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GLOBAL WATER CYCLE

Global mean sea level (red curve)
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Interannual global mean sea level (1993-20

8 +—+——+——+——+—+————+ o 1 3
o desembe ST Detrended GMSL | -
SN SO index
7[R i s MEI
7 oy Lt r.f‘,\ ' 2
l' 1
1y \ e )
)
LN
I
1 ' ] ' 1
] a ] g
' ."". " : 0 E‘
1, '
! #4
|~' Y.
4l O
A |}
'ie 1
L
| Detrended global mean sea level
i -2
-6
-8

MEI=Multivariate ENSO Index |
1994 1996 1998 2000 2002 2004 2006 2008
Year

2010

Nerem et al. (2010)






Global Water Cycle

Water mass conservation in the climate system

AAAocecm + AAAlcmd =0

AM : change in water mass
Atmospheric reservoir neglected



Detrended global mean sea level
and total land water sfor'age (based on the MeteoFrance hydrological model)
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* What process is causing the >0 anomaly seen in the
global mean sea level during El Nino?

decembre 97

El Nino = More rain over oceans
Less rain over land

* Which ocean basin is responsible?
- (is the whole ocean concerned or is it a localized effect?)



Area-averaging of altimetry-based sea level data

[ 20° 40° 60° 80" 100° 120° 140° 160° 180° 200° 220° 240° 260° 280" 300° 320° 340° 0

40° 60° 80" 100° 120° 140° 160° 180° 200° 220° 240° 260° 280° 300° 320° 340° 0




Atlantic Ocean

10 ! MSL ToL = OoMC Atlantic Ocean
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Indian Ocean
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Sea level (mm)

Pacific Ocean
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North Pacific water budget

e dM_,/dt = P-E+ R oceanic water balance

* P-E=-(dP,_../dt + divQ) atmospheric water balance

water

M., : north Pacific ocean mass
P : precipitation, E : evaporation; R : runoff
P, .:er - Precipitable water

divQ : moisture flux divergence
Data from ERA-Interim




Time derivative of the North Pacific
ocean mass and P-E
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1s" mode of the EOF decomposition
of P-E over the Pacific

120" 135" 150" 165" 180" -165" -150" -135° -120° -105

-90°

1997-1998 ENSO

/

— explained variance :10.33 %
Il 1 1

1 1 1 1 1 J

135° 150" 165" 180" -165" -150° -135" -120° -105°

-90°

| Y ———
| N

10-9 -8 -7 -6 -5 -4 -3 -2 1

1994 1996 1998 2000 2002 2004 2006 2008 2010
Years




Conclusions

Interannual variability of the l2lobc1l mean sea level directly related
to ENSO-driven changes in the global water cycle

The positive anomaly of the global mean sea level seen during El
Nino essentially due to (tropical) north Pacific ocean mass increase

North Pacific ocean mass increase dur'in?hEl Nino correlates well
with net precipitation (P-E) increase in that region

Positive (P-E) anomaly asymmetrical wrt equator during El Nino
But several unsolved questions remain >

Why does the north Pacific alone contribute to the global mean sea level anomaly
and almost perfectly balance total land water storage changes?

What are the effects of fresh water input and salinity changes in the NP?
«  What is the role of wind stress?
 Are there circulation-driven mass redistributions?







