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Uniform soil moisture ‘

3 m s iso-surface for vertical velocity & soil moisture contours
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\%/ What is the characteristic scale of Land-Atmosphere
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Evidence for the importance of L-A coupling accumulating

weak moisture convergence

strong mgisturp convergence
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a) MODIS Aqua i lmage ~1350 CST over WRF domain 2

1 plxel 250 m

Smooth soil moisture

b) Default Simulation, Ax = 100 m

4—————— WRF domain 2: 120 km —— >

Welty and Zeng (2018), GRL

More realistic &
variable soil moisture

c) Revused 1 Simulation, Ax = 100 m
4

coupling over the Southern Great Plains?

. but difficult to simulate P

11/12
p=2x10-°

LC L 2/12 8/12

=0.02
11/12 p=0.01 s
p=6x10¢

rgy SH<->EF4->LH

10/11
Is p=7x10
10/11
p=0.003

RNet 11/11 x

p=4x107

Precip. error strongly
correlated to errors i
lifting condensatig
level & surfacere
fluxes in many mo
& reanalyses

7/12
p=0.05

Dirmeyer et al. (2018), J. Hydromet.

Knowing the dominant scales of relevant
processes is a key for modeling multi-
scale systems (e.g., Honnert et al. 2020)

Clouds change their scales with soill
moisture variability (Fast et al., 2019)

What are the spatial scales of the
process chain from soil moisture to
the clouds?
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Most of the model input data and configuration are the same as those in

Fast et al.,

2019: WRF model is run for 12 hours without PBL and

convection parameterizations for the HI-SCALE August 30 case

Simplifications (e.g., no topography, no large-scale forcing) to focus on

responses of surface and atmosphere to soil moisture forcing

WRF simulations & focus of the study

Santanello et al. (2018), BAMS

before atmospheric feedback chenetal., 2020, JGR-Atmo. (poster in session 2))

37.5°N

37°N

36.5°N

36°N

35.5°N

Grid , Soil moisture . Model Analysis
Name spacing (m) Atmospheric I.C./B.C. LC. Soil texture  Topography domain domain
. . : 250 km
UNISM 300 Uniform & zero w!nds / doubly Uniform Unlform Flat 297 km x % 180
periodic (silt) 297 km km
Interpolated
. . WRF 250 km
VARSM 300 Uniform & zero w!nds / doubly from STAMP, default Flat 297 km x % 180
periodic Mesonet, (STATSGO) 297 km km
GLEAM
Soil moisture Landcover

99°'W  98.5°W  98°W  97.5°W  B7°W  98.5°W  96°W

(m* m)

99°W 985W 98°W  97.5°W 97W

ASM — AEF,,, — APBL — AENT — ATy, Qum & AP /Clouds
(a) (b) (<) (d)

Green vegetation fraction

(%)

Shrub

Forest

99°W  98.5°W  98°W  97.56°W  97°W

96.5°W  96°W



| % Two-scale surface responses to the single-scale
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soil moisture forcing

Simulated surface sensible heat flux (1000CST)

Variable soil moisture

Uniform soil moisture

Mesoscale variabilities are enhanced in both sensible
and latent heat fluxes

Sub-mesoscale (1.5 — 7.5 km) variability is alsc
increased in sensible heat flux, corresponding to stronger
flux gradients produced by soil moisture variability

Normalized S(k)

6000 -

5000 [

4000 [

3000 [

2000 -

1000

S(k)

Mesoscale soil
moisture forcing

Surface forcing:

— — — Topography

Vegtation fraction
Initial SM in VARSM

White noise

| Il
1 05

Sub-mesoscale Microscale

Variabje soil

- Uniform soil moisture

e _ sensible heat flux
10 75 5} 3 2 1 075

1 1 1 M| L 1 L L
80 50 40 30 20
x10* .
r Microscale

Mesoscale Sub-mesoscale

VARSM

UNISM latent heat flux

10 75 s R
Wavelength (km)

I [T R N I
80 50 40 30 20

95% C.l. for white noise
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Coupling hot spots are extreme

Pacific
Northwest Differences as [VARSM] - [UNISM], 1000 LT
lSurfaC(?‘ buoyar]qy \‘IS,urface"preSSEJte Near—wrfage_vyind diverAgrt_a‘r]cAe t|t|e S||de Watervapor mIXIng ratlo&u&v flg?(:gt /z,~12
) “Wi e R g et gsw T R
N o IR . o - | -:-1033-1 N e
0.04 0 0.04 -20 20 -0.8 -0.2 0 0.2
ki
o Extreme values of surface buoyancy,
pressure gradient, wind speeds,
moisture fluxes, TKE, and others are
R S e o " enhanced in VARSM over local
B At maxima and sharp gradient of
surface sensible heat flux
w difference is less substantial

horizontal divergence of w-momentum flux (m s?)




GCoe
0

000

®o0eo

SN TR I I I X KB IY | Il I
0090000000000 0000000000000 000 00000

a5
s

¢

@ o O 0000000 00
° (Y BT TX)
oPeo

(2]

G

0000000000000 O 0@@® 00 'Y TR 1)
oPe0eooo0o 0000000200

-~
7

0090 o0 00@
o@e@ovoe 9000000000000

00

Qe -

°

B .

(@]

~
O o

@)

[¢]
Y 1

Py
o
O

©e @
<

00000000000 °200000 @ 00
@

m
w

® c00@0C
@c

W

@ 000000000 000000000000 O 00000
0000000000000 000000900000

(T TR XY I Iy

®° 00
°®
a
®e 00
®o

@)
°®

Qe
©

Pacific
Northwest

NATIONAL LABORATORY

Both mesoscale and
sub-mesoscale
variabilities are
enhanced in buoyancy
and horizontal winds

w and near-surface
divergence respond to
soil moisture forcing
only in the sub-
mesoscale

Clouds first form in the
sub-mesoscale, then
upscale to mesoscale
quickly with variable
soil moisture

Cloud liquid water path (LWP),
uniform soil moisture

37°N
36.5°N 54
36°N

35.5°N |54

Cloud LWP, variable soil
moisture

37°N|

36.5°N i’
7

36°N|.

35.5°N

.

98°W

.. -y
Ve 37 LEa

98.5°W

0.4

S(k)

S(k)

\ef/ Atmosphere responds at both scales

Near-surface buoyancy

Mesoscale Sub-mé3pscale Microscale
1000 LT
5 3 2 1 075
u & v, near-surface
M| 1 P Il | L 1 n I 1 Pl LT
80 50 40 30 20 10 75 5 3 2 1 075
w in the mid boundary layer
(
| 1
1
1
1
o 1000 LT
80 50 40 30 20 1075
x10°
Mesoscale Sub-mesosca Microscale
'Cloud liquid water path
T 1 1 L 1 g i) 1 P L 1 n 1 PR | 11 LT
80 50 40 30 20 10 75 5\ 3 2 ) 1 075

Wavelength (km)



7 Clear sub-mesoscale signature in scalar fluxes
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Both horizontal and vertical g fluxes, and g variance, are intensified in the 2—3 km scale within
boundary layer by soil moisture variability



C
(&
* @

D@ - ®-
0@
Y 1 Oe
©e @
o
o0 e0®0- ©
@c o Qe

[ Iof X&
o0® O

c@e
°0@® oo
00 000000

000000000002 °000°0 ©® 00

9000 9000000
oPe0eooo0o 0000000200

SEX 1T BN I I I
0000000000000000000 0000000000000 000 00000

o@ee 00

0000000000 0000000000000 OO

@ 9000000000 000000000000

o909 oo
o000 o000 000
o9e@oveoe 909000000090000

o0
D0 000 0000000000 9000000000000 000000000000

® o O
° ("‘,.0
®° 00 @000
CEX )
®o
°®

@)

Qo

\?7/ Scales of soil moisture—cloud process chain
El%?lcﬂff:vest

NATIONAL LABORATORY

D

sensible heat flux

ALY 1

i
)

On-going & future work:

Manuscript submitted to JGR-Atmospheres

Oo&& ?

ASR

Atmospheric
System Research

ARM

Clouds form at sub-mesoscale and
grow into mesoscale with variable soil
moisture

g

%% %; §|F ' - ; _, Stronger sub-mesoscale gradient
(peak in 2—-3 km) in sensible heat flux

)

Stronger rising motion in sub-
mesoscale

Mesoscale & sub-mesoscale

horizontal circulations

Mesoscale variation (in 20-30 km) +

o
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20-30 k
More cases ¢ Sensitivity to land models & grid resolutions
Scales of landcover & topography influence « QObserved spectra

Also see J. Chen et al., 2020, JGR-Atmo. (poster in session 2) & Z.Yang et al., 2021, JGR-Atmo. (poster in session 4)

Questions? -> Koichi.Sakaguchi@pnnl.gov

Contributors (PNNL): L. Berg, J. Chen, J. Fast, R.
Newsom, S.-L. Tai, Z. Yang, W. |. Gustafson Jr., B. J.
Gaudet, M. Huang*, M. Pekour, K. Pressel, and H. Xiao

*now at NOAA NWS
Supported by ICLASS SFA under ASR



