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Land-Convection Coupling

Coupling = Response of precipitation given a
soil moisture perturbation
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Land-Convection Coupling

Positive Feedback
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Model Land-Convection Coupling

Positive Coupling Pattern from many GCMs
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Model Land-Convection Coupling

Positive Coupling Pattern from many GCMs
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Model Land-Convection Coupling

Positive Coupling Pattern from many GCMs
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The coupling has been shown to be most sensitive
to the convective scheme and likely not from CLM

(Mei and Wang 2012) ?
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Model Land-Convection Coupling

Positive Coupling Pattern from many GCMs
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The coupling has been shown to be most sensitive
to the convective scheme and likely not from CLM

(Mei and Wang 2012) ?

How is convection currently triggered?
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Convective Triggering Mechanisms

1) Current Trigger: if CAPE > 70 J/kg then trigger convection
 Evaluates the potential energy of a near-surface parcel
 Can be sensitive to surface energy fluxes
e more SH = more CAPE; more LH = more CAPE)




Convective Triggering Mechanisms

1) Current Trigger: if CAPE > 70 J/kg then trigger convection
 Evaluates the potential energy of a near-surface parcel
 Can be sensitive to surface energy fluxes
e more SH = more CAPE; more LH = more CAPE)

*** |lgnores whether saturation has been reached




Convective Triggering Mechanisms

2) New Trigger: RH ~=100% at PBL top
e Saturation due to buoyant mixing
* Physically based
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Convective Triggering Mechanisms

2) New Trigger: RH ~=100% at PBL top
e Saturation due to buoyant mixing or moistening
* Physically based




Questions Regarding Convective Coupling

» Does the mean land surface and near-surface change?

» Where is the greatest impact, globally?

» Does it change the soil moisture-precipitation coupling?




Simulation Design

* Two simulations using CESM 1.2.0:
» 1.00 degree
» sim years: 2000-2010

Focus on July
* (Components:

» CAM 5.0 atmosphere
» CLM 4.0 land surface

» Data everything else

* Only differ in Convective Triggering
Mechanism

> CAPE triggering (instability) 273 276 279 282 285 288 291 294 297 300 303 306 309
» Buoyant Condensation Trigger



Spatial Precipitation Change

Precipitation (mm
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Spatial Precipitation Change

CAPE Trigger

BCL Trigger
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July 2010 Land Precipitation Distribution

Probability Distribution of hourly precip
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July 2010 Land Precipitation Distribution

% of hours with Convective Precipitation
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** (# of convective events / 744 hours in July)



Spatial Differences: 10-year Simulation

CAPE Trigger - BCL Trigger
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Spatial Differences: 10-year Simulation

CAPE Trigger - BCL Trigger
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Spatial Differences: 10-year Simulation
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Spatial Differences: 10-year Simulation

CAPE Trigger - BCL Trigger
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Spatial Differences: 10-year Simulation

CAPE Trigger
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Spatial Differences: 10-year Simulation

CAPE Trigger
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Spatial Differences: 10-year Simulation

CAPE Trigger
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Inter-annual Variability for July

10cm Soil Moisture Inter-Annual Variability

» On average BCL trigger
produces drier 10cm soil
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» Shift to drier overall regime
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» Variability increases over the
Plains
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Mechanism At Work

Under the Old Trigger Under the New Trigger

CAPE > 70 J/kg

¥

Convective Rain

|

Moisten Soil

!

Increase evaporative
fraction



Mechanism At Work

Under the Old Trigger Under the New Trigger
CAPE > 70 J/kg BCL Trigger (RHt ~= 100%)
Convectve Rain Convectve Rain
! !
Moisten Soil Moisten Soil
{
Increase evaporative Increase e‘vaporative

fraction fraction



Mechanism At Work

Under the Old Trigger Under the New Trigger
CAPE > 70 J/kg BCL Trigger (RHt ~= 100%)
Convectve Rain Convectve Rain
! !
Moisten Soil Moisten Soil
{
Increase evaporative Increase e‘vaporative
fraction fraction

Decrease PBL height Moisten PBL height



Summary and Thoughts

» Buoyant condensation trigger:
 More heavy precipitation; less “drizzle” precipitation
* Produced greatest response in typical “hotspot” regions
 Hotspots became drier in general
 Resulted in greater inter-annual variability for some regions

» What does “tuning” CLM mean in this context of spatially
heterogeneous sensitivity?




Diurnal Cycle: July 2010
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Diurnal Cycle: July 2010

Latent Heat
Sensible Heat
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CAPE Trigger

200 _I LI I LI I I;AEI LI I L I T I_

-Sahel /3 ]

160 i -
N 18
S 120 | =
s 12
i 1 x
5 ol 13
TH i @ Ig™
8 I \ 18
£ 40 -1 €
=1 - 1 3
() - L

0 — —

_40 _I Ll I Ll 1 I Ll 1 I | - I | - I Ll I_

0 4 8 12 16 20 24

Time of Day

:SahEI ]

6.0 - .
S i 1 E
E_t 1E
c %0 1 <
2 18
ot -
2] B 1 ®
= - 4 =
S 40| - 2
[&] [ 1 ©
() 4 O
S S
o 1a

3.0 ) JA//‘_

2.0 [ I|III|III|III|III|III_

0 4 8 12 16 20 24

Time of Day

400

300

200

100

-100

4.0

3.0

L

IIIIIIIIIIIIIIIIIIIIIII
Plains

e

0 4 8 12 16 20 24
Time of Day
- Plains /\ ]
: fooL
: [\
/ 3]
| I24

Time of Day



Relative Humidity Diurnal Cycle
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Precipitation Characteristics

Relative Humidity
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Convective Triggering Mechanisms

When PBL intersects the Buoyant Condensation Level (BCL)
Convection Happens

BCL Deficit = BCL Height — PBL Height




