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Connections between Arctic sea ice change and mid-
latitude ocean environment and fishery resources

WACS (Warm Arctic Cold Siberia)

*  Warming signal has amplified in high latitudes since the late

1990s, but severe winter has frequently occurred in the mid-
latitudes in particular Eurasia continent and North America @ Trend (19751997, DJF) b Trend (1998-2013, DIF)

* One of the possible causes of WACS is the atmospheric
response to the sea-ice decreasing marginal seas such as
Barents Sea and Chukchi Sea (Honda et al. 2009; Mori et al. .
2014, 2019; Tachibana et al. 2019)

Linear trend in surface air temperature in DJF

Decadal-scale change in ocean environment and the influence
on fishery resources L

* In the late 1990s, Pacific Decadal Oscillation shows negative
phase, but surface air temﬁeratu.rg shows cold anomaly in the
western subtropical North Pacific (Unconventional regime,

o ?’ } 5

Kuroda et al. 2020)
* Accompanied with cold regime, the biomass of sardine has .‘:Ju,) . o
gradually increased in late 2000s, sug$esting that the climate
change in polar region is linked to the fishery resources in the 1979 — 1997 1998-2013 \
mid-latitudes
It is needed to consider the influence of polar region climate ~ENENENEITTTTTT T T T T T T T -
change on mid-latitudes fishery resources -20 -6 -12 -08 -04 02 06 10 14 18
. In recent years, it is difficult to empirically predict ocean environment KU et a/. [20 15]
based on climate index
; ; ; . PDO(+)
Linear trends in SAT from winter to spring (2000—2013)
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Recent decrease of fishery resources in Japan:
Salmon trout

rati .  Recently, cold species of fishery
Chum salmon migration and released numbers (1966-2020) resources has decreased in and around

Japan

" « Catchment and recruitment of chum
& ol o~ . salmon has decrease since 2010
2 coastal ~ * The decrease trend is also found in the
€ e catchment S o southern boundary of the habitat area
22 | foloase b 1O 0 such as North America and Canada
€ S number 3. o « The decreasing trend of the recruitment is
CIEJ = = evident in Hokkaido area
P RO | W N | (= | | ({010l 1 © > _ _
£ E f’h% « The possible cause of change in the
59 > o recruitment rate
\-/ e - - Ll = -
& 2 VT 22 « It is said that there is a positive
@ correlation between  the sea surface
temperature at the time of salmon fry
0 0 arrival and the annual group abundance
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 of salmon four years |a er
year « There is possibility that the ocean

environment change in the coastal area in
and around the Sea of Okhotsk is related
to the recent decrease in the recruitment

Regional difference in the recruitment rate for Chum
salmon in Japan (1989 — 2014 year class)

rate
Hokkaido .

6 1 P « To evaluate the influence of ocean
/\/\ EO”SEUJPaC'f'f S'de.d environment change on the decrease in

5 OnShll apan-sea side the fishery catchment, it is necessary to
aN V ~ obtain and restore the _ reliable

4 AN A N information of the change in ocean

7\ \ / V \/W ~ environment from the past to present
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After FRA report of international fishery resources in 2021



Recent development of Mooring buoy

Repeated hydrographic (TRITON buoy)

OceanOgraphiC observation (A-line)

observations

Oceanographic  observations have an
important role on the monitoring the oceans
environment and have been conducted by?
many platform with different spatial-
temporal coverages

* Repeated hydrographic observations based on

research vessel and mooring buoy (Vertical
profiles of Temperature and salinity)

* Remote sensing observations based on satellite
orbital system (Spatial distribution of surface
variables such as sea surface height)

* Automatic observing system based on profiling
floats and biologging system
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However, fishery ground observations near ; A %
the coastal region are not done so much g R a3,
* |tis usually difficult to access the fishery ground e B o

in the shallow coastal area by vessel
observations

* Insufficient oceanographic information from
field observations

» Satellite sensor image is highly influenced by
cloud coverage and sea ice in polar regions

Toward filling the data gap between coastal
and open ocean, the data assimilation
technique with ocean model is very
effective!
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Sharing Earth Observation
Resources(https://directory.
eoportal.org/web/eoportal/s
atellite-missions/t/topex-
poseidon)

Fedak et al. (2002)




Ocean environment forecast system: FRA-ROMS series
April 2008 ~ Development starts FRACROMS

May 2012 ~Operation and service starts
Mar 2022~ Operation of updated version starts [2 FRA-ROMST

(grid+a|ong-tra_ck)__ based SST  T-S profiles.

fo

ROMS ocean model 3l 3D-Var data assimilation
(1/10 grid SiZE) Altimetry Satellite-

Forecast Time

IAU

Prediction

Tue: 12:00 Sat: 0:00 Tue: 12:00

IAU-based 1-week analysis &
8-week predictions

Assimilate observation data every week
& forecast up to 8 weeks ahead

.

Data assimilation system enable us to obtain
https://fra-roms.fra.go.jp/fra-roms/ homogeneous ocean environment data!



Voluntary observing and data acquisition project in fishery platform
-Development of data assimilation system based on fishery industry data in the Sea of Okhotsk-

« The catchment and recruitment of chum salmon in the Pacific side has significantly

decreased since 2010
e The similar situation has occurred in the Okhotsk Sea side in recent years
It was reported that there has been a significant correlation relationship between the

SST in the coastal area in Spring in which Juvenile fish reaches to ocean and the

recruitment rate after 4 years (The warm water temperature tends to lead to the high

survival rate)

« The utilization of hydrographic data along the Hokkaido coastal area + FRA-ROMS
data assimilation system = more reliable ocean data for the targeted area can be
obtained and provided

Conceptual diagram of forecasting using data
assimilation system.
dification of model values by observed data

forecast foreca§t

Locations for hydrographic observations
with fixed net and fishing boats M

Model
simulation
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The increase in observed data leud
to more precise model forecast
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T-S profile by fishing boast (®)

3.2N y T . 7 7 7
141.5E  142E  1425E 143E 1435E 144E  1445E 145E  1455E  146E

time

« Additional coastal oceanographic observational data + data assimilation system=more
reliable ocean data in both current and future states are provided



Fishery ground observational data obtained
in the Okhotsk coastal area

Hydrographic data in fishing grounds
« recorded by local fishery cooperatives in each fishing
area and archived by Hokkaido government

Surface temperature logger data attached with
fixed net office

«  Memory type water temperature sensor
+ 3 m depth, 18 stations (8 sites on the Okhotsk side)
« March to July (juvenile salmon reaches to ocean)

Hydrographic observation with fishing boat
« STD and CTD observations
« Observation item: Water temperature and salinity
« Surface to max 50m depth, 17 stations (Okhotsk side)
«  Whole year except for winter season

Locations for hydrographic observations with

fishing net and fishing boats
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Stations Period

Esashi 1996 — present
Monbetsu 1994 — 2005
Tokoro 2006 — present
Shari 1997 — present
Rausu 1994 —present
Shibetsu 1997 — present
Bekkai 2001 — present
Nemuro 1998—2013

Provided by FRA salmon research department

Repeated hydrographic observations in coastal area

Stations Period Depth (Max)
Tokoro 2009 — present ~40m
Abashiri 2004 — present ~60m
Monbetsu 2014 — present ~40m
Oumu 2016 — present ~20m
Esashi (350) 2013 — present ~50m
Yamausu (351) 2013 —present  ~50m
Tonbetsu (251) 2004 — present ~40m
Soya (48) 1999 —present  ~40m

Provided by Hokkaido government and fisheries cooperatives



Comparisons

between

observed and simulated

temperature along the coastal area of the Okhotsk Sea

in

Simulated surface temperature

Tokoro (44.0N, 144.2F)

the coastal area of the Okhotsk Sea Zg - (OSTlA) o In—sity (501)
in May 1, 2011 (development & 26 T-Logger (L3) o In—situ (S02)
version; ice-ocean coupled model) i FRA—ROMS -
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« Seasonal cycle

» Observed surface temperature shows good correspondence with the simulated values
« Hydrographic observations by fishery industry are quite useful for the data assimilation

« Spring season (April — June)

« Coastal ocean temperature starts to be influenced by Soya warm current
« Simulated and satellite-based temperature is somewhat underestimated

« Additional fishery ground data and its application to data assimilation system
¥vou|d IJEead to the improvement of the spring model simulation and also its
orecas



Comparisons between observed and simulated
salinity along the coastal area of the Okhotsk Sea
Tokoro (44.0N, 144.2E)
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Sea surface salinity in the coastal area (fishery ground)
« Observed surface temperature shows large seasonal cycle with minimum in early winter
* The simulated sea surface salinity (development version) follows the decrease in winter season

* The wintertime sea surface salinity is found to be influenced by the southward intrusion of coastal
blanch of East Sakhalin current

* Itis expected that the inclusion of fishery %round salinity data would lead to the improvement of
recreating the density field of ocean model and the resultant current pattern



Application of fishery ground data to ocean data
assimilation system

e Development of data assimilation system with fishery ground data
« The past to present fishery ground data are assimilated
« The ocean model is updated with near-realtime data assimilation (more reliable data are obtained)

+ FRA-IROMS

« Anice-ocean coupled model (development version) is used for data assimilation system
e Seaice formation and melting process and tidal mixing process are implemented

 Products

. Reana|¥sis data : The actual ocean environment data in the fish_erP/ ground from the past to the
present =capturing the ocean environment change and its possible cause

e Forecastdata : 2 months ahead forecast data=fishery ground forecast and optimum fishing design

Atmospheric JMA Fishery
reanalysis data NCEP CFS Satellite and hydrographic O
forecast data observations . datap

Sea-ice

ROMS » Data assimilation
Ocean model Ecosystem system (3D-var)
model (under
construction)

Physical RT Biological RT Physical Bi0|08iCa_|
Forecast Forecast Reanalysis Reanalysis




Summary and future plan

Fishery ground hydrographic data

« High potential as a new_platform of
oceanographic observations

« The data assimilation technique
enable us to obtain and monitor the
ocean environment in the fishery
ground without spatial-temporal gaps

The benefit of assimilating the
large  number of hydrographic
observation

« Initial condition of ocean model is
improved

« Feedbacks to fishery industry by
Erowdlng more realistic information of
he targeted area

« Enhancement of the cooperative
voluntary observation is expected

Future plan

« Development of near-real time data
assimilation system with fishery
ground data

Expected outcomes

« Marine weather forecast along the
coastal area or specific locations

« Basis knowledge of smart fishing
industry

« New fishery industry adopted to
climate change

Schematics of feedback cycle for the
voluntary hydrographic observation and
forecast system based on an ocean
data assimilation system

Hydrographic
data
acquisition by
fishery

industry

Providing ocean :
) g Data archive
environment

data (from the . and quality
S More fishery ground s

data leads to more
precise information of

’ fishery ground area ’

Improvement of
ocean model

output and
forecast in
fishery ground




Appendix



—20°
—40°
—80°

80"

k-

Y 7 BDEF

Bathymetry map of the Sea of Okhtosk

40°

144E

100

60

200

148E

AMSR—E SIC in 20 February 2003

152E

500 1000 2000 3000 [m

[]] 10 20 30 40 50 60 70 80 90 100

Nakanowatari and Mitsudera (2020

Argo7 B— b D497 (202246 8)

80"

1007 1207 1407 160" 1807 2007 2207 240" 260" 280" 3000 3200 3407
L L L L L

280" 300°

)I/:E.JrEHPct

JMA 7

[

BiEtT =

2T

Fh— 28

. EEEKEORE (44°N)
. — /E\ 7 ; | /— D7 T’j:__L
ﬁﬁigﬁﬁLﬁégéifigf% aff
YT i%ﬁmﬁlﬁf%ﬁ
REONE «TT# Y BOERT — 2111
gy 7RO
. *#ﬁﬁ%@*ﬁ%%@%ﬁ%?—&ﬁ@b
. }\/\}u:}:/\_‘\ I— TR, AR —Y 7BNEL
E*ééa o

Yo EEDOERBREOIBEICEVWTEE

—_

T Q@/A /M (2016&4 8

5+ Al
A)

®No—GTS
— 1/10 grid size
- 1/50 grid size

146E

142E  143E  144E  145F 147E

41N , e “ g
138E 139 140E  141E



	漁業者による自主的な海洋モニタリングとデータ取得プロジェクト�Voluntary observing and data acquisition project in fishery platform
	Connections between Arctic sea ice change and mid-latitude ocean environment and fishery resources
	Recent decrease of fishery resources in Japan: Salmon trout
	Recent development of oceanographic observations
	スライド番号 5
	Voluntary observing and data acquisition project in fishery platform�-Development of data assimilation system based on fishery industry data in the Sea of Okhotsk-
	Fishery ground observational data obtained in the Okhotsk coastal area
	Comparisons between observed and simulated temperature along the coastal area of the Okhotsk Sea
	Comparisons between observed and simulated salinity along the coastal area of the Okhotsk Sea
	Application of fishery ground data to ocean data assimilation system
	Summary and future plan
	Appendix
	オホーツク海の海洋環境モニタリング

