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Outline

1. Water budget of the ocean and the seas. Coast as a permeable
lateral boundary of the ocean

2. How do river discharges modulate 3D structure and variability of the
ocean?

3. A “zoo” of river plumes, and their amazing properties

4. Physics behind: free plumes, plumes with bottom friction, wind-
dragged plumes

5. Some specific issues: river discharges as potential source of
5.1) internal waves in non-tidal basins, and
5.2) vorticity on shelves
(illustrated by data recently collected in the Black Sea)

6. Conclusions



Water budget of the ocean

Evaporation Precipitation

~120 cm/yr
~450-103 km3/yr

~110 cm/yr
~410-103 km3/yr

River discharge

~10 cm/yr
~36-103 km3/yr

0.1 —1.0 W/m?

Groundwater exchanges

<1 cm/yr <4-103 km3/yr



Water budget of the Black Sea

Evaporati s
aporation Precipitation
~90 cm/yr ~60 cm/yr
River discharge ~360 km-/yr ~230 km3/yr
~85 cm/yr
~370 km3/yr
Outflow into MS
~55 cm/yr
~240 km3/yr Groundwater exchanges

0-10 km3/yr (?)
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Southwest Atlantic ocean

latitude
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La-Plata mouth 64 62 B0 48
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Seasonal SST range: up to 10C
Higher harmonics: up to 40%
Secular trend: up to 1.6C/100 yr
Overall SST variability: up to 2.3C

Diurnal SST range: up to 1.2C
Net flow direction: north
Convection: no

latitude

La-Plata mouth

Seasonal SST range: 4-6C
Higher harmonics: less than 10%
Secular trend: up to 0.5C/100 yr
Overall SST variability: about 1C

Diurnal SST range: ~0.2C
Net flow direction: south
Convection: yes

F

ROFI

-50 -48
longitude

[Zavialov et al., 1996-2000]






























Sea Surface Temperature

NOAA 14
19 May 19399
12:30 GHMT




Tvypical shapes of river plumes




Tvypical shapes of river plumes

«My3bIpb»

«A3bIK»
bulge tongue
«CTPYS» «NMNH3a»
jet D lens




Momentum equations
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Momentum equations
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Geostrophic balance
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“Surface-advected plume”




Scaling relations

A
g 2P
ou_gop — p

oz pf oy [,

Us &
H fL,
HN Udj'?’d

g



Scaling relations
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What if bottom friction is there?

“Bottom-advected plume”

[Yankovsky and Chapman, JPO, 1997]



What if wind is there?

(POM simulations by [Zhurbas and
Zavialov])
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River Q,
m3/s
Mezyb |3 Q
Pshada |Q 8
Vulan 6.4
Tuapse |12.8
Sochi 16.1
Mzymta | 49 5
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Bulk salinity, psu
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Latitude

Tuapse mouth. Salinity at surface, psu.
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Mzymta mouth. Temperature at surface, °C.
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“Yellow matter’ near Ashamba mouth

44576 072
0.68
— 44574 0.64
=)
@®©
£ 06
< 0.56
© 44.572
- 0.52
o
o
= 0.48
3 4457 044
0.4
44 568 0.36
0.32

37.974 37.976 37.978 37.98 37.982 37.984 37.986
ponrorTa, E(rpag.)

PacnpegeneHne pactBopeHHOro "»xenToro BeLecTea” B MOBEPXHOCTHOM crioe (ycr. ea.)



Chlorophyll near Mzymta mouth
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Suspended matter near Mzymta mouth
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Non-organic P near Mzymta mouth

CT.Ne 2804 2803 2802
0 PO Py
* ® L]
104" .
\.
~
20 - _

£ 50+
©
s CT.Ne 2805
Q. 754
3 ]
10+
100
20
25
£ 504
g .
S Ko 2797 2798 2799 2800
> 754 0
E .
10
100 o
20
25%
£ 50 O
©
© i
=
Lgs 75— o
E |-

100




Mzymta mouth_ Velocity at surface.
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Mzymta mouth_ Velocity at surface.
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Velocity near Vulan mouth

7/06/2006
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Tuapse mouth. Velocity at surface.
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L atitude

Tuapse mouth. Velocity at surface.
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TeyeHuna y ycTbA p.llwapna
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TeuyeHus y ycTba p.llwaga
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Salinity, psu
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A, ~ e/N?| [e.g., Gregg, 1984]

Within this model, eddy viscosity at the bottom
— edge of Vulan plume was reduced by a factor
of 33 compared with that in the ambient waters



NMuwapa:
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NMuwapa:
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Salinity, psu
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Salinity, psu
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Latitude

Hint of internal waves activity? Mzymta mouth

Mzymta mouth. Depth of 6/=13 isopicnal surface, m.
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Latitude

Hint of internal waves activity? Tuapse mouth

Tuapse mouth. Depth of 6,=13 isopicnal surface, m.
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Te3ncol ( 1 ) (My apologies to those not reading Russian!)

* K nobepexbio MaTepuka ClIeAyeT OTHOCUTBHCS, KaK K npPOHUUAEMOU
OOKOBOH TIpaHUIIC OKE€aHa, MOTOKM TeIja M IIPECHOM BOABLI 4epe3
KOTOPYIO MOT'YT OBITh COIOCTaBUMBI C MOTOKAMH Ha I'PaHHUIEC OKCaH-
aTMocdepa (110 KpaHer Mepe, IS OTACIbHBIX PETHOHOB).

* PeuyHble IIIOMAXHU SIBJIAIOTCS MMOBCEMECTHO PACHPOCTPAHEHHBIM B
OKEAaHE W BAXXHBIM SABJIICHMEM. B 3aBHCHMOCTH OT XapakTepa CTOKa,
OaTUMETPHUM M BETPOBOIO BO3JICMCTBUS OHM MOI'YT UMETh (PopMy
JTOKAJIM30BAHHOTO «IISATHA», BBITSIHYTOM BIOJb Oepera mpoTSKCHHOM
(MHOrla Ha THICSYHM KHJIOMETPOB!) IIOJIOCHI, CTPYHHOT'O TECUECHHUS B
HampaBJCHUM OT Oepera, 1100 OTJIECIUBIICHCS OT YCThS JIMH3HI.

* CTOK peKk (hopMHUPYyeT OCOOBIM THUII TEPMOXAIUHHOM CTPYKTYphl Ha
OOIIMPHBIX  akBaTOpusAX U IPHEKTUBHO  “‘MOAYIHUPYET”
M3MEHUYHMBOCTh OK€aHa B pa3HBIX MaciTadbax - OT CYTOYHOI'O 0

BCKOBOI'O.



Tesuchl (2):

° BausHHME CTOKAa HE CBOJMUTCS K IPOCTOMY «aJIr€OPAandECKOMY»
0OMEHY CBOMCTBaAaMM MEKIy PEYHOU U MOPCKOM BOJI0M. boliee BaxkeH
ITWHAMUYECKHM MEXAHU3M BIMSAHHA, CBSI3aHHBIM C IOJABJICHUEM
[EPEMEIIMBAHUSA 1Ol OTIPECHEHHBIM ITOBEPXHOCTHBIM CIIOEM

* llepemeHHBIE BO BPEMEHHU CTOKOBBIC IUIIOMAXU SBIISIFOTCS
reHepaTopaMyd BHYTPEHHHX BOJIH Ha Ienbde. DTOT MEXaHU3M
MOKET OBITh OCOOCHHO Ba)KHBIM B HENPUJIMBHBIX aKBATOPHUAX, TAKHUX

kak UM u bM

* IIpeanonoKuTeIbHO, CTOKOBBIE IUIIOMAaXH JIaKe HEOOJBIINX PEK
P BETPOBOM BO3JCUCTBHUM MOTYT BBICTYNATh TAKKE B KAa4ECTBE
CBOCOOPA3HBIX «TPUITEPOB) I'€HEPALIMH 3aBUXPEHHOCTH Ha IIelIb(e



Tesuchl (3):

°* CTOKOM MaJIbIX PE€K POCCHMCKOro mnooepexbs UM oTHIOOb HE
cienyer npeHeOperarb. Ilo kpaiiHeili Mepe B NIEpHOJ BECEHHETO
IIOJIOBOAbS OH OKa3bIBaeT OTUETIMBOC BIMSHHUE HAa TEPMOXAJIHUHHBIC
U THIPOXMMHYECKHE TIIOJIs, a TakkKe JUHAMUKYy TEUCHHH, B
IPOCTPAHCTBEHHBIX  MaciuTadax, COINOCTaBUMBIX C IIHUPUHOU
meibgda.

°* Croku pek poccurckoro mooepexbs UM 3amagnee Tyamce u

BOCTOYHEEe Tyamce pe3Ko OTIMYAKTCS ApPyr OT Jpyra Mo
THAPOXMMHAYECKUM MMapaMeTpaM U CBOMCTBAM IEPEHOCUMON B3BECH



THANK YOU!




