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JMA operational ocean forecast system

MOVE/MRI.COM-WNP
— operated since 2008

— western North Pacific model
— 10km resolution
— data assimilation with 3DVAR

— targeting mesoscale phenomena in the
open ocean (Kuroshio, Oyashio,
mesoscale eddies,...)

— cannot resolve coastal processes

One-way
nesting

Daily 50m Temperatures 06 Dec. 2014. Daily Currents 06 Dec. 2014.
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Need for coastal system
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Observations used for ocean data assimilation

[ Satellite altimeter
e TOPEX/Poseidon, Jason-1/2/3
e ERS-1/2, Envisat, Cryosat-2
e GFO, SARAL/AIltiKa, HY-2 e,

] Satellite SST
e NOAA/AVHRR
e AQUA/AMSR-E

e Himawari/AH] ST //
O In-situ observations (T and S) I“
e Argo :
e Ship RS J
e Buoy o —— =

® L Taian



Observations used for ocean data assimilation

.+ .. Positions of floats (Feb 25, 2017)
"a http://ds.data.jma.go.jp/gmd/argo/data/index].html
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Few observations in coastal waters
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A strategy for a coastal system

e Analysis model
— Basin-scale model with a 10km resolution (eddy-resolving)

— 4D-Var assimilation scheme (upgrade from the previous 3D-Var)
e Aims at improving short-term mesoscale variability
e Forecast model
— High resolution (~*2km) coastal model
— Use of up-to-date schemes
— Initialized with analysis model results

Assimilation cycle:

Assimilation window

i Analysis model i : >
! | Increment : Increment | !
: (10km) ' : i |
Forecast model f — f — .
E (2km) ' Initialization ' Initialization ' !

___________________________________________________________________________________



Plan for development of coastal systems

Target area: Analysis model (10km)
e Seto Inland Sea ol #F
(MOVE/MRI.COM-Seto)
— 2km coastal model (MRI.COM-Seto)

— 4DVAR analysis model with 10km grid 7
in the western North Pacific (MOVE-4DVAR-WNP)

— implemented at JMA in June 2016 (now trial phase)

NENEERERE

Forecast model (2km)

June 2016-

Roadmap MOVE/MRI.COM-Seto




Plan for development of coastal systems

Target area:

e Seto Inland Sea
(MOVE/MRI.COM-Seto)
— 2km coastal model (MRI.COM-Seto)

— 4DVAR analysis model with 10km grid g IR
in the western North Pacific (MOVE-4DVAR-WNP) | - Two-way

— implemented at JMA in June 2016 (now trial phase) nesting

e Whole coastal regions of Japan
(MOVE/MRI.COM-Jpn)
— Model Japan with 2km resolution (MRI.COM-Jpn)

— 4DVAR analysis model in the North Pacific
(MOVE-4DVAR-NP)

: ’ | Forecast model (2km) |

i

June 2016- Several years later

Roadmap MOVE/MRI.COM-Seto MOVE/MRI.COM-Jpn
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Coastal Ocean Model

Model

Coordinates
Hori. resolution
Vert. resolution
Tracer advection
Hori. mixing
Vert. mixing
Tides

Nesting

River run-off

Sea ice

MRI Community Ocean Model ver. 4
(MRI.COM; Tsujino et al. 2011)

free surface, z*-coordinate

1/33° x1/50° (~2km)

2-700m (60 levels)

Second-order Momentum closure (Prather 1986)
Smagrosinky bi-harmonic

Generic length-scale (GLS; Umlauf and Burchard 1999)
Explicit tidal forcing (Sakamoto et al. 2013)

Online two-way nesting

JMA Runoff Index (JMARI)

Multi-category sea ice model
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3DVAR scheme in MOVE/MRI.COM-WNP

3DVAR with vertically coupled temperature-salinity (T-S) EOF modes

* Cost function: Deviation from T S observation

I - 1 T
J(z) = Ez‘( By~ laz|+ ) [Hx(z) — yTS] R~ [Hx(z) - yTS]
. . . J_ T )
Deviation from first guess | — [H(x(z)) — v [H(x(z)) — ySLA1 s
h Constraints

Deviation from altimetry data

—>Optimize T and S fields

Z Amplitudes of vertically coupled T-S EOF modes € control variables
X Temperature and salinity analyses

By Horizontal correlation matrix for background errors

R Observation error covariance matrix for in-situ T-S profiles

o Observation error for altimeter-derived sea-level anomalies

yTs T-S profile data

ySLA Altimeter-derived sea level anomaly
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Background error covariance matrix

Background term:

Jb = §ZTBH_IZ

Background error
covarianceAmatrix: B

%AXT[SUABHAUS]_lAX Analysis increment (T and S):
= %\(A‘lUTS‘lAX))TB,?\(A‘lUTS‘le ) —> Ax=x- xP
Z 7 T 7 = SUAz
Z Amplitudes of vertically coupled T-S EOF modes € control variables
AX T-S increments (= X — X?)
B, Horizontal correlation matrix for background errors
S Diagonal matrix composed of background standard errors
U Orthogonal matrix composed of dominant T-S EOF modes
A Diagonal matrix composed of singular values for T-S EOF modes

11



Background error covariance matrix

B Vertical direction - Vertically coupled T-S EOF modes

15t mode (56.6%) 24 mode (13.3%) 34 mode (10.6%)
temperature salinity temperature salinity temperature salinity
0 T T T T T 0 T T T T 0 T T

T | S T S T S |

500 | 500 500

3 3 5

’ 1000 | ’ 1000 ’ 1000 o,
Subareas for T-S EOFs

1500 L— : - ‘ : ‘ 1500 L— : - ‘ : ‘ 1500 L— : - : 5 :
05 0 05 05 0 05 05 0 05 05 0 05 05 0 05 05 0 0.5

B Horizontal direction = Gaussian function

e Gaussian ellipsoid model with parameters of zonal

and meridional correlation scales

e Correlation scales are determined each subregion

Typical scale of oceanic variability

AELERALE
r0O00Dbes -




Extension of 3D-Var to 4D-Var

4D-Var ()= 74" By'u +

X; = M;_1(X;-1) + 9;A% gi ={1/T O<ism)

H_/ l

Ax = SUAzZ correction term

0 (t<i)

(7 : Initialization period)

e Control variables are z (amplitude of vertically coupled T-S EOF modes)
— Same B matrix as that in the 3DVAR system

e |Incorporates an initialization scheme of Incremental Analysis Update (IAU)




Combination use of 3D-Var and 4D-Var

Standard 4D-Var

Initial increment: Ax =0

jau  Forward model:
A X; = Ml'—l (xi—i] + aiﬂx = Li'—l(xi—lrﬂx)

> J

VJ <

Incremental AX = Z? “a.f
= | ot B

Digital Filtering =1 T -~ 0
(IDF) Xi-i—= Li—lxi 7 aji /a X;

Adjoint model:

Optimal increment: Ax“

Analysis value:
Xi = Mj_1(X;—1) + g;Ax*

4D-Var starting with 3D-Var

Perform 3D-Var

Initial increment: AX;pyar

1AU Forward model:

€ X = My (Rioq) + @iAX = Lioq (X4, AX)
> J
VJ < '
4 , Adjoint model:
Incremental AX = ZE’_“ U-’i’?is

Digital Filtering

(IDF) i: = LT—lfi ot aj?/a X

Optimal increment: Ax%

Analysis value:
X; = M;_1(X;_1) + g;Ax*

14




Combination use of 3D-Var and 4D-Var

Cost function

38000 g -------- —=4DVAR-only
—3DVAR + 4DVAR Analysis increment for T400

33000 - o 4DVAR increment
=
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Comparison of 3D-Var and 4D-Var

(a) Observation Tide gauge
10-)an-2000 29-]an-2000 _ 5-Feb-2000 . 4D-Var
' : 3D-Var

Altimeter (AVISO)

Sea level at Hachijo-jima

(b) MOVE-4DVAR
10-Jan-2000

JAN FEBMAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Usui et al (2016)

(c) MOVE-3DVAR Hachio jima

]
10-Jan-2000 29-Jan-2000 5-Feb-2000 2|
_ : 10 10-day

Usui et al (2015) "’ T 0 1000 16

Period (day)



Initialization of the forecast model

Incremental Analysis Update (IAU; Bloom et al. 1996)

_ 0 T 27
Analysis model: x 4 (¢) § O § O §
(10km, 4D-Var)
1 (2)
Forecast model: x7(t) —PE---L--)---»O
(2km) |
¢ I >0 |
B

Initialization period: t

(1) Integrate the forecast model during [0, t/2]

E}XF (f) - _
ot =M [Xf*' (l”

(2) Take model-analysis misfit after a spatial interpolation of x, and determine increment

%4(r/2) — xp(r/2)

-

Axp = X4 :interpolated to x; space
(3) Again integrate the forecast model with correction term during [0, 1]
6va(f)
ot

= M[xp (1)] + AxFp

17



Comparison of SST fields

Analysis model ESiL 01MAR201 1 Forecast model SST on 01MAR2011
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Comparison of snapshot SST

Satellite SST image _
(NOAA/AVHRR) ¥

http:/ /www.mpstpe.pref.mie.lg.jp
T I »fi_'}'f /sui/kaikyo/detail. htm

Analysis model
(10km)
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Coastal Sea Level

Correlation with tide-gauge data WAKKANAI

sonL,JPN—qassi
‘(w/o SLP Cer
i * )

o] OBS

«| Forecast model
45N -

40N -

Sea level anomaly (cm)

39N -

0 T T T T T g T T T T T
JAN FEB  MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC
201

30N

29N 1
HACHIJOJIMA(KAMINATO)

80
20N — - - ; : ; ; ]
120E 125E 130F 1 $5E 140E 145E 150E 155E 160E % OBS
v &Y
KOBE =
80 g
| OBS s
5 Forecast model <
‘_E) w
g JAN  FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
® 2011
s # Tide-gauge data are not assimilated

-60 . : . . : ; . : : : : 20
JAN  FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV DEC



Sea Level anomaly (cm)

Abnormal high sea level in September 2011

MOVE—4DVAR SSH on 28SEP2011

o)
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SLAs exceed 30cm at south coast of

Japan in the end of Sep 2011 __________
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Abnormal high sea level in September 2011

T B Gy
36N -- _ PN 00‘{__:‘: A

MOVE—4DVAR SSH on 15SEP2011

e SLAs exceed 20cm at south coast of :

Japan in the end of Sep 2011 N =
e The forecast model succeeded in w2
reproducing this event 3

32N -

e The sea-level rise was caused by
coastal trapped waves induced by a 31N
Kuroshio path fluctuation
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Toward coastal scale DA

e Relative importance of different observations Vector correlation between V and v,
— Mesoscale (O(100km): T and S obs are effective m_" = Vg + Vag geostrophic
— Coastal scale (O(10km)): Velocity obs are effective " =0 Ij::s 0\
- enable to estimate ageostrophic currents jsN' iz o e Y
f"fi‘:i‘ f 2 : . 0.75 I
* Velocity observations for coastal scale DA: N
— HF radars 3N o:ss
— High-resolution 2D SSH (SWOT, COMPIRA) Ol e e e s B
“ ageostrophic

* 5 W 10m Baseline
T g
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Antenna 2 35°00N
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https://swot.jpl.nasa.gov/ http://le-web.tiam.kyushu-u.ac.jp/radar/ 23



Uncertainty in forcing: wind

GSM (TL959 ~ 20km) MSM (~5km)

(GSM) surface wind 06Z12FEB2011 (MSM) surface wind 06Z12FEB2011
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Uncertainty in forcing: wind

Wind stress (meridional) Surface current (meridional)
5 ‘ powerfwindy(SUMQTOs) blue:gsm . . power—v(SUMOTOs) Hlue:gsm
<51 Awaji Island oy

Awaji Island

GSM

2 4 8 16 32 64 128 256|512 1024 2048 4096

GSM ."«[

3 4 B 16 32 64 128 256 1512 1024 2048 4096

Frequency (per year) Frequency (per year)

High-resolution wind field is indispensable for a coastal system

 There is still large uncertainty in wind field in coastal areas with complex
coastal topography

—> To correct atmospheric forcing as one of control variables would be a

possible approach to improve coastal circulation -



Uncertainty in forcing: river discharge

Surface Salinity and Surface Current (23SEP2011) Mouths of major rivers

CLIM - -
34.8N A | s, : Cg
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. AR S % ' v . °
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134E 134.4E 134.8E 135.2E J4E 134.4E 1348 135.2E Rainfall

Permeation
15 20 25 28 29 30 31 32 33 334 338 342 346 — 50 Cm/ S Tank Model

(psu) _ Ma |;i1__Strealll {:}

«Climatology of 1st-class rivers *JMA Runoff Index (JMARI)

Rainfall
e Calculated by a hydrological

model using precipitation
Downstream

*Covers 3,986 rivers Runoff Index  Site

Kitagami et al. (2016) 26



Uncertainty in forcing: river discharge

Surface Salinity and Surface Current (23SEP2011) Surface Salinity retrieved from
CLIM JMARI Ocean Color Imager (GOCI/COMS)
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from retrieval algorithm

 JMARI qualitatively well captures observed features in surface salinity
e CLIM has a high salinity bias
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Uncertainty in forcing: river discharge

Surface Salinity and JMARI in the Yodo river basin

00:57201JUL2009 Runoff Index . ) .
> Yodo River discharge at Hirakata

\1500

1300

35N

J48N

34.6N

L i L L i
07,07 0721 08/04 0818 09/01 09/15 09/29

133.5€ 33 8E 134.1E 134.4E 134.7E 135E 135.3E 135.6E 135.9E 136.2E

30 31 32 322 32.4 32.6 32.8 33 33.2 33.4 33.6 33.8 34 342 344 346 348

Surface salinity (psu)

e Timing of river discharge is in good agreement with observation

e But the maximum discharge is overestimated

- One possible approach would be to correct the run off data using ocean
observations such as salinity data.
28



Summary

e Coastal system (MOVE/MRI.COM-Jpn)

— Forecast model: high resolution coastal model (MRI.COM-Jpn)
e Up-to-date schemes
(Z* coordinate, online two-way nesting, tidal scheme, river runoff ...)

e |AU initialization using 4DVAR analysis field

— Analysis model: 4DVAR assimilation model (MOVE-4DVAR-NP)
e Vertical TS-EOF mode for B matrix

e Combination algorithm of 3D-Var and 4D-Var
e |mprove short-term mesoscale variability from 3D-Var

e Toward coastal scale DA

— Importance of assimilation of velocity observations
— Uncertainty in forcing
e Surface wind

e River discharge

29
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