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Introduction

B The oceans, where 78% of global precipitation occurs, hold
97% of the planet water and contribute 80% of the global
evaporation (NVASA, 2013).

B Bowen ratio variability of oceans is crucial for evaluating
hydrological cycle (Perez et al., 2008).

B Bowen ratio varies (/PCC, 2007), negative relationship
between Bowen ratio and air temperature (Brutsaert 1982).

B Motivated by the scarcity research on energy partitioning
response of oceans to global warming (Wilson et al., 2002;
Cho, J., T. Oki, et al., 2012).



Basic knowledge

B Ocean surface energy balance
R AE H

n

. 109 W m298W m2 11W m3
G=R —-H-AE-AF,

Atmosphere

Ocean

G ) AF,,

M Bulk transfer approach (Hartmann, 1994)
H — panCHU(QS _ga) H

AE=p LC.U(q.—q,) b= E
(Liu et al., 1979; Garratt, 1994)



15 air-sea flux products

Type Product Period Temporal resolution Spatial resolution
In-situ NOCS 1980-2005 monthly 1°latx1°lon
FSU3 1978-2004 monthly 1°latx1°lon
MERRA 1979-2011 monthly 1/2°latx2/3°lon
ERA-40 1957-2002 monthly 2.5°1atx2.5°lon
ERA-Interim 1957-2012 monthly T255
Reanalysis NCEP-NCAR 1979-2012 monthly T62, 192lonx94lat
NCEP-DOE 1979-2012 monthly T62, 192lonx94lat
CFSR 1979-2012 monthly 1/4-1/2°latx1/2°lon
JRA 1979-2005 monthly T106
IFREMER 1992-2006 monthly 1°latx1°lon
Satellite HOAPS2 1987-2002 monthly 0.5°latx0.5°lon
J-OFURO?2 1988-2006 monthly 1°latx1°lon
OAFlux 1985-2011 monthly 1°latx1°lon
Hybrid GSSTF2 1987-2000 monthly 1°latx1°lon
GSSTF3 1987-2008 monthly 0.25°latx0.25°lon

B Common period: Jan. 1993 to Dec. 2000



Annual mean Bowen ratio (1993-2000)
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ERA-Interim Bowen ratio
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J-OFURO Bowen ratio

NCEP-DOE Bowen ratio
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Bowen ratio time series
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Sensible heat flux series
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Latent heat flux series

——NOCS

--FSU3
——Q0AFlux

- MERRA

-~0—ERA-Interim

——ERA-40

——HOAPS3.2
~+—NCEP-DOE

——|FREMER
-J-OFURO

TTTT T 71T
—
—
o
oN

T
o0
™~
(@)
—

I

2]
%)
O

125 -

120 -

115 -

po—
o

IE

| I I

_
n © nw o un O
o o oo O o o
L i

o
i
i
M) Xn[|j 1e3y Juajeq

Year

11



/Zonal average Bowen ratio
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Zonal average sensible heat flux
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Zonal average latent heat flux
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Temperature sensitivity of Bowen ratio

NOCS FSU3
0.12 0.165 0.137
011 0.16 0125
0.155¢
0.1} 0.12
D\ 0.15|
009 A 0.115 f
P =0.05(0.02)%41.00 | 0.145 y=0.04(z0.01)x+1.011 | y=0.02(20.01)x-0.27
0.08 R=-0.07, P=0.67 R=-0.46, P<0.05 011 R=0.07, P=0.69
18 19 20 22 22.5 23 18 18.5 19
ERA-Interim
0.12 0.14
0.12
0.135¢
0.11
0.11 0.13;
0.1 1
_ % _ 0.125 o o |
y=-0.03(+0.01)x+0.77 0.1 y=-0.04(#0.01)x+0.78 y=-0.03(20.01)x+0.77
0.09 R=-0.44, P<0.01 R=-0.07, P=0.65 0.12 R=-0.75, P<0.01
18 19 20 18.5 19 195 19 19.2 194

Air temperature °C Air temperature °C Air temperature °C*°



Bowen Ratio

Bowen Ratio

0.23
0.225
0.22
0.215 ¥=-0.03(#0.01)x+0.75
R=-0.80, P<0.01
18.6 18.8 19
NCEP-DOE
0.14:
0.13:
0.12:
0.11
0.1 R=-0.73, P<0.01
18.5 19 195

IFREMER

Air temperature °C

0.14

0.13

0'1220.6R:0.lgbl.::3:0-47 21
GSSTF2
0.106
0.104
0.102
0.1 y=-0.02(+0.01)x+0.46

HOAPS3.2

y=0.05(#0.02)x-0.8

Air temperature °C

0.09

0.08

0.07

18.5

J-OFURO

y=-0.04(#0.01)x+0.84

R=-0.83, P<0.01
19

16

19.5



Summary

Products H AE p T, AP/AT,
Wm? Wm? 'C per °C
NOCS 10.5 101.6 0.10 19.3  -0.052
FSU3 15.2 97.6 0.16 225  -0.038
MERRA 11.6 96.1 0.12 18.7 0.021
OAFIux 10.6 97.5 0.11 19.3  -0.034
ERA-40 12.4 106.3 0.12 19.0 -0.035
ERA-Interim 13.8 106.2 0.13 19.2  -0.033
IFREMER 24.1 109.4 0.22 18.7 -0.028
HOAPS3.2 14.2 103.7 0.14 20.7  0.045
J-OFURO 8.1 97.0 0.08 19.1  -0.040
NCEP-DOE 13.2 103.3 0.13 19.1  -0.043
GSSTF2 12.0 113.6 0.11 19.1  -0.019




10 GCMs from CMIP5

(Coupled Model Intercomparison Project Phase 5)

Institute ID Model Period Temporal resolution  lonxlat
BCC BCC-CSM1.1 2006-2099 monthly 128 X 64
CCCMA CanESM2 2006-2099 monthly 128 X 64
GCESS BNU-ESM 2006-2099 monthly 128 X 64
CSIRO-BOM ACCESS1.3 2006-2099 monthly 192 X 145
INM INM-CM4 2006-2099 monthly 180120
NCAR CCSM4 2006-2099 monthly 288X 192
NIMR/KMA HadGEM2-A0 2006-2099 monthly 192 X145
NCC NorESM1-M 2006-2099 monthly 144X 96
MIROC MIROC5 2006-2099 monthly 256 X 128
IPSL IPSL-CM5A-MR  2006-2099 monthly 144 X143

(http://cmip-pcmdi.llnl.gov/cmip5/)




Annual mean Bowen ratio (2006-2099)
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IPSL-CM5A-MR Bowen ratio
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q. (kg kg %)
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Bulk variables series
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Latent heat flux series
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Bowen ratio series
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Zonal average air temperature
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Latitude
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Zonal average of other bulk variables
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Latitude

Zonal average sensible heat flux
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Latitude

Zonal average latent heat flux

60

<

Q
Q&
kﬁ\»,\_
40 - '
—BCC-CSM1.1 ——CanESM2 \‘.\
A
——BNU-ESM ——ACCESS1.3 =
20 1 —INM-CM4 —CCSM4
~——HadGEM2-AO ——NorESM1-M
MIROCS ~——|PSL-CM5A-MR
0 | | l -
20 40 60 80 18
AE (W m??)
-20 A

30



60

40

20

/Zonal average Bowen ratio
—BCC-CSM1.1 —CanESM?2
—BNU-ESM — ACCESS1.3
| NM-CM4 - CCSM4
——HadGEM2-A0 ~——=NorESM1-M
‘MIROCS - |PSL-CM5A-MR
| | | | |
0.4 0.5 0.6 0.7 0.8

31



Temperature sensitivity of Bowen ratio

Air temperature °C
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Summary

GCM models T, T, qa U K H IE f  AB/AT,
K K kgkg? ms! Wm? wWm? Wm? perC
BCC-CSM1.1 2940 2940 0012 6.1 1922 10.7 113.8 0.09 -0.013
CanESM?2 2938 2943 0014 81 196.2 16.7 1114 0.15 -0.015
BNU-ESM 293.3 2945 0013 75 1959 144 1111 0.13 -0.012
ACCESS1.3 2935 2944 0013 7.2 2033 11.7 1225 0.10 -0.010
INM-CM4 292.7 2943 0012 70 2046 209 1209 0.17 -0.015
CCSM4 293.6 2946 0.013 / 200.2 125 1143 0.11 -0.011
HadGEM2-AO 2936 2945 0.013 71 2023 11.0 1215 0.09 -0.009
NorESM1-M 292.4 2934 0.012 / 188.7 13.0 1059 0.12 -0.013
MIROCS 2934 2940 0013 74 1876 5.7 122.4 0.05 -0.007
IPSL-CM5A-MR 2924 2938 0.013 6.6 1971 157 111.1 0.14 -0.013




Next steps

B Point-wise correlation between ocean Bowen ratio
and air temperature.

B Reasons for biases or uncertainty of Bowen ratio
among products.

m Diversities in GCMs performance of modeling Bowen
ratio and its temperature sensitivity.



