Extending the Ice-Age Sea-Level Equation: Water Flux Across Sills
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5. Application — Flooding of the Black Sea

1. Introduction

3. Theory: Two Water Bodies

> Previous treatments of the “sea-level equation”, which governs ocean redistribution In the ocean and lake case (denoted by o and m respectively), we have two separate sea level We simulate a maximum flooding scenario for the Black Sea qu ka. .From LGM to present,
driven by ice mass flux (originally derived by Farrell and Clark, 1976), assume that any equations governing the redistribution of water: gjObal mean sea level rose 1{30 m; here we adopt .the [CE-6G-C ice history model (Peltier et
location where sea level is greater than zero — i.e., where the crust lies below the sea-surface T T T T T g% _(;5 3\— ;, 30015)- The SBOSPh(gliS()OSIH ai) LGlﬁl 181 PTTSC;"lfhedBtl() ][1){6890 m above the surface of the
equipotential — will experience water mass changes as ice sheets grow and diminish, even if 5S (6) w t) _ '5 S E(Q w >‘ 10@o by | C ( 0 w) __eAlterannean ea an m above the level of the Black Sea.
the location is not connected to the global ocean. \ qg O\ = g 150
LN e e e - -’ -d - S o
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change in global sea level, 0.5/. This is because the global sea-level change is driven by the = § 0 height of melt water introduced

> Similar to growth and decay of ice sheets, redistribution of water to and from these into the ocean.

total surface mass load; so, for example, the loading history in the lake will impact sea level

isolated water bodies also causes solid earth deformation and perturbation to the Earth’s | the ocean. and vice versa 50 — — l T |
geopotential and rotation vector. We extend the generalized sea-level theory of Mitrovica and o ' | o . . = '“'g"li‘iﬁesr;aa”ea” Sea P | _> The bottom panel gives sea
Milne (2003) to derive a gravitationally self-consistent, spatio-temporal sea-level changes When the lake is separated from the ocean it has a distinct sea-surface equipotential, B= O0f ot - level on the west side of the
within an ocean-plus-lake system that is intermittently connected by water mass flux across which is not affected by ice melt water since the ice reservoir is only in contact with the %a ,// Bosphorus  Strait, in  the
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a sill. (For simplicity, here we present the theory for a system with no shoreline migration.) global ocean. =5 50" i | Mediterranean Sea, and on the
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height, so water begins to overtop the sill. At this stage, the simulation captures the sea-
level change associated with both the melting of ice, and water flux into the Black Sea basin.
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2. Theory: One Water Body

The change in global sea level is defined as the difference between the change in the height
of the sea-surface equipotential, GG, and change in the solid surface, R.

SL(Hawvt) — G(Q, wat) - R(Q, wat)

Global sea-level change is related to ocean height changes by the ocean function, C

AS(0,9, )—ASL(Q p,t) - C(0,7)

The change across a single timestep (j) is then expressed as

AS(8,1,t5) = AS(8, 1, t;_1)+05(6, v, 1)
We can decompose sea-level change into a geographically variable part and a uniform
shift. ah
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What happens during flooding? —

Increased load will cause the crust to ‘ :> ;
subside (at the sill), and change in

4. Application — Sea Level in the Mediterranean
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