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S'ME CHARACTERISTICS OF SEA BREEZE CIRCULATION THROUGH OUT THE
BLAXK SEA ZONE

Gheorge BiZic

Chief scientific researcher of the Institute of Meteorology and
Hydrology

Summary I

Po the urrose of revealng the dynamics
of the atmosphere _ ad the notential of alternative
inuenc-n by the sea air and continental air,
adeauate methods were used for. establishing and
representing graphically the variations in space
and time of the nd frequency as regards
direction, and t .temoerature and humidity of
the air for the southeastern part of Romania which

located in anticyclonic conditions. m

StartlinL from the idea that- at the time of
ca, tletmeauead humid'ty of the air are
un1er the dominant influence of the- local active
surface, the physi-c-al characteristics of the airana i.d from t.e sea are brought into relief as

H £compared with those of the land air.

It is a known fact that from the climatic viewpoint, the

south-eastern part of Romania is under the effect of the Black
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i Sea Basin. The t.rr.ton:a distribution and the average monthly

values of the climatic parameters inadicate the influence in time

and space of the sea air over the ci Tate of this zone. The real

knoledge, una-fected by s--istica1 estimates made to obtain

averages, the dizstance over which the sea air penetrates to the

lnterio- of the land, and the weight of its contribution to the

establis-,N-11.. of th climatic cnaracteristics of the climates of

the respective zones, is of great thieoretcal and practical
i interest.

A For the purpose of eliminating as far as possIb-le the

influences of the zonal circulation and to detect the details of

the mechanism by jre-ans of which the sea air is transported over

! t l "and, was necessary to establish adequate methods for
processing the data resulting from the meteorological
ob serv:atiJons, ThereforeU

oe t sf tbe able to know the influence of the

4' sea on the atmosnheric circulation as a transport agent or a

potential one, the study concerns actually t.he dynamics of the
sea air in the rangeAin which, in the respective zones, anticyclonic

nuclei approach or are centered and their main effects.

It May be assum-ed that in this barie situation, the

at-ospheric dynamics of the respective zones are given almost

exclusively by the therimal contrast between land and sea and

4 manifested in the form of th'e phenomenon of breezes.

Because of the large velume of processing needed to reveal
the circulation and its effect, this article will take up the

anlsis onl-y fo r the month of July, a month in which the energy

potential reaches values giving the maximum differences between

the physical characteristics of the marine atmospheres and the
con.tin,n..l ones.

Consequentlyfor days with ant-icyclonic differences in the

N month of Jwely (196i-1970) data were rcorded hourly on wind

direction and speed, the temperature and relative humidity

corresponding to the direction from which the wind blows for a

Ufl series of 10 meteorological stations located between the coast -
(Constanta) and the central zone of Cimpiei Fomane (Urziceni).
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In the course of processing wind data, hourly frequencies

were obtained of the wind as regards direction in percentage,

for das wth anticv- onic conditions. On the basis of the

values o the hourly freqoenc'les of the wind in direction, the - - -

c o r, ,I v .,nd rose was establased which p-esen s an isopletic

stru u.-_- - the diurnal variations of the wind in time and

space. This rose is- designed in the form of a series of 25 AR

concentric rings, corresponding to each of the 2115 hours of the A

day, plus a central ring for the hour 0 needed for Isoplztle -

connection, In which values of the last ring are recorded that £

of ring 2" hours, and 8 rays corresponding to the main wind

directions. On the basis of the values of the hourly frequency

of the. wa s in the direction in 21 of the rings corresoonding

Uto the hours, isopletic lines were plotted, which outline the

* zones an represent the interval of times of the day in which in

anticcl0n i conditions, the wind blows in a certain direction

with a certain frequency. In the center of the rose, the

frequency of calm as given in percentage.

Thus on the basis of the data of the Constanta station, the

i _nd rose of Fig. I was established.

From this w-e fixd first of al! and in a striking manner, the

direction of turning of the wind d-uring the nigh and in the

.... helicoidal shane areas of ecual frea-ency

il!ustre. th fact t-hat the change of the wind direction in the

dalt, . i-s achieved within the framework of a process with

obvious continuity, c- whose basis the interval with calm

represents ime of thermal and baric equilibrium in whach there

is an inversion of the circulation of the daytime breeze, from

the sea o the n iht time one, from land, and conversely. Thus
4 the maimum freuency (n > 30%) is achieved by winds blowing Irom

t s --- n( h.. u when te thermal contrast,

therefore t-he barie one, between sea and land are max imum.

Because of these differences starting at 0700-000 hours and up to 21CC-~2200 hours,
0hr the area ot' values indicating winds from the eastern

direction with frequency much more than 22% reveals the extreme=

weight of the effect of the sea on the atmospheric circulation

of the Romanian coast';-
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0 Poln*O1ee i Ctur_ 0 rf this phen-novi at' understandJ
i~an n S=p- e, we analyzed a rge nutnoer of ztJ
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oei= zI e bans-tc~ on the Danube--ff bS du n. the

0 'hat on a a re Sea ia A - Lo n the flor

tnle fact -he stat ions Ir on- ate -O the bank on

U -h the on-c - b'-_ -k.Is reanimA__d e5 LIrar amplIf~e

t h .a t ion webreeze or same

o~4 atdval contrast etwen __

'a=-' ar' Ciriap

Ge gapn-ic matera ottalted on the bazc! the data f-om

t' hr Lan s o F C"_t- ad D-1'a, Jo-cahed on jt
E a-ar th ce ~ e L=nii R o ane I4nd ic ate indeed the_ -attenuati-o'- uanl tahw d-'S-_apeaance o? th efec of th V

-l ca n he 4 C~rulation.

±.nv cac4 - h oeta of -th-e ifluence of

r~~znnnf -ro4n consequently th degree orf t
c-A= -nazzation, n--- -he contrast of- the atosphericj

pa ersi over lan A M the wind speed a-nd tlhe d~stance
r--d 10- thems na s E a A over Va e~trovr Wnie

dt A

0. _ -_ ~ f U_ 1
- ~ ~ ~ ~ h A-a ti-" ==la"a on ovryWn o kno'- ot' Mh -b=~ R--t~n oIt

andp and air as a rfn-4n- the distance
"ra ele nj e sea et anr F Ir -'pose, ther

co c~t~e o- th .-- ~wr ~sordlIng to ti==
~c=-=-=-&'~ ino-ni = Sine e considered

co--~4- -v4- widt

I nc o rx t i O n I W- 1t re o f a T  c. e r t amln U n e

4~on orf--* solar e-n=x -- c*:= by th~e A

±vor rw. Of space it was impossile to pr esent most of the
granicmateria' obtaSined and used to Intertpret thephhnn- --



calor1e by.egyy t his area wIthin. the 1-a-eworxk of
the th r n wit th atop~l ae n ontt the
average h-r-Y e re of the air wca me-aiue s- ='n I

also for c m ronsequently oko ~ cntr- bt Aonl
of sea a~sL. In of' thste*r'od...- W
thatn= orn eouasis f-x-- WU4 -e
t%-he WV-av--!- rs -at-'es correspoc-t.g e-It.rl

wih onl roses wrecc--hed sllnr,
thos - uec tY~'j

shfort- interval & 
4 ~(~ e~

cleane -y be stated with 'r ntti
reflects r to he physiec oretr o1 thinz
sea air". Q-o e SI of the lattr. j obzervtA that

t a rtingv from the air trWor h eproduces bea coas iC _-gv- n Co3_ns-mece t

ra~aio otOan, the lan aL reac e The ainimal
tempratue, theun surs, ihzitetmc e of~ trpeth
laer ao_~ nc ann hour thend a a
increa e - a he _np ntmertz

calmr alf-S A 0l: n~ hura r, bthee z -a-z n

2100.

UP tO -O A1 =ace the values of t- _t-u arr'ture
increase e __rnaadeto 1 o',ts

in Medg4c a reac'-hed maximuml valr- aC' nO

o6oo-oyo0' I==u 0;0-300 and 18.0 2 1-- h_-rr ai
land.To'thefcL ~ frr

sea san o aures In tim and St n
Method of the 0 rapIC representation of the i'fererces- of the
average nourly tenr-mrature- which are obtairned under con 4 tonjWhen the wind4 blows fro the sea, evenl thouh &MIt doesm not o-c-Ur
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(19 -i) Cegdi 3 kmn) Ilirova (68 kun), Fetest± (77 kin). I
IThe v alu es of the differences- in teinuerfature of' the respective f

sttinscorresoonru to ea^ch Mu" represented the basIS on
wh ~ ~ ~ ~ ~ ~ ~~u-h Cspti lie eecotdw hShowed the value of i

te we~rht o-f teeffet of' the sea air on the tempuerature of'

~ra~yzn --th synt-netic graphic rpentation of. Fig.5
i 0 r5ec tha around 2202%hours- the values of the

terr 1-1 tues c-f th aIr car.ried from- the sea are generally equal

to ~s e of the land air (000 isopletic line). Because of'
ndct--_2na1 radiation (which leads 'to the drop in temperature of In__

o,'~e at.--.sphei layers), after inld'nir',- ia difference 4
b a SD CSiti,-2-e npd increases graduall> until 0400-0500 hours,

(2)
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We have data n time and space on area-- t- siti"v

• iffe -- emphasizes the: fact that the differences between the

Umnraue of a aI and thIat o f tn air transported from the
a re -wer in tU.,: vicinity of th- coast where the

s , sea ai 1in qvades the '!an.- n thin layers and a- very low speeds so i

. It that th wind vane does nsot ..... c=ord them. ThP weight of this :--roce-s by which te Ua -'-fi,-- ----- es the t-- - - ----- t--r of the a-

...r .....- .. ~ hear-_ ,

ve e land under conditio-ns or calm e-- rzaraduallu ove

UK -

We ha ve datae n .i ,a during the tim e and In te places

when e ea is from the east, it maintains a hgne value for

3- Lr. Thus apparenty the maximum contribution of the sea Js

hl d en the rteh' between the lidit (extreme in space) o

hof the e_:ct at the t .c f caom and the distance over which the

'cctienalization proes of the sea air Is accelerated.

air w.Iich takes place even an calm conditons maintains and
preserves In time and space the physical characteristics of the
air crried by the winds bown , oam ct ea.

Decreasing after sunrise, the difference drops rapidly until

aroun 000 hours. From that time, t ns a hher differences

N
3 e- k. Thus apparnrd th t the amxum comin from the sea

1--lads t o the doecrease in- the temperature- which takes place onachieed in a area 'r etw. een 1000 and 0x0 hours when

b the eotf the drect solar radiation, t.s-ta continenta air is
etl etl the cooing caused by the sea air has an

g This± harguentdaedt teie htth flxo e

increasing weight. In the a pfternoon because of the increase in

niur c trr and as a rns ofw' ccnvecton, the lower temperature

Derelind air decrease s the difference do r nst

url-yth.vr at tim the negative differences ]akes
laccery slowly in tthea afternoon and in the venin up to

- _ t.. ~e which takan in
h cau, condthey e 100v 0 become ad1 orvs, w

bwhiche oerassne the dirof he radiation, tiec i r iass

Wt.4J heante d th ro~ case yth se a ha n'epsa

from the positive to negative values occurs much more quickly.

AI
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ne shou--,a te the fact that during the t-,fi .-n the wind-
ii °

is from the east, the Danube influences in a similar manner the LI

thermal conditions of the areas located on the left bank, but on -_
a diffrent scale, corresponding to its Iotential.

The characteristics of the zouth-eastern parts c-f Romania

are formed si -mil-l-"-r under the -%u of !arger amounts of

C -.hunidity whon wno the wind b , - , the sea, are carried to

the interior of the country, reduc the deficit of the humidity
of the, atmoshere over an imortant agricultural area.

The same methods were used to process data from the

measurements carried out of relative humidities.

To know1 however the amount of water vapor contained in P

a unit volume of air, the average hourly values of the relative

htmidities corresponding to the direction of the wind and those

corresponding to t-he calm conditions were converted into values

of water vapor pressure and given in millibars.

On the basis of the differences between the values of the

4 intervals with calm and those with wind, wind roses were

1' established with the distribution of these parameters as a

fu-tion of the direction of the wind.ivo The distribution in time and space of the differences
between the vapor pressureof the 4nterv-l with wind from those

with calm conditions In the coastal zone (wind rose of the ;;J

r Constanta station, Fig. 6) shows a very plastic and decisive
variation of the levels of vapor of the atmosphere as a function

of the direction from which the wind blows as compared with the

characteristic of the subacent surface in the intervals of time

without. wind. i6t is apparent from the analysis that on summer

days when the ground is strongly heated the wind blowing from

the sea carries amounts of vapor exceedvng those of "he local
atmoshere by 6-7 mb respectively even though the wind blowing
from the land reduces to a certain extent the humidity content of

the atmosphere of the coast.

1 13
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Sblowirw- fro the sea produce the maximum Increase
1,X times of' .110-I'o00 hours when in calm conditions, the tJ

4,1, mL1 iai- rMl level of hu-Wt, but the largest drops
- r*pla.- bt- een 1c'r, 1 800 hour--, whten the winds can'y to-=rd

M_ -~ tinerl-a a>. Thus according to the direction in
::Ar1, t ld 'uiar4 ude of' tahe variation- c-

''vo- vapor on tzha e coast may exceed 12 tub.

Th -=- -utlon -the windEn=ae natzrll w3Y tith- I _1-

Incroase n th distance over which the air travels o0n the land

-u"s over a distance of approximately 20 kcm from the coast (at
-..e Valai lul Tralan station) the structure or the distribution
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at ~ ~ ~~f thr erti ni tfwlC n he differenlces between the

amounts of ro 4st'a transported by the winds- blowing from the-

s ea a nd thoze c3" the 'and air are miantaned close to those or

Co4tr-a at t vidia station, locateu-d about 30 km away,

there ± A-,n 'c of an obvious decrease in the contribution-

of the se- "-

To oronof the cont-ributiOn of the latter 4

in the zzttclrIn---en of the moisture regi-en -n the studied zone,
t" it -- tion o f te

we usen 2sopletic repr-reveni b
dImtr' nnbMban pc o h i frnces of moist-ure orf

the air in the interval of t"he east wind and the interval under MHO

AA

05>5

.- x Un >

51 t~fV N 1- tk lb~

ut$~tBY

ZMA~ 4 f >

~A "' '~f~&.-. 'ryA7

Mua Vraialo ofr th ditccat LmSU befuIme? d

I' nr nou'ts biw by tailvrn whit! z.=s UM irinae

b-. tir==.o in i b) as n fitatoloat of the ttlm,= r 1wim tit
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-Ie distribution of this difference irdicates the fact that
durirg the time of adv-ctIon of sea air inG the maximum A

ocntrast of values beo sunrise, betwen J~fn and 0600 hourz, at a

.distance of l0-20 e- This aa is o-at IS n a time range-
The humidity Of - ca'm atmosp-here cnibutes to the

formation of dew dron- areas at a -istae o- - hich the
_a40Un Sof vapor tPao dare still mxanalne- at a

1r- general this a e is suoerimposed on that of the i i

di tr bution of the war-er e air (Fig 5) and Is due to the same - - I
caus.

It i interestin to n-rte that at noontime, when the

c' ,,- air i rry the moistarh comes from the
- isea carried along by the breze comes towards the center of ""

C-W'ie& Romane. The graphic renresentation of Fig. 7 I
rllustrates strikingly the fact that during the month of' Jly, the

ai.r which is carriediaong by the wind blowing from the east in

Its passfage over the malta ialomitei beecomes loaded with new and
!a- aeounts of h"nmA.. i - ch it carries to the interior of'
Bara~an.

Du-ir- the aftern o -be days wlth -- 4 l~'

c n. -e. when the ground o s heated. the of water

r . "res - _,, from the evaforation process and e-apo-

tr'c os.w-a n are greatert those which -my h e brought by the

wind fro= the sea over h a- distance. At that t Me of the day,

the excess humidity carr Vy the wind from --he est tr avels U

over a relatively short distarce *

The large amount of hundity which rorded after sunrise
In the central region of D o , when the amosnhere Is caln.

Is due in a great measu t= the evaporation of dewdrops.

IT know the ext ent ansace of the Inflec o the sea

under conditions in which the wind blows fro= the east, F!g. -_

gives the curves of the variation of the differences of
temperatures and vapor presSures in the intervals with wind and 7=- Llf

those in calm conditions as a function of the distance reached W
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41--C- Stn C e n G g east

H~~M0 hour(s tnso
(3 e4 J. vcrve of 01 r atipf M
Dof tEli'-t r o ~ (0

cal-nr- t-- te and c~-~ ast

a . 4r SuhAsU), e aOc 0 .- h:ou 'Li 4
both du' l -i day= ;-d - nig4- -1---e no4- a~l s-m-

for w iw: data -WC r_-_pocesse adzarr'e- hou-rly observa-
txons winnp o~' 31bIesoborte most Imm - -j

t e n s n~~~. 0 ± s c a i r = , ~ . = ~ h e n t v
ourvse m-Men oan T*v

vation 2-Jadc 'us ~ h C r o

repes- t tve(as M= Ytb seen s C F4 V. 6ar4 '7, this does ro7
pass thr u=gh-h ho -S 4 dh--aC "ter. 1tic intervals of the day),
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estaib'ifsX.enIt of' t-he parameters of the temperature and hiuridityt

-arnd the distance needed for the latter tz start Ubo-11 T

Contl 1nental izatUion the character-Ist±Ics o, 'land alvI thme~an

a zhh the respective differences be-co-em F.

t- is interesting to show tha a±:reign nh i-shri

'= sare affected by the sea over a I ar ze. is tan-ce, the-

Cca p0' ot-ential of-' the air- carried by te n dcoii-gfrom. the g41a
east drops continuously 'as iS approaches the Duen u 4

oust as on the coast the infiltraic-In of t'e ar II- from the

v"aimoe. which t-akes place on calm nights in Uhm fo hrthi

- laers~~ee ?o w~d vae) verthe banks, the dLffer-ees6±
temperature start to attenuate, which may crae the ai tr-ain-
por a by the east wind (q~ucve .2). LIZ ~ CAA~- thj-s iffla-

trtmn are most ednton, tb-e rIght bank, wher6 the s ea air M
reahetan advanced degr ee of contine-tailzatlcon. The ruarlra

VaIIues oS t-heA dfferences betw~een the temperatures recorded on
lU'- bank (In, Yetest±) durl 4 n " when the mmtWn

adthat recorded LLin th e alme * eeas wid -

I - urigtheA~rnc~n~cl tne

b 'bi te pasbage over Bala e air a-c resu _

- ~-e amount ofcbaloric energy whice t here t n

of' Baragsan. a

hP roortlon' th i difference8 at 13009 hours(""r
sn s trik4%ingly 'that at this tin6r oI- -I -- hh blI

r he east With the maxim urn %Cr-_- eaa- e -t=-anor-

pote-nal taI han,-Ithe sr~ght -din..

of'te i-'id b),ows fro 0M at 70o ?.' -he +inent=- MR

a---r over Baragan which is very !Zjgb= 13vdr aroudm cn -_

*~~- fth codraroethe -Dknaho and ju varlition s May be felt -_ __

Oftime coldter ai=r~. Gn the efI;

toward the mz vradsam-fup to 50) km 0
flfl71

- /AM

I~ ji -A0.
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incamont of huau'd.~t c.arie fro the-sen indate- very

exnrssielvthe 1te) -- n!rib-"in 'In the- establihment, of

the --ll C- arcteristic~ s of e'
4 '.-ate of' tMne Soa'th sterna

p tS r - ountUry. Tu oi-n6the period whenr the v-niat-ions
of =~r' of the co. e a' a' are atter uated Lb- -h= sea

a J, r10 d nd n igCht t~ ena cu of vapor ca'=~'±e" hr the wind

bu x 1 n= f 1n-the cast a_,-- - r eesea the huint ccntent of
M Ii

hu m~:4 I - the l1and aIr-, the ex--ces-s created by the se. air at 4
n~ ~ . igt 1wr, but the co _tin- znalionis more manifepst at

l th atmwen the saturation defici Is greater.

When JIM huId air~ from over th-,be Bala Ialor-9t-i is carried
by tewnd toward the wet-he humidity content of the atmos-

noere of Mangan increases uD to a distance of 30 to 10m.o. The
difference b-etween' the amount of h"nlIdity of the interval with
can ard th-t when the winda comes fr-om the east reaches its

maximu- cca-~ (2.3 nib at nIgEh t; 2.7 mb daytime), in the immediate
neghr -dof M the left b ank oi I'- Daue i eesi

_7 l

~ arent from tb- cran: analysis of' Fig. Bthat
1" hogx- In te region -under anziv 1-onic thet~r ~- atinos-

p c aeo t' s'outh-easter pa- oRoman nia is uder the influence

'b B-1 a ,1ea basin tu t a aistpance of over 10n "'A', h

eatsea air carriec1- w he wind b:low-!'r from the east
On the rat Climatic ele ent S'rt felt more Thban annro'ox-nate'y
60 = m oz t-he coast. But 4- sea breeze is rea-t-a'led from
th d'tmc~ viewpoint by the la r U carries -i t- nvasago over

FaI IOM ei which ThD&2Z- tie Vn hernial notlent"iai nd becomes
tred 0g1~ with large ~ ±humidity whiJch-

frertoWang the center Ba4rag ar±i. -

To know the potential and! the structbure in tim.v-e and space
of the effect of the Black Sea Basin on the c' Insat4 c characteris- T
tics In winter, a n1-dlar studyl ShoUld be carried out for the

mont-h of 1auay
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ju- ;rrshdse j-t ta- 4 n_ qretinG from t'w e. o r:t I a aIl ont I
ofr View, _Mmer -0o- - 4-h cract"Lcal 4  t to know the
welght o! -he ef nd space of t16- 1-2nn ~th

The cA Ua 5--1b-o -aded trom tn' ~ua-ent
".-'ed ou~t in t e futu-" m makei tp's-=~~ c-or

itt
rnm- aat e .1 cmlte "n -ii-- os tahs ma-nbu1;1 o n ot h e"ufI

taknea rsa tohe ennmlauresO whe m-n bv'4 raemr-It

he Mc Maet o ~ ~ t eo the M!tr man. patr

ac Sean :f an estatin I-retd in th masyein zonet~stc

o the clmae of thelon soutcaterz part 47-h D=nu---ea, i i

On the tm o s sOthe metnod of processing use in thsstudy
o ns s:iE) e tc k.ow b e tt We tkhe wsorkIng prir ci-es of ti-e

r-=vehbni_1sw o e f y tII of tre atmosphe'e± tre zopne afeec-ted

bv t-the Blakw- 5 h pn&-4 I- o~ fhe ACE~renne In tzme- nj
-e of t r enmh t-r cii those o- ti-e

- Iswns and Wie Dduo ela
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