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EXECUTIVE SUMMARY

Synthesis is an age-structured population assessment tool.  It includes a population
simulation model to calculate the abundance and mortality of a harvested population, an
observation model to relate this population model to observable data from the population, and a
statistical model to adjust parameters of the population model and observation model to achieve
the best fit to all the data.  Synthesis has both an age-structured and a size/age-structured version. 
Both are capable of simultaneously examining data from several fisheries and several surveys,
each with its own pattern of selectivity.  Synthesis calculates selectivity with modified logistic
functions.  Parameters of these functions can take on time-specific values, thus allowing
flexibility to track changes in fishery selectivity.  The goodness of fit is quantified in terms of a
log-likelihood function composed of independent terms for each kind of observation from each
type of fishery or survey.  Synthesis estimates the best parameter values through numerical
calculation of parameter derivatives and application of a modified Newton method.  This
provides estimates of parameter variances and covariances, and provides for calculation of the
variance of spawning biomass through application of the delta method.  Both versions of
synthesis allow inclusion and estimation of spawner-recruitment functions.  When detailed age
composition data are lacking, the estimated spawner-recruitment curve can be used to generate
the entire time series of recruitments, thus turning synthesis into a simple production model.  At
the other extreme, inclusion of the spawner-recruitment curve in data-rich models allows
estimation of this curve while taking into account all available information.  Although most
population modeling is done within unit stocks, age synthesis provides the capability to model up
to three geographic areas and to estimate the degree of migration between areas.  Size synthesis
adds a body size dimension to the population.  This allows fuller use of size-based data, and
allows estimation of growth curves while taking into account size-selectivity of the sampler and
taking into account the effect of variability in the age determination process. 
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1  The ove rview of stock  synthesis given he re comp lements and  updates tha t in Metho t (1990) .  A

more detailed user manual is available from the author.

INTRODUCTION

The stock synthesis model1 (Methot 1989, 1990) was developed to provide a bridge
between biomass-based assessment methods and full age-structured methods (Deriso et al. 1985;
Fournier and Archibald 1982).  Subsequently, synthesis evolved to a  flexible tool (Methot 1990)
and was used for many west coast and Alaska groundfish stock assessments during 1988-2000. 
Synthesis consists of a forward population projection model that simulates the dynamics of a
stock within a statistical estimation framework.  Between the population model and the statistical
model is an observation model designed to derive expected values for various fishery and survey
data.  An underlying philosophy of synthesis is the modeling of potential biases and variability in
the observation process, rather than requiring that data be highly preprocessed before analysis by
synthesis.  This “bring the model to the data” philosophy creates an appearance of high model
complexity, but the underlying population model is not complex and this approach allows
realistic use of a wide variety of data.

There is an age-only and a size/age version of synthesis (these will be referred to as the
age and the size versions for simplicity).  Both models have a large number of similar
characteristics, but there are also distinct differences.  

In the age version, selectivity patterns are defined by:
• functions of age, 
• body weight-at-age supplied as input vectors, and 
• up to three geographic areas with explicit migration patterns.  

In the size version, the population model includes:
• age and size dimensions through inclusion of an explicit growth function,
• selectivity patterns as functions of size and/or age, and 
• body weight-at-age calculated from the interaction of size-selectivity and

the modeled probability distribution of size-at-age.   

Geographic structure is not yet included in the size model.   In both configurations, synthesis
maintains a full age-structured description of the population and employs conventional equations
to describe the population dynamics.  A wide hierarchical range of model complexity can be
defined for either version (Methot 1998).  At one extreme, the model can be used with no age or
size data (with external estimation of selectivity and weight-at-age) and the estimation process
can be condensed to a few stock-recruitment parameters that mimic stock-reduction analysis
(Kimura and Tagart 1982).  On the other extreme, inclusion of a vector of parameters to allow
time-varying fishery selectivity allows synthesis to closely track fluctuations in a complete
fishery catch-at-age database.
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The performance of synthesis in a variety of situations has been evaluated through its
application to simulated data.  Bence et al. (1993) investigated the importance of adult surveys
versus recruitment surveys in stabilizing the results of model results.  Sampson (1993) explored
the importance of providing sufficient flexibility in the specification of fishery selectivity. 
Methot (1994) showed that the size model was capable of extracting information on population
characteristics from size composition data.  In 1996-1997, the National Research Council’s
evaluation of stock-assessment methods (NRC 1998) demonstrated that complex models such as
synthesis were necessary to account for biases in data.  Most recently, Sampson and Yin (1998)
investigated the model’s performance under a range of data variability and population
characteristics.



3

BASIC POPULATION DYNAMICS

The population simulation, in its simplest form, specifies the numbers-at-age in the
beginning year of the simulation, the numbers of recruits in each subsequent year, and the
survival rate for each cohort as it moves through the population.  These dynamics apply equally
to the age and size models.  Variables and notations identified here and throughout the document
are listed in Appendix A.

a ages for 1#a#A

y years for 1#y#Y

j fisheries for 1#j#A4

Ma instantaneous rate of natural mortality

Wyaj body weight-at-age for fishery or survey j

saj selectivity at age for fishery or survey j

fyj annual fishing mortality factor for fishery j

Fyaj = fyj saj fishing mortality at age for fishery j (1)

Zya = Ma + 3j(Fyaj) total mortality rate (2)

Nya population numbers at start of year y for age a

mean numbers in year y (3)

catch numbers for fishery j (4)

Cyj = 3a (cyaj Wyaj) catch biomass for fishery or survey j (5)

survivors, for a < A (6)

survivors, for a = A (7)

The above equations define a situation in which both sexes are identical and mortality is
continuous throughout the year.  Throughout this report, with a few exceptions, the notation and
discussion will refer to age and to size, but not to sex.  However, synthesis can be used in a
combined sex or a separate sex mode, with the latter allowing males to differ from females in
mortality, growth, and selectivity.
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Also, time is referred to only as year, except for the monthly steps used to calculate 
growth in the size model.  However, both the age and the size model are capable of defining up
to four time periods within the year so that seasonal fisheries can be more accurately modeled. 
The month of spawning is identified so that mortality occurring during the early part of the year
is accounted for when calculating spawning biomass.  Similarly, each survey is assigned a
specific month of occurrence so that pre-survey mortality and growth can be accounted.

Fishing Mortality

The total catch biomass, Cyj, is typically known with high precision relative to other types
of information.  Because there is a one-to-one correspondence between the level of Cyj and fyj, the
values of the fyj can be continuously adjusted within the model so that the calculated Cyj will
nearly exactly match the observed Cyj.  In this typical case there is nil deviation between observed
and expected Cyj, and the likelihood contribution for the fit to the Cyj is nil.  However, alternative
approaches to specifying and estimating the fyj are available in synthesis.  Any number of the fyj

can be estimated as free model parameters or assigned a fixed value; in these cases there may be
some deviation between the observed and calculated Cyj.  Finally, the fyj can be made a linear
function of input data on fishing effort.  This latter option can be elaborated further to include
predators and cannibalism in the model (Livingston and Methot 1999).

Selectivity Functions

Several approaches to specifying selectivity patterns are available in synthesis.  These
approaches include using one parameter for each age, selection of a single age (such as a
recruitment index), and patterns based upon logistic functions.  Selectivity is often modeled in
synthesis as the product of two logistic functions,

,  (8)

where $1 to $4 are parameters to be estimated by the model, and the temporary quantity T1 is a
calculated scaling factor such that max ($a) is 1.0.  This four-parameter “double logistic”
formulation allows the selectivity pattern to be dome-shaped or asymptotic on either the left or
right side (Figure 1).  The parameters $2 and $4 have values of age (or size in the size model) and
are interpreted as inflection points.  The parameters $1 and $3 affect the steepness of these
functions.  When either has a low value there will be a stronger interaction between the values of
the ascending and descending parameters.  The synthesis implementation allows the selectivity
parameters to be time-invariant, and specifically, time-invariant within a defined range of years. 
This synthesis implementation allows various ways to change selectivity over time, as defined
by: a specific range of years, year-specific, or as a function of an independent variable (such as
mean depth of fishing).




