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ATools for linking tuna, climate and climate change
ASEAPODYM
ACorrected Earth System Models (CMIP6)
AGlobal warming levels & IPCC scenario

Almpacts of climate and climate change today
AOceanography
ASkipjack Tuna

AProjected impacts of climate change

ANext steps



Global warming levels & IPCC scenario B ooy,

Radiative Forcing AR5 Scenario

(W/m?2)

2.6

4.5

6.0

7.0

8.5

(Baseline)

RCP 2.6

RCP 45

RCP 6.0

(None)

RCP 85

ARG6 Scenario

(Current)

SSP2.6*

SSPA.5¢

(SSP4.0)

SSPF .0

SSP8.5

*Scenarios used in our modelling ensembles

Sources:

.’ du Pacifique

Mean Mean Warmin
GHG Trend Warming (ARG/CMIP6) J
(AR5/CMIP5
Pea[<3~2020, then 10C 18C
declines
Plateau~2050 1.8C 2.7C
Stabilization pos060 2.2C ~3.0C
High / Continuous growth (N/A) 3.6 C
Very High / Triple by 210(3.7 C 44C

ARS5: IPCC, 2013: Climate Change 2013: The Physical Science Basis. Table SPM.2
ARG: IPCC, 2021: Climate Change 2021: The Physical Science Basis. Table SPM.1



SEAPODYM Framework

Atmospheric
forcing
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Tuna population dynamics models

l

3D forcing
variables

Coupled OGCM-BGCM
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Modelling of the
Ocean
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Ocean variables

Biogeochemical
Model
Ocean
mean
Ocean state
warming >

Atmospheric model
3 | A
S ECMWF ERAS
k% JMA JRA55
= Re-analyses

. Y,
_E_ Earth System Models
S IPSL-CM6A-LR
£ |l CNRM-CM6-1
S |/ ssP1-26 )
S SSP2-4.5
-g- SSP3-7.0

\___SSP5-8.5

anomaly

Environment

Currents
Termperature
Oxygen

Prey and predators

Preliminary analyses

Diata analysis and protessing Global andiar local S4
Defining likelihood function |dentical bwin experiments
Maodel structural uncerainty

Fishing
pressure

Fishing affort
Catch-at-age

Observations

From fisheries:
- Calch
- Length fraquency of catch

From scientific campaigns:
- Density of larvas
- Tag racapturas

Fish population Model
dynamic model predictions
" Lite stage and age structure | spawning habitat index
Growih Population density
Reproduction and mortality Lonlat catch
Spawning and feeding habitats Length frequency of catch
Mavement Dansity of 1ag recaplunes
¥
pArArnEbErs

5| - Adjoint code

Data assimilation

- Mon-lingar minimzation problem
= L_JI'lD&I‘IElII"IT:f' quantification
= Validation

3D forcing variables showing
three ESM model warming

Parameters,
initial state

Y

under three SSP scenariosh

Tuna models

Projection Runs
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Coupled OGCM-BGCH hindcast

A Both coupled models reconstruct correctly SST in 10S10N (MAE<O0.1C).
A Both models show correct interannual (including ENSO) and decadal variability.

A Biases ERAS has cold bias in the South Pacific Ocean; both models have positive sulsurface bias in warm pool
and cold bias in the mesopelagic layer (ERAS: persistent0.6C,-0.5C, JRAS% local biases, none for 45545N

236

224

235

225

average In the epipelagic and mesopelagic layers); models show different spatial patterns of SST and suisurface

temperature biases

Sea Surface Temperature
ERAS - OSTIA, MAE of bias of the means = 0.282 °C

Pacific, 45S - 45N, mean(ERA)= 23.04 , mean(glorys)= 23.25 , mean(ostia)= 23.21
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Pacific, 45S - 45N, mean(JRA)= 23.12 , mean(glorys)= 23.25 , mean(ostia)= 23.21
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Credits : SST figures by Melanie Abecassis (C$yb-surface temperature by Karen GuihouOi)



Coupled OGCM-BGCH hindcast /g

.’ du Pacifique

A Both models validated against ARMOR3Doverestimate major zonal Equatorial currents and systematically

underestimate velocities in highly energetic Kurishio Extension.

A Both simulations overestimate Chl-a and PP in theequatorial EPO as aesult of excessive equatorial upwelling
due to biases in the equatorial circulation.

A Both models overestimate PP along the equator (5S5N) but underestimate it in the sub -tropical gyres.

40°N
20°N
ERAS 0
20°S

40°S

JRAS5

40°S

Current velocity in epipelagic layer Chlorophyll Primary production
ERAS - ARMORSD, vel, L1, MAE of bias of the means = 0.036 m/s ERAS5 - GLOBCOLOUR, MAE of bias of the means = 124.23 (mg/m2/d)
1998-2018
Bias(GLOBCOLOUR-NP-ERAS) 40°N
Bias 20N fo - = Bias/mean
0.50 - 20°N
10°N B
0.25 . .
0.00 o S 3 . =
0.95 10°S §d "&_. .
% =i 3% o
-0.50 20°S F e, T ﬁ\ = e
120°E 150°E 180 150°W 120°W 90°W s 40°S
10N°F 16N°F 1RN°W 110w ANCW 100°E 150°E 160°W 110°W 60°W
JRAv2 - ARMORS3D, vel, L1, MAE of bias of the means = 0.038 m/s Bias(GLOBCOLOUR-NP-JRASS)
20°N [ : =3 40°N
Bias 10N | ‘
0.50 :* - 20°N
0.25 10°S . _-\'\ " ‘ "o -. "
0.00 g R % o
20°s : e e
) i
l 020 ‘h 20°S
-0.50 120°E 150°E 180 150°W 120°W 90°W
40°s T—
100°E 150°E 160°W 110°W 60°W —-0.30 =0.15 0.00 0.15 0.30 100°E 150°E 160°W 110°W 60°W

Credits : V and PP figures by Melanie Abecassis (COhl-a by Karen GuihouNOi)



ESM Ensemble and Bias Correction

A Bias correction

A Mean state of hindcast simulation

A Retention of seasonal & decadal variability

A Smooth transition at the projection origin
A Preserving the ESM warming trend

Qi(t) = Qe(t) —Te(t)+Tc;i(t)+ C

20°N

10°5 ="
20°8

> d | ; ‘1'\___.. i

A Two CMIP6 models and four SSPs for projection

120°E  140°E 160°E  180° 160°W 140°W 120°W 100°W 80°W

Pacific
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Communauté
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Mean SST in the tropical Pacific, 15°N/S (5-yr running mean)

—#— HadISST o= SSP126 e SSP370
30 === JRAS5S hindcast e SSP245 s SSP585
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Impacts of Climate and Climate Change: By e
Ocean Climate Reporting

Alndicators of ocean state provide managers and industry with context for observed
changes in fishery performance and ecosystem conditions.

AProvide a mechanism to monitor and quantify environmental variability and
change more explicitly and consistently.

ARegional delineation that capture oceanographic and climate processes

AConsidering the WCPO as a single homogeneous region masks interannual
variability and climate change signals.

AFor example, off-equatorial regions exhibit warming in SST and increased OHC,
whereas equatorial regions are dominated by ENSQdriven interannual

variability.
Alntegrates observed data rather than model inferred output
AReanalysis products



Ocean Climate Reporting
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AOff-equatorial regions exhibit consistent SST

. SST (°C) Ocean heat content 0-300m (J/m?)
warmi ng . Region 1 Region 2 Region 1 R:e:-gion 2
Alncreasing OHC patterns in northern Pacific. ° o] N
l . I i 231 /\_/\W&‘
AEquatorial regions are dominated by ENSG
driven interannual variability.

—T
> g =D

A2025 ranked among the warmest years on oy psgoers; s o

record In off -equatorial regions, whereas N i
o =N | % f’“

equatorial regions remained close to their N o
long-term average, consistent with the = S ;

2.5

prevailing neutral ENSO conditions. 3 ) )
AGlobal SST anomalies exhibit warming for the =~ .. " il e Regins
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Encroaching thresholds

AQverall area of the western Pacific
warm pool showed no overall increase
In area across the observational
period (2004-2025).

AHowever the area of water exceeding

30T increased. indicat
towards warmer condit
encroaching mortality t

Number of normally hatched eggs

Ing a shift

loNns

nresholds.
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Temperature (°C)
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Fujioka et al (2024) DOI: 10.1111/jf.15767
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Impact of global warming on oceanography

RSST is the difference between the local SST and its
average acrosthe tropicalbelt (25&25°N). It is
used to identifyregions thatare warmingmore or
less than the tropicaverage.

AMulti -Model Mean for 63 CMIP5/6 ESMs.

AChange in Relative SST (RSST) (difference between 20Z3.00 and 1900-1925) for
RCP8.5

ADotted areas indicate regions where more than 75% of models agree on the sign of
the MMM change.

AlLess warming in SE Pacific

Astronger winds increase 20°N )
evaporation, cooling the 10°N| -
ocean surface. 0°

AMore warming in the eastern  1o°sf

equatorial Pacific due to 2005}
reduced evaporative cooling

Earth's Future, Volume: 13, Issue: 8, First published: 31 July 2025, DOI: (10.1029/2025EF005938)



Ocean Climate Reporting

ANCPF Commission Report

ASPC member reports & policy

briefs

MDashboard trainings

Climate variability and climate change impacts 4
on oceanic fisheries: Tonga
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. Pacific

Impacts of Climate and Climate Change: B
Climate Variabllity

AOceanic conditions are modulated by multiple, overlapping

modes of climate variability. i
AE| NifiodSouthern Oscillation (ENSO) and the Interdecadal Pacific ~ =

Oscillation (IPO) are the most influential drivers. e e

AENSO events occur over interannual time frames (typically 47
yrs) with events occurring over the austral summer

AE| Nifio warms the central and eastern Pacific
ALa Nifia amplifies the pooling of warm waters in the west.

% Community

Communauté
du Pacifique

AThe IPO preconditions the Pacific towards periods of more
frequent El Nino-like or La Nina-like conditions and operates over

decadal periods (1530 yr phases).

ABoth phenomena alter surface currents, thermal profiles, oxygen .. = . .. .=

concentrations, and biological productivity.
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Skipjack tuna model

AFull CLTE (catch, length, tagging and earhlife) data likelihood:

~,  Pacific
:Az Community
X bt

“—, Communauté
.’ du Pacifique

AEarly:life history data were used to inform model parameters for the first time;

AFits better to observations than previous (INTERIM) model:

AEstimated total skipjack population biomass in line with the stock assessment model.

Data Metric Prev. Upd.
1 0.93 0.95
Catch (C) VR 0.88 0.92
err 0.27 0.23
NRMSEz 0.40 0.39
Length (L) gy 0.11 0.00
NRMSE, 0.57 0.52
Tagging (T)) KGE 0.73 0.77
PC 0.86 0.89

Early-life (£) NRMSE, —

0.45

Previous

Totbm skipjack tuna (mt/sq.km)

(Circles - catch by all fisheries)

.

150°E 160°W 110°W

. .

0 005 01 015 02 025 0.3 0.35 0.4

Updated

Totbm skipjack tuna (mt/sq.km)

(Circles - catch by all fisheries)




Climate Variability

AENSO impact on skipjack
recruitment and movement

2022
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Climate Variability

AWestern Pacific changes
In the biomass of skipjack
larvae, juveniles and
adults associated with
climate modes.

Western Pacific & biomass
(Megatonnes larvae or juvenile)
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Impact of global warming on skipjack tuna

ARealtime restructuring of Pacific Ocean
skipjack biomass due to climate!
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Impact of global warming on skipjack tuna

ARealtime restructuring
of Pacific Ocean skipjack
biomass due to climate!

2013-2022: Historical - Detrended
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Impact of global warming on skipjack tuna B oo,

.’ du Pacifique

ASkipjack biomass projections under four SSPs, two ESMs
and three SEAPODYM models (24 ensemble members)
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Climate impact by warming level
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Climate impact by warming level B ooy,

.’ du Pacifique

Warming WCPC EPC
level 20°N/S 45°N/S  adult map 20°N/S 45°N/S  adult map
+1°C +15.5 % +20.1 % +18.3 % +57.4 % +57.1 % +56.8 %
+2°C +10.7 % +17.6 % +12.6 % +86.3 % +86.1 % +83.8 %
+3°C EmT ( b1t o bmpd +99.0 % +99.5 % +92.9 %
+3.8°C bntdg bocd bnnd +48.9 % +50.1 % +39.1 %
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Where to from here B ommeney

.’ du Pacifique

AOrganise a side event in the margins of WCPFC23

AProvide a high-level summary of climate impacts and climate change projects for the
four tuna species

AClimate Awareness Workshop Il (CLAWII)
A15-19 February 2027, Port Villa Vanuatu
Aln depth presentation on latest results for oceanic and coastal fisheries
ALoss and damage and adaptation training
ASupported by the FAO Common Oceans Il and the GCFRTP

AAttendance support for Pacific Island Countries available (and potentially Territories
and other on request)

ACircular to be provided in October 2026
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AWarming thresholds or IPCC SSP scenarios?

Alf warming thresholds which are most relevance for WCPFC
Al1° C (approximates the 1.8 C atmospheric warming), 22 C, 3 C SST warming levels
proposed



Thankyoul!




