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NEE=Photosynthesis +Respiration <0NEE=Photosynthesis +Respiration <0NEE=Respiration>0NEE=Respiration>0

COCO22
COCO22

Large uLarge u**
Small uSmall u**

UU** represents the strength of turbulencerepresents the strength of turbulence



Problems: Nighttime Nee is 
negative in calm conditions

Davis et al. 2004Davis et al. 2004
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Mass conservation lawMass conservation law
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Examining advection issues at Examining advection issues at AmerifluxAmeriflux NiwotNiwot Ridge siteRidge site



NiwotNiwot Ridge Ridge AmeriFluxAmeriFlux SiteSite



33--D measurement systemD measurement system

West towerWest tower

South towerSouth tower

North towerNorth tower East towerEast tower
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Vertical advectionVertical advection
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Horizontal advection calculationHorizontal advection calculation
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Horizontal advection calculationHorizontal advection calculation

5

20

25

30

35

WT

NT

ET

ST

1
3
6

10

21.5

1
3
6

10

31

1

6

1

6

wind direction

θNT

θET

θST

5

20

25

30

35

WT

NT

ET

ST

1
3
6

10

21.5

1
3
6

10

21.5

1
3
6

10

31

1

6

1

6

wind directionwind direction

θNT

θET

θST

WT ET

height

c
r

−Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠

Horizontal CO2 gradient

Horizontal CO2 gradient

WT NT

height

c
r

−Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠

ur

WT ST

height

c
r

−Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠

12

iT
iT0

1 3
1 3

6 10
6 10

cos

      cos *2 cos *2

         cos *4 cos *4,

hadv

WT iT WT ET

m iT m ET
m m

WT iT WT ET

m iT m ET
m m

cF u dz
r

c cu u
r r

c cu u
r r

θ

θ θ

θ θ

− −

− −

∂
≈

∂

Δ Δ⎛ ⎞ ⎛ ⎞≈ +⎜ ⎟ ⎜ ⎟Δ Δ⎝ ⎠ ⎝ ⎠

Δ Δ⎛ ⎞ ⎛ ⎞+ +⎜ ⎟ ⎜ ⎟Δ Δ⎝ ⎠ ⎝ ⎠

∫

The CO2 gradient The CO2 gradient 
that is closer to that is closer to 
wind direction is wind direction is 
first choice to use. first choice to use. 
For example, the For example, the 
angle can be limited angle can be limited 
byby cos  0.8θ ≥
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Another horizontal advection calculationAnother horizontal advection calculation
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Projection of CO2 gradient into x and y directionsProjection of CO2 gradient into x and y directions
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Comparison between Comparison between 
two methods two methods 

Good agreement betweenGood agreement between
Two algorithmsTwo algorithms
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Advection correction is Advection correction is 
dependent on u*dependent on u*

Vertical advection is Vertical advection is 
opposite to horizontal opposite to horizontal 
advectionadvection

Correction in summer Correction in summer 
is much larger than in is much larger than in 
winterwinter

Yi et al., 2007Yi et al., 2007



NEE+Fvadv

NEE

NEE+u*filter at 0.2
NEE+Ftadv

NEE+Fhadv

6-year cumulative NEE
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Comparison to u* filter at 0.2

Yi et al., 2007Yi et al., 2007



Comparison to u* filter at 0.6
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Advection flux is not a function of soil temperature

Soil temperature (Soil temperature (ooCC))
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Nocturnal NEENocturnal NEE
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Summary & ConclusionsSummary & Conclusions
•• Advection fluxes are functions of u*, but not functions of Advection fluxes are functions of u*, but not functions of 

temperature.temperature.

•• The sign and magnitude of advection fluxes are related to The sign and magnitude of advection fluxes are related to 
the convergence/divergence of terrainthe convergence/divergence of terrain--induced flows. induced flows. 

•• Ecological correction is a function of temperature but not a Ecological correction is a function of temperature but not a 
function of u*.function of u*.

•• Ecological correction has no physical base to account for Ecological correction has no physical base to account for 
the advection components.the advection components.
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