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Increased carbon absorption in cloudy days
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Global relevance of Shallow Cumulus
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Global relevance of Shallow Cumulus
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A bi-directional interaction

1. Impact of clouds at
vegetated surface
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A bi-directional interaction

PR N =

2. Impact of vegetated
surface on BL and clouds
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Methods and set up

* Dutch Atmospheric Large Eddy Simulation

(DALES)

y an g e

Domain: 24km x 24km x 5.4km 3
Gridbox size: 50m x 50m x 12m 18 —0.1
Experiment time: 7:00 -17:00 UTC _ 0.2
LAI=2 £
Clear atmosphere ” —0.3
No wind, CBL _04
Typical summer day in The Netherlands:

"= Max cloud cover = 0.2 —D.5

= SH_. =155W/m2 x (km)
= LE__ =140 W/m2

max

= BL height = 2000 m



Direct/diffuse in clouds
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Explicit calculation by 1D Delta
Eddington (for SW) :

* Direct radiation decreases exponentially
* Part of direct converted to diffuse
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Direct/diffuse in clouds

Explicit calculation by 1D Delta
Eddington (for SW) :

* Direct radiation decreases exponentially
* Part of direct converted to diffuse

1o —— == W
-1% 0.8 I
| o= |
Direct Diffuse @ o¢
—~
5 04 |
% 0.2 |
0.0 I
Shading is always right under the cloud L i
=2 08 I
=
CQ 0.6 I
~
i’g 0.4
% 0.2
N )

0 5 10 15 20 25 30 35 40

cloud optical depth (7)



Direct/diffuse in canopy

Two leaf A-gs :

- Plant physiological model
- Similar to ECMWEF

- Sunlit and shaded leaves
- Direct/diffuse radiation at 3 levels

Direct Diffuse - T_eff for all canopy
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Conditional averaging criteria

Because of localized effects:




Conditional averaging criteria
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Because of localized effects:

2D :cloud optical depth at surface:
e Clear: t1=0
* Cloud optical depth:

= Thin(5<1t<6) ] ShCu
= Thick (t > 20)



Conditional averaging criteria
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Because of localized effects:

2D :cloud optical depth at surface:
e Clear: t1=0
* Cloud optical depth:

= Thin(5<1t<6) ] ShCu
= Thick (t > 20)

3D: Cloud dynamics criteria
(Siebesma et al. (2003)):

* Cloud: q,>0
 Cloudcore: ¢,>0,6,>6
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1. Impact of clouds at

vegetated surface

ogra{ph? :

Results




Different An for different cloud thickness
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Different An for different cloud thickness

7 8 9 10 11 12 13 14 15 16
UTC time (h)



Different An for different cloud thickness
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Different An for different cloud thickness
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Different LE for different cloud thickness
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Different LE for different cloud thickness

7 8 9 10 11 12 13 14 15 16
UTC time (h)



Different LE for different cloud thickness
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Two thickness-dependent regimes

11.0-12.0 UTC
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Disruption of SEB:
Under optimal cloud thickness, An and LE are larger than under clear sky



11.0-12.0 UTC

Two thickness-dependent regimes
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Results
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2. Impact of vegetated
surface on BL and clouds
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2. Impact of vegetated surface on clouds:
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Domain averages: Similar surface fluxes and BL
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Domain averages: Similar surface fluxes and BL
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Conditional average on clouds

Average profiles at 14:00-14:20 UTC

e Cloud: q,>0
* Cloudcore: q,>0,6,>6

v avg



Conditional average on clouds

Average profiles at 14:00-14:20 UTC
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Conditional average on clouds

Average profiles at 14:00-14:20 UTC
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Take home messages

1.




Take home messages
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Diffuse radiation plays a critical role | I;\

Two regimes for An and LE for thick/thin clouds:
optimal cloud thickness for vegetation



Take home messages

1. Diffuse radiation plays a critical role
on enhancing photosynthesis and LE

3. Character of light does not affect cloud and
BL dynamics significantly (only local effects)

Two regimes for An and LE for thick/thin clouds:
optimal cloud thickness for vegetation



Take home messages

7 ; E‘ ’ & »
1. Diffuse radiation plays a critical role |
on enhancing photosynthesis and LE

3. Character of light does not affect cloud and
BL dynamics significantly (only local effects)

Two regimes for An and LE for thick/thin clouds:
optimal cloud thickness for vegetation
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Day average
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2. Impact of vegetated surface on clouds:
Definition of experiments
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15min plant response lag
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3500

3000

2500

2000

1500

1000

500

Average profiles at 14.00_14.20UTC

DIF
DIR
REF
AER

0 1 1 1 1
287.0 287.5 288.0 288.5 289.0 289.5 290.0 0.0 0.9

thv (K)

1.8

q (g /Kg)

2.7

3.6

4.5



In-canopy scheme




In-canopy scheme

2 types of leaves:
Sunlit: Receive direct and diffuse
. I light
é Shaded: Receive diffuse light only
)




Canopy radiative transfer: Validation
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Conclusions
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Challenge in the local

®  SCu are rooted in the surtace * Canopy sensitive to direct/diffuse

* Shading changes surface fluxes




