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Abstract. Using monthly means for the period 1957-1987, tfRAEO pseudo-
climatological heat and water fluxes have beensseskfor the Adriatic Sea basin and
have been compared with climatological data seis.dhown that the shortwave and
latent heat fluxes of the ERA-40 are underestimateupared to the climatological
ones. This results in overestimation of the angualleraged total heat fluxes. The
ERA-40 precipitation and evaporation are underestithaalso. The analysis shows
that the ERA-40 heat and water fluxes can not bd irstheir original form to force a
general circulation model for the Adriatic Sea. ingle correction procedure is
applied in order to compensate the deviation ofER&A-40 surface fluxes from the
climatological ones.
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Introduction

The European Centre for Medium-range Weather Feteoq&CMWF) 40-year
reanalysis (ERA-40) project provides a very higlaldy reference atmospheric state for
quite a long period — from September 1957 to Au@@&2. In addition to analysis of the
basic atmospheric variables such as pressure, tatnpe wind and humidity, ERA-40 also
provides estimates of many diagnostic variableghsas precipitation, energy and
momentum fluxes. Due to insufficient observatiormverage of many atmospheric
variables, researchers in meteorology and oceapbgraften use re-analysis data as
pseudo-observations for validation, verificatiamtialization, or for the forcing of regional
models.

Although largely successful and widely used, sdvprablems were detected in
the ECMWF re-analysis data. Mainly, they concera ERA-40 hydrological cycle and
surface energy budget (Betts et al., 2003, Hanganearal., 2005). The most significant
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deficiency of the ERA-40 hydrological cycle is theerestimation of tropical precipitation
over the oceans (Hangemann et al., 2005). Furiéf@gieihcies comprise an overestimation
of evaporation and underestimation of precipitatmrer many river catchments (e.qg.
Danube, Mississippi etc.), which result in a drgsbover wide land areas. Comparisons of
the ERA-40 radiation model with observations (Metta, 2002) show that radiation
budget fields suffer from deficiencies in the raitia properties of the clouds, and are not
recommended for use in studies where accurateflogas are required.

There are two methods to solve a problem with r@eti ERA-40 deficiencies.
The first one is to correct the ERA-40 fields, gsimbservational data. This approach is
used to correct the excessive precipitation inttbpical regions (Troccoli and Kalberg,
2004). The second one is to recalculate the headtvater fluxes, treating some of the
ERA-40 fields as error-free and substituting mastfematic fields with analogous, taken
from other reliable sources (Maggiore et al., 1998hfortunately, the computation of
ocean surface fluxes strongly depends on bulk algos used, and the use of inadequate
bulk formulae can introduce considerable errorss{€tari et al., 1998, Supiand OrlE,
1999).

The aim of present study is to compute climatolagsurface energy and water
budgets derived from the ECMWF ERA-40 re-analysitadand compare them with the
available information about the climatological caeristics of the Adriatic Sea surface
fluxes. The final purpose of this study is to obta&iorrected surface fluxes, using the
method of Troccoli and Kalberg (2004), which to lied as boundary conditions in a
general circulation model of the Adriatic Sea.

The second section gives some information aboututesl data sets. The next
section focuses on the comparison of the ERA-4@atblogy with the observational data.
Summary and conclusions are given in the last &ecti

The ECMWF ERA-40 fields

The ERA-40 re-analysis system uses a resent vemsiothe model physics
(Integrated Forecast System, cycle 23r4) and a\&iational assimilation system. The
spatial resolution of ERA-40 products is about kiQin the horizontal and 60 levels in the
vertical. The temporal resolution is 6 hours thitoogt the period September 1957 — August
2002. More details for the ERA-40 re-analysis gystind the data quality can be found at
http://www.ecmwf.int/research/era/. Unfortunateige of charge products of ERA-40 are
available only with grid-spacing of 2¥&.5". Therefore, in the present paper this coarse
grid resolution data are used.

The ERA-40 time period 1957-2002 can be divided ithiree consecutive parts:
the pre-satellite period 1957-1972 when no sateliiata were available, the transition
period 1973-1988 when the amount of satellite dateeases with time, and satellite period
1989-2002 (Hangemann et al., 2005). In presentystddta for the first two periods are
used due to two major reasons: First, evaluati@mwshexcessive amount of precipitation
over oceans during the last period of ERA-40 (Toticand Kalberg, 2004). This has been
found to be related to an erroneous bias corredtiothe assimilation of satellite data
(humidity and radiances) from two new satellitesnizghed during the period 1987-1991
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(Hangemann et al., 2005). Second, most of the ahlailobservational data (May, 1986,
Legates and Willmott, 1990, Raicich, 1996, Sugid Orlg, 1999) cover approximately the
same period as the first two parts of the ERA-46. (1957-1988). Therefore, the ERA-40
monthly data are averaged over a 30 years intstaaiing from September 1957, to form
the ERA-40 climatology.

The ERA-40 surface data utilized in this study atewnward (incoming) solar
radiation Qsg, latent heat fluxes@), thermal (longwave) radiatiorQf), sensible heat
fluxes @), evaporation ), and total precipitationR) (see the catalogue of ECMWF
products, http://www.ecmwf.int/products/cataloguonthly mean fields are retrieved at
2.5°x2.5° grid, after that they are averaged over the 3@sypariod to obtain mean monthly
annual cycle of each field under consideration, famally, are interpolated to the 5.3 km
grid using the EMOS software (see http://www.ecnmtfroducts/data/software
/interpolation.html).

The ERA-40 downward (incoming) solar radiatioQsd is used in this work
instead of net surface solar radiation (incomingumireflected), because two problems
have been found with ERA-40 albedo. First, the E/OAmModel uses the monthly mean
surface albedo and does a linear interpolation éetmsuccessive months, which gives an
inaccurate estimation of the surface albedo anoyeEk. The study of Betts et al. (2003)
shows that the ERA-40 albedo in summer is 15% fassMsippi basin, which is much
greater than the observed albedo of 9%. Secondfadthlee coarse ERA-40 grid, the grid
cells in the Northern Adriatic Sea cover large lanela and small sea ones, so the estimated
surface albedo is unrealistically high, reachinduea of 14% in summer and 20% in
winter. Therefore, the net surface solar radiafi@g in the present study is calculated from
Qsqassuming a constant sea surface albedo of 5%.

Climatological data

Climatological surface heat fluxes components aken from the May data-set
(May, 1986). May used ship observations made frédblto 1984 to calculate the monthly
heat fluxes in 91° grid. May (1986) first computed the heat fluxesnir each individual
observation and subsequently calculated the spatétime averages. This data-set is used
frequently as a representative of the Adriatic S8@aatological heat fluxes (Artegiani et
al., 1997, Maggiore et al., 1998). Latent heat dmixQ)) are used to determine total
evaporation by means of the following equation ¢idi, 1996)

EZQ/LT' (1)

whereLs is the latent heat of evaporation.

Two precipitation data sets are frequently usedlimatological studies (Raicich,
1996, Hangemann et al., 2005). The first one ieliped by Legates and Willmott (1990)
and consists of monthly grids with 88.5° resolution. Station records (including ocean
stations) of precipitation used to produce the fiegsion of this data set cover the period of
40 years, starting from 1950. Annual average ofpteeipitation over the Adriatic Sea for
the first version of this data set is 1.02 m YeRaicich, 1996). The corresponding value
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for the second version of the Legates and Willni@®90) data set is 0.86 m y&afThe
difference between two values is due to the impdsatial interpolation and extension of
the period of observations (1950-1996) for the sdogersion.

The Global Precipitation Climatology Center (GPQfdvides monthly gridded
precipitation data for the normal period 1961-1990ith 1°x1° grid resolution
(http://gpcc.dwd.de). The annual precipitation oube Adriatic Sea is estimated to
0.99 m yeat. This value and the value of the first versiorLefjates and Willmott (1990)
data set are likely to be overestimated becauskeolack of observations in the open sea
(Raicich, 1996), and the inaccuracy of the intespioh/extrapolation methods used.
Therefore, the second version of the Legates arldndft (1990) data is used in the present
study.

Supit and Orlé (1999) estimated the surface heat and water flakdwee stations
in the northern Adriatic. They used observationaadtaken between 1966 and 1992 to
study spatial seasonal and interannual variakilitthe northern Adriatic surface fluxes. In
order to estimate the heat flux components Sapid Orle (1999) used three different
formulae previously used in the Mediterranean amohwed that the latent and longwave
fluxes were most sensitive to the different methofi€somputation. Finally, the authors
assessed the error due to the use of coastal Wataér to compute offshore fluxes and
introduced a simple regression formula to estirtladetotal heat fluxes offshore of the three
stations of consideration. These estimates are instk present paper to verify the ERA-
40 heat fluxes in the northern Adriatic.

Results and discussion

Fig. 1 presents the annually averaged surface sadéation QJ) and latent heat
fluxes @QY) from May (1986) climatological data set. TR field (Fig. 1a) is
characterized by well defined meridional gradientgshe northern and southern Adriatic
and increase o from north-west to south-east in the central AiriaThe difference
betweerQ." in the southern and northern parts of the sezhesamaximum of 45 W fhin
August, while in February it decreases to 25 V& ifhe basin average of the annual mean
QM is 172 W nf (Table 1). TheQ" field shows significant space variability (Fig.)1b
There are two areas with maximal latent heat lodeeated in the northeastern and
southeastern part of the sea. TO& minimal losses are in the northwestern and central
Adriatic. Strong zonal gradient exists in the nerthAdriatic during the whole year due to
the blowing of the Bora wind and to the advectidrwarm water masses by the northern
Adriatic current (Artegiani et al., 1997).

Table 1. Annual averages of the surface heat flux componfeots May (1986), ECMWF ERA-40
and corrected ERA-40 data (ER4,). Units are in W .

Qs Qy h Q &
May (1986) 172 68 -18 “108 27
ERA-40 145 71 14 69 -9
ERAww 172 69 16 95 ;]
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Fig. 1. Maps of annually averaged surface heat flux carepts from May (1986): a) solar
radiation QJ); b) latent heat fluxe<). Units are in W .

Fig. 2a presents the surface solar radiati@fi)(for the ERA-40. Comparison with
Fig. 1a shows thads" is qualitative similar t®." only in the part of the northern Adriatic,
while the Qs is almost uniform in the northernmost, central andthern Adriatic. There
are considerable differences in annual value®pflso, which are about 30 W’ntower
for the ERA-40 climatology (Table 1). Most signditt differences are between fields of
latent heat fluxes (Fig.1b and Fig. 2b). The ERAfiéll (QF) is characterized by increase
of the latent heat losses from the north towardsstiuth. The area with maximal latent heat
losses in the northern Adriatic in Fig. 1b is coetely missing in the ERA-4QF field
(Fig. 2b) during the whole year and the magnitufiehe annual value of)F in the
northernmost Adriatic is about 2 times lower thae bne in the May (1986) data set. The
ratio Q"/QF reaches its maximal value of 3 in November. Prbhabis is connected with
the coarse grid of the ERA-40 modeling system, thieads to the impossibility to
simulate properly the effects of Bora winds, prérgiduring winter and autumn.

13E 14E 15E 16E 17 18E 19E 20E 13E 14E 15E 16E 17E 18E 19E 20E

Fig. 2. Maps of annually averaged surface heat flux carepts from ECMWF ERA-40: a) solar
radiation Qq); b) latent heat fluxe<Y). Units are in W .
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The annual averages of the rest two componentsedi¢at budget (sensible fluxes
and longwave radiation) are almost the same in ltdta sets under consideration
(Table 1). Some differences exist in the spatiatrifiution of the sensible fluxes between
ERA-40 field Q.F) and May (1986) field@,"). The Q," field is characterized by well
defined maximum losses in the northern Adriaticmtyithe cold part of the year, while this
maximum is badly pronounced in tigF field and the ratidQ,"/Q.F reaches value of 2
during the winter. In spring and summer both fig@¥ andQ.F are characterized by small
horizontal gradients and approximately the samae&lOnly the longwave radiation flux
of the ERA-40 Q,F) shows significant meridional variability and beggmagnitude than
May (1986) data@,"). The annual mean lose @ has maximum in the central Adriatic
and rapidly decreases toward the north, whileQf\éfield is almost uniform. One possible
explanation of the decrease of ¢ in the northern Adriatic consists in the inaccyrat
the ERA-40 cloud parameterization, which overestamahe cloudiness over the northern
Adriatic and this reflects to the decrease of theglvave radiation losses and surface solar
radiation, also.
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Fig. 3. Annually averaged surface total heat flux foMaly (1986) data set and b) ERA-40.

Maps of the annual heat total fluxes are preseint&dg. 3 for both ERA-40Q5)
and May (1986) data set®Ql"). Comparison between Fig. 3a and Fig. 3b shows
considerable quantitative and qualitative diffeesicTheQ" is characterized by minimal
value in northeastern Adriatic, while tkg® has minimum in the northeastern part of the
southern Adriatic. The rati@¥/QF ranges between 10 in the northernmost part ob¢tae
and 0.8 in the northeastern part of the southemiafid. The area averages @f" andQF®
are -22 W rif and -9 W rif, correspondingly (Table 1). The comparison betwEin 3
and Fig. 1 and Fig. 2 shows that Qepatterns are very similar to these of dominant hea
losses component, which @. The spatial variability of) is influenced by the spatial
distribution of theQ," field, while theQF field is affected by the&),F variations, also.
Obviously, the most significant differences betwélemQ," andQF and their components
are observed in the northern Adriatic. Therefone, ERA-40 and May (1986) surface heat
fluxes will be compared with estimations of Supand Orle (1999) based on the
observational data collected at three stationeémbrthern Adriatic.
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Significant discrepancy exists in annual evaporatf) and precipitation K)
patterns between the ERA-40 and climatological data (Fig. 4). Obviously, the ERA-40
fields are smoother and both evaporation and pitatign are underestimated. The spatial
distribution of the annual evaporation is the samethat of the annual latent heat flux,
therefore the differences between values of&hill be noted. The basin averaged annual
evaporation of ERA-40EF) is 0.83 m yeat, while the corresponding value determined by
means of the equation (1) is 1.34 m ye&Fable 2). The value dE" is somewhat lower
then the minimal climatological value of 1.08 m yeaeported by Raicich (1996), while
the value oE" is the maximal one estimated by the same author.

14E 15E 16E 17E 18E 19E 20E 13E 14E 15E 16E 17E 18E 19E 20E
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Fig. 4. Maps of annual evaporation (a and c) and pretipitgb and d) for: a) May (1986) data set;
b) Legates and Willmott (1990) data set; c) anBA@MWF ERA-40. Units are in meters.

The ERA-40 annual precipitation is almost uniforndigtributed over the basin
(Fig. 4d) and the values of ti®€ range within the interval 0.57 - 0.81 m yéarfhe spatial
variability of the annual precipitation of Legat@sd Willmott (1990) data seP¥) is well
pronounced and the values range from 0.5 my&athe central Adriatic to 2.3 m yehr
close to the eastern coast of the southern Adri@tenparison betwee?f andP" values in
the central Adriatic (open sea) with the value & year* deduced from the observations
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made at island stations in the same region (Rgidi®B6) reveals that probably tRE is
underestimated, whil®" is overestimated in the open sea. The same cdoclesn be
made comparing the annual precipitation of 1.0 aryeneasured at station Trieste with
values ofP®= 0.8 m yeaf andP"= 1.2 m year. The total precipitation for the Adriatic Sea
is 0.86 m yeat for the Legates and Willmott (1990) data set arB50m year for the
ERA-40 (Table 2).

Table 2. Annual averages of the evaporatid), (precipitations P) and freshwater budgeP{R-E)
of climatological, ECMWF ERA-40 and corrected ERA-4tad (ERAew). Units are in meters. The
runoff (R) value is taken from Raicich (1994b, 1996).

E P P+R-E
Climatology -1.34 0.86 0.69
ERA-40 -0.83 0.66 1.0
ERANEW -1.17 0.76 0.76
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Fig. 5. Area averaged heat fluxes annual cycle. The tatat fluxes @,), longwave and shortwave
fluxes are presented on left panel, and latentsamsible fluxes are plotted on right panel. Thin
lines present ERA-40 data and thick lines — May @@8matological data.

Fig. 5 presents the area averaged heat fluxes bhoypcla for the both data sets
under consideration. It is clear, that the ERA-#@rtvave radiation is underestimated
during the whole year, with maximal difference dbat 40 W rif in June. Annual cycles
of Q" andQ.F are similar, but the absolute values@F are lower during the cold part of
the year. The variations @J,F are relatively small during the year with maxirdiference
between the two data sets of 15 W in June. The most significant difference is found
between annual cycles 8" andQF reaching a value of 65 Win January. As a result
the annual amplitude @F is smaller than that & with about 90 W M. Analogously,
the amplitudes of annual cycles of evaporation @mtipitation are smaller for the ERA-
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40, compared to the climatological ones (Fig. 6)e Bame is valid and for the sutE,
which is important in specifying the buoyancy foxgiin ocean models. Probably, above
mentioned disagreements between annual cycles aifdrel water fluxes are connected
mainly with the inaccuracy of the cloud parametaian and a coarse grid of the ERA-40
modeling system.

-0.05

-0.15 / ; R S \/\/
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 6. Area averaged precipitation (P) and evaporatigratthual cycles. Thin lines present ERA-
40 data and thick lines — climatological data

Precipitation and evaporation (m month™)

The analyses show that there are significant diffees between the ERA-40 heat
and water fluxes and climatological ones. The uUsth® ERA-40 heat fluxes to force an
ocean model for the Adriatic Sea for a long pemalli result in inadequate simulations of
the sea circulation and temperature. For instatheecorrect sea surface temperature can’t
be reached using the underestima@din summer, and the winter convection can't be
simulated with the weak cooling of the ERA-40. Tlatwhy, an attempt to correct the
ERA-40 fluxes is made here on the base of the gbtens available.

Heat flux components of the ERA-40 and May (1988 eompared with the
estimates of Supiand Orl¢ (1999) (hereafter SO) at three stations in théheon Adriatic.
Fig. 7 shows the results at the station Mali Logiith coordinates! = 14.46E,¢ = 44.53N
and at the nearest ERA-40 grid notle 14.4E,¢ = 44.5N. It is worth to notice, that the
annual cycle and the averaged values of the sheetweensible and longwave fluxes of
May (1986) are very close to these of SWP, Q,°°, Q,°9). Annual cycles of all heat flux
components of ERA-40 have smaller amplitudes th@mo8es, and even the annual cycle
of Qy° is inverted compared with this @," andQ,>°. Heat losses due to the sensible and
latent heat fluxes of SO are systematically smdllan these of May (1986) data set and
are bigger thanQ,5 and QF during the warm part of the year, only. TK&F is
underestimated during the whole year, again. Pigptiese differences are due to the land
influence, since the meteorological station at Malinj is located at island at 51 m height
above the sea level and the ERA-40 grid sell cosense area of the Balkan Peninsula.

Supi and Orlg (1999) introduced a correction f@°° due to the use of coastal
data in order to compute offshore heat fluxes. Tbeirected results foa®>° are presented
in Fig. 8 (filled squares) together witQ" and Q. Monthly averages of>° are higher
than Q™ in all months, except in October. The amplitudetta annual cycle o®F is
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significantly smaller than that of*° and the total heat lose/gain of the ERA-40 is
underestimated during winter/summer, compared @itA Annually averaged values €%
are -15, -7, and -56 W fifor the SO, ERA-40 and May (1986) data set, cpwadingly.
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Fig. 7. Annual cycle of heat flux components at locat{td.4E, 44.5N), northern Adriatic. Thin
lines present ERA-40 data and thick lines — May @)98imatological data. Big marks present the
data of Supic and Orlic (1999) for the station Madsinj (14.46E, 44.53N).

On the base of this comparison, the ERA-40 and #86) data have been
combined to fit better Supiand Orlt (1999) values for the northern Adriatic. The sienpl
linear formula is used

QN =(a Q+BQMN(a+p 2)

where a and 8 are integersQF and Q" are heat flux component®( Qs, Q, or Q) for
ERA-40 and May (1986) data set, correspondinglg, @' is the corrected heat flux of the
ERA\ew data set. Values af andg are as followsa = 0,5=1forQs, a=1,8=2 forQ
andQy, a=2,4=1 for Q. The corrected annual cycle (ERAy) of the total heat fluxes at
location (14.4E, 44.5N) is presented in Fig. 8 (eakline). It is evident, that the ERAv
total heat fluxes almost coincide with the Sugnd Orl¢ (1999) corrected data during the
period September — March. A small deviation@f" from Q° exists during the period
April — August, when monthly values @F" are underestimated. This deviation is smaller
at stations Trieste (13.7E, 45.6N) and Rovini (E3.85.1N), where annual cycles @f"
and Q°° are closer. After the correction the annually aged value oRF" at location
(14.4E, 44.5N) is -20 W th
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corrected data, and dashed line - ERA-40 correciéal (ERAEw)-

The total heat flux of ERAew is presented in Fig. 9a. Comparison betweet
andQ (Fig. 3a) shows, that both fields are very simitant horizontal gradients @"
are somewhat reduced. The biggest differencematesinorthern Adriatic, where absolute
values ofQ" are more than two times smaller th@ff, but remain few times bigger than
QF. Taking into consideration and the well pronounaehal gradient ofQ" in the
northern Adriatic, it can be concluded ti@f" represents the effects of Bora wind better
thanQF (Fig. 3b).

The horizontal gradient d®, in the central Adriatic is preserved, but its \ais
about 2 times smaller/bigger than this@¥/QF. Total heat flux changes in the southern
Adriatic are smaller, reaching maximal differenéel6 W m? betweerQ™ andQ" in the
southernmost part of the basin. In any case, th&\gR heat fluxes (Fig. 9a) match better
the observational data than the original ERA-4@Gd#@he area averaged value@f" is -

8 W m? (Table 1) and is very close to the value used ayafarelli and Pinardi (2003) to
force the general circulation model for the Add&Biea.

b
13E 14E 15E  16E 17E  18E 19E  20E 13E 14 15E  16E 17E 18E  19E  20E

Fig. 9. Annual a) heat budget and b) latent fluxes ferERAzy data.
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Fig. 9b shows the annual field of the Ef4 latent heat flux, which is the most
problematic heat flux component. TRF" andQ (Fig. 1b) are qualitatively similar, but
horizontal gradients o®" are weaker. The comparison between area averajed uf
QN andQF andQ" (Table 1) shows that the ERAv latent heat losses are with 13 W m
lower thanQ", and are with 26 W thhigher tharQF. The maximal differences are in the
northern Adriatic.

The analogous correction is applied to the predfijoih and evaporation monthly
fields (o = 1, 8= 1 for the precipitation and = 1, 5= 2 for the evaporation). The choice of
the a andg for the precipitation is based on Stipnd Orlt (1999) data, which give values
of 1.0 myeaf, 0.84 myeat and 0.93 myedr at Trieste, Rovini and Mali Losinj,
correspondingly. The values of the ERA-40 (Fig. 4 underestimated, while these of
Legates and Willmott (1990) are overestimated (Hilg) at locations mentioned. The
ERAwew precipitation field is presented in Fig. 10b fromhere it is visible that the
corrected precipitation in the northern Adriatiovesy close to Supiand Orl¢ (1999) data.
In the central Adriatic, the annual precipitatidnttte ERAw coincides with estimates of
Raicich (1996) who gives an average value of Oyear. The precipitation maximum is
located in the southern Adriatic close to the east@ast (Fig. 10b), but now it is twice
smaller than in Legates and Willmott (1990) datig.(Bb). This maximum is due mainly to
the orography and it seems that it is overestimatdke Legates and Willmott (1990) data,
because of the use of coastal stations data tmastithe precipitation in open sea and the
spatial interpolation procedure used.
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Fig. 10. Maps of annual evaporation (a) and precipitatigrfor the ERAgw data. Units are
in meters.

Spatial patterns of the ERAy and May (1986) evaporation fields are very
similar, but there are differences in the absolatees (Fig. 10a). For the ERAy the total
precipitation for the Adriatic Sea is 0.76 m yéand the annual evaporation is 1.17 m year
! These values are very close to estimates of &a{di996) (Table 2). It is worth to notice,
that shapes of annual cycles of precipitation araperation for ERAgw are closer to the
observed ones than the original ERA-40 cycles.

The annual fresh water budg#R-E) for the Adriatic Sea can be estimated using
for the river runoff the valu®k= 1.17 m yeat given by Raicich (1996) (Table 2). The
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calculated freshwater budget for Efgdy is 0.76 m yeat and is consistent with previous
estimates (0.65 — 0.84 m y&amof Raicich (1996) made on the base of the clifogioal
data. The water budget of ERA-40 is overestimateel @ the lower evaporation losses
(Table 2).

Conclusions

This work is done in order to check the possibiifgA-40 data to be used to force
the numerical ocean model of the Adriatic Sea. Gtvparison of the ERA-40 data with
climatological ones suggests, that the original ERRXdata can not be used directly to force
the ocean model for long periods. Analyses show mhegnitudes of the shortwave and
latent heat fluxes are significantly underestimated the ERA-40, compared with
climatological ones. This results in significanffeliences in spatial patterns and annual
values of the total heat flux between both data. Sdte biggest difference is in the northern
Adriatic, where the ratio £3/QF reaches value of 10. Annual cycles of all ERA-4@th
flux components are smoother than the climatoldgimaes. There are considerable
differences between climatological and the ERA-46cpitation and evaporation fields,
also.

A simple linear correction procedure is applied tbkee heat and water flux
components in order to reduce the inaccuracy of BRAdata. Comparisons with
observational data show a considerable improvemietite ERAew fields. Annual cycles,
spatial patterns and area averaged values of \gRRAields coincide better with
observations. This ensure that the heat and waidgdis are specified correctly and
modified ERA-40 (ERAgw) data can be used to force a general circulatiodahof the
Adriatic Sea for a long period. The idea is to sitli® monthly mean values of ERA-40
heat and water fluxes with these of ER#. Thus the high frequency variability of the
ERA-40 data will be preserved and the closure ofthend water budgets will be
guaranteed.
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CpaBHeHHe Ha IOTONMTE TOIUIMHA W BJIara Ha MOBLPXHOCTTA Ha AIPHATHYECKO MOpe
Mexay AaHHu oT peaHaau3u Ha ECMWF (EPA-40) u kIMMaTHYHH JaHHH

H. Paues

Pe3tome: OOpabotenu ca nanHum ot atmocdepuu peaHammsu Ha ECMWF ERA-403a
MECEYHHTE TI0JeTa Ha MOBBPXHOCTHHUTE TIOTONM TOIUIMHA W Bjara 3a Mepuoja
1957-1987ron.. IlpecmeTHaTH ca TCEBAOKIMMATHYHUTE TOTONM TOIUIMHA W Bilara Ha
ERA-40 3a paiiona Ha AJpuaTHuecko MOpEe W ca CPaBHEHH C JaHHU OT HM3MEPBaHMI.
IToka3aHo e, Ye KbCOBBJIHOBATA paauallds U MOTOKA TOIUIMHA MPHU (a30BHUTE MPEXOIH HA
Bomata Ha ERA-40 ca 3aHmwkeHH B CpaBHEHHE C KIMMATHUYHUTE HOpPMU. [lo-HHCKH OT
KIMMATUYHUTE Ca M TOIUINHUTEC CYMH Ha Balexkute U usnapennero Ha ERA-40. Tosa
NpaBy JaHHUTE 33 MOTOIMTE TOIUIMHA U Biara Ha ERA-40Henpuronu 3a MpoIbIKUTEITHO
(dopcupane Ha MOpCKM Mojen 3a Anpuatmyecko mope. [IpemiokeHa e mporenypa 3a
Kopurupane Ha nanaute Ha ERA-40 mamansBaia 10 3HAYMTENHA CTEICH OTKIOHCHUCTO
UM OT KIIMMAaTHIHUTE HOPMHU.
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