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Introduction:

ECMWF has a coupled ocean-atmosphere system for seasonal and monthly

forecasting.

*For monthly it is only coupled from day 10 onwards (at lower resolution)
So far the coupling does not include ocean currents.

At first sight, the importance of ocean currents seems minor?
=~0.15 m/s, compared to ~ 7.8 m/s for surface wind
=Although, in tropical areas, the ratio can be 1 m/s vs 5m/s
=Ocean waves: there may be an effect on swell propagation

This presentation will discuss some first assessment of the effect of
ocean currents on the ECMWF atmosphere and ocean-wave component.
*How to provide them as boundary condition

=Available ocean current products

=Effect on ocean waves using a simple approach

*Inclusion in the forecast and assimilation system

ECMWF workshop on Ocean-atmosphere interactions Slide 2 -HECMWF



How to provide ocean current as
atmospheric boundary condition

In the constant stress layer (Monin-Obukhov), enforce the correct boundary condition:

auabs L U, z + 20)
)

- _,aJs =0) = _,oc- 1

Define U, as (1), but with boundary condition: ue(0) = 0.
Then:

ﬁabs(z) - li’rel('z) + li’oc- (2)

e (2) is valid for all values of z in the constant stress layer, including z = 10m.

® U, (z) is related to the surface stress 7 = p,u?,
e.g., for the neutral case (pp = 1):

. u, z + 2o
U = — In
% 20

20 = apM- + ach%? ~ 0.01 to 1 mm is the roughness length.

e It is the stress, so U, that should be used to force the ocean-wave model
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The effect of ocean current on 10m wind

ECMWF 10m wind (in absolute frame) is a popular product

»Since ocean currents are not incorporated in the operational ECMWF model
usually, 10m relative winds are constructed as:

Ure (10) = Upomwr(10) — Uge. 15 T T T T g

u. =0.30 m/s : .
»How would ECMWF absolute 10m wind i ﬁo zgéz 27; : |
change after currents are incorporated? ° 10 = ST

. ]

. u, =0.27 m/s :

= z, =0.14 mm "

Due to the small roughness length over sea: 2 5[ [ Yens” 8.44 m/s i

»10m is relatively close to geostrophic height . q::
»In free atmosphere, the effect will be small :

S
%+10m absolute wind would not change too much !

L u,.=1.0m/s o
About 10-20%? O] o P L S
*Note: when stress goes down, abs.windgoesup(® 1 2 3 4 5 & 7 8 9 10
u_abs (m/s)
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Some available ocean current products

TOPAZ 3 system from NERSC :
v'"Modified HYCOM ocean model.
v'Horizontal resolution between 8-12 km, Atlantic
v'Data assimilation: Ensemble Kalman Filter (100 members).
Sea level, sea surface temperature, sea ice concentration and seaice
drift.
Atmospheric forcing is from ECMWEF.

MERCATOR surface currents from the global PSY3V1 system:
v'"NEMO ocean model (ORCAO025)

v'Horizontal resolution: 1/4° but global data only available on 1/2°.
v'Data assimilation system: Ol, since April 2008: Kalman - Seek
Atmospheric forcing is from ECMWEF.

ECMWEF system 3:

v'Hope ocean model

v'Variable horizontal resolution: 1.0°x1.0° in mid latitude, enhanced in
tropics

eC
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Topaz versus Mercator ocean current

Saturday 3 November 2007 OOUTC Analysis t+ VT:  00UTC Surface: U velocity/V velocity
Saturday 3 November 2007 OOUTC Analysis t+ VT:  00UTC Surface: **U velocity
TOPAZ3 SURFACE CURRENTS from daily ensemble mean analysis

Both products show realistic features,
there are some differences, though

Saturday 3 November 2007 OOUTC  Analysis t+ VT:  00UTC Surface: V velocity/U velocity
Saturday 3 November 2007 OOUTC Analysis t+ VT:  00UTC Surface: **U velocity

MERCATOR SURFACE CURRENTS from global PSY3V1 system
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2008040100 Ocean-surface Current (m/s), MEAN: 0176 MAX: 2542 MIN: 0 (MERCATOR)

Mercator
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2008040100 Ocean-surface Current (m/s), MEAN: 0.122 MAX: 0.965 MIN: 0 (ECMWF OC)
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Mercator vs
ECMWEF (system 3)

Mercator:

»More small-scale structure
»About 40% stronger
»Realistic?

ECMWEF (system 3):
»>Larger response to
instantaneous wind field
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Ocean-wave experiment, using simple
approach

Uncoupled, hindcast mode
>Use prescribed ECMWF analysis winds

»Global WAM model (55km horizontal resolution)
»17 March — 20 April 2008

Ingest ocean currents from Mercator
»Force wave model with relative wind:

Urei(10) = Ugcmwr(10) — .

»Also assess effect of ocean currents on waves themselves
(energy bunching, refraction,..)
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Stand alone wave model hindcasts:
effect of relative winds and current refraction

| Upcvwr(10) — Uoc|| — ||Urcnwr(10)]]

Mean hindcast parameter 245 difference (f3af wave - f2dv wave)
from 20080317 0Z to 20080420 18Z

lji]:'el(lo) - lTI’ECMVVF(IO) - lTioc-

025 (for left-hand experiments only)

ois  »Currents and counter currents clearly visibl
o»  »\Wave height decreased over ACC
s >Swell propagates information

" Difference in wind forcmg (m/s)

Effect of forcing relative wind Effect of currents on waves
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Stand alone wave model hindcasts:
comparison to buoy Hs, Tz, Tp

Scatter index at buoys Bias at buoys (model-buoys)
(20080317 - 20080420) (20080317 -20080420)
H reference (f2dv) HErelative winds (f3af) reference (f2dv) relative winds (f3af)
Ecurrents on waves (f2du) both rel. winds and on waves (f2ds) Ecurrents on waves (f2du) Eboth rel. winds and on waves (f2ds)
0.15 +
0.05 +
(<IE) -0.05 1
m
-0.15
-0.25
-0.35

Currents on waves:

»Improves peak period
Scatter index: normalized standard deviation of the difference

Data source: US (NDBC, Scripps, etc), Canada (MEDS), European buoys (UK, Irish, French,
Icelandic, Spanish, Norwegian), North Sea and Norwegian platforms.
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Ingestion of ocean current in the
ECMWEF assimilation/forecast system

Surface analysis (SSA):

»Interpolate current from Topaz, Mercator, system 3,...
Like SST and seaice.

Forecast system (FC):

»Read ocean current, like SST and sea ice from previous (SSA)
»Keep the current fixed during the (10-day) forecast

»Use the current to provide the proper boundary condition:

aljia;bs ﬁ* zZ + 2o
= ¥D ( ) ’

v 7 as(z = 0) = doe. (Beljaars)

»Pass on u.=u,.—U, to(coupled)ocean-wave model
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Ingestion of ocean current in the
ECMWEF assimilation/forecast system

Analysis system (AN):
»Minimize 4D-Var cost function
12h
T(xE08) = Jy(x4) + Y Jo(x?, obsy)
t=0
»The ocean current needs to be supplied to the trajexi™y
»Read, like SST and seaice from previous FC

»Adapt observation operators, where necessary
scatterometer, buoy, ship, ...,
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Usage of Scatterometer data at ECMWF

Scatterometer winds for 2007120900

Operational assimilation:
»Coverage almost every 6
hours

»Noon/Night: ERS-2 and
ASCAT

»Morning/evening: QUikSCAT
Observation operator:

»As vector wind at 10m height
»As wind in absolute frame

—— 10-20 ms-1
— 20-25 ms-1

Scatterometer measures stress
+*Stress is related to relative wind

. _ _ (Kelly et. al. 2001)
6-hour window  Surface-wind streamlines: Dark barbs: used

ECMWF analysis Uil e b it Ve “*Adapt observation operator
ECMWEF First-Guess
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Adaptation of the scatterometer obs operator

Adaptation of the scatterometer cost function:
ﬁmod o l—iscatt|‘2

a5

J;(:a,tt (ﬁmOd} SC&tt) _ ‘ ‘

Here, u™°? is the scatterometer observation operator.
[t is determined from the wind iy at lowest model level z; (Geleyn 1988):

l—irel (Zobs) — Rl—irel (ZL) 3

where
R = R(zovs/ 2L, 20, stability), R =1, for zgs = 2.

Since now Uy = Uaps(2r), rather than d,q(zz)

scatterometer : ged — Upel(Zobs) = R (UL — Uyc)
buoy /ship : A7 = Gopg(2ops) = Rup + (1 — R) Uoc
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The combined effect of ocean current
and assimilation of scatterometer wind

Denote the original 10m ECMWEF absolute wind by: Ugcywe(10)

Small adjustment for u, (10), dueto: 15[ —— — " ° © Ta’;
>'Forcing’ of winds in free atmosphere u. =0.30mis i
. : z, =0.17mm o1
»Usage of moored buoy, ship observations [ | ~g24mys 3o
i — abs _— o
v'Confirm value of Ugcywe(10) e 107 S
— u. =0.30 m/s Ha
° z, =0.17 mm o
. =4 i u.,.=9.24m/s ) ;
Small adjustment for u,,(10), due to: £ 5 = oy
»Usage of scatterometer data : i !
=Enforcing stress at surface ! S
: : | U,=1.0m/s RV
" Uecmwe(10) appears relative wind 0 et
0 2 3 4 5 6 7 8 910
u_abs (m/s)
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Average effect on surface winds

| Upcvwr(10) — Uoc|| — ||Urcnwr(10)]]
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Coupled runs:
effect of relative winds on ocean waves

Mean hindcast wave height difference (f3af wave - f2dv wave)
from 20080317 0Z to 20080420 182

S " = - i :::“
N - I““ Impact of coupled system much lower
; -— = »Due to smaller difference in rel. winc

<o Effect of current on waves was omitte
°™ vThis effect should still be present

-0 L
-0.L3
-0lS

Mean wave height difference (f1ne wave - f1bl wave)
from 20080317 0Z to 20080430 187
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Conclusions and final remarks:

It is now technically possible to include ocean currents in the
ECMWEF assimilation and forecast system
=Currents could in future be ingested from a (OASIS) coupler

The 10m winds in the absolute frame are more affected than expected
=In present system, scatt data try to make absolute winds relative.
*The effect on ocean waves is smaller than initially expected.

*The ingestion of ocean current is the proper way forward
=Conclusions are preliminary, though

Emerging questions:

=Should the currents be smoothed, or time-averaged?

*|s it reasonable to keep the current fixed during the 10-day forecast?
=Which details should the ocean currents contain, and which not?
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Scatterometer measures stress

Stress is related to relative wind,
*»the SCATT observation operator should

«—  Buoy act on relative wind, not absolute wind.

+——— Scat

N A A A

a)

- - 1’0_ (b) y
Westward currents
wn Lo
B e 0.5
+«~——— Buoy g 0.0
- Scat l
W\J\J %
2-05 | |
Eastward currents -1.0F TAO minus QuikSCAT winds (dots) = - i
ADCP currents (line) Kelly et. al., 2001, copyright JGR
1. Schematic of the buoy wind vectors, scatterom BS 43 0 4N BN
and ocean currents (a) for currents aligned with the w latitude
for currents opposing the winds,

Moored buoy/ship, measure absolute wind,
“*Observation operator remains to act on thes
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Winds coupled runs:

10m wind speed bias with respect to buoy data
20080317 - 20080430
new: with currents (f1ne)

X -125-4 X -1--075 X 075-05 X -05--0.25 -0.25-0 0-025 All buoys 20080317 to 20080430
- e " ] enTRiES:
b= WIND SPEED » -
~0.29 0.62 053 -0.48 -059 2" . 300
- 133
-0.49 -0.75 -0.28 -0.51 holp [ '.
_ 59
-0.51 -0.76 -0.85 n g
o Sy -0.74 -0.57 -0.79 -0.78 -0.88 E 28
Ry . - .. 047 -0.86 -0.75 -0.67 =
jL\_'\\-_ q“‘“—«_\ ]
TN o -0.81 -0.53 -0.57 R 4 ENTRIES= 7303
? o A Y ] WMODEL MEAN = =573 STDEV = 2.
/ﬁ-\’ =0 ww, -0.46 -0.26 -0.32 4 BUOY MEAN= 630 STOEV= 21m4
= = b i =\ E LS FIT: SLOPE= 0863 INTR = o.M
e P E n RMSE= 1103 BIAS = 0%
s \ = 1 COAR COEF = 090281 = 0151
f; L. K - Wind Speed (m/s) bu SYMMETRIC SLOPE= 0.7
T o o e = e Comparison of analysed ECMWF wind sm‘:gs

whth helght corected averaged buoy d ata.

10m wind speed bias with respect to buoy data
20080317 - 20080430
control: no current effect (f1bl)

X -125--1 X -1--075 X 075--05 X -05--0.25 0.25-0 0-025 L Allblioys 20080377 to 20080430
- 5 ] enTRIES:
o 212 WIND SF'EED.. K; a0
-0.27 074 -0.63 -0.58 -0.534 =
§ =, 133
-0.37 -0.54 -0.33 -0.526 E 59
-0.58 -0.59 -0.72 E 2
ol Sy -0.81 -0.64 -0.79 -0.74 -0.82 ;
B2 - . 055 -0.9 -0.8 -0.722 o
a . S 2, ENTRIES = 7208
P H_;\,.\_bﬁ \ -1 -0.65 -0.697 0 MODEL MEAN = 57z STDEV = z.0s4
- L N BUOY MEAN = m.30 STDEV= Z184
SR, N 052 -0.31 -0.49 2 LSO FIT: SLOPE = 0880 INTR = 0.302
= R sy = = AMSE= 1171 BAS= 0.0
et J‘ - ~ H & B B a0 12 14 CORR COEF = 0om Sl = oasz
),; f \{ ) - Wind Speed (m/s) bu SYMMETRIC SLOPE = 0.913
— S — — — — — Comparison of analysed ECMWF wind spa':Zs
) ) with helght corected averaged buoy data.
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