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Introduction

e Bulk method to produce surface heat flux:

o resistance for heat

= the difference between the potential temperature
at a reference height and the air temperature at

the roughness height for heat
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Introduction

e Two types of surface temperatures:
= aerodynamic temperature

= radiative surface temperature
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Introduction

ABSTRACT

This study examines the bulk aerodynamic method for estimating surface fluxes of heat and moisture using
the surface radiative temperature, The surface radiative temperature is often the only available surface temper-
are from field measurements, Models typically predict heat fluxes rmm the surfm-. radiative temperature
computed from the surface energy balance. In this study, the ic exchange coefficient
and radiometric roughness height are computed from tower- and low-leve! aircraft data taken du.r]ng four dif-
ferent field programs. The data analysis shows that the radiometric exchange coefficient does not increase with

@ P reVi O u S effo rtS : increasine instahilitv. This iz hecause the radiometric exchange coefficient must compensate for the large vertical

Approach 1: Determine a new stability function for e radiative temperature.

. : . : that the radiometric exchange coefficient for heat in the bulk
the radiometric exchange coefficient that predicts the
correct heat flux when the surface radiative temperature
is used (Brutsaert 1992).

Approach 2: Replace the roughness height with the
““radiometric roughness height’’ defined to be the
roughness height adjusted so that use of the surface
radiative temperature in the usual similarity formula-
tion correctly predicts the heat flux (Kustas et al. 1989;
Sugita and Brutsaert 1990; Kohsiek et al. 1993).

Approach 3: Formulate an empirical formula be-
tween the surface aerodynamic temperature and the
surface radiative temperature (Zilitinkevich 1970; Gar-
ratt and Francey 1978; Brutsaert 1982). Such a rela-
tionship can be posed in terms of the roughness height
for heat. This roughness height can be inferred from
either an assumed relationship between roughness
heights for momentum and heat or from the assumed
relationship between vegetation height and roughness
height for heat (Choudhury et al. 1986; Brutsaert
1982).

Approach 4: Retain the traditional roughness height
for heat and introduce an extra resistance term due to
the difference between the temperature at roughness
height and surface radiative temperature. Lhomme et
al. (1988) found that replacing the aerodynamic tem—

B b T - T % A B T T S S

A# for both stable and unstable conditions, where Ag is the
ire and the air temperature and 8, is the negative of the heat
lication of Monin-Obukhov similarity theory with surface
‘cular internal relationship between the radiometric roughness
' dependent and not systematically related to the roughness

liometric exchange coefficient for heat depends on the rela-
mperature am:l the microscale distribution of surface radiative

bl affect the prediction of the
re at the surface radiative temperature.
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* ldea:
= In order to produce accurate surface heat fluxes in

bulk method using radiative surface temperature, a
“different” resistance is required to offset the
difference between two Is necessary

= Alm:
- find a way to parameterize the “different” resistance itself
- find a way to parameterize the radiative heat roughness

length



Dataset

 Fluxnet Canada: Tower sites In Saskatchewan
= OA; OBS; OJP; HJP (different ages); Grassland

Ameriflux
Flux China
e winter months and summer months

e Span a large range of momentum roughness



Methodology

e Radiative surface temperature Is backed out
from radiation measurement

 All other quantities come from the Tower
measurements



Methodology

pcp( T§ _' Ta)
Vi ’

H =

C, = 1/(r,*U)
k2

Ch = [In(z/z,) — U, (z/L)I[In(z/2,) — ¥ (/)]

e Measurements: H, Ta, U,
e Calculated: L, Zm, p
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Zy\s. U at all conditions in winter
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Analysis

On z,, and z; in terms of Re*



Analvsis

y=0.0985*x+0.0647
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Analysis 1 e

- Perrrsble-Rough

50 T
------ bluff rough surface
45} Soil+WV ¥, y
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5t ',”""A.. . The relationship between kB~ and the roughness Reynolds
N L Re® { =2, /v, where v is the kinematic viscosity of air)
0 102 zht sermiand sites. The values were computed from the hourly

z » two curves from Brutsaert ( 1982) represent the behavior
or bluff rough and permeable rough elements.

Figure 6. B, ' values estimated from observed data using
(12) versus z,, for the composite soil-WV and grass-WV
surfaces. For reference, published B, ' values for bluff
rough surface, grass, and an aspen forest are reported.
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Analysis

log-log plot of z; vs. Riin summer
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Analysis

Another way --- parameterize resistance itself
 separate the resistance into two parts:
. rt - ra + re
 two different assumptions in calculating
aerodynamic resistance:

. |Og(ZO/ZT):O } Different physical
= l0g(zy/21)=2

meanings forr,



Analysis

roVvs. T, OA winter unstable condition

70 T T T T T T
[ ]
[ ]
60 . ]
s’ .
oo
50 B o : : ° n
[ ] ' L]
() ° .$ o0
®
£ a0f * Sy o i
% e Carg °
8 *
< 30} ]
S
20} .
10} .
0 1 1 1 1 1 1
-10 0 10 20 30 40 50 60

excess resistance



o
T T T T © S .
9 x
b <
[ ]
[ ]
[ ]
L * o
[ ]
4
c %
Re]
= °
=]
5 oo
w r ° <
1 1 1 1 1 1 1 1
c
i
= B N
©
[
o
(&)
Q
QO
o | I
—
(72}
S
(]
]
=
=
(aN]
S F I
o
i)
I
rr
(O]
o
- . —
[ ]
1 1 1 1 1 1 1 1
o o o o o o o o o o
1 o o o o o o o o o o
9JuR]SISal SS9IJXa
| I - - .
2 °. 00 & °
ooo o
m ol % . N
o ° “
)
A °
1 1 1 1 1 1 -
n o n o [To] o Te] o
N N - — ' 1__

9JuUR]SISal SSB8IXD

x 10

100 150 200 250 300 350
Renold Number Re*

50



Analysis

fe ¥5. 1/u on unstable conditions
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Analysis

stable condition in Winter
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Analysis

unstable condition
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Examples of the parameterization

Model Comparison at HIP75 Site on Stable Conditions

Our model
350 Typical model |
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Current and future work

e Physical base derivation:
s r,~0/k O~ Re?

* Introduce more sites with medlum cano
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