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Take home: Soil moisture-atmosphere interactions strongly impact the shape of the temperature PDF over land in summer, and induce a coupling
between temperature and precipitation from interannual to multi-decadal timescales.

Motivation

* Improved projections of climate change and impacts requires
understanding the link between climate PDFs and physical
processes, as well as the coupling between different climate
variables.

* Prior studies have shown soil moisture (SM)-atmosphere
interactions impact surface mean climate and variability.

* Here, we further evaluate the role of SM-atmosphere interactions
on the PDF of surface temperatures, as well as on the physical
coupling between temperature and precipitation.

Methods

We compare simulations from GFDL’s ESM2M model with interactive and prescribed
soil moisture, performed for the multi-model experiment GLACE-CMIPS5 (Seneviratne et al. 2013).
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Fig.1: Difference of the four first moments of the distribution of daily JJA 2-m temperature
between simulations DYN and CLIM (DYN minus CLIM) over 1971-2000 (Berg et al., in rev.).

e Beyond mean and variance, PDF shape is also impacted by SM-
atmosphere interactions (Fig.1).

* Moments are differently affected over different regions (Fig.1).

 High-side of the temperature PDF is mostly affected (Fig.2).

e Regional differences are explained by differences in
hydroclimate, thus differences between climatological
interactive SM, and subsequent impacts on surface fluxes (Fig.2).

local
and

0.10

0.00 005 0.10 0.15 0.20

0.00 0.02 0.04 0.06 0.08 0.10

00 01 02 03 04 05 06

0.20

0.10

0.00

0.15

0.05

0.00

USA
Mean=17.09 B Mean=20.58
1 Sd=2.44 L Sd=4.25
Sk=-1.25 AU L Sk=0.48
- Aﬂ[Hid:H I hmto.m
0 10 20 30 40
Central Asia
1 Mean=12.49 H H| Mean=16.39
Sd=3.87 LA L Sd=5.97
Sk=0.26 H | Sk=0.47
Kﬂ | - H}'HJWHM"“N:.SQ

0 10 20

30 40

Southeast Asia

Mean=25.77 Mean=25.93
Sd=0.78 Sd=1.24
Sk=-1.1 Sk=1.63
Kt=3.84 } Kt=10.8

0 10 20 30 40
India

Mean=26.45 H Mean=27.42
Sd=2.85 I Sd=4.48
Sk=1.43 | Sk=1.47

Kt=2.3 ﬁﬂ ]m Kt=1.45
0 10 20 30 40
Sahel

Mean=28.15 ] 1l Mean=29.01
Sd=2.17 A | Sd=3.44
Sk=0.23 1| Sk=0.57
B | hﬁuﬂ};

0 10 20 30 40

2.0

1.0

0.0

2.0

1.0

0.0

Q
-
I

-1.0

-1.0

SM and EF, USA

0:2 O:4 0?6 0:8 1{0

T
0.0

Surface SM

SM and EF, Central Asia

Y "

--------

I

e e e e - - - -

06 08

00 02 04

20 30
Surface SM

0 10

SM and EF, Southeast Asia

40

05 06

00 01 02 03 04

0 10 20 30
Surface SM

40

SM and EF, India

T
0.3

Surface SM

SM and EF, Sahel

0 10 20 30
Surface SM

40

Impact of soil moisture-atmosphere interactions on temperature-precipitation coupling

5,

0
o

Q
[}

cor(E,T)

0
S A

0.0

-0.5

|_11'0

1.0

0.5

cor(E,T)
0.0

-0.5

1.0
1

1.0

0.5

cor(E,T)
0.0

-0.5

,-1.0

1.0

0.5

cor(E,T)
0.0
]

0
S A

. ’ ’
IPSL-CMSA - . . . o | IPSL-CM5A -
. 1.0 : -1.0 10 05 0.0 05
cor(SM,E)

Fig.3: Interannual correlation between summertime-mean T and P over
1971-2000 over land, in DYN (a) and CLIM (b), for the different GLACE-

CMIP5 models (Berg et al., subm.). and E-T correlations

Fig.4: T-P correlation in DYN,
binned as a function of SM-E
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Fig.5:(a) Mean summer T change between 1971-2000 and
2071-2100, in DYN; (b) (a) as a function of present-time T-P

correlations and mean summertime P change, over land.
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Fig.2: Distribution of daily 2-m temperature, EF and soil moisture, latent and sensible flux, and incoming shortwave
radiation, in JJA over 1971-2000 in DYN and CLIM, over five representative points.

Negative interannual
correlations between
summertime T and P over land
arise largely as a result of soil
moisture -atmosphere
interactions (Fig.3).

Yet in some models,
atmospheric processes
contribute as well (Fig.3 and 4).
Through soil moisture —
atmosphere interactions,
projected precipitation changes
modulate regional warming

(Fig.5).
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