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Editorial on the Research Topic

North Pacific climate and ecosystem predictability on seasonal to
decadal timescales
The present Research Topic aims to collect studies on all aspects contributing to

marine ecosystem predictability and prediction, including observational and numerical

studies, with a focus on the North Pacific Ocean north of 30°N. The scope of this

Research Topic includes studies of climate predictability and climate-marine ecosystem

relationships as the basis of marine ecosystem predictability. This Research Topic is

organized by the Working Group on “Climate and Ecosystem Predictability”, a joint

working group between the North Pacific Marine Science Organization (PICES) and

Climate and Oceans, Variability, Predictability and Change (CLIVAR). PICES is an

intergovernmental organization for marine science over the North Pacific, that includes

the countries along the North Pacific rim, i.e., the United States of America, Japan,

People's Republic of China, Canada, Republic of Korea, and the Russian Federation.

CLIVAR is one of six global core projects of the World Climate Research Programme.

These international science organizations and projects have played important roles in the

ocean and climate sciences. This working group is the first joint working group between

PICES and CLIVAR, demonstrating the increasing need for collaboration between
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physical ocean/climate studies, the main area of CLIVAR, and

marine biological studies, the major focus of PICES.

The Research Topic includes twelve original papers and one

perspective paper. The perspective paper by Minobe et al.

outlined several steps required for marine biology forecasts,

typically involving global climate model prediction of the

physical environment, regional downscaling of those physical

conditions, and marine biological estimation based on the

physical environment. The paper reviewed existing projects

pursuing physical ocean/climate prediction at lead times

ranging from subseasonal to multi-annual, pointed out

existing bottlenecks for using physical predictions to make

marine biological forecasts, and described lessons learned from

physical predictions. The workflow suggested by Minobe et al. is

based on the assumption that the physical environment

influences marine ecosystems on the timescales of interest but

not vice versa. It is interesting to note that one paper in the

Research Topic studied causality in the other direction, i.e.,

biology influencing physical conditions; using numerical

experiments Ma et al. reported that the presence of

phytoplankton substantially increases the subduction rate of

the subtropical mode water and the central mode water in the

North Pacific.

Four papers studied oceanic variability using data analysis

and numerical modeling. Miyama et al. reported frequent

occurrences of marine heatwaves in the Northwestern Pacific

near Japan between 2010 and 2016 in summer, associated with a

weakened first intrusion of the Oyashio current and increased

frequency of warm core eddies detached from the Kuroshio

Extension (KE) to the north of the KE. Nonaka et al. studied the

intrinsic and atmospheric-forced components of KE eddy

activity using an ensemble of ocean general circulation model

runs with 0.1-degree horizontal resolution. They found that the

intrinsic variability is dominant in the upstream KE, and in the

downstream KE on interannual timescales. The atmospheric

forced component, on the other hand, is dominant on decadal

timescales in the downstream KE, in association with Rossby

waves propagating from the central North Pacific with four-year

time lags, implying potential predictability. Doi et al.

investigated the predictability of sea-surface height using a

climate prediction system and found a high predictability

region in the central North Pacific at about 2-year lead time.

Song et al. reported that the seasonal prediction skill of sea-

surface temperatures is substantially better when the Ensemble

adjustment Kalman filter is used for their data assimilation

rather than Projection Optimal Interpolation, especially in the

central North Pacific. They also found that inclusion of a wave

model improves prediction in the Kuroshio-Oyashio

Extension region.

Two papers described how the large-scale physical ocean

and climate influence marine biology. Ma et al. investigated how

fishery catches from China, Chinese Taipei, Japan and Korea are

influenced by large scale climate modes including the Pacific
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Decadal Oscillation (PDO), the North Pacific Gyre Oscillation

(NPGO) and the El Niño-Southern Oscillation, and found

fishery-climate relationships to be non-stationary. By analyzing

120 marine biological indicators from the western (29 time

series) and eastern (91 time series) North Pacific, Yati et al.

found that the first principal component of the biological

indicators is characterized by a long-term trend with multi-

decadal fluctuations with the largest negative impacts on

groundfishes (Figure 1). They found that this mode is strongly

related to global warming. It is worth noting that their first mode

is consistent with previous studies that analyzed a large number

of biological indicators, but earlier studies did not investigate the

impact of global warming (see references in Yati et al.).

Three papers investigate how regional physical conditions

influence marine biology and how well marine biological

conditions can be estimated using physical conditions. Gomez

et al. found that the presence of swordfish is strongly related to

warm core eddies around the Kuroshio Extension. Kuriyama et al.

studied the spatial shared dynamics of temperature, salinity and

ichthyoplankton abundance in the California Cooperative

Oceanic Fisheries Investigations (CalCOFI) data, using an

Empirical Dynamic Method known as “co-prediction”. Their

findings help identify the spatial structure of the physical and

biological dynamics of the California Current System. Muhling

et al. examined the performance of statistical models, including

machine learning models, for fish habitat estimation in the

California Current System. They found that models trained over

periods without substantial marine heatwaves can be unreliable

for the estimation of fish species and ages during marine

heatwave conditions.

The other two papers investigated marine ecosystem

forecasts with seasonal or multi-annual prediction lead times.

Malick et al. examined the forecast skill of Pacific hake

distributions, combining a statistical model for hake with

regionally downscaled ocean forecasts provided by JISAO’s

Seasonal Coastal Oceanic Prediction of the Ecosystem (J-

SCOPE). Navarra et al. used a physical-biological linear

inverse model (LIM) for the prediction of fishery indicators

(estimated biomasses, landings, and catches) in the Northwest

Pacific, and found that the LIM outperforms persistence for up

to 5-6 years. The influence of the physics on the biological

indicators was found to play an important role in the forecast

skill, with Rossby wave propagation from the central to western

North Pacific potentially being responsible for the skill at multi-

annual lead times.

The papers collected in this Research Topic clearly indicate

the influence of physical ocean/climate conditions on marine

ecosystems, as well as the importance and potential of prediction

studies spanning from physics to biology. Some of the papers in

this Research Topic have already had outstanding influence on

the research community. At the time of writing, Muhling et al.

have been cited by other publications 21 times and Miyama et al.

17 times. The study of Miyama et al. was also used as a
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motivation for the new PICES working group on “Climate

Extremes and Coastal Impacts in the Pacific”. Yati et al.

have been cited by the Sixth Assessment Report of the

Intergovernmental Panel on Climate Change, Working Group

II, in two chapters (Cooley et al., 2022; Shaw et al., 2022).

In the future, the importance and necessity of marine

biological forecasting, especially those relating biological

responses to physical variability, will further increase. Since

marine biological forecasting can be conducted for many

species, regions and timescales, a vast number of new studies

is required. The topic editors hope that the present Research

Topic illustrates the potential in this exciting and emerging

research field.
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FIGURE 1

(A) The first Principal Components (PC1s) for the whole North Pacific (NP), eastern NP and western NP marine biological time series, and
statistically significant correlations of marine biological time series (B) with the western NP PC1, (C) with the eastern NP PC1. Before calculating
correlations 5-year running means are applied to PC1s and marine biological time series. In (B, C), numbers indicate species ID in Table 1 of Yati
et al., while S, G, P, Z and I indicate salmon, groundfish, small-pelagic, zooplankton and invertebrate, respectively. Circle size indicates the
absolute values of correlations and colors of the circles (red, orange, cyan, blue) indicate the sign of correlations and the corresponding
confidence levels. (After Yati et al.).
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UK and New York, NY, USA: Cambridge University Press), 1457–1579.
doi: 10.1017/9781009325844.012
frontiersin.org

https://doi.org/10.1017/9781009325844.005
https://doi.org/10.1017/9781009325844.012
https://doi.org/10.3389/fmars.2022.1111272
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Editorial: North Pacific climate and ecosystem predictability on seasonal to decadal timescales
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


