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SUMMARY

The European Centre for Medium Range Forecast (EEM¥0-year Re-Analysis (ERA-40) air-sea surface
flux validation concerns three aspects: (i) intenparison between earlier re-analysis, (i) comparisf ERA-40 with
in-situ experiments, (iii) comparison of ocean gbinodel response forced by ERA-40 and ERA-15 #uaad (iv)
evaluation of ERA-40 and ERA-15 spin-up.

In the first, ERA-40 global averaged heat flux veasnpared with ECMWF Re-Analysis 15-year (ERA-15),
NCEP/NCAR 40-year and NASA/DAO 15-year. ERA-40 seasmaller global imbalances in net air-sea surfees
fluxes than other re-analyses. Spatial and tempmyaklations between air-sea surface heat fluxeSRA-40 and
NCEP/NCAR were examined. Results indicate that ERRAlatent heat and solar radiation are slighthgéarand
spatially well correlated to those of NCEP/NCAR. A=R0 sensible heat and thermal radiation are dpatiadly
correlated to those of NCEP/NCAR. Bias of sensitdat has no global trends. Generally ERA-40 theradiktion is
smaller than those of NCEP/NCAR. Correlation betwésterannual anomalies of heat fluxes from ERAs&t@l
NCEP/NCAR was examined. Interannual anomalies n§ibée heat, solar radiation and net heat fluxpasicularly
badly correlated in North Hemisphere.

Validation of heat and momentum fluxes was perfating comparison with in-situ fluxes estimates friwe
research cruises: POMME, EQUALANT99, FETCH, CATCASTEX and SEMAPHORE. Generally ERA-40 wind
stress and latent heat are larger than in-siturerpats. Sensible heat trends are not clear. ERAsfulent flux and
downward solar radiation are well correlated witksitu experiments in mean and high latitudes, hanedownward
solar radiation shows RMS superior to 50% of avesadcRA-40 averaged downward thermal radiatiorinslar to
observations.

In the third, ERA-40 forcing was compared to tho§&RA-15 in term of ocean global model respondRAE
40 is warmer than ERA-15 particularly in centrastean Pacific and western Atlantic. Stronger caltklis observed at
west of Central America and reaches locally 3°Criwhiases are smaller and spreader than negatigesi ERA-40
mixed layer is shallower on subtropical gyre of 8muth Pacific and deeper in eastern Pacific tHRA-E5.

Finally, in support of oceanographic interests (MEEFA', MERCATOR, MFSTEB), ERA-40 and ERA-15
short-range forecasts was analysed as a functi@piafup, i.e. initial increase (or decrease) ofdeicoutputs with
forecast length. ERA-40 spin-ups have been genesatialler than those in ERA-15 have. Latent haatefs globally
increase as a function of the distance from thialisation time and levels off after 24 hours. §hiehaviour is due
particularly to tropical regions. Sensible and atige flux spin-up remain constant after 6 houren&ally, 0-6 hr
forecast is nearest to observations.

1. Introduction

Started in autumn 2000, the basic part of the EemopCentre for Medium Range Forecast (ECMWF) 40-yea
Re-Analysis (ERA-40) project (Uppala et al., 20@0finished. Three main assimilation streams caidbatified: the
first or priority production period from 1989 onwdar (Stream 1); the second from mid-1957 to mid-1&tPeam 2)
and the last from mid-1972 to 1985 (Stream 3). Addal assimilation streams and short reruns wegessary due to

technical problems or problems with satellite rad& tuning. A final version of the reanalysis produhas been
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created from all of streams. Instructions about fiveal version and archive features can be found at

http://www.ecmwif.int/research/era/Data_Services/

The simultaneously production of ERA-40 streamsdsgal constraints in temporal validation because thi
mode of production originate temporal discontirasti Thus, validation of ERA-40 air-sea surface dkixs assessed

from different temporal periods. This report sumises the main results of the validation.

2. Comparison with earlier Re-analysis

ERA-40 air-sea surface heat fluxes were comparéil edrlier re-analyses: (i) ECMWF Re-Analysis 1%&4ye
from December 1978 to February 1994 (ERA-15) (Gibsbal., 1999); (ii) the NCEP/NCAR 40-year anaygom
1948 (Kistler et al., 2001; Kalnay et al., 1996i)) the NASA/DAQO 15-year analysis from March 1988chubert et al.,

1993). Table 1 summarises the main differencesdsatwe-analyses.

Table 1. Mainly characteristics of data assimilatsystem.

ERA-15 NCEP/NCAR NASA/DAO
ANALYSE ERA-40 (1979 —-1993) (1948-2000) (1980-1993)
SPATIAL Spectral T159 resolution Spectral T106 resolution Spectral T62 resolution Latitude-Longitude
with 60 vertical hybrid | with 31 vertical hybrid | with 28 “sigma” vertical| grid (91x144) with 20
RESOLUTION e . .
levels. levels. levels. sigma” vertical levels.
Three-dimensional Statistical Optimum Three-dimensional Statistical Optimum
ASSIMILATION variational (3D-VAR) Interpolation (Ol) variational (3D-VAR) Interpolation (Ol)
MODE analysis with 6 hour analysis with 6 hour | analysis in spectral spag¢e analysis with 6 hour
cycling. cycling. with 6 hour cycling. cycling.

Each component of the net air-sea surface heatfas<evaluated at global scale for 1987-90 and eoedpto
those reviewed by Taylor (2001) for 1981-92 (TabjeAs in the open-literature (White, 2001; Belmand Kallberg,
2001) ECMWEF air-sea heat fluxes are computed fr@r24 hr forecast while NCEP/NCAR and NASA/DAO fr&6
hr forecast. ERA-40 and ERA-15 regular mesh is.bf &nd those of NCEP/NCAR is of 1.875°. NASA/DA@shan
irregular mesh of 2.5° by 2°. The Net Ocean Surfdog (NOSF) is given by the sum of turbulent aadiative fluxes.
Positive fluxes correspond to a gain for the oc&adiative fluxes are the sum of the upward andrdeavd fluxes.
ERA-15, NCEP/NCAR and NASA/DAO show comparable h#akes for both periods with values for 1981-92
generally larger than those for 1987-90. Intercamspa of re-analysis for 1987-90 shows smallest NG&8 ERA-40.
ERA-40 latent heat remains equal to those of ERAHRBA-40 sensible heat and thermal radiation respey
increases and decreases compared to those of ERPh&5mproved ERA-40 global balance would be dimarily to

ERA-40 solar radiation diminution compared to othez-analysis.

Table 2. Global means of air-sea surface heat $tus¢HF (Latent Heat), SSHF (Sensible Heat), SS®atSRadiation),
STR (Thermal Radiation) and NOSF (Net Heat Flux) imfy

Global Mean ERA-40 ERA-15 NCEP/NCAR 40-year NASA/DAO (GEOS1)
1987-90 1987-90 1981-92 1987-9 1981-9 1987- 128
SLHF -78 -78 -103 -73.2 -93 -62.1 -80
SSHF -9.7 -9 -9.8 -7.3 -10.9 -135 -10.6
SSR +135.9 +138.5 +160 +139 +166 +163.7 +198
STR -47.3 -48.9 -50.6 -54.7 -56.4 -69.6 -67.9
NOSF +1.3 +2.5 -3.4 +3.8 +5.6 18.5 +39.5




Figure 1 shows linear regression coefficients aftigp correlation between seasonal averaged aisgdace
heat fluxes from ERA-40 and NCEP/NCAR from 19871890. Both reanalysis was interpolated from theigioal
grid towards a regular grid of 5.625° mesh. In dineegression calculation ERA-40 is on the x-aglalculation of
regressions coefficients take into account reakedr surface fluxes variability, i.e. x-axis variesm negative to
positive values. The slopes of sensible heat aialynsuperior to unity and depend upon the seasitiman increasing
from spring towards winter. This result is oppos@ehe previous one (Table 2) showing that seaedielat of ERA-40
is globally smaller than those of NCEP/NCAR. Sdat@relation remains modest between 0.7 and (RA-EO latent
heat is well correlated to those of NCEP/NCAR. Blbbrseasons, ERA-40 latent heat is slightly larden those of
NCEP/NCAR. Solar radiation from ERA-40 and NCEP/NK 8patially correlate well with each other for sdlasons.
However, slopes of the order of 0.9 indicate tHRAEA0 solar radiation is generally larger than tho§ NCEP/NCAR.
This result is also opposite to the previously glofiveraged solar radiation comparison. ERA-4Ontia¢radiation is
badly correlated to those of NCEP/NCAR with cortiela coefficients varying from 0.4 to 0.6. Resuftem
intercomparison of re-analysis (Table 2) and spatarelations (Figure 1) show that ERA-40 and NONEPAR has

quite different sensible heat and thermal radiation
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Figure 1. Seasonal regressions of heat flux comperitween ERA-40 and NCEP/NCAR where ERA-40 is thes/-a

Temporal correlations between ERA-40 and NCEP/NGARual averaged heat fluxes are examined for three
assimilation streams over three bands of latitutble 3). ECMWEF air-sea heat fluxes are computedhfo-6 hr
forecast while NCEP/NCAR from 0-3 hr forecast. ER®-annual averaged latent heat is generally latgar those of
NCEP/NCAR. The correlation maximum is observed iapics. From 1973 up to now, latent heat corretatiomainly
inferior to 30% in North and South Hemisphere (ezsjvely NH and SH). For 1958-72, latent heat datien is
largely larger than for 1973-2001 and of the omfer0%. The large difference of correlation coeéit for 1973-2001
from those for 1958-72 suggests that both rearsabys significantly different in the assimilatiohsatellite data. Note
also that the largest lag between ERA-40 and NCERRI latent heat is observed in SH for all streaBensible heat
shows mainly positive bias (ERA-40 loses less enénign NCEP/NCAR) and the correlation varies froont@ 90%.
For all streams solar radiation has smallest caticels in the tropics. Generally ERA-40 solar ridiaremain larger
than those of NCEP/NCAR especially in SH. ERA-4@rthal radiation is inferior to those of NCEP/NCAR.
Correlations are maximum in SH and NH for 1989-2@Qt in Tropical region this period correspondsweak
correlation. Annual averaged net heat flux (NOS¥K)Hoth reanalysis are quite different. ERA-40 &@EP/NCAR

are better correlated in the Tropical region.



Table 3. Temporal statistics of air-sea surface ffleaes annual mean between ERA-40 and NCEP/NCAR imANor three

assimilation streams over three bands of latitude.

K% 60°N to 20°N 20°N to 20°S 20°S to 60°S

'% Parameters

(o ERA-40 NCEP Cor ERA-40 NCEP Co ERA-4( NCE Cpr

= SLHF -93,9 -93,6 31 -126,5 -126,4 59 -80,5 -68,4 22

S SSHF -18,3 -20,2 43 -10,6 -12,1 62 -12,2 -11,2 32

o SSR 1535 157,0 | 43 202,0 204,5 14 148,6 141,9 76

§ STR -53,2 -59,7 66 -48,0 -54,5 34 -48,1 -57,5 78
NOSF -11,9 -16,5 30 16,8 11,5 85 7,9 4,8 15

Q SLHF -92,1 -90,9 -5 -130,3 -122,6 37 -78,9 -66,6 -14

@ SSHF -17,9 -20,0 64 -10,2 -10,9 45 -12,2 -11,1 90

(i SSR 153,3 157,5 76 205,2 204,5 31 1478 144)2 163

@ STR -53,0 -60,2 16 -50,3 -54,3 67 -48,6 -59,2 40
NOSF -9,8 -13,6 -14 14,4 16,6 60 8,1 7,3 3L

o~ SLHF -93,1 -93,8 67 -134,2 -129,8 7] -81,7 -71,11 82

'é SSHF -17,1 -20,7 48 -10,4 -12,5 4] -12,8 -14,0 53

% SSR 156,6 157,1 -47 211,0 201,9 -3 148,1 146}1 B8

o STR -54.6 -60,7 -32 -53,4 -54.6 66 -49,3 -61,6 39
NOSF -8,1 -18,1 47 13,1 5,0 64 4,2 -0,5 813

The climatology of ERA-40 and NCEP/NCAR heat fluxgas obtained from annual means averaged over
1958-2001 for three bands of latitude. ERA-40 ar@ER/NCAR interannual anomalies were calculated ftbeir
respective climatology. Table 4 shows correlatibatveen ERA-40 and NCEP/NCAR interannual anomalfdseat
fluxes. Results show interannual correlations infeto 70% with a minimum in NH. Interannual anomalof sensible
heat, solar radiation and net heat flux are pdeibu badly correlated in NH. This results givemaw source of

investigations of oceanic (by forcing ocean modatg) atmospheric modes of oscillation.

Table 4. Correlation between ERA-40 and NCEP/NCAR intawal anomalies of heat fluxes: SLHF (Latent HE8§HF (Sensible
Heat), SSR (Solar Radiation), STR (Thermal Radiation) FOSF (Net Heat Flux). The climatology of ERA-dd NCEP/NCAR
heat fluxes was obtained from annual means averagadl958-2001 for the three bands of latitude.

Period Parameters 60°N to 20°N 20°N to 20°S 20°S@&06°S
SLHF 43,2 48,8 39,2
SSHF 6,8 42,8 60,5
SSR -1,3 -54,4 -22,9
1958-2001 STR 39,6 29,7 70,0
NOSF -1,5 46,7 60,4

3. Validation by comparison with experiments

Comparison of ERA-40 air-sea surface fluxes witlsitm estimates includes five research cruise® QMME
(two 10OPs between February to April 2001) in NoAtantic (15°-21°W; 45°-38°N); (i) EQUALANT99 (42lays
since July, 12 to August 1999) which took placerfrBalvador de Bahia (Brazil) to Abidjan (lvory CHa®°-40°W,;
10°N-15°S); (iii) FETCH (from March, 13 to April 511998) in the Mediterranean sea (3°-6.5°E; 425%8) (Dupuis,
1996; Hauser et al., 2001); (iv) CATCH-FASTEX (fratanuary, 08 to March, 04 1997) in the NewfoundIBagin
(53°-38°N; 28°-44.5°W) (Eymard et al., 1999) and SEMAPHORE (IOP between October, 07 to Novembér, 1
1993) in Southeast of the Azores (36.3°-33°N; 2@3™W) (Giordani, 1998; Eymard et al., 1996). Ridiscription of

these experiments and methods used to derive hdahamentum fluxes can be found in Weill et al.020



Air-sea surface turbulent fluxes were obtained gigime Inertial Dissipative Method (IDM) (ALBATROS
databasehttp://dataserv.cetp.ipsl.fr/fFLUX/and bulk parameterisations. In bulk parameteadsat the neutral transfer
coefficients at 10 m height (drag coefficient Cdmd vapour and heat exchange coefficients, CenGing are

computed with Smith (1988). Airflow distortion wteken into account for EQUALANT99 (Brut, 2002) alRETCH.
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Figure 2. From top to bottom statistics (averagas land RMS) of wind stress, latent and sensiblé foed® OMME, EQUALANT
FETCH, CATCH and SEMAPHORE. On the left, comparisotwken ERA-40 0-6 h forecast and IDM fluxes. On tight,
comparison between ERA-40 0-6 h forecast and bukes.

Turbulent fluxes from both IDM and bulk parametatisn were compared to ERA-40 0-6 hr forecast (Fgu
2). In-situ averaged wind stress and latent heaskghtly underestimated by bulk parameterisaittoRETCH while in
EQUALANT99 and CATCH they are similar. Bias betweeRA-40 and observations are similar for both IDhda
bulk parameterisation. This result allows conclgdirom that ERA-40 wind stress and latent heatlarger than
observations. Sensible heat shows opposite biatDidrand bulk parameterisation. This is may be ipdyt due to
weak number of points used in averages from IDMaWter, the RMS is generally as large as averdyesisg that
there is much incertitude about sensible heat.elations between ERA-40 and observations are alsmi@ed (Figure
3). ERA-40 turbulent fluxes are well correlated hwitbservations for POMME, CATCH and SEMAPHORE (high
latitudes) while for EQUALANT99 (tropics) correlati has not statistical sense. This last resulbisagree with those
obtained previously when EQUALANT99 fluxes was cargd to those of ECMWF operational model which sidw
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correlation coefficient of 0.75 and 0.45 respedyivéor latent and sensible heat fluxes (G. Caniapgrsonal

communication).
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Figure 3. From top to bottom correlation of ERA-46 @ forecast with IDM and bulk fluxes for wind ess, latent and sensible heat.

In-situ downward solar and thermal radiation wasoatompared to ERA-40 0-6 h forecast (Figure 4). Fo
FETCH CATCH and SEMAPHORE, ERA-40 downward solatiaion is well correlated with observations bug th
signal of bias varies and the RMS remains supdnob0% of averages. The worse correlation is oleskerfor
EQUALANT99 as well for downward solar as downwalérimal radiation; however, downward thermal radiatias
very small bias and RMS. In the same way, SEMAPHGR&ws similar averaged downward thermal radiafiom

ERA-40 and observation with badly correlation. Asr furbulent fluxes, radiative fluxes correlatiobgtween
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EQUALANT99 and ERA-40 is not agreed with correlagoobtained between EQUALANT99 and ECMWF
operational model, which is of 0.75 and 0.89 fdasand thermal radiation respectively. ECMWF ofieraal model
has a mesh of 40 km while ERA-40 mesh is almost fooes larger. ERA-40 was compared to observatatnisis
nearest mesh because this method showed largestations compared to those interpolating seveoaltp weighted
by distance. However, ERA-40 mesh may be too lowken fluxes vary strongly. Indeed, two trajectorigfs

EQUALANT99 are meridian. This may explain in panetsmall correlations founded in the comparisot BA-40
with EQUALANT99.
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Figure 4. From top to bottom statistics (averages bnd RMS) of downward solar and thermal radiagiod correlation ERA-40 0-6
h forecast with observations.



4. Evaluating fluxes in the upper ocean

ERA-40 and ERA-15 fluxes were used to force the @c&eneral Circulation Model (OGCM) ORCA 2
degrees, version 8.2 (Madec et al., 1999). Impafcboth reanalysis on oceanic simulations are itigated for 12-24
hours forecast. ORCA2 was forced by sea-surfacd siress and heat fluxes averaged over 1-day pedia Surface
Temperature (SST) and Mixed Layer Depth (MLD) wevaluated from 5-year integration correspondinth&operiod
from 1989 to 1993.

4.1 The ORCA 2 degrees model

ORCA 2 degrees (ORCA2) is a version of the primitequation model of ocean circulation OR®@céan
PArallélisé€). A rigid lid is assumed at the sea stefalhe horizontal mesh is orthogonal and cundinen the sphere
(Figure 4, top). The grid has two poles in northeemisphere used to overcome North Pole singuléiiizdec and
Imbard, 1996). Meridian grid spacing is increasedrrthe equator to improve the equatorial dynarfibs.time step is
equal to 1h36'. Surface heat and momentum fluxegurovided by the re-analysis, interpolated ongdbean model
grid mesh and updated at each time step. In thise(bmode, a feedback term is added to the spedif@at flux
(Barnier, 1998):

QzQ&%(SSTMOD—SSBBs) 3.1

Q, is the heat flux prescribed from the re-analysssTss is the 7-day Reynolds-Smith Sea Surface
Temperature (Reynolds and Smith, 199485 Tuop IS the modelSSTand dQ/dT is a negative feedback coefficient

usually taken equal te-40W/m?/°K (Madec and Delecluse, 1997). The difference betw88Tyop and SSTes iS
called relaxed term. MLD computation is based aesity criterion:
A(mld)=p0)+A(AT=05°C) 3.2

p(mld) andp(0) are the salt-water densities in the mixed layer Apdcorrespond to density variation related
to temperature difference of 0.5°C from the surf&deD is the level having density equal gmld) . For more details

see Monterey and Levitus (1997).

4.2 ORCAZ2 validation

On Figure 5, mean state of SST for the period 1¥89s compared witHGOSS nmc Reyn_SmithOlvl
climatology averaged from 1950 to 1979 (http://idddeo.columbia.edu). The climatologises blended data from
ship, buoy and Reynolds-Smith (1994) bias-correstgdllite observations. The mean state of the SSjEnerally in
good agreement with the climatology. Fronts arel Veelated and oriented. Both simulated and obse®8d range
from 20° to 30°C between 20°S and 20°N. Surfaceecs distribution and its coherence with MLD ar@amined
(Figure 6). North and south equatorial currentsrasadistic as well as the east shallow tongue edlab they. Circular
patterns as Kuroshio and California current, whach respectively strong and weak, correspond ré&spbcto deep

and shallow MLD. East Australian Current and Sytitral Gyre are also well represented.
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4.3 ERA-40 against ERA-15 in Upper Ocean

Figure 7.a shows global field of SST bias betwe@AHB0 and ERA-15 averaged from May to October
(MJJASOQ). This period correspond to months shovgiudpally largest differences. Generally, in NH boghanalysis
give similar SST forecast. Between the Tropics, ERRAs warmer than ERA-15 in eastern Pacific andtem Atlantic
and Indian Oceans. In SH, the central eastern iPasifmainly touched by strong warm bias. Strongeid bias is
observed at west of Central America and reacheallyo8°C. Warm biases are smaller and spreader tiegative
biases Figures 7.b and 7.c show respectively S8Telaxed term evolutions in western Tropical Atiaifwarm bias);
Figures 7.d and 7.e show the same parameters imeke coast of Central America (cold bias). WesfEropical
Atlantic shows bias of the order of 0.5°C which gi&tr in time; this behaviour are observed generfdtyregions
showing warm bias as eastern Pacific or Northwasitralia off. Both regions show phased SST evatubat the
relaxed term is not phased at west of Central Acaerivhere the mixed layer is shallow. ConcerninglMthe period
from May to October (MJJASO) correspond also tgdst bias (Figure 8.a). On subtropical gyre ofSoeth Pacific
(10°N-10°S; 85°-125°E), ERA-40 is shallower thanA=E5 during August-September but wind stress evahgt of
both reanalysis remain similar (Figures 8.b and. &onversely, in eastern Atlantic, where the Mlsshallow, ERA-

40 is significantly deeper than ERA-15 and the wstréss remain stronger (Figures 8.d and 8.e)
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Figure 7. (a) SST bias between ERA-40 and ERA-15aapet from May to October (MJJASO). Comparison of ERAred line) to
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5. Evaluation of heat flux spin-ups

During the first time steps over model integratisnrface fluxes depend on imbalances between ftial in
conditions and the atmosphere consistent with tliechst model's physics and dynamics (White andaSag99;
Giordani and Planton, 2000). This phase is catedspin-up period and corresponds to the initialéase (or decrease)
of model outputs with forecast length. ERA-40 arRiA=L5 short-range forecast spin-up of air-sea serféuxes was
evaluated (Ramos Buarque et al., 2002 and 2003)rder to compare ERA-40 to ERA-15, the study vesdricted to
those years covered by both re-analysis at the tivaethe study was undertaken: the period 198%-@8vever, this
period encloses the Mount Pinatubo eruption (J@I91) and its impact on air-sea fluxes are examinée. clearest
impact of eruption on air-sea fluxes is shown blaisoadiation. In ERA-40, zonal averaged solar atidh remains
unchanged from 1989 to 1993, while in ERA-15 itamde globally eight month after the Mount Pinat@soption
(during March-April-June 1992, not shown) and remaiinchanged. Thus, the study was newly made tpdhed:
1989-91. Results show that qualitative conclusi@nsain unchanged but local spin-up diminisked V/m2 of global
averaged latent heat during the JJA). This showas ithis not necessary to have many years to desdchie model
behaviour and consequently the evaluation wasethwut for the period 1989-91. Spin-up was evatuateglobal,
large (over bands of latitudes) and regional scelegach component of the heat flux. Impacts @fsseal cycle on
spin-up were also considered.

Results showed that radiative fluxes spin-ups vi@ned to be weaker than 10% with a time of stapiit the
order of 6 hours at all spatial scales. Convergahpulent heat flux spin-ups were found to be miacher than those of
radiative fluxes. If in terms of percentages, réd@&flux spin-ups are much weaker than those diulent fluxes; it is
larger in terms of magnitude. This means thatlales spin-ups can be considered as affectinguréice heat budget.
On a global scale, latent heat flux spin-up leva@isafter 24 hours. Analysis on large scales hasashthat this
behaviour is due to a major contribution of tropitatitudes whereas beyond 30° North and Southp-api had
stabilized by around 6 hours. Sensible heat flir-sp stabilize as soon as 6 hours on a globaksdédllarge scales
there are a strong dispersion around the globakv&inally, the regional analysis confirmed thebgll and large scales
results but showed that some seasonal modulatfpesaa on the sensible heat flux at tropical lagtid

Intercomparison between ERA-40 and ERA-15 showatl ERA-40 spin-ups are weaker than in ERA-15 and
always stabilize whereas those in ERA-15 are lgrgbhotic. In terms of oceanic mixed layer predidity, these two
points are crucial. This shows that ERA-40 air-$lexes are physically more consistent with the apieeric
parameters than those in ERA-15 are. Order of nhadgmiof air-sea surface fluxes short-range forespst-up has
shown that this question is important when the psapis to compare model-to-model or in-situ datanbdel outputs.
This question also rises when the purpose is tstcain ocean models. For instance, Bonekamp €t1889) have
shown that the solely thermodynamic forcing is ablérigger the ocean Antarctic Circumpolar WavedmaoThus, in

support of oceanographic interests, spin-up wakysea by running ocean model.

6.1 ERA-40 spin-up evaluation by running ocean mode

The sensitivity of ocean model to ERA-40 air-sedls spin-up was also examined. Figure 9.a showisap|
field of ERA-40 SST bias between 0-6 and 24-36 &darecast averaged from May to October (MJJAS@ijs Pattern
is quite similar to this from November to April (NBMA). Globally, bias remain inferior or equal t28°C except in
eastern tropical Atlantic and central eastern tralpPacific. In eastern Atlantic bias is positi@eg hr is colder than 24-

36 hr forecast) and can exceed locally 1°C; avet&f&T evolution shows that averaged bias appeargdbebruary-
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March-April and July-August-September (perceptilheFigure 9.b). In central eastern tropical Padf@ hr is warmer
than 24-36 hr forecast with systematic averaged bfahe order of 0.5°C (bias can exceed localb’@); averaged

bias remain almost constant in time.
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Figure 9. () SST ERA-40 bias between 24-36 anchOs forecast averaged from May to October (MJJASOmparison of 0-6
(black line) to 24-36 (red line) forcing evolutior{d) SST and (c) relaxation term in South Amenéa(10°N-10°S; 85°-125°E); (d)
SST and (e) relaxation term in Gulf of Guinea (151@7E; 5°S-10°N).
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MLD was also examined (not shown). The 0-6 hr fastds deeper than 24-30 hr forecast a centralewest
Pacific and southwestern Indian Oceans. In thegmone, averaged bias may reaches 15m. Negative(®iéshr is
shallower than 24-36 hr forecast) is less spread glositive bias: only southern high latitudes stoias of 10m with a
maximum of the order of 30m on eastern circumpolarent (45°-55°S; 100°-110°W). The magnitude afshin Gulf
of Guinea and Central Pacific Ocean is of the oafek0% of MLD. Both regions show a seasonal valitgtof bias.

In Gulf of Guinea bias is maximum approximatelynfréwugust to October and in central Pacific OcearnduAugust.

6.2 ERA-40 spin-up evaluation by comparison with irsitu experiments
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Figure 10. From top to bottom averaged wind stri@gent and sensible heat. On the left, POMME, EQANT FETCH, CATCH
and SEMAPHORE fluxes are compared to those of ERA-8Ch forecast and the combination 24-30 with 8(k8urs forecast. On
the right, the correlation coefficients betweersitu- experiments and ERA-40.

ERA-40 turbulent fluxes from 0-6 hr forecast andrided 24-30 with 30-36 hr forecast were compared-to
situ experiments (Figure 10). Wind stress and tateat has generally the same behaviour: theyaseravith forecast
distance from the initialisation time in tropicagion (EQUALANT99) and remain stable in middleaties. For

EQUALANT99 the correlation coefficient have no &ttal sense and it is impossible to conclude altbe best

15



forecast. FETCH shows better correlation for fostgaistant from initialisation time. For CATCH aB&EMAPHORE
the better forecasts are those near to the iisiéitidin time. Averaged sensible heat does not vatiesgly and best

correlations are for 0-6 hr forecast.

7. Conclusions

Results from the intercomparison between earlieanaysis showed that ERA-40 has the smallest ¢loba
imbalances in net air-sea surface heat fluxes. @oisgn to NCEP/NCAR was made at spatial and tenzoies.
ERA-40 latent heat and solar radiation is sligtahger and spatially well correlated to those of S RZINCAR. Sensible
heat and thermal radiation are spatially badly elate, however, generally ERA-40 thermal radiai®smaller than
those of NCEP/NCAR. Correlation between interanmuedmalies of heat fluxes from ERA-40 and NCEP/NCA&S
examined. Interannual anomalies of sensible hekdr sadiation and net heat flux are particular@dly correlated in
NH.

Comparison of ERA-40 with in-situ experiments shdwibat ERA-40 wind stress and latent heat are targe
than in-situ experiments. Sensible heat trendsateclear. ERA-40 turbulent flux and downward satatliation are
well correlated with in-situ experiments in meard drigh latitudes, however, downward solar radiasbows RMS
superior to 50% of averages. Averaged ERA-40 dowdwzermal radiation is similar to observations.

Comparison of ERA-40 with ERA-15 in term of ocedobsl model showed that ERA-40 is warmer than
ERA-15 in central eastern Pacific and western AitanERA-40 is particularly colder than ERA-15 inestern
equatorial Pacific Ocean (Central America off) wda differences reach locally 3°C. ERA-40 mixeaktayg shallower
on subtropical gyre of the South Pacific and de@peastern Pacific than ERA-15.

ERA-40 and ERA-15 short-range forecasts was andlgsea function of spin-up, i.e. initial increass (
decrease) of model outputs with forecast lengthm{&aBuarque et al., 2002, 2003). ERA-40 spin-upeevieund
generally smaller than those of ERA-15. This staflpwed quantifying variability of fluxes related spin-up and
pointed out the most concerned areas, e.g. latgatlaeat spin-ups was observed particularly ipita regions. In
continuity, ERA-40 turbulent fluxes from 0-6 hr émast and blended forecasts from 24-30 and 30-8&ie compared
to in-situ experiments. Results showed that wimdsst and latent heat increase with the range framnitialisation
time in tropical region and remain almost stableniddle-latitudes. In some cases (CATCH and SEMAREDfluxes
from 0-6 hr forecast are better correlated to okm@ms. In this case, analysed fields were naarzdd in the way of
the model's physics. Comparison of global ocean ehogsponse to ERA-40 air-sea surface fluxes spimvas also
examined. In the central eastern tropical Padific $ST from 0-6 hr forecast is locally 1.5°C waritiem those of 24-
36 hr forecast. Gulf of Guinea shows seasonal @i&&ST: 0-6 hr is locally 1°C colder than 24-36ftrecast during
February-March-April and July-August-September.sTigsult raises the question: What is the respohsecoupled
ocean/atmosphere model vis-a-vis of seasonal biasadand momentum fluxes? Will be the seasonaldfitneat and

momentum amplified or not?
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