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Age = time elapsed since a given origin !

= Interpretation depends on the origin.

EX. :

Ventilation rate of the ocean
Age of tracers (e.g. technetium-99)
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Age = time elapsed since leaving
the surface mixed layer

(a)

DEPTH {meters)
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See for instance England, 1995, Journal of Physical Oceapby, 25, 2756-2777
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Age = time elapsed since leaving the source

Salomon et al.
1995, Journal of Marine
Systems, 6, 515-527
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Fig. 2. Transit time from La Hague {in months).
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Constituent orientedge andResidence timd heory

Advection, mixing, and production/destruction
properly accounted for,

time- and position-dependent age;
the age of every constituent can be evaluated,;
Eulerian formalism;

mainly for numerical models, (some aspects may
apply to field data).
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c(t,X,T)

c(t,x,1)dt = material with age
e [1,1+dt|

T . age dimension
C(t, x) :/ c(t,x, 1)dt
0

wheret = age dimension
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Budget inspacex age

oc oc
T Qc—LJ- QC—E
Ac(t,x, T+ At)
im. t At (t, X+
Age dlmA Oc(t, X, T) O, c(t, X+ AXT)
L Ax Jc = UC— Kg—i

C(t,X,T)T
- Spatial dim.
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0cC 0cC

to be solved in a 5-dimensional space

/ .. dt =
0

a—CJrv-DC:D-(K-DC)
ot
~ since
8. °°a 00
= —C('[,X,T)dTZC('[,X,T)} =0
< 0o OT 0
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Mean age :

a(t,x) = C(tl,x) /OOOTC(’[,X,T)dT

Consistent with

Total mass

Ma, Aa
—_ Ma +MB
_— Maaa + Meag
Ma + Mp
Mg, ap

Mean age
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The mean age Is not additive !
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Mean age :

(00

a(t,x) = a(t, x)C(t,x) = /O re(t, x, T)dt

Consistent with

Ma, O A

Mg, OB
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The age concentration is additive !
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0cC 0cC

/ T...dt =
0

oo
E—FV-D(X:C—FD-(K-DG)
since

% ® dc co

o / T—(t,x,T)dt = {TC(’[,X,T)}

= 0o OT 0

<

@

— /OOO c(t,x,1)dt = —C(t,Xx)
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Solve

ocC oc
%—?Jrv [OC+=0-(K-0C) q
or 3 — aZE
A

+ B.C. defining the ‘birth’ of the particles and/or
tagging the water mass.
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All advection-diffusion operators of the same form !
= readily implemented in numerical models
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North Sea

March
1985
Bg/m®

CART - 2007

— T — I ——™ 48°

40 80
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March
1985
days

CART - 2007

T — I ——™ 48°

40 80
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Concentration of the watet 1

=0 = aC ~ a

and

oa
E+V-Da:1+D-(K-Da)

(England, 1995, Journal of Physical Oceanography, 25, 2756-)
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=[-(K-0Oc)+p(t) —d(1)

-Ha) +/ )|tdt
S a(t,X,T)
~ tX 1
i Atx 1) = C(t,x,r)
e
<
@)
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=0,  d(1) =—-ye,(T)

= —y/ cy(T)dt1=—-yC,, —y/ cy(T)tdt = —yay
0
% v-0C = Y+ 0- (K -Gy
aay
p Fv-Ooy=Cy—ya+ - (K-Oay)
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= 400 ¢
5 |
% —— Passive tracer
=
§ 200 m— Radio-age
= )
Radioactive tracer i
] O ©
O ! oo T ! oot ! oot ! L
10 104 103 102 101

y Decay rate (yr?)
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Without mixing, all ages would be equal !
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%x
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oCy - 0°Cy
Uk T YO TR
oal, 0%ay
CTI (X() ay ~ 1 C()
~ = a=—, ay = —, ay=—In—
% Co' TG Ty
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concantration

(arbitrary units)

— NASSVE
— radicactive

m— OESSIVE
radic—age
radioactive

-3 —2 —1 0 1
distance to the point-source: x

Symmetry !

2
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Concentration Radio-age

ey \1;_0 I
(@)

120

Do°N

53°N

i

52°N

| | |
o a L L a a & I I I | |
D 1 E 2 E 3 E 4 E 5 E. E E ﬂu 1 :lE EB-E BHE 4uE Ea-E ﬂtE

The tracer concentration reflects the direction of the
advection, but the age does not!
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See also the Lagrangian approach by Hall and Haine

(2004, Journal of Marine Systems, 48, 51-59)
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Aim :

Model :

Age :

diagnose sediment resuspension and
transport in the Belgian Coastal Zone.

3D hydrodynamic model nested in a shelf
(Extended North Sea) model with sediment
module (water column + active bottom layer
+ parent bottom layer

1. ‘Resuspension age’ reset at
resuspension time
= Time elapsed since resuspension.

2. ‘Transport age’ : reset when crossing a
ref. line
= Rate of horizontal transport.

CART - the Constituent Oriented Age and Residence time Theory —p. 30



N
o
o
(Q\
—
ad
<
O

CART - the Constituent Oriented Age and Residence time Theory —p. 31




CART - 2007

Finite-element,
reduced-gravity model

New water and
nutrients brought from
the hypolimnion

Dry

season (April-August)
with strong winds from
south-east; wet season
(September-March)
with weak winds.
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depth of thermocline
Animation : conc. of hypolimnion water in surface layer
age of hypolimnion water
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N(t) : prey population
P(t) : predator population

dN

T =HN-aNP
P bNP-mP
dt
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dN

—=uN-—-aPN
at _ H
da
on = N ay : —N:N—aPaN
dt
d—P:bPN—mP
dt
da
op=Pap : d—tP:P—mO(p

4 coupled ODE !
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100 -

100 200 300 400
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— \ NO;, |

Pico-
phytoplankton
Nano-
phytoplankton ]
Micro-
mort, phytoplankton
Nano-
zooplankton Micro-
mort. E zooplankton o
nort f.pel. zooplankton
N~ - P
o
o
N Diss. Org.
1 0
Nitrogen
—
e
<
O .
diff. sinking | sinking
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Age of NOs and NH; = O at the time of
assimilation

Compute the age of all other compartments

time elapsed since the inorganic

= Age= material entered the food web.
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Concentratlon

_ 50 100 150 200 250 300 350
Age :
E‘b \ Uﬂ Ul \
50 ] ( o
l\ - —
o X\ ﬂ
o I 0
N 100 { h
- s
9<: 150 - ! | ” | ! | ! | ! | ! | ! |
O 50 100 150 200 250 300 350
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Age of POM | (days) :
0]

-
50 ] 3
100 |
150 +—— .
600 650 700 750 800 850 900 950 1000

= Rate of functioning of the ecosystem
and export to deep layers.
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Non linear theory of the age of any constituent of
sea water, passive or not.

Easy to implement in numerical models.

Can be tailored to study particular
Issues/problems.

N
o
o
(Q\
—
ad
<
O

CART - the Constituent Oriented Age and Residence time Theory —p. 42



