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Background

- Why Calibrate?

Maintain consistency of
historical time series

- |deal approach involves:

Benchmarking: where old
and new survey methods
conducted side-by-side

Fit a model to relate both
sets of estimates
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Presentation Notes
Benchmarking + modeling is ideal approach for calibration – used for FES.  
This was not done for APAIS for the following reasons: 1) Logistical funding constraints did not allow for an overlap period between MRFSS Intercept Survey and APAIS. 2) CHTS and FES produce one estimate (effort) while MRFSS Intercept Survey and APAIS produce large number of estimates (Catch by species (800+), disposition, fishing mode, area fished, state, region, year and wave) so it was not feasible to develop models for every type of estimate – weighting adjustment allows for numerous calibrations inside single framework
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Background

 3-year benchmarking period

CHTS — EES (2015-2017)

e Model fit to relate both sets of
estimates

e Sequence of raking
adjustments to sample weights

 Funding constraints prevented
extensive benchmarking

e Too many estimates to develop
calibrations for each

MRFSS

Intercept «—> APAIS

Survey
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Presentation Notes
FES used ideal approach for calibration (benchmarking + modeling).  This was not done for APAIS for the following reasons: 1) Logistical funding constraints did not allow for an overlap period between MRFSS Intercept Survey and APAIS. 2) CHTS and FES produce limited series of effort estimates while MRFSS Intercept Survey and APAIS produce large numbers of estimate components (catch rates by species, catch disposition, fishing mode, area fished, state, region, year and wave) so it was not feasible to develop models for every type of estimate – weighting adjustment allows for numerous calibrations inside single framework.
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Background

- Calibration methods developed with expert statistical
consultants

. Peer Review Workshops held for each:
FES:

APAIS: Access Point Angler Intercept Survey Calibration
Workshop

March 20-22, 2018 Silver Spring, MD

- Reviewers identified through Center of Independent
Experts (CIE), Regional Council SSC's and Atlantic
States Marine Fisheries Commission

- Review panels endorsed methods for both calibrations
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Benchmarking results

FES estimates are several times larger than the CHTS
estimates

FES provides much greater coverage of household population due
to transition away from landline telephone service

FES may have improved recall since it is a self-administered survey
(De Leeuw, 2005; Dillman et al., 2009)

FES questionnaire is much shorter, resulting in lower reporting
burden on respondents, less missing data, minimal imputation

Mail vs telephone survey mode effects (de Leeu and Desiree 1992,
Dillman et al. 1996)

FES has higher response rates (~35% compared to <10% for
CHTS from 2015-2017)
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Presentation Notes
Multiple factors contributing to discrepancy:
Research has shown that the difference in survey mode can result in very different responses to survey questions.  Mail surveys are self-administered, and FES respondents have the benefit of being able to read the questions and think prior to answering, which can result in improved recall (De Leeuw, 2005; Dillman et al., 2009) - Since the CHTS was conducted by phone, respondents had to remember fishing activity on the spot without the added benefit of memory cues. 




Effort Model Overvregy== ==

. Uses Fay-Herriot small area estimation
model framework

Well-established procedure originally developed to
produce model-based estimates for small areas
with small populations in the USA

1 979 Estimates of Income for Small Places:
An Application of James-Stein Procedures

to Census Data

ROBERT E. FAY Ill and ROGER A. HERRIOT
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Presentation Notes
The Fay-Herriot model is essentially a multiple linear regression that includes fixed effects connecting direct estimates to both auxiliary variables (i.e. variables that aid in making estimates on incomplete data) and random effects  which are meant to capture any remaining variation not explained by the auxiliary variables). 



Effort Model Overviewr{comt)«-=

- Fay Herriot estimation: a linear mixed modeling

approach l
Fixed Effects: Random Effects:
e used to estimate one e used to estimate the mean
true effect of one or more of a potential range of effects
independent variables on on a dependent variable
a dependent variable <« Captures variation in
e Connects estimates to estimates not explained by
auxiliary variables auxiliary variables
e \/ery common in basic e Common in more complex
statistical analyses statistical analyses
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Presentation Notes
The Fay-Herriot model is essentially a multiple linear regression that includes fixed effects connecting direct estimates to both auxiliary variables (i.e. variables that aid in making estimates on incomplete data) and random effects  which are meant to capture any remaining variation not explained by the auxiliary variables). 



Effort Model Overview{corit)~

A factor in ALL surveys whenever a
sample is used to estimate population
characteristics — well understood and

can be easily estimated
A

Method effects caused by
differences in survey coverage,
non-response, measurement error
(systematic or random)

Estimated _ True  Nonsampling  Sampling
= +
Effort — - Effort Error | Error

f

Cannot disentangle true effort
from nonsampling error
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Presentation Notes
Model assumes both surveys share ‘true’ effort but are distorted by sampling and non-sampling error – so includes shared variables contributing to ‘true’ effort AND unshared variables that influence sampling and nonsampling error in both surveys

Non-sampling errors are usually difficult or impossible to accurately quantify, and in this case cannot be disentangled from true effort – all surveys would be perfect if we could estimate it and remove it.




Shared Effectg=««=mrmere=s
Estimated  True , Nonsampling  Sampling

Effort Effort Error Error
/
Trend Seasonal Irregular

» Changes in fishing  Changes in fishing e Encompasses any other
effort from year to effort from season to effect distinct from trend
year season and seasonal effects

» Modeled using e Modeled using e Modeled as a random
state-specific indicators for the six variable with a normal
population sizes two-month waves in distribution, a mean of
from U.S. Census each state zero, and unknown

Bureau variance to be estimated
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Presentation Notes
Shared Effects in the FES and CHTS model (effects that contribute to the true effort, shared by the CHTS) 
Trend:  State-specific population sizes are a primary factor that contributes to annual changes in effort.
Seasonal: e.g. differences between summer vs winter fishing activity
Irregular: e.g. changes in fishing regulations or unusual storm patterns that disrupt normal fishing activity in a given season





Shared Effects (corfg)= "=

Estimated _ True . Nonsampling Sampling

Effort ~— Effort Error Error

o Effects may interact Trend - - Irregular
e e.¢g.seasonal
patterns vary by
trend (year-to-

year variation in - Seasonal
. - State
fishing activity) s siional set of
o Effects may vary by indvidual state
Indicator terms to
state account for state

variation
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Presentation Notes
Annual, seasonal, and irregular effects differs across states.  For instance, one state’s fishing activity may change more from year-to-year than another state; a southern state may have less seasonal variation in fishing activity than a northern state; or a fishing regulation on one species affects the states within that species’ distribution but obviously has no effect on other states.  These potential interactions among variables are taken into account in the model as well.



Unshared Effectg=«="="=*

Estimated _ - True , Nonsampling  Sampling

Effort Effort Error Error
Non-sampling error:
.
primary measurable NS0
covariate that changed over ‘:':; 45 A
the course of the CHTSwas  § .’
the trend in wireless-only £ 830
households (had estimates £ § 23
from 2007-2014 587
Fit simple model to expand 8 10
wireless-only trend across TR
1981-2017) g o0
e |ndicated that wireless 9000)?00;’00 NN )900&900990]090]]90]890\,390@
effect was approximately Year

zero pre-2000
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Unshared Effectg=«="="=*

Estimated _ True . Nonsampling  Sampling

Effort ~—  Effort Error Error

o Sampling error: estimated for each survey
using the variances of FES fishing effort
estimates and CHTS fishing effort estimates —
assumed independent from one another
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Putting All Togethigp =

Trend in population sizes

(by state) as a proxy for .
year-to-year changes in Trend

Random effects to be
- [rregular estimated using Fay-

fishing activity Herriot Methodology
Seasonal
/ Wave indicatO]\
variable as a proxy _
State + — Wireless
Indicator variable Modeled change in wireless-

only households over time

As with the other effects, the wireless-only effect’s interactions with state,
season and trend population are also taken into account in the model
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Presentation Notes
As with the other covariates, the wireless-only covariate’s interactions with state, season and annual changes in population also need to be taken into account in the model.  This assumption is supported by the fact that all FES estimates from 2015-2017 are consistently higher than the CHTS estimates.


FES Calibration (pre 2015 estitriatesy =

- FES
E;lfjet+ Nonsampling
o T Error

Estimated oM _ a2 M M , FES Sampling
Effort Yd _ Hd + ed Error

M _ I
yxdﬁd + Vg
Multi-dimensional term l Rgular term (random effect)

encompassing all fixed effects  Set of random regression ~ assumed to be distributed with

relevant to FES (trend, ~ coefficients, estimated using mean of zero and a variance
seasonal, state, wireless until  standard statistical methods estimated using standard
2000) and their interactions statistical methods

Separate model fit for each fishing mode (shore and private boat)
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Presentation Notes
 Same equation we’ve been showing, but now showing more formal notation.

The statistical methods used for random effects are estimated best linear unbiased prediction (EBLUP – for regression coefficients) and Restricted Maximum Likelihood (REML – for irregular term).

Model formulation was fit to the data from the private boat and shore modes individually with separate estimates of the model coefficients and all other model output for each mode (otherwise, mode would have been needed as a term in the model)

Note that the overlapping time period is handled as simply the average of the two models during the benchmarking period (where we have both CHTS and FES estimates):      𝑌  𝑑 𝑇 + 𝑌  𝑑 𝑀  2 



CHTS Calibration (post 201 7 estirffatesy =

True CHTS
. .
Etfort NonE?rr(r)lfllng
!
Estimated OT _ nT T CHTS Sampling
Effort Yd _ Hd + ed Error

T /
Oq = xqPa + Vg

Multi-dimensional term l Irregular term (random effect)

encompassing all fixed effects  Set of random regression ~ assumed to be distributed with

relevant to CHTS (trend, coefficients, estimated using mean of zero and a variance
seasonal, state and wireless)  standard statistical methods ~ estimated using standard
and their interactions statistical methods

Separate model fit for each fishing mode (shore and private boat)
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Presentation Notes
 Same equation we’ve been showing, but now showing more formal notation.

The statistical methods used for random effects are estimated best linear unbiased prediction (EBLUP – for regression coefficients) and Restricted Maximum Likelihood (REML – for irregular term).

Model formulation was fit to the data from the private boat and shore modes individually with separate estimates of the model coefficients and all other model output for each mode (otherwise, mode would have been needed as a term in the model)



Ill. APAIS Calibration




-

Catch Rate Estimation Methotfs Tirfigtire =

MRIP APAIS
Design +
Weighted
MRFSS Intercept Survey  Estimation
Design + Pseudo-
Weighted Estimation

MRFSS Intercept Survey Design _

+ Unweighted Estimation

1981 2003 2004 2013 Wave 1 2013 Wave 2
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Presentation Notes
1981-2003:  Lack of detailed information (undocumented design changes and sample size variation)
2004- 2013 (wave 1):  Better documentation; pseudo-weighting approach developed in 2013 as a first attempt to maintain consistency of time series
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General Catch Rate Calibration Approach

 Raking ratio adjustment - widely used survey
calibration approach (Deming and Stephan

1940)

 Consists of sequential adjustments to sample
welights, based on known population
characteristics, until weights converge (i.e. stop
changing)

Final adjusted weight = iterated weight
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-

Raking Ratio (Sample Weight) Adjustmitit Ketsd

Calibrated Estimates MRIP APAIS Design
A + Weighted
e | Estimation
| | |
__________ e — e T e
‘ \ A A 7
- / - / 7, o
I / I / J
w’ | Y | T
/ /I
/ 7/ VRFss Intercept Survey Average Domain
/ /  Design + Pseudo-Weighted Estimates over the
/ / Estimation Reference Period

Average Domain
Estimates over
Adjustment Period

MRFSS Intercept Survey Design + Unweighted
Estimation

. | | | i
1981 1992 | 1993 2003 | 2004 2013 W1 | 2013 W2 2016
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Presentation Notes
Time series divided into ~10-year sections to apply raking where estimates are adjusted to the more recent years

This is done to minimize chances of over adjusting and masking actual changes in fishery AND/OR unaccounted-for changes in MRFSS Intercept Survey design over time.

The ratios showed are the starting calculation for the raking algorithm (weights are adjusted by the average of the estimates over reference period / average of the estimates over adjustment period) – these change depending on what portion of the time series is being adjusted (e.g. the first one on the far right is 2013-2016 APAIS estimates / 2014-2013 MRFSS estimates)




e

Raking Ratio (Sample Weight) Adfustrrerit Metkitid

e 4 coarse domains selected for 2004-2013

calibration

 Area Fished, State, Wave, and Fishing Mode

* Household Status (i.e. Coastal or Non-Coastal),
State, Wave and Fishing Mode

 For-hire frame status (i.e. vessels on the for-hire
sample frame or not), State, Wave, and Fishing
Mode

e Sub-State Region, State, Wave, and Fishing Mode
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Presentation Notes
These domains were selected because it was impractical to implement raking on all possible domain estimates (i.e. every combination of year, wave, region, state, fishing mode, fishing area).


e

Raking Ratio (Sample Weight) Adfustrrerit Metkitid

e 2 additional domains selected for 1981-
2003 calibration to control for unobserved
design effects
e Kind of Day, State, Wave, and Fishing

Mode
e Site Activity Class, State Wave and
Fishing Mode



Presenter
Presentation Notes
These were selected to control for unobserved design effects that might have occurred over the course of the MRFSS intercept survey (since a lot of design changes are undocumented/unknown in the earlier years of the survey)

KOD (state, wave, mode, and kind of day):
This domain corresponds to the weekend/weekday strata that are part of both the MRFSS Intercept Survey and the APAIS designs.
AC (state, wave, mode and site activity class):
The site activity classes consist of two groups (high activity and low activity), based on annual counts of intercepts by fishing mode.  Sites with counts above the annual mean (within domains defined by state, mode, year, sub-state region) were classified as high; sites at or below the mean were classified as low.



Raking Ratio (Sample Weight) Adjustment Méthod

Starting calculation for raking algorithm:

Average of the Initial sample weight
domain estimates of of angler trip |

intercepted angler \

trips from reference N
: * D new
period Wi = —= W;
/ Np,otd
| \ Average of the domain
Adjusted sample estimates of intercepted
weight of angler trip | angler trips from adjustment

period
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Presentation Notes
The component estimate for   𝑁  𝐷,𝑛𝑒𝑤  and   𝑁  𝐷,𝑜𝑙𝑑  (  𝑁  𝐷,𝑌𝑌𝑌𝑌 ) is calculated as simply the sum of the sample weights in Domain D.  For earlier years where we don’t have weights (1981-2003), the sample weight is estimated as the Maximum count of site-days in domain D across all years in time series interval (either 1981-1882 or 1993-2003)/Total count of site-days in domain 𝐷 in year YYYY)


Measures taken to reduce risk-of orerz=s=:
adjustment when real changes in fishery could
have occurred

* Linear regression of totals over time — slopes
of each time series tested for significant
differences from zero (97.5% confidence
level)

o |f significant trend detected, raking applied
over shorter time increments (e.g. ~3 year
instead of ~10 year)
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Presentation Notes
 Note that this is done for every domain but just showing for one to give audience an idea of how this is done.


V. Effects on Time Series




Effects on Time Series — FES Calibration™

1981-2017 South Atlantic Annual Effort Estimate
Ratios

FES Calibrated Effort
CHTS Original Effort
O L N W B U1 O N

/

Shore Mode / Private Boat Mode

1.1
(what time series ratio would be if calibration had
no effect on historical estimates)
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Presentation Notes
FES Calibrated Time Series to Historical CHTS Time series comparison – note that this figure summarizes total effort estimates, which include the APAIS coverage adjustments.


Effects on Time Series — APAIS Cdlibrdtion™ ™

1981-2017 South Atlantic Annual Catch Estimate Ratios

> Species Examples

8%
(49)

Ol 15 :
o| n Shore Mode ‘ Private Boat Mode
o9 [
Ol 4 |
g > A l
S 1
£ ‘a0 0.5
3( o

0

Black Drum Spotted Sea Trout Bluefish Black Drum Spotted Sea Trout Bluefish

1.1
(what time series ratio would be
If calibration had no effect on
historical estimates)
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Presentation Notes
Figure shows ratio of APAIS calibrated time series to MRFSS Intercept series for South Atlantic. Each box is the set of annual estimates from 1981-2017 for each example species.  Figure is grouped to highlight calibration effects by fishing mode.

Many time series fluctuate around 1 (e.g. species examples from shore mode) – others are a little higher (black drum – private boat), others a little lower (bluefish – private boat), others barely any different from the original time series (spotted sea trout – private boat).


Effects on Time Series — APAIS+FES'Calibfatitit

1981-2017 South Atlantic Annual Catch Estimate Ratios
Species Examples

o 12 Shore Mode - Private Boat Mode
@)
o+
| <
O % 10
2l o
[ ]
5| &
3= °
wn| @©
Wl c 4 l
| oo ‘
(Vp) | -
& = 4+ ==
E 2
<

0

Black Drum Spotted Sea Trout Bluefish Black Drum Spotted Sea Trout Bluefish
11

(what time series ratio would be if calibration had no effect on historical estimates)
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Presentation Notes
Figure shows ratio of APAIS+FES calibrated time series to MRFSS Intercept series for South Atlantic. Each box is the set of annual estimates from 1981-2017 for each example species.  Figure is grouped to highlight calibration effects by fishing mode.
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