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Dynamic Factor Analysis (DFA) SEDAR 77

• https://sedarweb.org/sedar-77-hms-hammerhead-sharks-
assessment-process-0
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DFA Methods Followed SEDAR 65

• https://sedarweb.org/sedar-65-assessment-process
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DFA Approach Simulation Tested
• Application of DFA to time-series of relative abundance 

simulation tested in Cassidy et al. 2021 



SEDAR Procedural Workshop 8
November 2-4, 2022 in Tampa, Florida
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SEDAR Procedural Workshop 8

http://sedarweb.org/pw-08-sedar-fishery-independent-indices-terms-reference

TORS:

"2. Review past assessments and document types of issues that arose when indices of 
abundance were combined or due to changing survey design. Possible issues may include:
• Combining multiple surveys:
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DFA Age-0 Scalloped Hammerhead

• Accepted age-0 scalloped hammerhead indices
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DFA Age-0 Scalloped Hammerhead

• Accepted age-0 scalloped hammerhead indices
• Decision 

• Removed years with “zero” relative abundance
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DFA Age-0 Scalloped Hammerhead

• DFA methods SEDAR65_DW03: 
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DFA Age-0 Scalloped Hammerhead
• DFA methods SEDAR65_DW03: 
“Application of DFA to time-series of relative abundance requires some 
care to preserve the underlying error structure and the relative scale of 
the survey indices. Accordingly, the following analytical approach was 
adopted: (1) all time-series of relative abundance were log-
transformed, thereby normalizing the time-series error, (2) each 
time-series was centered and demeaned by subtracting and 
dividing each by its mean, (3) the global standard deviation (GSD) 
was calculated for all relative abundance time-series after being 
log-transformed and demeaned, (4) each time-series was then 
divided by the GSD, (5) the DFA model was fitted, (6) the resulting 
DFA-predicted common trend was then multiplied by the GSD and 
back-transformed. Since the stock assessment model relies heavily on 
trend rather than magnitude of relative abundance indices, bias 
correcting will have little impact. However, standard errors estimated 
by the DFA model for the annual indices were multiplied by the GSD to 
preserve scale of uncertainty relative to the trend.”
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DFA Age-0 Scalloped Hammerhead
• DFA methods SEDAR65_DW03: 
“The above approach does not work well in situations where the 
log-transformed relative abundance mean was close to zero or 
negative, because the second step would essentially involve dividing 
by zero or a negative value, respectively. This was the case for a few 
of the Atlantic blacktip shark time-series of relative abundance. 
Simulation analyses have also shown that DFA model fitting is fairly 
robust when the standard deviation of each time-series resulting 
from step four are approximately one (Peterson et al. 2021). 
Accordingly, the Atlantic blacktip time-series of relative 
abundance were first multiplied by a survey-specific constant, c, 
to ensure that the resulting time-series approximately achieved 
these two general criteria. Multiplying indices by a constant is 
comparable to redefining effort such that the scale of the index 
changes. Best practices suggest that time-series be z-scored prior to 
DFA model fitting (Holmes et al. 2020), so in effect, the above 
analytical approach was developed in the spirit of maintaining 
consistency with that recommendation.”
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DFA Age-0 Scalloped Hammerhead
• DFA Implemented in R consistent with SEDAR Procedural Workshop 8 
DFA TUTORIAL FROM ICES MANUSCRIPT: DOI: 10.1093/icesjms/fsab051

# REQUIREMENTS FOR C -- change c vector 
y.bar # means must be >0 (otherwise demeaning will change sign/direction of index); means 

should be >1; ideally >~2 (which isn't always possible)
gsd # gsd should be small! <~0.1

sd =  apply(dat.z, 1, sd, na.rm=T) # MOST IMPORTANT DIAGNOSTIC: sd should be 1.
# this rescaling approach is to approximate a z-score. 
# if sd for an index is <1, then increase corresponding element in c matrix; vice versa || index 

specific c values
# helpful to tune 1 at a time
min(datL, na.rm=T) # ensure that minimum datL >0

#### STOP ###################################################
# IF REQUIREMENTS FOR c ARE NOT MET, THEN ITERATIVELY MODIFY c VECTOR 

UNTIL REQUIREMENTS ARE MET!
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DFA Age-0 Scalloped Hammerhead

• Decisions

1) DFA input CV obtained from average CV from each 
index (after removing zeros)

2) DFA input “z-score” scaler “c” obtained iteratively for each 
index following methods in SEDAR65_DW03 (after 
removing zeros) 
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DFA Age-0 Scalloped Hammerhead

• DFA obtained separately by region using the CVs and 
scalers “c” obtained above

• DFA #1: Combined Gulf and Atlantic (5)

• DFA #2: Gulf (2)

• DFA#3: Atlantic (3)
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DFA Age-0 Scalloped Hammerhead

• Diagnostics followed SEDAR65_DW03:

“The underlying assumptions of a DFA model are equivalent 
to those of a linear regression, which include normality, 
independence, and homogeneity of residuals (Zuur et al. 
2003b). Model validation was therefore based on 
standard diagnostic tools (QQ plots, analysis of 
residuals). Additionally, ‘fit ratio’ statistics were calculated 
as Σtyit

2/ Σtεit
2, where i denotes an individual time-series. 

High fit ratios (i.e., 0.6) suggest that the DFA model 
poorly fits the time series, or a few years in the time 
series (Zuur et al. 2003b).”
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DFA #1: Combined Gulf and Atlantic

• Results

V1 V2
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DFA #1: Combined Gulf and Atlantic

• Results

V1 V2
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DFA #1: Combined Gulf and Atlantic
• Results

• Fit ratios (Fit ratio >=0.6 suggest poor fit)
• V1

• Survey 2, Good fit; but Survey 1, 4, 5 poor fit; 

• V2

• Survey 1 and 4 similar poor fit as in V1
• Survey 2 reduced fit compared to V1
• Survey 3 and 4 improved fit compared to V1

• Overall fit ratio improved
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DFA #1: Combined Gulf and Atlantic
• Manual QQ plots “raw residuals” from fit (dat.z-fit.b)

• Survey 2 skewed in both V1 and V2

• Survey 5 has low sample size
V1 V2
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DFA #1: Combined Gulf and Atlantic
• QQ plots “standardized residuals”
• Survey 2 still has some skew in V1 but reduced in V2

V1 V2
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DFA #1: Combined Gulf and Atlantic
• QQ plots State Vector “standardized residuals” 

• Some skew, but reduced in V2

V1 V2
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DFA #1: Combined Gulf and Atlantic
• Analysis of survey residuals to fit

• Survey 2 residual pattern reduced in V2

V1 V2
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DFA #1: Combined Gulf and Atlantic
• Analysis of survey standardized residuals

• Scale (influence) of Survey 2 outliers reduced in V2

V1 V2
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DFA #1: Combined Gulf and Atlantic
• Analysis of state vector standardized residuals 

• Scale (influence) of outliers reduced but trend remains V2 

V1 V2
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DFA #1: Combined Gulf and Atlantic
• Analysis of standardized residuals autocorrelation (acf)

• Survey 2 has autocorrelation (significant at lag 1 in V2)

V1 V2
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DFA Age-0 Scalloped HammerheadDFA #1: Combined Gulf and Atlantic (V2) 
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DFA #1: Combined Gulf and Atlantic (V2) 
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• Decision

• Recommend V2 for use in Sensitivity Analysis

• Remove outlier survey 2 (1998)

DFA #1: Combined Gulf and Atlantic (V2) 
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DFA #2: Gulf 

• Results

V1 V2
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DFA #2: Gulf

• Results

V1 V2
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DFA #2: Gulf
• Results

• Fit ratios (Fit ratio >=0.6 suggest poor fit)
• V1

• Survey 2, Good fit; but Survey 1, 4, 5 poor fit; 

• V2

• Survey 1 similar poor fit as in V1
• Survey 2 reduced fit compared to V1

• Overall fit ratio slightly worse than V1
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DFA #2: Gulf
• Manual QQ plots “raw residuals” from fit (dat.z-fit.b)

• Survey 2 skewed in both V1 and V2

V1 V2
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DFA #2: Gulf
• QQ plots “standardized residuals”

• Survey 2 skew in V1 reduced in V2

V1 V2
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DFA #2: Gulf
• QQ plots state vector “standardized residuals” 

• Some skew, but reduced in V2

V1 V2
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DFA #2: Gulf
• Analysis of survey residuals to fit

• Survey 2 outlier pattern reduced in V2

V1 V2
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DFA #2: Gulf
• Analysis of survey standardized residuals

• Scale (influence) of Survey 2 outliers reduced in V2

V1 V2
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DFA #2: Gulf
• Analysis of state vector standardized residuals 

• Scale (influence) of outliers reduced but trend remains V2

V1 V2
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DFA #2: Gulf
• Analysis of standardized residuals autocorrelation (acf)

• Survey 2 has autocorrelation (significant at lag 1 in V2)

V1 V2
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DFA #2: Gulf (V2)
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DFA #2: Gulf (V2)
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DFA #2: Gulf (V2)

• Decision

• Recommend V2 for use in Sensitivity Analysis

• Remove outlier survey 2 (1998)
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DFA #3: Atlantic 

• Results
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DFA #3: Atlantic 

• Results
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DFA #3: Atlantic 
• Results

• Fit ratios (Fit ratio >=0.6 suggest poor fit)

• Fit to Survey 4 is poor (Fit ratio >=0.6 )
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DFA #3: Atlantic 
• Manual QQ plots “raw residuals” from fit (dat.z-fit.b)
• Survey 3 and 4 reasonable 

• Survey 5 has low sample size
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DFA #3: Atlantic 
• QQ plots “standardized residuals”

• Survey 3 and 4 reasonable 

• Survey 5 has low sample size
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DFA #3: Atlantic 
• QQ plots state vector “standardized residuals” 

• Some skew but reasonable
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DFA #3: Atlantic 
• Analysis of survey residuals to fit

• Some outlier pattern similar to DFA #1 and #2  V2 above
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DFA #3: Atlantic 
• Analysis of survey standardized residuals

• Scale (influence) of outliers similar to DFA #1 and  #2  V2
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DFA #3: Atlantic 
• Analysis of state vector standardized residuals 

• Scale (influence) of outliers reduced relative to survey, 
• but there is some pattern in residuals
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DFA #3: Atlantic 
• Analysis of standardized residuals autocorrelation (acf)

• Survey 3 has some autocorrelation (significant at lag 2)
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DFA #3: Atlantic 
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DFA #3: Atlantic 
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DFA #3: Atlantic 

• Decision

• Recommend for use in Sensitivity Analysis




