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Introduction
As part of the annual stock assessment and fishery planning process, the Salmon Technical Team
(STT) produces effort forecasts for planned fisheries in management areas south of Cape Falcon,
Oregon (Table 1). Effort forecasts are produced by a sub-model of the Klamath Ocean Harvest
Model (KOHM). These forecasts are then used as inputs to other models, such as the Chinook and
coho Fishery Regulation Assessment Model (FRAM) and the Sacramento Harvest Model (SHM).
Recent evidence of over-forecasting fishing effort has been noted in some months, management
areas, and fisheries, which led the Pacific Fishery Management Council (PFMC) to request that
the STT conduct an evaluation of forecast accuracy and potential modifications that could lead to
improved effort forecast performance. The STT provided a report to the Council on this topic in
April 2022 (Agenda Item D.3.a) and June 2022 (Agenda Item C.8.a)
In this report, we first examine effort forecast performance at the month/area/fishery level of
stratification. We then examine whether effort forecast performance could be improved using
more contemporary data. Currently, effort forecasts are made using data from 1998 through the
most recent year with postseason effort data (generally, management year – 1). Detailed
descriptions of methods used to forecast effort are described in Mohr (2006) and Mohr and
O’Farrell (2014).
The focus of this evaluation is effort forecasts in fisheries that are not generally managed through
quotas. Commercial fisheries in the Oregon Klamath Management Zone (KO) and the California
Klamath Management Zone (KC), are predominantly quota-based, and effort projections have
little effect on the projections on fishery harvest and impacts. As such, the focus of this report will
be on effort projections outside of KMZ commercial fisheries.
Table 1. Definition of management areas south of Cape Falcon, Oregon.
Management Area
NO
CO
KO
KC
FB
SF
MO

Location
Northern Oregon
Central Oregon
Oregon Klamath Management Zone
California Klamath Management Zone
Fort Bragg
San Francisco
Monterey
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Methods and Results
Commercial fishery participation
To evaluate potential causes for effort forecasting errors, we began with an examination of changes
in commercial salmon fleet participation in Oregon and California. Figures 1 and 2 display
changes in fishery participation for Oregon and California, respectively. The number of vessels
making salmon landings peaked around 1980 in both states, then declined through the mid-1990’s.
Subsequently, there has been a general reduction in fishery participation. Recent years (20152021) have the lowest levels of commercial fishery participation over the available time series.
This is likely due to a consistent decrease in the number of permitted vessels and prohibition of
new vessel permits in both California and Oregon. In California, the limited-entry salmon vessel
permit system was implemented in 1983. Since that time no new permits have been issued, and
any permit that is not renewed by the annual deadline becomes void, thereby slowly reducing fleet
size over time. A similar process occurs for Oregon, with a limited entry permit system that began
in 1980.
Figure 3 provides a closer look at the number of commercial vessels making salmon landings in
California and Oregon since 2011. We note that commercial fisheries were closed or highly
constrained south of Cape Falcon, Oregon, from 2008-2010 due to the collapse of the Sacramento
River fall Chinook salmon (SRFC) stock. Following that closure, there was a period of generally
good abundance of key salmon stocks and an increase in fishery participation in both states.
Salmon abundances subsequently began to decline, leading to overfished designations for SRFC
and Klamath River fall Chinook salmon (KRFC) in 2018, based on the geometric mean of
escapement in years 2015-2017. During this time, commercial fishery participation declined in
both states, but has subsequently rebounded to some degree in California. A similar rebound in
fishery participation has not been realized in Oregon.
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Figure 1. The number of Oregon commercial vessels making salmon landings, contributing 90
percent of landings, and contributing 50 percent of landings. The dashed line indicates year 1998,
which is the first year of the data range currently used to forecast fishing effort.

Figure 2. The number of California commercial vessels making salmon landings, contributing 90
percent of landings, and contributing 50 percent of landings. The dashed line indicates year 1998,
which is the first year of the data range currently used to forecast fishing effort.
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Figure 3. The number of vessels making salmon landings in California and Oregon, 2011–2021.
Patterns in effort forecast errors
Effort in the commercial fishery are quantified by boat days. Plots of effort residuals (forecast –
observed) in the commercial fishery (Figure 4) indicate a propensity to over-forecast effort in some
month/area/fishery strata. Recent over-forecasting of effort is most notable for CO and FB. There
has been some under-forecasting of effort recently in SF.
Effort in the recreational fishery are quantified by angler days. Plots of effort residuals (forecast
– observed) in the recreational fishery (Figure 5) indicate a propensity to over-forecast effort, but
the effect is not consistent across all times and areas. Recent over-forecasting of effort is most
notable for CO and FB.
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Figure 4. Raw effort residuals (forecasted effort - observed effort) for the commercial fishery,
2011-2021. Effort units are boat days. Points above the horizontal zero line represent overforecasted effort.
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Figure 5. Raw effort residuals (forecasted effort - observed effort) for the recreational fishery,
2011-2021. Effort units are angler days. Points above the horizontal zero line represent overforecasted effort.
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The effect of stock abundances on observed effort per day open
Sacramento River fall Chinook often make up a large fraction of the salmon catch in California
and Oregon fisheries (O’Farrell et al. 2013, Bellinger et al. 2015, Satterthwaite et al. 2015), and
thus abundance forecasts for this stock could help improve effort forecast performance. The STT
has made some preliminary investigations into the potential for the Sacramento Index forecast to
improve effort forecasts. These initial investigations indicated that effort per day open was higher
when SI forecasts were higher in some strata but the pattern was not consistent over all
management areas or months. More work would be needed to evaluate the potential to improve
effort forecasts using key stock abundances and to develop methods to incorporate that information
into the KOHM effort submodel.
Evaluation of effort forecast performance using more contemporary data
Effort forecast performance was assessed using a one-year-ahead cross-validation approach. In
short, effort was projected at the scale of month/area/fishery in a management year given the data
available at the time (as is done in practice). We examined three data range scenarios:
1. Status quo, consisting of data from years 1998 through management year – 1
2. 2011 through management year – 1
3. 2015 through management year – 1.
Scenario 2 (2011-forward) represents a range of management years following the extensive
closures experienced in 2008-2010. This range of years includes a period of relatively high
abundance for key salmon stocks important to South of Falcon fisheries (2012-2014) as well as a
period of low abundance (2015-2017) that resulted in overfished status for SRFC and KRFC.
Scenario 3 (2015-forward) is the shortest data range practically feasible. Given that fisheries are
not open in all month/area/fishery strata in each year, shorter data ranges would result in some
strata having very few or no data available for effort forecasting. Even with a 2015-forward data
range, some month/area/fishery strata will have few (or potentially zero) effort estimates available
to inform forecasts because of fishery closures during this period.
Effort forecast performance was evaluated for the three data range scenarios using Mean Percent
Error (MPE) and Mean Raw Error (MRE).
Mean Percent error is defined as
𝑛𝑛

𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝.𝑦𝑦 − 𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑦𝑦
1
MPE = �
𝑛𝑛
𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑦𝑦
𝑦𝑦=1

where 𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝,𝑦𝑦 is preseason-projected effort in year y, 𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑦𝑦 is postseason-estimated effort in year
y, and n is the total number of pre/post comparisons. MPE is useful for assessing whether forecasts
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are biased, on average. Positive values of MPE indicate mean over-forecasting, while negative
values of MPE indicate mean under-forecasting. For brevity, we omit multiplying the right hand
side of the MPE expression by 100, which would express MPE as a percent.
Figure 6 displays MPE results by month/area/fishery for the commercial fishery and Figure 7
displays these results for the recreational fishery. The figure headers indicate the data range
scenarios used to make effort projections. MPE values were calculated using predicted and
observed effort over the 2019-2021 management year range. Evaluation was limited to
management years 2019-2021 because this was the only year range for which the three data range
scenarios could be simultaneously evaluated. There is a need for some years of “base period”
effort data to make effort projections for the most contemporary 2015-forward data range scenario.
For this evaluation, effort forecasts for the 2019 management year would be informed by effort
per day open data from 2015-2018 under for the 2015-forward data range scenario. In some
months and areas where fisheries were closed for parts of management years 2015-2018, there
would be fewer than four data points used to base effort projections for management year 2019.
For the commercial fisheries in NO, CO, and FB, effort forecasts made with more contemporary
data ranges generally performed better (were less biased) than the status quo data range. However,
there was still a propensity for over-forecasting effort in these areas. In contrast, for the SF and
MO management areas, the status quo data range (1998-forward) resulted in better effort forecast
performance relative to more contemporary data ranges. In these areas, there was a propensity for
under-forecasting, particularly in the SF management area.

Figure 6. Mean Percent Error (MPE) computed from forecasted and observed commercial fishery
effort under three data ranges: 1998-forward (left), 2011-forward (middle), and 2015-forward
(right) for management years 2019 – 2021. Blue shading indicates under-forecasting of effort
while red shading indicates over-forecasting of effort over the management year range.
For the recreational fishery (Figure 7), more contemporary data ranges resulting in less mean overforecasting of effort. In particular, effort forecasts were generally improved for the 2015-forward
data range relative to the other two scenarios. However, for the SF and MO areas, the 2015forward data range resulted in mean under-forecasting in several months. Under-forecasting of
effort in NO, CO, and KO is also apparent in July for the 2015-forward data range. This is likely
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due to a strong effort response to high coho abundance, which was not well represented in the
range of years used to make effort projections.

Figure 7. Mean Percent Error (MPE) computed from forecasted and observed recreational fishery
effort under three data ranges: 1998-forward (left), 2011-forward (middle), and 2015-forward
(right) for management years 2019 – 2021. Blue shading indicates under-forecasting of effort
while red shading indicates over-forecasting of effort over the management year range.
Mean Raw Error is defined as
𝑛𝑛

1
MRE = � 𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝,𝑦𝑦 − 𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑦𝑦 .
𝑛𝑛
𝑦𝑦=1

MRE has some use for assessing bias in forecasts but can also provide some context to the
magnitude of forecast errors. Figure 8 displays MRE results by month/area/fishery for the
commercial fishery and Figure 9 displays these results for the recreational fishery. Positive values
of MRE indicate mean over-forecasting, while negative values of MPE indicate mean underforecasting. However, positive and negative errors can balance each other, resulting in a MRE
value of near zero. Such a scenario would correctly indicate that the forecasts are unbiased, on
average, but does not indicate that forecasts are accurate from year to year, or that the overall
magnitude of effort is small.
The MRE results for commercial fisheries were generally (but not perfectly) consistent with the
results described for the MPE performance measure (Figure 8). Effort forecasts had lower MRE
under the 2015-forward data range for CO and FB relative to the other data range scenarios (as
indicated by the area-specific row sums). The lowest summed MRE for NO occurred for the 2011forward data range scenario. For SF and MO, use of the status quo data range (1998-forward)
resulted in the lowest summed MRE values. For all three scenarios, summed MRE for the SF and
MO management areas was negative (indicating mean under-forecasting), while for more
northerly areas the summed MRE was positive (indicating mean over-forecasting).
The magnitude of the mean raw errors in the FB, SF, and MO management areas was much higher,
in general, relative to NO and CO when evaluated over management years 2019-2021. This result
is indicative of the higher levels of overall effort in those California management areas, relative to
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the Oregon management areas over the set of years evaluated. This pattern was less apparent for
the 1998-forward data range.

Figure 8. Mean Raw Error (MRE) computed from forecasted and observed commercial fishery
effort under three data ranges: 1998-forward (left), 2011-forward (middle), and 2015-forward
(right) for management years 2019 – 2021. Blue shading indicates mean under-forecasting of
effort while red shading indicates mean over-forecasting of effort over the management year range.
The SUM column reports summed MRE over months April through August for each management
area and data range scenario.
For the recreational fishery (Figure 9), MRE values indicated that more contemporary data ranges
resulted in lower levels of over-forecasting than the status quo data range, which is generally
consistent with the MPE results. However, there are some instances where the MPE and MRE
results diverge. The summed MRE results for NO, CO, and KO indicate the lowest level of bias
occurs for the 1998-foreward scenario for NO and the 2011-forward scenario for CO and KO.
This is likely due to a strong effort response to high coho abundance in recent years, which was
not well represented in the short range of years used to make effort projections for the 2015forward data range scenario. Mean under-forecasting of effort was notable in the SF and MO
management areas under the more contemporary data range scenarios. The magnitude of mean
forecast errors was highest in July and August in NO and CO, while for California, the magnitude
of mean forecast errors was highest in SF and MO prior to August.

Figure 9. Mean Raw Error (MRE) computed from forecasted and observed recreational fishery
effort under three data ranges: 1998-forward (left), 2011-forward (middle), and 2015-forward
(right) for management years 2019 – 2021. Blue shading indicates mean under-forecasting of
effort while red shading indicates mean over-forecasting of effort over the management year range.
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The SUM column reports summed MRE over months April through August for each management
area and data range scenario.
Summary
One-year-ahead cross-validation of effort forecasts compared to postseason estimates under three
data range scenarios suggested that the use of more contemporary data ranges improved forecast
performance in some area/month strata. We base our assessment of forecast performance by
examination of the MPE and MRE results, with the performance of the three effort data range
scenarios being primarily evaluated using MPE. Patterns of MPE and MRE were roughly
consistent with each other, though there are some differences in particular month/area/fishery
strata. There were month/area/fishery strata with very high MPE values, but relatively low MRE
values (e.g., some months for the CO commercial fishery). This can occur when the overall level
of effort in that stratum is low, but effort forecasts are much higher than the postseason estimates.
In such cases, the MPE results may indicate alarmingly poor forecast performance. However, the
effects of these errors on salmon stocks are likely to be relatively low because of the overall
magnitude of the fisheries in that strata was relatively small.
For commercial fisheries in NO, CO, and FB, effort forecasts made with more contemporary data
ranges performed better (were less biased, on average) than the status quo data range. However,
there was still a propensity for over-forecasting in these areas. In contrast, for the SF and MO
management areas, the status quo data range resulted in better effort forecast performance relative
to more contemporary data ranges. In these areas, there was a propensity for under-forecasting.
For the recreational fishery, more contemporary data ranges performed generally better in all areas
except SF and MO. Effort forecasts were most improved under the 2015-forward data range for
areas north of SF. For the SF and MO areas, the status quo data scenario resulted in a mixture of
under- and over-forecasting of effort, while the 2015-forward data range predominately resulted
in under-forecasting.
There are several limitations to this analysis. In particular, because a sufficient “base period” of
effort data is needed to make effort projections, we are only able to evaluate effort forecast
performance for all three scenarios over a common set of three management years: 2019-2021.
There is some concern that an evaluation over such a limited range of years may not be
representative of future forecast performance. Management years 2019-2021 generally featured
constrained fisheries and low abundance levels for key stocks, and thus might not be representative
of years with more fishing opportunity and higher catch rates. On the other hand, it is likely most
representative of the recent past. The 2011-2021 management year range is representative of postclosure years (following 2008-2010) which feature a larger range of abundance relative to 20192021. However, commercial fishery participation has decreased, particularly in Oregon, since
approximately 2015 (Figure 3).
Our analysis has been limited to modifications of data ranges only, with no change to the general
effort forecasting methods. There may be some utility to investigating alternative methods, but
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such an investigation would require more time to identify and/or develop those methods and would
likely be a candidate for a future methodology review.
The STT offers preliminary recommendations for future commercial and recreational effort
forecasts for management areas south of Cape Falcon, Oregon. We characterize these
recommendations as preliminary, and request additional time to further consider these
recommendations, with final recommendations being presented at the November Council meeting.
Preliminary recommendations
The STT provides these preliminary recommendations for changes to the data ranges used to
forecast effort in commercial and recreational salmon fisheries south of Cape Falcon, OR.
•

•

For effort forecasting in commercial fisheries, employ a 2015-forward data range for all
management areas, except for SF and MO, for which the data range would remain the status
quo of 1998-forward.
For effort forecasting in recreational fisheries, employ a 2015-forward data range for all
management areas, except for SF and MO, for which the data range would remain the status
quo of 1998-forward.
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