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Background

Vegetation affects the atmosphere
through biophysical feedbacks by
altering albedo, roughness, and
transpiration and thereby
modifying energy, momentum, and
moisture exchanges with the
atmosphere.

Global monsoon regions respond

(a)&egetationdMoistureRecycling@Feedback

- Precipitation

J+ Subsequent
Evapotranspiration

Delayed
Vegetation
Moisture
Recycling

I~ Depletion of
Soil Moisture

Feedback
T Mear-Term
Evapotranspiration b 4

(c)¥egetation@\lbed o
Feedback

T Precipitation

1 Precipitation

Mear-Term

w

‘I Precipitable
Water

Vegetation
Maoisture
Recycling
Feedback T Nea r_T? AL
Evapotranspiration

(b)&egetationBtability?
Feedback

<) Precipitation

- Cumulus
Convection

|- Atmospheric
Lapse Rate

J Surface
Temperature

Evapotranspiration

w

(d)&egetation®Roughnessi#Feedback

T Ascent

I Frictional
Convergence

‘T Precipitation

‘T Sensible and
Latent Heat /

I Cumulus
Convection

|- Atmospheric
radiation cooling

I Net Incoming
Radiation
J- Surface Albedo

uniquely to vegetation feedbacks
(Xue et al. 2010; Notaro et al.
2011).
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Background

CCSM3.5-CLM simulated opposite precipitation responses in China and northern Australia
to reductions in vegetation cover (Notaro et al. 2011).
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Background

RegCM4-CLM simulates different responses (Notaro et al. 2017).
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Method: Stepwise Generalized Equilibrium Feedback Assessment
(SGEFA)

Multivariate statistical method (Liu et al. 2008): Extracts the observed or simulated forcing of slowly-evolving
variable (SST, LAIl) on rapidly-changing atmosphere.

The response of an atmospheric variable at time t, A(t), to a terrestrial variable, V(t), can be deduced as the
feedback matrix B.

(A(t),V(t —1)) <A, V> is the covariance between A and V. tis time scale,

(V(t),V(t—r1)) exceeding atmospheric adjustment time (here t=1 month)

To minimize sampling error, unimportant forcings are eliminated using an Akaike Information Criterion-based
stepwise selection.

Statistical significance of B is assessed using Monte Carlo bootstrap method.

Forcings include: area-average NDVI over northern and southeastern Australia, southeastern and northeastern
China, for Australia and China, respectively, and leading 2 EOFs of SSTs in 8 ocean basins.

Responses from multiple observational datasets is assessed and weighted based on regional data reliability.



Validation of SGEFA in assessing vegetation feedbacks in Sahel
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SGEFA identifies observed positive vegetation-rainfall
feedbacks in the Sahel
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Based on SGEFA applied to multiple observational, satellite, and reanalysis data, positive
anomalies of Sahel vegetation during the late and post-monsoon season favor enhanced ET,
precipitable water, convective activity (reduced OLR), precipitation frequency, and total
precipitation amount, indicative of amplified moisture recycling (Yu et al. 2017).



Observed vegetation-climate feedbacks in northern Australia
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Observed vegetation-cl
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Observed vegetation-climate feedbacks in eastern China
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Observed vegetation-climate feedbacks in eastern China
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Observed relative importance of oceanic versus terrestrial drivers
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Vegetation-climate feedbacks depend on background atmospheric state
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summary

e SGEFA-based observational evidence supports the RegCM4 findings
(Notaro et al. 2017) regarding the vegetation moisture recycling and

vegetation stability feedbacks in the Australian and Chinses monsoon
regions.

e Unlike the RegCM4 conclusions, observational analysis suggest
negative vegetation-rainfall feedbacks in both monsoon regions, due
to the dominant stability mechanism. In addition, positive NDVI
anomalies in northern Australia support surface cooling and weaker

land-ocean heat contrast, thereby leading to earlier withdrawal of
summer monsoon.



Future work

* The hypothesis regarding MJO’s modulation on the vegetation-rainfall
feedbacks in northern Australia (Notaro et al. 2018) needs to be
tested in observations.

* Further investigation the dependence of vegetation-climate
feedbacks on background atmospheric state.

* |dentify regions where each vegetation-rainfall feedback mechanism
dominates.



