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Introduction

• Bulk method to produce surface heat flux:
▫ resistance for heat
▫ the difference between the potential temperature 

at a reference height and the air temperature at 
the roughness height for heat



Introduction

• Two types of surface temperatures:
▫ aerodynamic temperature

▫ radiative surface temperature



Introduction
• Air temperature at the roughness height:

cannot be directly measured (only be inferred by 
extrapolation)

• Radiative surface temperature: 
▫ more easily measured or obtained from SEB model
▫ may be significantly different from aerodynamic 

temperature ( 2-6C higher under unstable condtn. 
lower under stable condtn.(Holtslag,1991; Hall, 1992))

Overestimate the sensible heat flux



Introduction

• Previous efforts:



Introduction
• Idea:
▫ 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

▫ Aim: 
 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

• winter months and summer months

• Span a large range of momentum roughness



Methodology

• Radiative surface temperature is backed out 
from radiation measurement

• All other quantities come from the Tower 
measurements



Methodology

Ch = 1/(rh*U)

• Measurements: H, Ta, U, 
• Calculated: L, Zm, ρ



Analysis

• Data Screening:
▫ Unstable: SH>30    (Ts-Ta)>1
▫ Stable: SH<-10        (Ts-Ta)<-1
▫ Wind speed (U)
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Analysis

On zm and zT in terms of Re*



Analysis

u=(u*/k) ln ((z-d)/zm – ψm)

zm=0.1*h
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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:
▫ log(z0/zT)=0
▫ log(z0/zT)=2

Different physical 
meanings  for re



Analysis

-10 0 10 20 30 40 50 60
0

10

20

30

40

50

60

70

excess resistance

to
ta

l r
es

is
ta

nc
e

rr vs. rt OA winter unstable condition



Analysis

0.5 1 1.5 2 2.5 3 3.5 4 4.5

x 10
5

-10

0

10

20

30

40

50

60

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OA winter unstable condition

0 0.5 1 1.5 2 2.5

x 10
5

-200

-150

-100

-50

0

50

100

150

200

250

300

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OA winter stable condition

0.5 1 1.5 2 2.5 3 3.5 4

x 10
5

-10

-5

0

5

10

15

20

25

30

35

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OA summer unstable condition

0 2 4 6 8 10 12 14

x 10
4

-150

-100

-50

0

50

100

150

200

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OA summer stable condition

1 2 3 4 5 6 7 8 9

x 10
4

-10

-5

0

5

10

15

20

25

30

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OBS winter unstable condition

0 1 2 3 4 5 6

x 10
4

-300

-200

-100

0

100

200

300

400

500

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OBS winter stable condition

0 1 2 3 4 5 6 7 8 9

x 10
4

-20

-15

-10

-5

0

5

10

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OBS summer unstable condition

0 1 2 3 4 5 6 7 8

x 10
4

-200

-100

0

100

200

300

400

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OBS summer stable condition

0 0.5 1 1.5 2 2.5 3

x 10
5

-5

0

5

10

15

20

25

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OJP winter unstable condition

0 0.5 1 1.5 2 2.5

x 10
5

-200

-100

0

100

200

300

400

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OJP winter stable condition

0 0.5 1 1.5 2 2.5 3

x 10
5

-10

-5

0

5

10

15

20

25

30

35

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OJP summer unstable condition

0 2 4 6 8 10 12

x 10
4

-200

-100

0

100

200

300

400

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr OJP summer stable condition

0 2 4 6 8 10 12

x 10
4

-200

-100

0

100

200

300

400

500

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr HJP75 winter stable condition

1 2 3 4 5 6 7 8 9

x 10
4

-10

-5

0

5

10

15

20

25

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr HJP75 summer unstable condition

0 1 2 3 4 5 6

x 10
4

-200

-100

0

100

200

300

400

500

600

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr HJP75 summer stable condition

0 50 100 150 200 250 300 350
-300

-200

-100

0

100

200

300

400

500

600

700

Renold Number Re*

ex
ce

ss
 re

si
st

an
ce

Re vs. rr HJP02 winter stable condition



Analysis
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Analysis
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Analysis
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Examples of the parameterization
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Model Comparison at OA Site on Stable Conditions
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Current and future work

• Physical base derivation: 
▫ ra ~ δ/κ δ ~ Rea

• Introduce more sites with medium canopy 
heights
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