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Divergence of atmospheric moisture Is
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1) NH winter: strong westerlies transport heat and
moisture from ocean to land: maritime vs
continental climates

2) Summer Monsoons: transport
moisture from ocean to land
but transport heat (DSE)
from land to ocean as part of .y
monsoon overturning => large ’ A;,hef;?::;..
compensation

3) Overall there must be a transport of moisture from
ocean to land as part of the hydrological cycle

4) Land is warmer in summer but cooler in winter:
expect large annual cycle in DSE transports

| SUMMER)




a) Annual Cycles of Global Mean VeF, and dA¢/dt (ERBE Period)
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Ocean only
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Global Ocean to Land Transport: Seasonal Cycle

6 - ERA-I
! ~1989-2010
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Annual cycle
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« Hydrological cycle ensures moisture transport to

and year round.

 Large annual cycle in DSE; net close to zero.

 Large annual cycle in total (includes KE) but net
comes from moisture.




[PW]

[PW]

[PW]

Transport of energy from ocean to land
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Transport of energy from ocean to land

DSE
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Transport of energy from ocean to land
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_ Global Ocean to Land Transport: Seasonal Cycle
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Large compensation
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Transport of energy: Ocean to land
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PHIS CFSR - May 2008

Why are transports ocean
to land so different?

1) Resolution: land edge

2) Topography

3) Definition: ice shelves, lakes,
marginal seas

4) Partially filled grid squares

5) Divergence fields are
inherently noisy and must be
smoothed, blurring lines.

6) Moisture and precip fields
remain different.
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Over land:
P>E unless
lake or river
(E-P not +ve)
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Wm?

CERES TOA Radiation : 2001-2011: North America
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CERES TOA Radiation : 2001-2011: South America CERES TOA Radiation : 2001-2011: AFRICA
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Land r'unoff
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Dai and Trenberth 2002; 2009



Mean annual cycle
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Reanalyses

« Ocean E is generally too large, and P is too large except
for MERRA

* The low value of P-E over land is consistent with the
view that E is too large and P occurs prematurely, so
that the role of advection from afar is too low.

* The lifetime of moisture is too short in models.

« The moisture budget provides better estimates and
more stable estimates of E-P than model fluxes or E
and P.



* Regional budgets depend very sensitively on the
definition of the domain.

* This is especially so for large contrasts, such as
land-ocean boundaries.

* There are large differences in basic fields across
reanalyses: land/sea mask, topography, as well as
with resolution

* There remain large differences among reanalyses

* Reanalyses do not produce a consistent record in
time to allow low frequency variability or trends to
be documented well: with a few exceptions: sfc T?

* There are substantial improvements in some
reanalyses, notably ERA-T.

* We can and must do better.



