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Importance of Water Cycle

@ Critical to existence of human life

@ Essential to weather and climate

@ Tightly coupled with energy cycle

® Heat storage with high heat capacity and

latent heat form clouds and affect radiative
balance
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®is equivalent to column water vapor W advected by Ue.
Ue is the depth-averaged wind weighted by humidity
We use SVR to relate Ue to wind at two levels:

1. Uy: scatterometer surface wind stress

2. Ugsomp: Cloud drift wind (free-stream wind)



Two ways of estimating air-sea water flux-
can they be reconciled?

§ Evaporation is transported by turbulence. At small
scale of turbulence, factors of atmospheric circulations,
such as, Coriolis force, pressure gradient force,
baroclincity, cloud entrainment, are not important

8 All these factors are important in the divergence of
moisture transport integrated through atmos. depth

8 Bulk parameterization was first used as a zero order
approximation of what we wanted from what we had,
bulk measuements. We hided our ignorance or
Incapability in the coefficient and we need to
understand its limit



0, (kgs'm™)

6, (kes'm”)

0, (kgs'm?)

B, (kgs'm)

400
300 A
200 -
100 -

&)

M i - Liu/Xie—'(\N\/\/\
h\! /Rawn}sonde

— 100 -
—200 -

—3004 N= 285 Mean/c -5.1

— 400 -~

+38.3 (kg/s/m)

CC=0.971

JAN F'EB MAR APR MAY

JUN JUL AUG SEP oCT

NOV DEC

300

| N=285 Mean /o -1.8+3

f'\AM [\

Seyvchelles Int. Airport
55.53E, 4.67S

V VCC::)\./937

JUN JUL AUG SEP oCT

NOV DEC

—_—— Rawinsonde

N=361 Mean /o -9. 3+405

AR

WW\//W "’W W\Lc-o

Lihue, Kaual

|36 "MéanTo

-9.3i40.5

CC=0.872




8, (kgs'm™)

0, (kgs'm™)

8, (kgs'm?)

0, (kgs'm?)

—z00 N= 361 Mean/c 3.9+25.8

—_— Rawinsonde

V VN

FEB

MAR

APR

MAY JUN JUL AUG SEP OoCT NOV DEC

Jan Mayen, Norway
8.67vW, 7TO.93N

()

N=361 Mean /o 17+229(kg/s/m) ' CC=0.928

FEB

MAR

APR

MAY JUN JUL AUG SEP oOGT NOV DEC

— =VE'N=361 Mean /o 2.4+34.2

o "1 CC=0.922

— 106N FEB  MAR APR MAY JUN JUL AUG SEP oCT NOV DEC
200 -
N-361 Mean /o -10. 2+41 5 (kg/s/m)
100 - | .‘ p
a5 ‘AY} A A l'il'_m i ‘ ”‘“ A l 'f KA ln
M“!H» Iy \Yﬂ w” 1 “y
R \
— 200 - > idgg(é%%rlz;s;.gnd Austra a { CC 0 37
—300 3N FEB  MAR APR MAY JUN JUL AUG SEP OCT

2002



v.® (Liu/Xie) (mm/day) 2002-2005 Fqu Divergence

S o i il . 3 4 L0 T S & o s "l § '
0 120K 160E 160W 120W 80w 40W
iu/Xi TRMM G2A12) (mm/day) 2002—2005
-“1 5 ..'- -—:—?- - = T ; by -J ‘ :" . —

<ON

408 e VI PR ., I
0 40E BOE 120E  160E  160W  120W  8OW 40W 0

N=82589 Mean / standard deviation -0.060.81 (mm/day)



N=114 Mean/ o 0.06+=1.75

{ Subtropical
] ';'So_uth Pacific ||

V-8 & E-P {(mm/day

. CC=0.82 15-100 days

N

5

‘ |

0CT

JUL
2004

JAN
2005

APR JUL 0CT
N=43 Mean/ o 0.02+0.73

E-P —

V-& & E-P (mm/day

1 180-160W, 20S—

onths

CC=0.98 / 10-14 m

108

JAN JUL
2003

JUL
2002

JAN JUL
2004



> N=114 Mean/ g 0.06+2.17
Si - CC=0.84 15—100 days
g
ﬂl_' : A5y ¥ _ !_E’.
= B 0
B - e s
b= ; ; ; . ; :

JUL OCT JAN APR JUL OCT

2004 2005
5 4 . _ . _
g §] MeemPel  Neas means o 0001029
A (1T ' | '
B . ~ OO S -
® -31 140E—160E, 5S—6N ~ ~— ——E=P
> | _ V-6

JUL JAN JUL JAN JUL JAN JUL
2002 2003 2004 2005



Correlation of V- ® and E-P

Correlation of monthly V-6 & E—P i ]
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Global Ocean Water Balance
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Four-year means in cm/yr
div of water transport

Liu (2010) 10.6
Hilburn 21.9
E-P

Merra (2008) 10.6
NEWS 10

Budyko (1974) 12
River discharge

Dai (2002) 8.6
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Four-year means in cm/yr
Moisture into continent

Liu 76.1
Hilburn 154.5
P-E

NEWS 61.3

Budyko (1974) 73
River discharge

Dai (2002) 69.2



Water Balance over North America

North America
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Moisture into continent

Liu 28.9
Hilburn -5.9
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Dai (2002) 20.5
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Sea level variation calculated from
GRACE & moisture transport



Water and Salinity Balance
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Meridional Water Transport (MWT)

Conservation of water mass
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By Green’s theorem

MWT(0) = j j“(a—M+E P —R)dxdy

P: Precipitation

Ekman water transport

E: Evaporation

EWT( 9) j —dX Y : Horizontal mass flux

0 f R: River discharge

T ,: Zonal stress
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