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A Review of Precipitation Susceptibility in Warm Boundary Layer Clouds
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Abstract: Cloud-aerosol interactions are considered to be one of the most important forcing mechanisms in the climate
system. However, there is considerable disagreement on the magnitude and even on the sign of how aerosol perturbations
affect cloud fraction and lifetime. Furthermore, aerosol effects on clouds and precipitation are not readily separable from
the effects of meteorology. This review paper summarizes the study of precipitation susceptibility S,, which qualifies how
aerosol perturbations alter the magnitude of the precipitation rate (R) while minimizing the effects of macrophysical
factors such as cloud depth (H) and liquid water path (LWP). The analysis shows that the precipitation susceptibility S,
for the warm marine boundary layer clouds is insensitive to aerosol perturbations at low LWP (equivalently low H).
However, R decreases as aerosols increase at intermediate LWP. This is because aerosols act as cloud seed and produce
numerous small-sized particles, which impede the collision and coalescence process that leads to precipitation. At high
LWP, S, decreases with increasing LWP as there are enough water contents in the clouds. The LWP or H dependent S,
behavior differs depending on the predominant cloud physics processes in the clouds.
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Fig. 1. Precipitation susceptibility (S,) as a function of the
liquid water path (LWP). Note the existence of three dis-
tinct regimes: (a) low S, at low LWP; (b) steadily increas-
ing S, at intermediate LWP; (c) decrease in S, at high LWP.
Modified Fig. 14.2 of Feingold and Siebert (2009).
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Fig. 2. The precipitation susceptibility (Sg, blue), the suscep-
tibility of drizzle intensity (S, red), and the susceptibility of
drizzle fraction (S, green) are calculated in each of the four
equally weighted cloud thickness bins. Modified Fig. 3 of
Terai et al. (2012). The precipitation susceptibility (blue) is
approximately the sum of the susceptibility of drizzle frac-
tion (green) and the susceptibility of drizzle intensity (red).

Feingold et al. (2013}, Tist mdl(of: wimd),

LESEY) 478 Foe] 78 Wy 44 2 5
S 3ol %101@ F gl AZHWP] AFULE ¥

Hell &S F AABATE. YA 5 - Yo
73 A7kl *7}&7‘3 A Noll ofEs
© s Nell 733 F2apgos
Ak, YA F= - Bl 7Fsd Alzke)e] AE &
AY 7ol AT S= LWP7E 715kl wet
= FHsE LWPZL ZUH
5 5= A%} Gettelman et al. (20132 NCAR
554 7] AR (NCAR Community Atmosphere
Model version 5 (CAM5) GCM)g °©]&3td, 29
Al e S RFs S, A el Sl wAE
gk tisle] AFsISATE Gettelman et al. (2013)
of wad vAEAYES vREeRA S, s
HSA 7 UAXRE LWP w2 S, A< 5
HE7E & )y WaA] odethar B3k gt
LWPdl| mE S, sfeo] HAA 7|2 (GCM)
Wood et al. (2009)<] zq"h‘%‘”:i-_(steady state model)°]|
A g2A depds B3tk AR DA 7}
TUE S;= LWP7E 715l wet sj|lo] FEist
A Bleks Al 9495 BIARL BREAM=
LWP7} 57}3}"“ et A A g ) B A L ey
Adhe EFg B

SR 7}*‘3]7“: A4 H(Sorooshian et al.,
2009; 2010; Jiang et al., 20107} =2 =doL} 9
AAEE olgdte] 7] A2 AH(Cuye tde=E st



MSSst R0 2zl ofst n& 113

05 1 I I 1 I I 1 I I
0 200 400 600 800 1000 1200 1400 1600 1800 2000

H, Cloud Thickness (m)

T T T T T T T T T T

b) Sc o 2 = = = cb-mean
,t?\ .
» cb-local

® —

0.8 . ]
o7l < \. - == cb-lcl

o 0.6 // - °
sl 7 E-PEACE 1

—e_ ]
0.2 8= - .
B .

100 150 200 250 300 350 400 450 500 550 600 650
H, Cloud Thickness (m)

Fig. 3. Precipitation susceptibility, S,, estimated with aircraft measurements for (a) cumulus, Cu (12 flights of Barbados Aerosol
Cloud EXperiment, BACEX) and (b) Stratocumulus, Sc (13 flights of Eastern-Pacific Emitted Aerosol Cloud Experiment, E-
PEACE). E-PEACE &, is estimated from (i) the cloud-base height, which is identified using Lifting Condensation Levels (LCLs)
(cb-lcl) and (ii) from the vertical structures of Liquid Water Contents (LWCs) as the aircraft enters the cloud deck to conduct the
cloud-base level-leg flights (cb-local), and (iii) from the averaged cloud-base heights from the nearby soundings and cb-local (cb-
mean). Filled circles are statistically significant at 99% confidence level. Modified Fig. 4 of Jung et al. (2016b).
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Fig. 4. Precipitation susceptibility as a function of liquid
water path in AMF (Atmospheric Radiation Measurement
(ARM) Mobile Facility) observations and LES (Large-Eddy
Simulations) of precipitating cumulus from the RICO (Rain
in Cumulus over the Ocean) field campaign (Rauber et al.,
2007). Modified Fig. 4 of Mann et al. (2014).
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Fig. 5. Procedures for the calculation of the precipitation susceptibility (S,).
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