '2.3506 2.3845 I !O ,cop '1134.0208 I8.Z .U54 0.0191" 'O.OlZ 5 '(.~lIS 865".HOC '5~'9.1400 ·z .H99 2. 'Z:1 N !1 fEUI'M !H14. ge1 6 11!7 .845! 0.020Z01 0.0004 -c.~'21 5!851.ZIOO , IU4 •• Z00 .Z.HU Z. U2S '-'-' !2 '200 !!~2~.It1J2 677.H/5 C.CZO\93 0.0 3e I -C .. '!E78 lI8U.HOC 3~ 151.elOO -Z.4 59~ z.an I !3 WPHl T Z 1<141.5598 4319.1"1 0.CZ030Z -O.Ola' -a.~1~7 202391 .2 fa C 2Z !C81.1100 '2.1711 2.HZ5 
J4 &COO C·03~7 0.0007 0.02021. 0.0050 .(. !136 a .01lZ O.OHJ 'Z.3897 2.3h~ 
!5 'HEU 0.0498 O.tOIO C.C203C6 0.0110 'C.!141 O.OU! a.Os23 -2.' 12 I Z.45~l H GCAP 0.059( o .COI ~ 0.C20B7 -O.O!70 -0.f!57 0.0561 0.0618 '2.4255 2.1441 17 liFLA' O. 05~ 4 0.0011 0.0201Z4 -0.0784 ·C.~711 0.0499 G.05!0 ·Z.' 117 2.41C9 H ,alliA O. 05Z. 0.0011 C.CZ~l7i 0.0701 'C.f4!1 0.0." a.05~0 -2.!7Z1 Z.4343 ]' 'PRWN o.lza] 0.OOZ6 O. 02e 193 -0.00Z9 'C.~IOl 0_IZZ2 G.IH1 'Z.3578 2.4Z S6 40 6eOr 0.2095 0.0042 O. (20Z00 -O.0401! -0.~f!6 0.1 '9! 0.2 I" ·z .4146 Z.40e6 41 ,(UPH 0.1 \l6 5 0.0040 0.CZOIC7 0.0156 -C.~1"7 a .1l71 O.Z061 -Z.lI2' 2.U51 .. r5Mtot o.~COO 0.0153 0.02e!!B 0.0219 'C.Hll 0.161 ! O.SHl -2.316? Z. 4 340 
43 FR"HHR O. !999 0.0166 0.02C61Z 0.0093 -0.6133 o_a~5 ! G.,441 'Z.3988 Z.1145 .. r _"elf 0.9(05 0.0154 0.eZ0439 -0.0341 -(.fE4! 0.1~54 0.9'Z. -Z.453, 2.Z1E2 
4~ FA"FUT O.lCOl O.OIU O. CZO~f7 -0.0211 ,C.6421 0.U5! G.7138 -z.' 305 2.1204 
U FR"OHR 0.900 I 0.0189 G.(Zono -0.0107 '0.EH1 0.8560 G.94H ·Z.ll/5 2.332;: u F R"PHI" I.U99 0.0245 o.oze!!, -O.OZ' 3 'C.UlI I.HO! 1.2575 -Z.411' 2.3511 4t FA"C Of 1.3e04 Q.OZ6' 0.C2CJOI -0.0001 -C .. ~E"8 I.Z16! 1.3618 -Z .4Z85 2.4Ull H FR"EUfH 1.30?6 0.0266 0.CZO'~3 -0.OZI5 -C.El68 I.Z 364 1.36Z' -2.4152 Z.1408 
'0 F RGC co 1.3002 0.OZ64 0.OZ02'" -0.0044 'C.~U' 1.23.9 1.1641 'Z •• 011 2.42 15 
'I FRGHHR 1.5COI 0.0314 o.czon, 0.016Z -C .tllO 1.4<60 1.51H '2·1640 2.3)06 !Z fAGeH 1.5007 0.0109 O. CZCHI -0.066 , -C.6499 1.4Z91 1.'110 -2.1I" 2.214Z 
'3 F fiGFLA' 1.1997 0.0246 0_e20!U 0_0650 -C.EE'6 I.UZE I.Z598 -Z.lZ41 2.4196 
'4 FAGOThR 1.4791 0.0 104 0·OZC2t2 -0.0022 -C.!'35 1.421 ! 1.5138 'Z.365' Z. '593 !5 FIIGP~U 1. 5CO 8 0.0 3t I 0.(20705 -o.one 'C.H1Z 1.4 zez 1.5733 -Z.Jl'~ Z.3BI 



Table 3 conti nued 

~I f I16COf 1.1400 0.Ol6] O.ClGZZ' 0.00' 3 '(.HZ7 l-Z]7! I.HU 'Z.HZE Z.'l16 
~l fRGEUfH I.Z'" G.026' 0.CZ05~9 G.OOH ·C.6295 1.2]6, I.]U] ·Z.]'59\ Z •• IU 
5e TACOO 3.0 00 , 0.06Z. 0.C2ce09 0.0118 ·0.6H8 Z.8'5J! !.IHZ -Z.l'56 3 Z.lll. 
59 TAHEU •• 4995 0.0940 0.CZC901 0.010. -( .El7. 4.27" _.71U -Z.l61~ Z.BU 
60 TACA' 4.U71 0.0913 0.(ZC1C3 -0.001. -C.HOO 4.Z75'5 '.7170 'Z.4265 Z •• OH 
Ii TN"lAJ z.ne] 0.061 , G.OZOHZ 0.020 , -C.62Zl Z .8'55' 1_IHI · 'Z.307' Z.1'50 
IZ TAOTHI 4.0ClO 0.0810 0.OZ02" 0.0111 -0.U16 1.8GU 4.1915 -Z.4 070 Z.4 liS 
fl TAPIiU 4.0015 0.0 eZ2 C.(ZO'~l -O.OZlZ ·C.!S5' 1.807 ! '.lf39 -Z.1611 Z.JlU 
U UCOP 5.991; 4 O.IZlJ o.(znu 0.0206 -C.6071 5.70H f.Z934 -Z.16" 2.4016 ., TAEun 6.00Z. 0.11'4 0.019899 O.OOH -c.~'n '.1042 t.Z 816 -Z.4"1 Z.1811 
Ii • Z·OC0 6 O.OUZ 0.C205" -0.OZ51 -0.!7H I.'OZ' 2.0912 -Z.llo' 2.3,., 
iii DINX Z.0003 O.O'O! G.CZCHI -0.0111 -C.!105 1.,(]~ 2.0'" -Z.3100 Z. 4Z Sl 
II TTU 0.9996 0.OZ07 1.(20695 -0.007J -C.6EH 0.9511 1.0481 -Z.3100 2.341. 
U TT 0."" o .OZO. O.OZOl~a -o.ouo -C.6HO 0.95U 1.04U -Z.'104 Z.181Z 
70 PCCDD 0.05~ , 0.0114 O. !316.6 I.Zl14 1.9143 O.OZH o.un -1.6251 5.·0H 
11 rCHER~ 0.021 e 0.0066 O.!OHlS 0.6193 0.4160 0.0070 0·05H -Z,Z'11 . '.ll" n 'CClp 0.0.5' D.OOll 0.OZ5814 -0.4406 I.OO!' O.Ol" o.ono -5.0510 Z.6326 
73 PCfl Al 0.0'56 0.000 , o.czau. 0.0021 -(.~l9' O.OU! 0.0' " -2 •• Z6! Z.470. 
74 PCOTHR 0.0'91 a .oryl 0 O.C205~~ -0.01.2 -C.64H 0.0-" 0.0515 -Z.40" Z.U7& 
15 rcrRn O.ICU 0.0020 0.019108 0.1260 -C.la6 0.0962 0.110. -J.9a55 1.Z '56 
lf 'CBEI 600l.275<: "9.0612 D.t172!5 0.4567 G.1589 1607 _2200 4~".1600 -Z.6510 l.U20 
11 • CCDP 0.0895 0.005 • O .. C6fj4~2 -0.268 ~ -C.~~]5 0.0110 0.10U -1.0'" Z.0965 
11 PCEUPh 0.0 ez9 0.005! O. Co '5Z0 -0.1910 ·C.6~.O 0.0651 0.096 1 ·z ."80 Z.2823 

" PCZDO 2201.6431 211.2561 D.IHHZ 1.7t15 !.H88 1l4Z .120 C JU 1. BlOD -1.1811 4.1390 
fa 'CPHn UIZ0.~e9Z ',U.U16 0.14 !OOl -0.1705 I.OIOZ Z1817.Hoo 111742.3500 -'.545 , 5.0']~ 
81 SCCOD O.UOI 0.0117 O.l61HZ 1.1267 1.1,lZ O.ZetC D.a5!' -Z .1511 5.6 •• 0 
12 !CHERl 0.3191 0.020. 0.C6!HO -l.6551 H.lse, 0.11" O.J"Z -'.7959 I.ZH5 
U SCCAP O. JllO 0.0214 0.C64Ul -J.au I ZI_I099 0.111 E O.lH' -10.3016 I.Zgel 
H scrUT O.Z13Z 0.OO7t 0.CZel71 -Z.12la H~OO61 0_1897 0.2911 -10.17Z8 Z.3d45 
!~ ScOTH 0.3.0. 0.0174 0.(510.2 -2.6640 1C.!5~0 0.1 'if D.l10Z -8.Z60' 1.7150 
H SCPRH 0.5t&6 0.O2:!4 0.[44197 -J.2753 11.2796 0.2e92 0.5HO -'.1101 1. ~ 941 
87 SCCDP 0.517. 0.0152 0.02UH -0.0751 -c.OUO 0.'690 0.5101 -]'U4Z J.4645 
U SCEUP~ 0.5055 0.0141 0.OZ83Z8 0.1103 '0.2001 O.'H! 0.551J ·z.nI2 3.1919 u BECOO 3517.2183 82a .2Q" C.~l~'73 1.l739 !.OH9 I'~ J.130e 1160.3100 -1.912 ] 6.1306 
90 8BHER~ 1810.15'9 .41.H96 O. Z36Q!1 0J.fi!S7 C.e355 801.5200 4G50.9.00 -2.'20, '.9390 I 
tI !BtlP 1965.0614 Z3C9.206Z 0'Z85911 10192& IC.EIO' lI80.IUC J l!".2800 -2 .~11' 10.1464 N 
'2 fUllY lIo. S9'51 .a.ZUl 0.ITlC23 0.H15 G.I!61 ISO.HOG U!.3.000 -2.6981 4. 193. ~ 
t] .1:0TH 951.Q072 HI.'~S~ O. !OUOI 0.6111 C.4CO' lOO.lIOC 2247.1Z00 -2.20.] 4.487. I ,. B8PR w. J1U.H12 lH4.Z29Z O.'129!' 2.ll65 '.H14 835.1 Eat 15201 • .,00 '1.5518 a.13~3 ,! etiCIlP 7£305.0425 Z 101'.HII 0.273644 0.IJ40 I.ZH3 11807.8900 lt22J1.6100 -1.0926 5.49Z3 
st IIEEUP~ !CQ67.H7t lZH'.O~51 G. Z.9541 -0.2799 C.!Ha aH5.T20C Inl>l.1400 ·1.n09 2.976, 

" rpCDO lel.l0ee 44.9639 C.24Hl0 1.'!26 ! •• oee 'O.2ZU 444.0HI -Z.021] 5.8477 
H rPHEHO 13.'409 3.3251 0.2HHI 0.6529 C.e!11 I>.HOE Z,.9111 -Z.3549 4.a~47 ss rrCAP D.9560 O.Zl96 (.~'2~OT 1.0!l9 H.e,oo D.H" 1.8369 -Z.O 366 10.10U no FrflAT Il.OO] , Z.J5Je 0.18100T O.4fS' D.leU 1.1247 Z!.IOJ7 -Z •• I'e 4.Z90! 

101 rpOTH 1. 1232 0.5211 0.!02e32 0.6321 0 •• !91 O.HU 4.1059 -Z.2U7 4.5658 
le2 FPPR ~. U.ISZ. !O.7217 C.47feU Z.leSI lC .4736 16.U5 e !Z7.44lS -1.5538 e.5101 

NOTE - KURJOSIS VALUES G!I!:ATr R THAN Z£IIO UDICHE A 
D1 Sf R1 fUll ON N ITH HAYIH TAILS TH'. NCRNAl 
0151 AI eUllON. 



Table 4.--Principal components of a 2500 run error analysis of SKEBUB-Balsfjord. a) Output variables 
with largest loadings on each component, and b) input parameters with largest partial 
correlation from stepwise regression analysis. 

Factor 
De s c r i p t i on Starvation 

2 
Copepods 

a) FACTOR LOADINGS OF OUTPUT VARIABLES 

Positive loadlngs~ 

Negative loadings 

SCCAP 
SCHERR 
SCOTH 
SCPRWN 
SCFLAT 
bbeuph 
pcphyt 

PCZOO 
BBCAP 
BBCOD 
BBPRWN 
bbherr 
pcben 
pceuph 
sceuph 
bboth 
pccod 

Proportion of variance 
explained by factor 0.24 

b) ASSOCIATEO INPUT PARAMETERS 

Positive indeRendent 
vari ab les '!J 

Negative independent 
variables 

Coefficient of 
determi nat i on 

TAEUPH 
gcap 
apprwn 
apeuph 
gprwn 
frmflat 
tt 

tacap 
geuph 
taoth 

0.49 

BBCOP 
PCPHYT 
scprwn 

PCCOP 
SCCOP 
pcben 
pceuph 

0.14 

TACOP 

TTU 
gcop 
taeuph 
frmcop 

0.88 

3 
Euphausiids/predation 

PCPRWN 
PCEUPH 
S CE UPH 
PCCAP 
BBCOD 
pcben 
pczoo 
bbprwn 
BBEUPH 
peherr 
pcphy t 
scoth 

0.13 

TTU 
APPRWN 
geuph 
geap 
tacop 
tahe rr 
vben 

TAEUPH 
tacap 
gcod 

0.75 

II Loadings: uppercase> 0.50; lower case> 0.25 

4 5 
Cod Herring 

SCCOD PCHERR 
PCCOD BBHERR 
bbeuph bbeuph 
pephyt 

0.08 

bbcod 
pccap 
sceuph 
pceuph 

0.07 

TACOD TAHERR 
APCOO' APPRWN 
apprwn APHERR 

gcod 

GCOO gherr 
ttu ttu 
tacop tacop 

gprwn 

0.84 0.79 

6 
Flatfish 

BB FLAT 
PCFLAT 

0.06 

APFLAT 
TAFLAT 

gflat 
tt 

0.93 

21 Partial correlation coefficient: underlined> 0.50; uppercase> 0: 10; lower case> 0,01, 

7 
Other fish 

PCOTH 
BBOTH 

0.06 

APOTH 
TAOTH 
gprwn 

goth 
ttu 

0.88 

I 
N 
V1 

I 



Table 5.--Stepwise multiple regression analyses on the output variables with largest loadings on the 
principal component of data output from error analyses of SKEBUB-Balsfjord. 

Variable SCCAP SCHERR SCOTH SCPRWN SCFLAT bbeuph PCZOO BBCAP BBCOD BBPRWN 

Loading on 
factor 1 0.907 0.889 0.858 0.850 0.714 0.419 -0.815 -0.698 -0.544 -0.538 

Positive TAEUPH TAEUPH TAEUPH taeuph FRMFLAT TAEUPH TTU TACAP TTU APPRWN 
I. V. IS frmcap frmherr frmoth frmprwn taeuph apeuph geuph APCAP geuph TTU 

tacop tacop gprwn tt tacap 
tacop 

Negati ve TTU TTU ttu TTU tafl at TTU TAEUPH GCAP TAEUPH GPRWN 
I. V. IS tacap geuph taoth ttu geuph apeuph taeuph GCOD taeuph 

geuph tacop tacop apeuph tt 

Total 2 0.38 0.38 0.49 0.47 0.55 0.82 0.56 0.73 0.61 0.71 r 
I 

N 
0" 
I 
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Figure l.--Input water temperature values for Balsfjord in the upper and 

mid to bottom layers. Acclimation temperatures of the species 

groups are given on the right. 
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Appendix Table l.--Factor loadings of each output variable on the seven principal components 
of data output from a 2500-run error analysis of SKEBUB-Balsfjord, 

R~lATED FACTO~ l(ADINGS (FATTERN) 
---------------------------------

f At lOR FA CIOR FACTOR FAe TOR FACTOR FACTOR 
1 2 3 " 5 6 

PCtOO 10 -0.292 0.11" c).080 0.911 -0.053 0.006 
PCtiERR 11 0.0"6 O.1l1 -0.31S 0.006 0.895 -0.009 

PCtAP 12 -0.01 B -O.2JO 0.'525 O. C03 -0.281t 0.0"4 
PCflAl 13 0.02 It - O. CO 4 0.012 0.019 0.004 0.891 
PCOTHR 14 0.061 -O.OltO (.CEO -0.028 0.001 0.045 
PCP~HN 15 -0.002 - O. C5 0 0 .. 139 0.086 0.111 -0·032 
PCBEN 16 -0.385 -0.352 0."86 0.102 0.115 (1.026 
PCCCP 11 -0.198 - 0.B8 e 0 .. 243 -0.0"2 -0.OS9 0.014 
PCEUPH 16 -0.357 -0 .. 261 0.105 -0.132 -0.211 0 .. 029 
PC200 19 -0. BI5 -O.ll .. 0.H5 0.120 0.009 0·011 
PCP JlYT eo 0.2B9 0.191 -0.269 0.271 o .1 ~,. -0.011 
sceOD El 0 .. 051 0 .. 131 -0.105 o. 966 0.079 -0.007 
SCHERR B2 0.089 0.181 -0.£l3 0.008 -0.091 -0 .. 00.3 
sceAP 83 0.901 0.2"0 -0.103 -O.Oll -0.018 -0.00 e 
SCFlAI lit 0.11" 0.C70 -C.019 0.023 -o .. oel -0.112 

SCOTH 85 0.858 0.059 -0.257 0.007 0.122 -0.003 
SC FIHfN 86 0.850 0.282 -0.191 0.062 0.021 -0.021 
sec (JP 81 -0.131 -0.e66 0.151 -0.056 -0.OE2 -0.000 

seEUPH 88 -0.356 - 0.19! 0.62" -0.209 -0.275 0.012 
DBceD 69 -0. 5" " 0.023 0.50" 0.031 -0."20 0.017 

De HERR 90 -0.ltI5 o. J61 C .079 0.061 0.132 0.016 
BBCAP SI -0.691l 0.051 -0.10;" 0.207 O.ICB 0.005 

BBFtAT 92 -0.131 -O.Cl12 0.022 -0.025 -0.011 0.900 

8BOTH 93 -0.300 0.200 -0.01te 0.079 0.021 -0.008 

8Bf~WN SIr -0.538 -0.249 0·"3" -0.023 0.l21 0.01'5 

BBCOP 95 0.071 0.965 (l.OH o. 038 0.022 0.003 

B8EUPH 96 0.419 - 0.11 5 -0.635 o. "09 0.321 -0.038 

\P 6.0\19 3.762 3.0\69 2.165 2.023 1.639 

, HE V P fOR EA t H FACT(JR IS THE SCH Of THE ~!;UAPES CF THE 
ElE~EN1S Of THE COLUMN OF THE FACT(JR PATTERN ~ATRIX 

CGIH<ESPON D J NG TO T H" T FAt T [) N. tiHEN THE R(JUIION IS 
C~T~OGDNAl, fHE ~p IS THE VARIA~CE EXPLAI~ED BY tHE F AC TOR. 

FACTOR 
1 

0.05" 
-0.0·S6 

0.046 
0.0,,2 
0 .. 831 
0 .. 13( 

-0.006 
-0 .. 036 
-0.103 

0.0,,1 
0.083 

-0.025 
-0.054 I 

-0.0"3 
w 
0 

0.007 I 

-0.182 
0.035 

-0.031 
-0.159 

0.201 
0.13ft 
0.048 

-0·001 
o .TfJ8 

-0.118 
0.021t 
0.126 

1.516 



Appendix Table 2.--Stepwise mUltiple regressions on the seven principal 
components identified from error analyses of SKEBUB~Balsfjord. a) Factor I 

flU l!PH II 
"Ulll'lE R-SQtAFE 
ACJtSlED F-SQt"E 
SIt. E~RO' QF E!J. 

O.1C .z 
O.!H5 
O.! 216 
o.!H5 

SUI! [f SCUU£ S 
lH .CS96 ~ 

Of ,(IN SCUA~E 
I~ H.H6U UGREH)OJl 

FESI[UH E7 !.CZ80e ZH" (.UC945~ 

"FlAl!lE~ IN [(IUlIU f(F FlCIOIit 

UJiUElE 
CY·UlEIIC[fl 
If UP 3 
A,(jTHR ! 
AffFlI~ fi 
HU;P /I 
HUff , 
GOF H 
GUH. !9 
HLfI' II 
FJI'U!ERR .] 
fUfU 1 45 
lIUP H 
H01HII E2 
UElP" E 5 
1'" Ell 
11 E9 

SUMMAI\I TABU 

(QEFFICIEfI' 
-lC.3ZJHI ) 
-C.'J5S~ 
O.U9H 
o. !S71S 
C.ZSHlf 
o. 1!lE J 

12!.H6H 
42.0E1(S 

-H.ZSt H 
2.175U 
I.ZI6!l 

-Z.5HH 
-1.GJ9H 

Z.165S< 
-!.!E"!· 
3.U1 SE 

STEP VARUBlE .D. ENJERlD IIE"OYED 
I 65 UEtJI'tf 
~ 60 lAcAP 
! 36 "CAf 
4 U '(UPH 
5 6 UPIU'. 
E 9 AfE"'H 
1 J9 "FR lIN 
f 45 HHFU' 
11 62 1'01"11 

Ie "11 
II 5 APO lHR 
H 68 l1U 
I! 3 'PCA' 
H II APCO, 
15 4] fJHHEIUI 

~ 10. EliFtIi 
Of (OEH 

(.IOH 
( .10 36 
(.ou 1 
(.e5l0, 
(.0560 
E.E911 
!.S9CO 
~.EU<! 
(.!606 
(.12U 
(.11"3 
(.12S0 
(.C615 
(.~OH 

C.!130 

.(.~,~ I 
c.hl 
O.16S 
(.CH 
C. JeE 
t. to I 
C .IH 

-C.J9E 
(j.(E~ 

O.llS 
- (. !O f 
-c. IlL 

C.4!S 
-(.(Sf 

O. 10 ~ 

"Ullin ( 
R 

O."HE 
C.!Z9~ 
0.~61( 

O.f;'CC~ 
0.E2H 
0.E51S 
o. E61f 
C.E8H 
C.EHE 
O. E9f~ 
C.10!! 
0_111 ! 
/).71U 
O.HI( 
C.724' 

R!c: 
(.IH! 
C .HO( 
(.HI! 
C.HC! 
(.H !1 
(.H U 
(.4~~S 

c;.u~" 
c.~ H S 
( .Ul! 
C.J, 51" 
(.5 C ~, 
(.51!f 
C.S JSf 
t.52"! 

TOlEf;AkC£ 

O. UE51 
I).S9,1" 
O.S93HZ 
O.SH9. 
o. SH65 
O.S91e4 
o. H 41!: 
I).S9U': 
n. ~960S 
0.59'512 
O_U.93 
"_S92J1i 
0.99306 
.). SSHZ 
0.59430 

1M [REASE 
IN fiSI: 
(.H"S 
(.0955 
(."~14 
C.1)3H 
1).0334 
(.0313 
(.C2IO 
(.'11"5 
C_QII~ 

(.C1(6 
('.OOU 
C.CO!1i 
O.OC15 
(.CI)!9 
(.0041 

f RHIO 
lez.u 

.!.U 
4 !.I) 9 

JU.2" 
H.!! 
HC.~4 
20S.EO 
111_15 
IB.19 

Z 4. SZ 
1C(.!Z 
UI.!C 
U.95 

Sf s.c 1 
.5.~~ 
53.ll 

f 
10 UTEf 
5E5.Z(52 
!!1.2~5f 
1 ~Z.4~·H 
1~1.115f 
1!1."9CI 
1!5.5IH 
S~.JlI!f 
90.'!!( 
!4.E72f 
!i I. H If 
'9.006E 
'3.0E~( 
'O.Hee 
!O.12 U 
~,.~c~f 

I 
W 



Appendix Table 2b: 

Ill\. lIFLE J 
~lllI'lE ~-~Ql#FE 
'[~lS1EO F-~Ql'FE 
Slt_ EJiRGJ cr EH. 

'~'lY~IS [f V'lJI~CE 

HERESHU 
H~HUl 

Factor 2 

{'I.S~fZ 

O.SI fl 
o.s 17;' 
0.~~!l2 

~UJl £f S(UA H S 
IH!.Eon 
161.11951 

HAN SCUARE 
lz(.11112 
.E~JO"SCE-OI 

un AElE~ IN ECH:Jlln FCF FA (lOR2 

UnABLE 
U·U1ERCEfT 
H[ lt1l ~ 

AfEE" 1 
AFCCP 8 
JFElPt! 9 
HU c9 
6UF !6 
GC(f • C 
UUlI I I 
HIICOP 48 
fFECCP ~6 
1'01' EC 
U[ ltiF E2 
1.C[1' E4 
I1ElPtt E!l 
llli Ell 

"B1£ 

(OEFFICl(U 
Z4.CU!! ) 

-C.~:3ZE' 
-C.CE6£1 
c. 43bf~ 

·o.~!a.:~ 
·.':3CHf-CI 

·Z:!.7 499f 
·E!.£451,1 
lS.74Zl! 
-!.SHSE 
·1. ~ ~z 3 ~ 
C.U5~f 
O.Hl1 ! 
4. ~!:6n 

·l.!S3S! 
·Z!·S f8fe 

su"un 
SlEP ",RUBlE 
'0. 

J 
2 
~ , 
~ 
E 
1 
f 
S 

Ie 
JI 
u 
I! 
II 
1~ 

E.1EREe RE~OYED 
64 ueo, 
68 11U 
40 ,Cof 
65 l-Euft 
48 fllllCOf 

., ,1'1:1: .. 
41 'EUFtt 

9 AfE Uftl 
5 Hon,. 

60 lACI, 
56 f "Geef 
29 "erw 
62 U:J1l1F 

7 UOH 
36 HU 

SID. !:I\FCF' 
Of CCEH 

(. C5 (j7 
(. Clo 11 
C.OZ5S 
(.Cil7s 

.~4c~E·C5 
'.ZEH 
1.Z0Sl1 
J.ZS~C 
( .1SJH 
(·J9~1 
c.eS61 
C.CE!2 
C.(,4Hi 
(.CHc 
(.210,75 

~1[ fiE( 

CUff 

.~.(E( 

-C. (!7 
C.CS7 

·C'. (1 I 
·c. C!S 
·C.CH 
·C.!C! 

C • {8 f 
·(.117 
.0. C4 S 
c. C4E 
C.CH 
C.Oc 

·c. HI 
• c. ~5 f 

IUlllIFL£ 
A 

o. E 51 ~ 
o. fSf~ 
C.91H 
C.S3H 
c. 94C! 
O.941ef 
C.SHe 
c. 9S J t 
c. 9S!_ 
D.9S4! 
C.9S~' 
c. 9S6~ 
C.SS65 
C.SSH 
O.9Sf' 

f~C: 
(.4!ZC 
(.7!f~ 

c.a!!s 
(.El(( 

C.H4J 
(.8 S 27 
e .SlCE 
C.9C~C 
C.9Q f 
(.9ICf 
(.SIt! 
(.S ]I ~ 
(.9J~7 

(.SllC 
(.S In 

TO lE"ANCE 

'1. ~sue 
':'.59121 
o. 5S 14e 
').594911 
o. S9E49 
0.SH46 
O.S941!! 
o. suS( 
o. S9~"5 
o. Sf S911 
o. H354 
(I. S9HS 

". SSr;2 9 
O.Sf52E 
0.59392 

INCR£II5E 
H FSI: 

C.4320 
C.30U 
(.C915 
C.O~EI 
(.(lIU 

C.toe5 
c. ceee 
(.C046 
(.CO!E 
c.ccze 
C.CCH 
(.OOl~ 
C.OCI4 
(.CCl3 
(.(010 

F RU10 
1E5S.a 

f 
lC R!M(V( 

HC .:!l 
H.S2 

Z!!.48 
15J.EZ 
4S.28 
:3 J .(13 

:!1E1.91 
~H.4C 
H(.91l 

EJ.EII 
E!.U 
H.!C 

12CC4.J5 
lC!lc.~1 
9!S~.S1 

f 
1( £NTH 

U(c.Cfte 
2H4.Hl. 
IH4.144S 
EH.U£S 
!t'l.E!CC 
U8.41H 
2CC.lfH 
Il!1.UeS 
51.()~Z4 

S5.EIH 
~9.6,e~ 
u, .... ZS ... 
40.0HE 
!8.9'EI 
!1.0!C( 

, 
W 
N , 



Appendix Table 2c: 

nlH PLE .. 
Ul.llFlE F·!QUFE 
At~tSTED F-SQlAFE 
510. EFflOF (f' EH. 

A.'LY!IS (f V'Fl'~C[ 

HEP.ES!ltli 
filSICLH 

Factor 3 

O.fH' 
O.HI' 
o. lSOl 
O.~ JC5 

SUfi Cf S~UU[ S 
15S~.:!396 
-U.!': !231 

cr tEA~ S~U'RE 
I~ l(E.222E 

Z'f4 (.Hf511~ 

\'II FI ABl ES IN HUlIn F'CR fA crCFl 

!TD. ~IiFOR ~H lifE 
"'FUElE (([FfICIUT OF C(Erf ([EFf TDLEUI\CE 

ey- UTERCEfJ -:!~. 51H2 ) 

HCCD 1 I.~HU (.1410 C.(9L 0.59SS6 
HfF"~ E 1.E~5CS (.C3n [ . ~ s, o. S9!C3 
,PiEl 1 C.Ell"! (.0672 c. co;;: 0.59"38 
HElPH 9 -0.419~! (.0442 ·C.(B7 0.59500 
lIl!U B .!:SCECE-CI .!5C5E-05 (. (Sf O. SSEH 
liCOt ~~ -HO.911H 1£.10221 -C.13 ~ o. S97H 
611EFR ~5 -79.~a 1c ~.lH2 ·C.(9( 1).59490 
,eH H 117. Heu f. E~ f 3 t. IS 1 O. SSE75 
HUH H 5Z.5C4Sl Z.OE:!2 C. i] I I).S9~11 

HUD !8 1.149~( C.13lS1 C.(BC O.SSH4 
HtiEU !9 1.(601~ (.Of14 c. Jl J o. ~ OJ 11 _ 
HOP EC ·Z.1,,3H C .C90 I ·c. <Ie n. S962E 
l.cep E4 I.Cc2SE (.OHe C.l101 n. Hal 
HElpH £5 ·3.E10(' (.OErS ·(.·US (\. S9~5C 
lUi Ee is.CUEE C.JS f3 C. '.!t o. S93t5 

!UI"AFl' HELE 
STU UFI#I!LE tlUl TlFLE IN CHASE 
wo. Etll£R~O RUCUD R 1i~1I If. ]lSI: 

J 6S TAEtftt . (J.~ES4 C .2 ~~'! 0.2395 
~ 6a nu C.EU:! (.4H:! O.lEOS 
! 6 , PP Uti (.7'H! C.57Z~ (.1521 
4 41 HUFH 0.le9E C.E235 C.C512 
'! 60 lie 'P o. f174 C.Ef!!2 C.CUI 
E 36 (CAf c. OlE C.E~lf C.0234 
1 34 ECOD C.I!~ 35 C.71t'! (.(lIB 
E 64 1,COP O.fS4~ C.7~C~ (.(JIH 
S 59 UHUf O.tElf (.742£ C.C124 

10 2' .,8i:tI C.1'6 1~ C.i'~ZE ( .ClOO 
11 1 IIFtCD (J.E1H C.lE J4 C.OOl!9 
I~ 1 IFBEfI O.flH C.HSE C.CO!!1 
1! 35 (HE FJ; o. ~ E I! C.l1H (.COI'Z 

." , ,n: UPI' C. E:6! ( .If ~E C.CC7S 
J'! 58 l'ceD C.feH C.1SJS C.CCH 

r IIHJC 
E 3C.! E 

F 
10 Rr~(\i( 

]Ii 1.10 
H£!.€6 

H.Sl 
H.17 

BI.B 
212.12 
9~.2 9 

2S!.12 
E~~.23 
1!.9 ~ 

H7.16 
~EE.C3 
234.H 

ZE ~E .ee 
ZHf.H 

F 
1( UTEf 
1e6.fj,!S~ 

nE.5Ue 
Hl.H1E 
:!~9.1114 
!!6.1E1!~ 
lU.I!ES1 
172.C<H 
Jl2.e~!:5 
HC.OH:! 
lCO.HZ5 
~2.3E42 
n.4E21 
H.92 !'! 
!>C.SHC 
l~.S1S~ 

I 
w 
w 

I 



Appendix Table 2d: 

IIU npu R 
.. lllIfl£ F·~Q~Aff 
ACJ~STED ~-SQ~AFf 
S1I:. EFfiOF CF E~l. 

'~AlY~IS (f V'~I,~eE 

FHRE~~JCl 
Ii( 51 01.: Il 
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O.SHO 
O.fB8 
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O.:!C ~o 

SUI! OF SC:UAFES 
16SI.t:1ZE 
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J~ lJ2.1107~ 

e'f. .~~(014!E-Ol 
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~lD. HiFCF ~H Pore 
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lofe[D I 7.~4H~ (. Hi I,f C.!O C o. H!/:I! 

IF'" ~ C.lBe! C.CE:!6 C. CH o. SS~7E 
AFO lhli ~ -O.!~":!J (.nCil -(.(6" fI.B:!H 
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Hetp ! ·(.2~2El c.c:; 1C -C.C~J O.H:!5S 
lIE EIII H .25921[-(" ."OSH-C5 c. C51 o. S9146 
'C(li ! .. -HO.!E6H S.2ZH ·c. ?7C O. S9755 
GOF !E ·H.CUS? ~.cs~o -C.(Io'S !'. B611 
Uti cC 19.23~n 1.440106 (). (9:! !J. SS595 
HCDD !2 7. e 47H (.OS79 c.~~s f\.59~!S 
HtlE;;F ~9 -~.loS317 (.C6109 ·C.C5! n. !9741o 
HU' EG O.1311f C·1J€j7li C .. C1 E (). S9!'3~ 
Hcep e" -1.3:!l'E' ( • .,496 -c. leE n. H61C 
B H C. EEZS? (.14 fJ C. (10 1 O.5S59C 
In. f8 -U.:!:!5El (.2S~S ·(.?I~ O. H!31 

SUMMARY TABLE 
STU 1A~U9U "UlTIPl ( IN C"EAH 
"8. U1EJ1£D H"DVED R f~C: Itl J;SC: 

1 58 laCeD 0.5351 (.ZEH (.2270 
2 1 HCCD C.14~4 C.5~~E 0.26116 
:! H ("COD O. EHf (.fH 5 c. HI:! 

• 68 lTU C.t'91! C.7S44 (.OUS 
~ 64 UC[i' (.9C9:! (.BH' 0_e325 
IE 6 AFPFU 0.C16E C.f"1 C.01!3 
1 3 APCAP 0.9215 (.8H2 C.DD9. 
I! 40 ,cop C.H~l Cl.e!J( C.CCle , 60 l'C ~f O.HfS (.fEB (.DC59 

Ie 5 IfOTHF D.93U C.IlEl? C.CIlU 
11 II HCCP O.9:!H (.810~ (. CO! 1 
12 59 UHERII 0.93104 c~e7H (.ce26 
I! Z9 VE£N C. S:i5 'f (.,H~7 C.C026 
14 36 HAP C.937l c.eHI (.Cli24 
15 66 S 1l.93fC c.e79t (.COll 

f 
1C JI::II[\£ 

5J84."3 
H!.i:2 

E:!.56 
a ... 12 
H.e .. 
~!_~O 

ZE2!.19 
~(.o" 

J17.!6 
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~l.!O 
l1S.H 
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35.,,3 I 

?Cn.45 \.N 
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I 

F 
1( EfilEF 

Itc5.62H 
15(1I.9f4~ 

11E3."SI4 
IHZ.61SS 
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El.C~l~ 
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52.lEU 
H.5S0l 
!5.4HS 



Appendix Table 2e: 
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'tJlSTED ~-~QlAF( 
SH. EiiRDJ; CF E~1. 
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Factor 5 
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·C.l H 
·(.en 
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JH.B 
]EZI.1S 

"'H.E<: 
He.SE 
14[.19 

11l2.S5 

f 
1(~nEf 
HE.2!O{ 
llS.et61 
E'!4.1, (EE 
1~1.l!1l' 
6.2.Z!52 
296.!SC:! 
HO.1H( 
HZ.5:!H 
115.11E! 
1"".21 JE 
IU.671!: 

fe.Z 5H 
f6.'H~ 
19.EfEf 
H.910~ 

I 
\JJ 
V'I 

I 



Appendix Table 2f: 

IIU lJPLE " 
~tLllfL[ F-SQ~AFE 
't~l!l(D ~-!wl'fE 
SH. URDR U In_ 

'.ALYSIS [f V'FI'~CE 

IOE ERfHJU 
R(SI CUlL 

Factor 6 

O.UE5 
O.SHI 
O.S!:!7 
O.CJ22 

!UII (F SCUFES 
1!!5S.CH2 
134.CCZE5 

"UN sct:'JiE 
1?~.6.,el 
• ~ ~ S 2 .,6 IE -0 1 

"FlAEtE! Ih [HlnO FeF rio ClORE 

SH. EiiJ;OIl sa ~H 
VHlAeLE (((FfICIU 1 DF C[Err t(fFf TOL£fiU.CE 

n-UTERC(f1 -H.1f3IH ) 

'feu 1 0.2"1!~ C.Ol9S C .(IE 0.S91.,2 
'fCIIP ] o.osei"' C.Olot6 C .Cll ".S9~22 
IfflU .. t.~E7U (. C50 C. (E ~ O. SS~lC 
nUl CE ·1l!:f2'-OJ .l'SlOE-O] c. eTC o. U"31 
IIF .... N a -_2CtHE-(~ .EZEEE-04 -C.CI? o. SS294 
(inAl :!7 -!Ol'.~E5U 4.41~J ·C.~6J o. S9500 
ECltR H! 11_~37C I I • .,ZCO C.O)4 o. SU!,C 
'FUN ~9 -4.2 lEU ].l~oe -(.(IC o. S93ze 
GCU HI -2.27541 I.C99S ·C.ClI 0.'59616 
fUt-UIi 13 C.~E1H C.250" c. C1~ o. SSlo9 
f."IfU 1 4S ·1.92UE C .3Z!! -c. C3 J 0_ SS119 
UflAl E1 1.H]!:!: C.O, ~6 0.13! 0.99133 
lH ltili (2 -O.! 46 (C C.0515 -(.01 o. '59~Jl 
11 E9 -!:.1S6U C.2291 -0.] Jl 0_ '59262 

SUM."Y UEU 
STU URIABlE .. ULlIFl E INUEASE 
.D. [UEHED H"UlEn R "se: I N fiSC 

I 4 APfll T C_ e753 (.lEU C.1662 
2 37 6flAt C.9105e (.es:!1 (.12U 
3 61 nFUT (l.95"" C.SllE (.CH7 
~ 69 11 fl.9E23 r.9CfiO (.Cl.,1 , Z6 WFL'T 0.9 EH (.S:!lI (. (O~ I 
6 62 lAOltjli c. 965~ (.9HO (.C009 
1 .,5 FFllnAT o. SC!:S (.9:! ~Cl (.(OC9 • 38 60TH" C.9660 (-9~~2 c. CO(!Z 
9 1 AFCOD 0.9':6) C:.9~~" C.COOZ 

10 28 HR"~ C.SH2 (.S~~E (.(ee2 
II 43 filM HE P.R 0.9£63 C.9~!7 (.(OCI 
Ie 39 (FR"" 0.9E64 e.9l:!9 (.COOI 
13 40 "iiI' O.H64 (.SHC (. (eel 
JI, 3 AfC Af C.96e~ C .9 3fo1 C.COCI 

F Rlnc 
Z~15.~~ 

F 
1Ii REIICH 

S.12 
&·14 

2SJEf.21 
IH.E] 

t.20 
ue4.!8 

I!.H 
~_ol 

".H 
~.Ol 

3~.2Z 
H(.l'9 

!f.Z5 
~U.~1 

F 
10 Eliua 

l'Ufi.IIU5 
~9U.lES6 
530.3917 
415.1132" 
1114.1546 
~4.2S30 
35.2325 
~.e53E 

8.316J 
6.HZ5 
5.3(10 
5.401~ 

".2lE' 
4.1H5 

I 
v.J 
C1' 
I 



Appendix Table 2g: 

'UllllPLE R 
tl:L llPU F- SQUfE 
't.ilSlED P-~QUFE 
Hr. UROF [f' En. 

FUfi£~~) U 
F(sHU'l 

Factor 7 

O.SS~& 
O.H31 
o.s 126 
O.Hll 

~u ... CF SCtAHS 
J ~E J. 49 S e 
17l.HZ65 

Df 
l~ 

2H~ 

Hili SCUIIRE 
1".0997 
.1l~Z95lt:·Ol 

"FIAELE~ Ih ECl'lI[~ Fel' FA(lORl 

'UilABLE 
(1-UTERCEfI 
~Ft 1)11' 5 
AHlP" 9 
[feCD 1 ~ 
UUII a 
GCI) C :! 4 
G[JU H! 
UFU :9 
Geor 4 C 
fFHUPJi '9 
UUP EC 
H01HR f~ 
lAC(P E 4 
B EE 
TTU EI 
11 E9 

SlItlURY I,lL[ 

lCEFflCIUl 
-:!!.2I!H~ ) 
1.21.?1l 

-O.:!H12 
~.!591~ 

.17E·UE-Cc 
-62.H6SE 

-U5.C4S(! 
H.HZH 

, '.H95S 
-1. EEoC' 
·0.~C6H 

4.1E2H 
-0. 7G6 EJ 
-O.HUE · 
-E.C15EE 
1. 7E3E~ 

snr "'RUBLE 
NO. [Ii 1 Eft ED REHO'YE II 

J 5 APOIHIl 
Z 62 TAOTH" 
] 31! ,CT HII 
.. 68 llU 
~ 39 'PHWN 
6 64 TAC[' 
1 9 AF£UFII 
., 60 Tilt lIP 
, 34 "Ot 

10 U F~ElifH 
11 40 .cOf 
12 12 eft (0 
13 Z1 VOTHIi 
I ~ 66 ( 
15 69 J1 

STD. EfillOR 
OF e[Err 

(.C532 
(.Q2e7 
(.8016 

.al!~E-03 
f. 0835 
~.QIi25 

t.C4EZ 
J. ZE '5 6 
C. 20 12 
(.051!6 
(.(tiEl 
C.01o]4 
C.DCC 
C.251:9 
C.2631 

STC REE 
C[EFr 

C.lCE 
-c.eEE 
0.(4 :! 
o.os 

-(.(H 

-C.U7 
C.12e 
(. (4 ~ 

-c. (4S 
-(.(~! 

C. ~n 
-C.(91 
-(.(H 

-C.l39 
(.(H 

HUllIPU 
R 

C.UJ1 
c. e 9 ~:! 
0.9215 
C. ~3lS 
C.94(~ 

O.94SI 
0.S4H 
C.9U( 
C.9S(C 
o. SSl1 
C.9522 
C_ 9~31 
C.95H 
C.S5H 
O. 955 f 

R!C: 
(.EE2J 
c.e(l~ 

c.e492 
C.He~ 
(i.flU 
C).eS~2 
C_fH! 
C.9c::! 
(.ge2E 
(.9(H 

(.9 CEE 
c.su, 
C.9He 
C .~d 1 ~ 
(.sn J 

TOLEUt.CE 

o. S9c~! 
O. S954] 
o. SS511 
o. SSHC 
O.SHOl 
o. SS69S 
(\. H!l ~ 
(I.S9~2S 

0.996(;6 
o. SS56t 
o. SH 11 
O. S94J5 
o. H IoE 1 
o. S9526 
O. SS06] 

INCREASE 
I ~ r;sc 

C.E6ZJ 
C.1394 
C.C471 
C.OlS! 
(.0156 
0.C091 
C_COU 
(.(C!2 
C.C021 
(.C021 
c. C020 
( .001 I! 
C.0016 
(.0015 
(.0016 

r R.l1e: 
J73S.EI 

F 
1C REtle\( 

le!S~.!9 
12!.U 
5~.E5 

"!_11 
SS.7Z 

13H.ce 
~C1.tZ 

5'.H 
tie.5S 
fE.E4 

39E1-E5 
2EIo.1J 

4f.c 1 
~5C_~S 

4'.74 

F 
10 ENlEII 

41!S4.0~1l 
1l~3_6H! 

1ef.91J1 
!E6.eu~ 

!!4.S720 
213.53" 
!8.6fU 
fl.2Bf 
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~3.6JS:! 
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'''.efl!f 
U.I!EH 
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Appendix Table 3. ~""Meqn annual food compos I t i. on <;>f the ~pecie~ group~ in SKEBUB-Balsfjord 
in the eq u iIi b r i urn year of the baseline run. 

SPECIES AS PREY 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 0.0 0.0 o. 0 o. 0 0.0 0.0 0.0 0.0 0.0 0.0 o. 0 0.0 0.0 0.0 

2 0.0 0.0 0.0 0 . 0 O. 5 2.9 0 . 1 O. 4 5.~ 2.7 8. 7 51. 6 5.0 1.4 

3 0 . 0 0 . 9 0 . 0 O. 0 O. 8 3.2 0.1 0.4 11.0 3. 6 3. 8 42. :5 12.0 O. 0 

4 0.0 0.3 1.4 3. 5 O. 7 7 . 9 0.1 0.4 8 . 8 3. 3 0.0 15.4 6.8 0.0 
a::: 
0 .5 I-« 0 . 0 0.3 O. 0 o. 0 0.0 0.9 O. 1 0.2 0.8 0.0 13.6 40. :5 8. 7 0 . 1 
0 
w 6 0.0 0.1 0.0 0.0 0.1 0.0 O. 0 0 . 1 O. 4 0.0 8 . S 15. 1 4.0 0 . 1 a::: 
a.. 

V) 7 0.0 0.1 0.2 0.6 0.0 O. 2 0.0 O. 1 4.0 65.2 1.8 6. :5 16. 1 0.0 « 
V) 

w 8 O. 0 O. 4 0 . 9 2. 2 O. 5 3.4 O. 1 0.3 5 . 5 12.8 8.3 34.2 9 . 0 0 . 0 I 
t..J W 
w 9 '0.3 

co 
a.. 0 . 0 0.0 0 . 0 0.2 0.9 O. 0 O. 1 0.3 8.b S. 5 13. 1 5.9 2 . 9 I 
V) 

10 0.0 0.0 0.0 0.0 0 . 0 O. 0 O. 0 o. 0 0.0 6. b. 1. 1 0.0 0.2 8.1 

11 0.0 0.0 0.0 o. 0 ·0.0 0.0 0.0 0.0 o. 0 0.0 0.1 0.0 0.0 2 . 2 

12 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0 . 0 O. 1 0.1 0.0 3.0 

13 0.0 0.0 0.0 0 . 0 0.1 0.2 0 . 0 O. 0 0.1 0.2 1.1. 6 2. 6 0.6 3.8 

14 0.0 O. 0 0 . 0 0 . 0 0 . 0 O. 0 O. 0 o. 0 O. 0 0.0 0.0 0.0 0.0 0 . 0 



Appendix Table 4.--Simple C;:O r re 1 a t i on coeff i ci en ts between output variables and the i r grouping 
corresponding to the identified pr i nci pa 1 components. 

CORRELATION ,UTRlX 
- .... _-----------

PceCD PCJiHR PCCAP pCftA T PCOT HR PCPIIIIN PCI!EN PCCOP PCEUPH pezoo PCPHTT sccaD SCHERR 
10 71 12 13 14 75 76 77 16 79 80 U 32 

PCCOD 10 1.000 
PCHERA 11 -0.032 1.00 I) 
pCCAP 12 0.0"2 -0.365 1.000 
PCfLAT 13 (.016 -0.009 0.023 1. COO 
PCClHR H C.022 -c. 05 e 0.01 ~ 0.050 1.000 
PCP Iili,. 15 0.090 -0.231 0.2 'lit -0.C20 0.061 I. 000 
PCBEN 16 0.1"" -0 .16 9 0.235 0.C30 0.021 O.Z14 1.000 
reccp 11 -0.062 -0 .258 0.370 0.C12 -i) .010 0.17! O."6~ 1.001) 
PCHPH 16 0.023 -c. ~5 8 0·505 0.023 -0.009 0.365 0.~93 0.5H 1.000 
PC200 19 0.329 -C.201 0.301 0.C20 0.037 0.321 C.6C~ C.:!91 0.61oa 1.000 
PCPI'TT eo 0.177 c. 337 -0.396 -0. C12 0.0"6 -0.211 ,o."tc -0.833 -0.590 -0.35" 1. 000 
sccaD et a. ea e C .15 0 -0.12 ~ 0.001 -0.0 15 -0.032 -0.0"3 -0.211 -0.2510 -0.011 0.1008 1. COl) 
SCHERR liZ -0.274 0.050 -0.22 :5 -0. 00 e -0.006 -0.22~ -C.1oe2 -C.356 -0.U3 -0.60e a.' e2 0.098 1. COO 
SCOP 83 -0,261 O. 09 9 -0.153 -O.ClE -O.OIl -0.18" -0.H9 -C.380 -o_"u -0.e06 0."1!6 O. cn 0.696 
SCHA T 8~ -0.1910 c. C89 -O.IH 0.C!37 -0.010 -1).156 -0.303 -C.:!05 -0.278 -0.553 0.295 0.(60 0.626 
SCCTH 85 -0.291 0_ 231 -0.266 -O.Ole -0.013 -O.ZH -C.44~ -C.289 -0.476 -0.787 0.411 0.108 0.0346 
SCPFWN 86 -O.16e C .169 ·0.231 -0.009 -0.002 -0. 1J~ -0.50e -C.Io35 -0."91 -0. 7 8~ 0.5~3 0.151 0.S~2 
sccep e7 -0.09" -0 .lO~ 0·291 ·C.COl -0. OZ 3 O.13~ 0.H1 O.!H 0.47.3 0.216 -0.121 -0.209 -0.Z93 
StEIlPH 81.1 -0.029 -0.101 " 0.416 O.OH -0.040 0.Z89 0.1,22 (I. "6 3 0.603 0.559 ·0.515 -0.~01 -0.10]1 
BBCCD 89 C.28" -C.511 0.403 0.019 0.091 0.310 O.JEII 0.266 0.601 0_ E6S -0.H5 -O.loa -1l.59!) 
B!!HERR 90 !l.l23 (!. EB 5 '0.052 C.OI2 0.030 0.034 0.112 -C.091) -0.011 0.336 0.116 0.113 -I). "'59 
BBC.p S1 0.2B7 0.117 0.02 e O.CZO 0.0211 -O.OlE 0.213 o.oes 0.178 0.623 0.0~5 0.150 -0.52.! 
8BHA T 92 0.015 -0. 0" 2 0.06& O. E2 ~ 0.033 0.021 C .OTE C.056 0.090 C.122 -0.0 74 -0. C "0 -0.113 I 

BeOlH S3 G.20e C.Oll -0 .016 C.02~ 0.406 O. 06e o.Oe" -C.146 -0.059 0.234 O.IEl 0.065 -0.2~7 w 
U) 

BePRIIN 94 0.084 -c. 032 0.151 -a. 00 7 -O.Ollt O. J"" 0.5e7 0.315 0.4&5 0.709 -0.H6 -0.102 -0. Set I 
Beccp 95 0.117 C.lz 2 -0.216 O. CO 10 0.027 -0. 056 ·Q.293 -C.I!H -0.256 - 0.121 o.e 4:5 0.168 0'2 44 
BBEUPH 96 o.u" O. "4 9 -0.411 -0.C2S 0.040 -O.:!ZE -0.32~ -C.195 -0.1"0 -0.51S O· "3

' 
!}.,,64 D.H1 

seCAP SCflAr SCCTH ~CFfl"N seca F SCEUPH BBCCIl BeHERfl BiJCAP BartA T D8aTH DBPRIU BBcor 
l!J elt 65 86 67 e8 89 90 91 92 93 '" 95 

SCCAp e3 1.COO 
SCflAT 84 C .612 1.000 
seD TH !5 C.823 O. ~1I4 1.00-J 
SCPRIIN !6 C. 84 4 C.62 Z 0.770 1. COO 
SCCOP 61 -0.32 "5 -0.166 -0.212 -0. ~6 4 1 .. 000 
SCEt/PH 88 -C.398 -0.289 -0 .452 -0.47S 0.356 1. 000 
BI!C IJD e9 -C.~l" • C • 40 It '0.E95 -0.~29 0.1 !! 2 C.SH 1.000 
BBHEKR 90 -C.331 -C .25 9 '0.321 -0.256 -0.0 97 -O_Ol' 0.151 1.001) 
BBCAp H - G. Elo 6 - C. 3& 6 -0.1069 -0.45 i! 0.0 19 0.123 0.1~9 C.HO 1.000 
DBFUT 92 -C.ll ~ -C. 26 8 -0.11 " -0.t29 0.036 0.091 0.10! 0.0510 0.066 1.000 
aBOTH '3 -0.219 -c. 16 a -0.425 -0.130 -0.160 -o.oat 0.261 0.267 0.Z413 0.032 1. OCO 
BBFIIIIN H -0.566 -0.499 -0.1090 -0.701 o .30r 0.411 0.:<90 C.167 0.210" 0.101 0.023 1. COO 
B!!CIlP 95 0.299 0.127 0.128 O. ~2 3 -0 .H2 -0. 20 ~ -0.021 C.125 0.01,6 -C.OZ' 0.179 -0.~31 1. 000 
BI!EUPH S6 c. ~O6 C. 33 9 0.553 0."91> -0.125 -0.E99 ·0.629 0.010 -0.012 -0.099 0.O~6 -0.376 -0.100 

I!BEliPH 
96 

BBElIPH 96 1.000 
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Appendix Table 4 continued 

ASS{]lU1E V'LUES CF eORfi£l.1l0NS 1fj SORTEl: AND SHArED FORM 

-----------~------------------~~------------------------
I 
I • 
•• 1 
1.11 
lUll 
I),JOIXI 
M)) XII+' 
XJ(IXI+ •• 
JUOIIIX--1 
-- .-.. -I 
.... -+ ... -+11 --.+-•. -1111 
X)f+X+- ++1111 
.--.-. -+ •••• .,,)1 X"- .. N)- X-'II-" 
+X)XX+ X ••• +-11 
.")XX-.X+.)+X-IBI 
•• ---...... - .. ·X·+I 

.. • •• + -X-.I ---.-. -- . • • I. 
- .... 11 .-.+-xx++ •• -,-----.... .-1. 

E3 SeCA P 
f2 SCHERR 
E5 SCOTH 
fE SCPR Wr. 
19 Pezoe 
e" S eF'l JI t 
91 SECAP 
f9 BBCOD 
94 BB~RW~ 
9~ BECOp 
11 PCCOP 
e7 secop 
80 PCPHYJ 
1'; PCPRWti 
1 E P CEUP t . 
9€ ~8EUPJ:. 
8 e S CEUP ti 
12 PCCAP 
f1 S CCOD 
70 peCOD 
71 peHER" 
9C SeHER fi 
92 EBrl" 1 
73 PcrlA 1 
14 PCOTHH 
53 BEDTH 
1E PCB£N 

..... - . ... 

.-... -.-- .... ... 

TfE AESOlU1E VALLES Of 

I ., 
• 

THE MATRIX ENTRIES HAVE EE~N PRINTED ABOVE 
~CCCROING lQ T~E fOllO~ING SCHEME 

• 

+ 
X 
11 
II 

• 

. LESS THAN en [wqAl TO 
C.112 TO ANt INcturING 
O.~24 TO AND INCLU[ING 
0.336 TO AND 1NclUCrNG 
0.448 TO AND INCLUCING 
C.~&O TO AN~ INCLUCI~G 
O.E7l Te A~O INCLUtING 

GiiEA TEfi THAN 

IN SHACED fORH 

0.112 
0.224 
0.336 
C.lt1tf 
C.560 
0.612 
<l.7S4 
C.7d4 
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