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Introduction : Land impacts in S2S prediction
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Land impacts in S2S prediction: GLACE-2 results

s S2S predictability of surface air temperature enhanced over the
Asian monsoon region?

Multimodel-consensus estimate of (left) precipitation and (right) air temperature
predictability associated with soil moisture initialization
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Purpose of this study

Previous studies

Assessed land impacts using statistical analysis (correlation/regression) or
model sensitivity experiments

Shortcomings of existing methods:
Statistical methods (lagged) correlation, regression
“Correlation does not imply causality”

Model experiments
* Impossible to compare the land influence assessed by models and observation.
 The estimated coupling strength depends on the model used.

« The model perturbed experiments may disturb the land—atmosphere interaction by
intervening physical processes in models

D> This study uses an information based causal analysis.
(Liang-Kleeman information flow)



Method: Liang-Kleeman information flow

Liang (2014) deduced rigorous formula to compute the maximum likelihood estimate
of information flow (T,5;) using variance and covariance of X; and X,.

>
C11C12C2,41 — C1,C1,a1 C : covariance, d1 : forward differential of X,
2 2
C11C22 - CllClE

2—1 —

This study uses the normalized information flow (Liang 2015)
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Seasonality of SM influence on SAT
Maximum monthly normalized LKIF(SM->SAT)

Maximum monthly normalized LKIF from soil water volume to surface air temperature
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Large LKIF over typical wet tropical areas (Amazon, Indonesia). ,
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Seasonality of SM influence on SAT
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SM influence on SAT in Asian monsoon
ERAD~ sty 7| il

e P L
&
..... . 30°N -
» .

TN ¢
20°N A vl v ) 20°N 4
\ % 10°N

T - 0(. T T
105°E 120°E 135°E 150°E 60°E 75°E 90°E 105°E 120°E 135°E 15(

10°N

0° .
60°E T75°E 90°E

C LKIF (SM—SAT, ERAS, Jul.)

e :...'.;.'.‘:'::.r%ﬁ‘y

40°N 40°N

30°N 4 30°N 1T s - 60 80 100 120 140 160

------
ooooooo

20°N 20°N -

10°N o 10°N -
&

v | 0°
90°E 105°E 120°E 135°E 150°E 60°

60°E 75°E

40°N

40°N

30°N 4 S 30°N

i

20°N 20°N -

S il / % 80 80 100 120 140 160
6 . > 0° . , S P, | .
60°E 75°E 90°E 105°E 120°E 135°E 150°E 60°E 75°E 90°E 105°E 120°E 135°E 150°E Zhang and Wang (2008) /nt. J. Clim.
Dr. Akshay Deoras’s talk on 15t day 5 f0 15 2 % 0 [ Takaya et al. submitted.

Normalized information flow (SM—SAT)



SM influence on SAT in Asian
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Similar seasonality was observed

in MERRA-2.

Takaya et al. submitted.



S\/4

S\

SM-SAT coupling regimes

Infomation flow (SWV-=T2m) 40N—40S
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SM influence on SAT in Asian monsoon

Scatter diagrams

of (upper left)
information flow,
(upper right) soil
water volume wrt

net shortwave
radiation and Bowen
ratio. Data are plotted
for all land grids
between 40N-40S.
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Hot days and SM in pre-monsoon seasons
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Take-home message

e The Liang-Kleeman information flow analysis is introduced to quantify
soil-moisture influence on surface air temperature in monsoon regions.

e Large soil moisture influence on surface air temperature is observed in
rainy seasons of monsoon regions.

e Soil moisture influence on surface air temperature is intricately linked
to the seasonal monsoon cycle.

e Land desiccation is strongly connected to the occurrence of extremely
hot days in pre-monsoon periods.
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