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Initial and boundary conditions: one-way nested simulation of three domains (D01, D02, and D03).
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Horizontal grids: 1 km in the outer domain and increases to constant 200 m in the inner domain (30 km x 36 km).
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Microphysics Formulation — A virtual microphysics laboratory (VML) to investigate rainfall dynamics at 175 L P X (km)
process scales. Drop activation, condensation, and collision are solved via spectral bin microphysics (SBM, —| — 6l . : L .
5 B e e Air parcels travel in turbulence, rolling in eddies. —— qclg/kg)
Duan et al. 2019) model. o - £ S i : : : e Zporeer (m)
S £ S e Liquid water mixing ratio oscillates durin pareel
@ 100 = 4 ¢ 0.4 1 Zuriace (M)
- 2 = IO~ ~— WS c ) — Lsyrface (M
Collision outcomes: E : =00 ?j‘ | W g ascent and descent, contribute to cloud or fog - _
i 1) Coalescence 5 8o = % e dynamically. S 0.3 - —“'E-’-’
S 1 2) Breakup 50 : W terrain Hei = @
- : : ght (m) — Q
3 Entrainment (mixing with dry air) a) Filament b) Sheet c) Disk 60 o %Mw% mean: 963.0 EU 0’ 'g
= —— 4=
' . : . . . . : . : . | . ; ; P 1 24 o
1072 - a) 0 °  © ©) O 0 2 4 6 8 % 50 100 150 200 250 300 350 400 0 20 40 60 ki ' ©
. . 3 Height (km) x (km) Horizontal Grid (km) 0.1 -
1072 10~ cloud droplet 10— 100 um o & =
CCN radids (um) . H O . g 0 . . .
Aerosol (small particles) water vapor ./ > o The CLCM is run one day prior 06/12 2014 from 5am to spin up turbulence and soil properties (one diurnal
10~2— 10" um PP P { ) o . . . . 0.0 . . | .
_ ®  diffusion o O O cycle). Morrison scheme is used instead of SBM to save computational cost. 5:00 am 5:10 am 5:20 am 5:30 am 5:40 am
o * condensation . . i © - L7 6
o ® N « collision o _
° 0o "® & ¥ 05:00 AM 9.0-19.0 m/s 05:00 PM 0.25-26.0 m/s 11:00 PM 0.49-20.0 m/s ~ 05:00 AM 0.16-14.0 m/s 200 1.2 1 qc(g9/kg)
coalescence S A T i === 7 (m) 2.4
‘ 17.5 parcel |
O x (km) 1.0 4 —— Zsyrface (M)
/ - p 2 km 15.0 ﬁ@h - 2.2 .
7 ' . %
’ / J” X altitude , ; v E . T 081 . 20 £
[ . , : y 10.0|% ' R, Iy —~
/1 7\ drop-drop O o P wind N a5 ; ] 28 S Ay 18 ©
N ANAV collisions i ‘ map Y » v 1.8 e ! 16 O
parcel /) /o 9 C T 5.0 16 o 05
isi | | ., SRR " e | — 0.4 - =
o S | A — - ARy b 4 N A - /\/\ 1.4
11y <7 B > 0.2 - 1.2
";’ i » [} [} [} [} L] )
: S Atmosphere is saturated at P4, favoring LLCF, while P6 is dry due to terrain blockage. 10
raindrops Barros et al., 2008 0.0 | . . | .
W\ 0.1=5 mm Jirand Barros, 2024 < — —< 7 — , _ — : , 5:00 am 5:10 am 5:20 am 5:30 am 5:40 am
fopradm e 400 - P4\SO}U nding«af,fer 1-0ay spin-up X ' ' I-’\‘/ 2300 1 P6 §Qy;ndin'"g\after 1 f : . 1400
_ . : . R : i NooT f ! . I R / V./ Condensation — 5:00 am Condensation — 5:00am
Land Model — Duke Coupled Hydrology Model with Vegetation (DCHM-V), a land surface column model NG I AN - i N4 NV AN N 1200 - / '— 222 am 1200 - —— 5:05 am
. . . . e i | X NS \ [ i — 5:10 am —— 5:10
that solves for water mass balance and energy balance, coupled with a biochemical representation and a ool ; 'Y 500 £ 1 ] . — 5:15am 1000 / / — siam
. . . . o I ! e ] [ " . r':'l—h 4
substrate-structure dark respiration parameterization. AN - 'Y . Y] . Coalescence ~ — >:20am . Coalescence — 5:20am
(a TR \\!H H‘.; J'I J (' 600 4~ ;, x‘\.'\‘_ f"-x ;/ U 800 — 3:30 am E 800- | N —— 5:30 am
= ! \ :' = / 1 ! B 5:35 am - - 5:35 am
Heat Fluxes : e el N [ ] =/ . \ L/ 5 — 5:40 am S — 5:40 am
—» LW —» SH Eskin precipitation Liu and Barros 2024 f oY l J 700 1w y ‘\/ 2 600 2 600
Emesquite . _ v VA 1 \~/ AN b M g- g Parcel 2
—» SW LH _ interception 700 1597 T 7 800 [/ ~n *{\% S 400 Parcel 1 S 4004
et Lo 8 B . 7
’ o BN C3 photosynthesis sooq - H— , s \?f e . ' ! ' h% 200 200
y = o . Ebare soil —30 —20 —10 0 10 20 - —30 —20 -10 0 10 20
2 g T(°C) T(°C) - | ' e '
[} L] L] L] L] L] L] L} [} [} L] L] L] 10—1 100 101 102 102
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