Wave-tide-cir culation coupled model: To
Improvetheforecasting ability for FUTURE

Fangli QIAO
Zhenya Song, Changshui Xia and Yeli Yuan

TheFirst Institute of Oceanography (FIO), SOA, CHINA
Key Lab. Marine Science& Numerical M odeling (MASNUM ), SOA,CHINA
PICES XVII, Oct 27, 2008, Dalian, China

Email:qgiaofl @fio.org.cn

PDF created with pdfFactory trial version www.pdffactory.com



mailto:Email:qiaofl@fio.org.cn
http://www.pdffactory.com

Motivation

The importance of accurate simulation/ forecast
of sea temperature doesn’t need to be stressed,
It Is closed related with:

Climate change,;
Sea level rise;

~requency of HAB;

—requency and intensity of Typhoon/hurricane,;

And so on. However,
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Motivation

Two of the common problems nearly all
models faced

1. OGCMs: Simulated SST is overheating In
summertime, and mixed layer depth is too

shallow while the thermocline is too weak (Martin
1985, Kantha 1994, Ezer 2000, Mellor 2003).

2. Climate Models: Tropical bias for all coupled
OGCM-AGCM models, such as too cold tongue

Can the surface wave be aremedy?
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The Surface Wave is the most energetic motion

Air—Sea fluxes
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Vertical Temperature Distributions

Pacific Atlantic
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Vertical Temperature Distributions
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Outlines

1. Theories

2. Applicationsin coastal ocean circulation
model

3. Applicationsin global ocean circulation
models

4. Applicationsin AGCM-OGCM Coupled
climate models

5. Conclusions
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Theories:

how does wave affect circulation?
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Somerelated work:

1. Waveisproved to betoo feeble for any dynamic consequence
(Phillips, O. M., 1974)

2. Wave enhanced turbulence (Craig & Banner,1994; Terray,
E.A. et al, 1996; LeNgoc LY 2000; Burchard & Karsten, 2001;
Méellor & Blumberg, 2004): Wave-breaking

3. Wave-current interaction (Xie 2002,2003): 2-D

4. Médlor et al, 2003JPO, 2004JPO, 2005JPO and 2008 J. Atmos.
Ocean. Technol [wave breaking and internal wave]

While these studies (wave-breaking) have shown some
Improvementsin simulation, the surface wave effects are mostly
limited to thetop few meters, and too weak
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Somerelated work:

5. In 2004, we proposed wave-induced vertical mixing, Bv, as
the function of wave number spectrum.

6. In 2005 and 2006 (GRL), Alex Babanin: Thereis
accumulating evidence that in absence of wave breaking, and
even wind stress, turbulence still persists through the water
column and not only the boundary layers.

In 2006, Alex Babanin wave motion can directly affect the
upper-ocean mixing.
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Separate the velocity field into averaged and fluctuation components
u, =U. +u, T,=T+q, S,=S+s

Separ ate the fluctuation velocity into wave-related and current-related parts:

U :.+uic

Reynolds stress

- Uy, =- U, u., - Ui U
Wave-induced Reynolds
stress Wave Effects stress
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—_ -
- Uuq =- 4,9
- US=- U,S

Wave-induced Circulation-
related
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2

5, =a G (K)ol 20} ok | e (K) exp{ 2 ok
k € k 1%}

E(K) isthewave number spectrum which can be calculated
from a wave numerical moddl. It will changewith (X, vy, t), so
Bv isthefunction of (X, Yy, z, t). Qiao et al, GRL, 2004

|f weregard surface wave as a monochratic wave,

B, =aA’kw e"* = aAu e,
T Stokes Drift

Bv iswave motion related vertical mixing instead of wave breaking.

Although the horizontal scale of surface wave, 100m, is much
smaller than that of circulation, however, the wave-induced
vertical velocity in the upper ocean could be stronger than
vertical current turbulence velocity.
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Thedistribution of the 20m-averaged Bv (cm2/s) in Feb.
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The vertical distribution of the Bv (cm?/s) along datelinein Feb.

(In fact, 0.1 cmzs meansalot for circulation processes)
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Wave-cir culation coupled model: How to use Bv

1. Toinclude current effectsinto a wave model isanother story, but not so
Important.

2. Toinclude wave effectsinto a circulation model isso ssimple, just add Bv
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Applications in the coastal area

Special Issue on JGR, 2006
http://www.agu.org/journals/ss/CHINASEAS1/
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Now we are here

We apply Bv Into:
Boha Sea
Yellow Sea

East China Sea
And

South China Sea
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Multi-year observed
Temperature along 35N
In August
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Upwelling and SST responseto Typhoon
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Model upwelling patterns (10°>ms?)in ECS
Lv and Qiao et al 2006, JGR.
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Applications in the global ocean

SST, mixed layer, circulation

Qiao F. et al, 2004, Wave-induced mixing in the upper
ocean: Distribution and application to a global ocean
circulation model. Geophys. Res. Lett., 31:0.11303,
doi:10.1029/2004GL019824.

POM, MOM4, ROMS, HIM
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Apply Bv into different ocean circulation models
POM: Médlor-Yamada turbulence closure mode (1982)
and new scheme (2004, JPO)

Circulation model linkage:
(1) Topography from ETOPO5;
(2)78° S65° N, 0-360° E, Solid Boundary along 65° N;
(3)Horizontal resolution of 0.5° by 0.5°
(4) 16 vertical sigma layers

(5) Wind stress and heat flux from COADS.
Case 1: Original POM

Cold start and run for 10 years

Case2: POM+Bv
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1. MLD in summer

M LD of the Southern MLD of the Northern
Pacific in Feb. . _Atlanticin Aug.
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Vertical Temperature Distributions (POM)

Pacific Atlantic
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2. Annual cycleof T

Time seasonal evolution of temperature at selected points
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3.Annual mean T

(a) Temperature difference: Exp. A
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Model Linkage of MOM4p0

Topography: ETOPO5

Horizontal resolution: 0.5X0.5

Vertical resolution: 50 layers (5-225: DZ=10m)
Wind forcing: NCEP monthly mean climatology

Vertical mixing scheme: KPP
Heat flux: calculated based on the simulation of SST

Case 1. Original MOM4

Cold start and run for 10 years

Case2: MOMA4+Bv
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MOM4: KPP+BV
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Applications In the atmosphere-ocean-
land-ice coupled models

In tropical area, Bv has no :

much improvements for the 40°N

ocean  circulation  mode€

compared with mid- and high 3

latitudes. For full coupled £ °

climate model, it is a different S

story because of the feedback

and nonlinearity. 7
1. FGCMO, CHINA | |
2. CCSM 3, NCAR Correlation Coefficient
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The coupled ocean-atmosphere general circulation model :

(1) Referred to as FGCM-0, LASG, IAP, China;

(2) Almost the same as the NCAR CSM-1;

(3) The atmosphere component is the CCM3 (version 3, T42);
(4) The oceanic component is the OGCM, L30T63;

(5) Its horizontal grid is with a grid size of about
1.875°X1.875°;

(6)The atmospheric, land, and sea ice models communicate
with the flux coupler every model hour, and the oceanic model
does this every model day;

(7)MASNUM wave number spectral model incorporated into
coupler.
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1. Tropical bias

30°E 90°E 150°E 150°W
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2. Sea Level Pressure
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BOON —|azies

40°S
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Global Annual mean SST (°C)

year
Global annual mean SST
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CCSM3 (T42, GX1V3)
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1. Tropical bias — too cold tongue

CCSM3+Waves

CCSM3: 251-300a

WOA

Theisotherm of 27°C
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2. ENSO periodicity
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Frequency spectrum for Nino3.4 area
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3. Theillusive semiannual SST cyclein the eastern Pacific

1 Jerem Xk

ermgad ovar The anmual oyde. In the coaial region ad-
Jeenk 1o Boulh Amerkca, CCSME oversstimaias e
SET by LE"C. Whila aarliar generatons of CCSM over-
ettmaled the surfscs insclation off Souih Amnerkca by
mora than 50 % m™ in thaannual nean, CCEM3 lends
bo shighily underssiinata the munecs shomwave Choc
Th much smaller <rrof in insclation rewiis Trom sov-
arl modificaiions o ihe doud paranetanizikons inino-
ducad in CCEME (Bovile el al. 30048 ) parily io addras:
this s, Tha omarvalional comparison sugeasis ihal
i alonghon surfacs sines in OCERMI may sl b oo
wealk, and ihk may pariially explain ihe 1LE°C arrod in
SET. lishould ba noled thal the surface Sress produced
b CCEM3 [= iy nngar than thal in CCSM2 by up o]
Hm ™, pariy eoaies of e ierassd resoliion in ihs
mimicsphers (HEaCk of ol 2004) In the qse of Adnion
CCEMI underasiinobes the 25T by 355 even though
it produces 2 realistic alongshorna sives: and slightly -
darasiinatss the mrhoe ireoliion. The effcs of ofher
phvdeal processs, inciedng oomn upwalling, o iha
SET biates ara xamined furibar in Langs and Danaba-
soal ¢ 200K,

& TR sembaman! 55T opci i Me ammsem ﬂ!-.'i"]l.'

OCSME producesa faidy sirong tenianmal cyole for
SET In the santam roplcal Packic that docs nol coour in
tha real clinats sysiom (Largs ind Danabarsogiu 200}
Tha region whara This SsTepancy b partkularly avi-
denl ligs betwean FN I8 and 110°-00F%. An obeer-
valional climavciogy Tor Che saasonal <yl in 55T Tor
this ragioncan b derived from the Hedey Conira's 521
surface wmparatune duiasat (HadlSST) (Rayner o ol
200%). The: anmual and ragionml maan wnparaiuns fron
CCEMI B I55°C and ihik companat well wilh 1he
HadIS5T stimata of Z.2°C, Howevar, iha simulaicd
ard obsarvad teatonal opcles in The regional mean 55T
are quite diferent The OCEMI-simulated anmal cycia
has o sime-wave amipliuds roughly hall ot obser ved
ared i phased 1.4 months lais, while ihe sihe-wavs am-
plinde of the ssmiamuoal oycle b roughly iwice hai
ongrved Tha causss for ihese syienatic Hasss intha
model physics have not yai bxen [deniificd.

£ Undmresimodlon of doRspaling shormeane

Ford Ti0R {0 @ Anoiic

In the Arclie OCEMS undereginotas the down-
welling all-sky shoriwave radialion ol tha wurlacs
throughowt the snmuoal cyde. The imalation is unders-
imated ralyibea o in st obsaryatone from i Sufscs
Haok Budgat of ihe Arcikc (FHEBA ) cxperiment (Fars-
san @l al. 00 and 1o sstimates trom 150CF (Fe. 1%
Zhang ol al 20043 For ihi companison, the (00 daia

COLLINS ET AL.

I1F

from 1284 o 3040 has bean overaged to prodocs a di-
matology. Belwasn ™07 ond W7, he Gmual-mean
dosnwalling shortwave luxas for allaky condkions ora
a1 W o~ from 1500F and T W m™ from OCEME
The cornetpording anmual-msan claad Sy Mhoss diffar
by onby =38 W m—F, of —3%. The fuxes durig ibe
I1A seeson are 214 W m ™ from BOCP and Led % m ™
trom OCEME. The corresponding U A-mean daaraky
fhxa differ by only 25 W m—, or L7, Sncz iha
clear-sky Quxet are in good sgresmant ihe underst-
matz of ;s imalation by COSME is caussd by
ovarcslimals of the surface shomwavs Cloud radalks
foncing. [rshonld te notad that ihs s ossha dondines:
in winler produces an overstimate of dovwelling
Iomgwave sumess fhm by 20 % m™ for Decamber
thwough April. Tha cverstimation of koagrive Aux
parity comparsatss the underastination of shorwara
Insclation in Eha botal surface radiaton buodgel. Furthar
analyss will ba requined 1o ldentify tha sourcs of thesa
amors n e mosdeled cloud amounk, clowd condansyia

path, and cloud nicrophysicl propartizs

4, SHmmary

The semiannual SST cycle

IN the easter n Pacific

low sharg a nominal 17 grid with a dsplaced pok niha
Mortham Hamisphera.

The smosphera inoorporatas new irealmenis of
cloud and v dynamical frama-
works suibabie for modaling stnopharnic chanksry; im-
provad paramalerization: of ihe imieraction: among
wekar vapor, solar radistion, and terrenal ihermal ra-
diaton ard & new Creaiment of i aifecis of asrmak
oni solar radiation. The land modal incldes Improva-
manis in lnd sursce phyes oo redics empenirs
bdasas and naw capabiide o enabde simulstion of dy-
nimic vegaiation and ihe tamwesinal arton ol Tha
ooenn modzl hae tean enhancad wiih new infrasinic-
tura Tar studying vartical mixing. a more realistic treat-
meni of shorivave absorption by chicrophyl, and im-
provamanis o the represeniadon of the oooan nixed
lorpar. Theaea loe modal inciodes improvad schame: Tor
the horivoniad advection of sea koo and for tha exchane
o =3l with iha uromnding cosan. Tha solivars e
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Time evolution of the averaged SST in the
Eastern Pacific (110—90W,555N) .

Black: CCSM 3: Red: CCSM 3+Bv
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Heat Budget analysisin the eastern Pacific (110-90W,55-5N)
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Conclusions

* A new wave-circulation coupled theory for the wave
vertical mixing effectsis developed.

« Thewave-motion related vertical mixing playsan
Important rolein the upper ocean.

From coastal ocean to global ocean and even to climate
system, the wave-induced vertical mixing (a kind of
new mixing process) istoo important to beignored.

Wave-tide-cir culation coupled model could improve our
forecast ability for FUTURE
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Qingdao

* The ocean sciences city in China (>60%)
* Olympic Sailing Games in 2008
 Hometown of Qingdao Beer

« Beautiful sightseeing
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