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1. Introduction

Lake is an important land surface type for atmospheric research. The
inclusion of lakes in numerical weather prediction (NWP) and climate
models improves model performance. A critical issue here concerns the
accuracy of the transfer coefficients because any bias in them will
propagate directly to the flux variables.

» To identify spatial variations of transfer coefficients of heat, water
vapor and momentum across Lake Taihu;

» To compare the transfer coefficients of Lake Taihu with physical ocean

parameterization.

(Rouse et al. 2003, 2005; Long et al. 2007; Downing et al. 2006;
Herderson-Sellers 1986; Bonan 1995; Betts and Ball 1997; Liu et al. 2005).



2.1 ROUGHNESS LENGTH VS TRANSFER COEFFICIENTS



Roughness length

e Aerodynamic roughness length (z,) is a
parameter of some vertical wind profile
equations that model the horizontal mean
wind speed near the ground; in the log wind
profile, it is equivalent to the height at which
the wind speed theoretically becomes zero.

ku/u.,=In(z/z,)

e Scalar roughness length: the surface-layer
temperature and humidity profiles are
defined in the equations with scalar
roughness lengths z; and z,, replacing z, in the
wind profile relation.
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Aerodynamic vs scalar roughness length

Conceptually, the distinction between z;, z, and z, is suggested by the
consideration of transport mechanisms for heat, water vapour and
momentum in the presence of aerodynamically rough flow close to the
surface.

Turbulence Molecular diffusion

The transfer of momentum is effected by Heat and water vapour must ultimately
pressure fluctuations in the turbulent be transferred by molecular diffusion
wakes behind the roughness elements. across the interfacial sublayer.



Transfer coefficients - the surface roughness

12 2
Cov =k 1[In(z / Momentum roughness

2
Cov =k /[In(z/z,)In(z / Roughness length for water vapor

C,v =k’/[In(z/z,)In(z /@] Roughness length for temperature

The neutral transfer coefficients at the height of 10 m above the water surface
Con = k2 I[INO/ z,)T?
C paow = k2 /[IN(0/ z,) In(20/ 2, )]
C v = k2 /[INO/ z,) N0/ z,)]




Mass transfer equations

J— 2 .
Momentum flux T = ,0 Drag coefficient

Latent heat flux LE = PaL@ (qs — qa) Transfer coefficient for moisture

Sensible heat flux |, _ pac@/(es -4.) Transfer coefficient for heat

The coefficients Cpy, Cgy and C,y, were optimized by minimizing the
bias between the observation and calculation of 7, LE and H.
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(Liu et al. 2009)



2.2 GARRATT/BRUTSAERT MODEL



Smooth vs Rough surface over water

Shear stress

Turbulent boundary
layer

Viscous sublayer o,

Aerodynamically rough surface
hr >> 51
uh.lv>75

Aerodynamically smooth surface
hr << 51

uh lv<5

h.— the height of the
roughness elements




e Aerodynamically smooth: e Fully rough:

N

e Wave breaking: a transfer of energy from the already
saturated wave components (ripples) to turbulence.

* Re.x 2,Usq=0.23ms? (u,=5.5ms?)




The aerodynamic roughness length over sea
* Invery light winds --> aerodynamically smooth surface
z, = 0.11v /u,,
* Inrough flow conditions
2
Zy=Q Uy /g

Zp = (050“*02 /& )( 1, s /O'z)m_z



Drag coefficients over sea

Aerodynamically smooth flow
Cov =k’ /[In(u.,z/0.11v)]°
Rough flow
Cpy = k> /[In(zg/ a ity )]’

Transitional regime: 2.5 <u,,<5.5/s

Conx 10

0 4 B 12 16 20
10 m wind speed (m s-1)
Flg 4.8 Neutral drag coefficient over the sea as a function of the 10 m wind speed based
uil individual data taken from the literature. Data points represent many single runs
{hetween 3 and 84) with the root-mean-square variation also shown. Curve A, for smooth
How, represents Eq. 4.3, and curve B, for rough flow, represents Eq.4.5 (a. = 0.016).
Aoy Garratt (1977a), Monthly Weather Review, American Meteorological Society



Bulk parameterization for heat transfer

CHN = CDNl/Z /(BH_l + CDN_l/Z)
B, =St ~Cp, =kt In(zy /2 )

For smooth flow ZolUyy / V=02

For fully rough flow (20 / ;) =2.48Re.” " =2

Re. =u.yz, /v



Bulk parameterization for water vapor transfer

CEN — CDNl/2 /(BV_l + CDN_l/Z)
B, =Da, —C,, " =ktin(z,/z,)

smooth flow  z,u., /v = 0.3

rough flow In(zy/z,)=228Re " -2

Re. =u.,zy /v



3. Sites and instruments
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4. RESULTS



Drag coefficients

BFG1 DPK MLW
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U@ms?
10 ~ Brol 10%Cpioy ~ BFG1 DPK MLW
8 = MLW
I ~ DPK u<1 12.05 1962  7.36
6 1<u<2  3.34 7.34 3.58

2<u<3  1.44 3.08 2.42
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—_ S<u<6  0.68 126 211
Wind speed bins, m s™* 6<u<7 0.65 1.18 1.99

7<u<8  0.56 1.15 1.92

MLW > DPK > BFG1 8<u<9  0.59 1.23 2.05
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Water vapor transfer coefficients

BFG1 DPK MLW
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Garratt’'s model versus

optimization results

BFG1: Cyhion> Cpion ™ Ceron
DPK: Cpion> Chion ~ Ceion
MLW: Cpion > Chzon > Ceron
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5. Discussion

 Low wind speed: how to identify the transfer coefficients?

e What drives the spatial variation of transfer coefficient on

Lake Taihu? Fetch, depth, or submerged vegetation?
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BFG1 (15 X3 )1 & vl

Location: 120" 24’01”E, 31° 10’28”N
Started from: December 15, 2011
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Description of Dapukou(DPK, “Kyij I-1) flux site

» Radiation measurement was started on December 3, 2010

» Eddy covariance, meteorology & water temperature was started
from August 17, 2011

» Location: 119° 55’52.3”E,31° 15'57.8”N
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Our Experimental Site

L ‘_.. 15 _--._- - o ;._. ] = ﬁ‘l.::-

e ) ==

¥

E2010 Google - Imagery 2010 DigitalGlobe, Cnes/Spot Image, GeoEye, HIE2I1E ©2010 Mapabe - FHES

Good fetch: 180~315° south and west wind
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