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Abstract

Mesoscale convective systems (MCSs) are the main source of precipitation in the tropics and parts of the mid-latitudes and are
responsible for high-impact weather worldwide. Studies showed that deficiencies in simulating mid-latitude MCSs in state-of-
the-art climate models can be alleviated by kilometer-scale models. However, whether these models can also improve tropical
MCSs and weather we can find model settings that perform well in both regions is understudied. We take advantage of high-
quality MCS observations collected over the Atmospheric Radiation Measurement (ARM) facilities in the U.S. Southern Great
Plains (SGP) and the Amazon basin near Manaus (MAO) to evaluate a perturbed physics ensemble of simulated MCSs with
4\,km horizontal grid spacing. A new model evaluation method is developed that enables to distinguish biases stemming from
spatiotemporal displacements of MCSs from biases in their reflectivity and cloud shield. Amazon MCSs are similarly well
simulated across these evaluation metrics than SGP MCSs despite the challenges anticipated from weaker large-scale forcing in
the tropics. Generally, SGP MCSs are more sensitive to the choice of model microphysics, while Amazon cases are more sensitive
to the planetary boundary layer (PBL) scheme. Although our tested model physics combinations had strengths and weaknesses,
combinations that performed well for SGP simulations result in worse results in the Amazon basin and vice versa. However, we
identified model settings that perform well at both locations, which include the Thompson and Morrison microphysics coupled
with the Yonsei University (YSU) PBL scheme and the Thompson scheme coupled with the Mellord\euro“Yamadaa\euro “Janjic
(MYJ) PBL scheme.
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a) U.S. Southern Great Plains (SGP) b) Amazon (MAO)
110°w  105°w  100°W 95°W 90°W 85°W 69°W  66°W  63°W  60°W  57°W  54°W  51°W
P —T T T
\ 5oN ‘ 5N
asey| L [as°N
850, 2°N30' 2°N30'
W
azon| 1 |a2°N
NI- [ — 0°
390n]| |39°N2es30! 2°530'
og 5°5
g 36N 2
7°530' 70530"
33°N |— 33N
10°s P J10°s
300y 30°N
12°530' 12°530"

[
110°w 105°w 95°W 90°W 69°W 66°W 63°W 60°W 57°W 54°W 51°wW

Topography [m]

0 375 750 1125 1500 1875 2250 2625 3000

HikD x0  x GhHEEH

o7 Fihikti bty
w3 b

469 . Wﬂ*ﬁl@

a i B A T4 . ACSm
. WBL Hn By MS% b d

a4 . Mlsﬁﬁi
@s BY s
a6 dh Gt

a7 Fadbo3 D sfidin

80 diiglb( e g, p by
w1 i (I) ) sliepikkinh
©2 Al fmsthiiinbeh

w3 biEMS bbb

oo bk

%5 il HVCSn
%56 HHUS HilRbiit
®7 bep Histsked

®8 M S pip

%9 VS e



Simulated Storm

search area
M

erved Storm

9b§

radar
location

scan area
N

Simulated Storm

at t=3

ccumulative distribution

function (CDF)

== observed CDF o
== simulated CDF
absolute CDF
difference
(ACDFD)

reflectivity [dBZ]

Skill Scores

At ... temporal displacement

Ax ... spatial displacement

ACDFD ... absolute CDF difference
CC ... spatial correlation coefficient



a) location bias
4° to the east

- \ =
1 a
3
AN
o b L
40°N
LA
) ‘ [i /}N |
|
‘ Y
\“““ Ax = 356.1km
by dBZ CC = 1.0
30N v f’“«\ 57 dBZ COF = 0.0
k‘l\(“ AJ. —~ i }é
110°W 100°W 90°W 80°W

c) shape bias
5° to the east & twice as wide

Y
N . /ré\ - Y
4 ¥
. | e %
, i
1
Ax = 579.2 km
S dBZ CC = 0.58
30N\~<, VAR /’*"‘u dBZ CDF = 6.0
J \
vl
S
ﬁ\r’ [SEp N )
110°W 100°W 90°W 80°W
observed reflectivity [dBZ]
0 30 40 60 70
simulated reflectivity [dBZ]
0 30 40 60 70

B

il

b) amplitude bias

4° to the east & 10 dBZ stronger

S - o
| Tu \ <, P
1 a
<
AN
" ke
40°N
- LI-
]
’ I
a2l
\“““‘ Ax = 356.1 km
e dBZ CC = 1.0
3N “Zf'“‘x\ dBZ CDF = 6.0
VANNTIA N
\zi\t“) e xS
110°W 100°W 90°W 80°W
d) orientation bias
7° to the east & 90° rotated
~ et~ v
Sy \ "‘ - gt N
1 o oy »
4 ’
‘\A\ ;7 |
40°N ;
- v =
1
1
Ax = 540.9 km
HT dBZ CC = 0.1
N VAR /’*"‘u dBZ CDF = 0.0
J \
vl T
Y
v < &§
ﬁ\r’ s
110°W 100°W 90°W 80°W



a) Obs Brightness Temperature 2014-06-12_09
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Figure 5. Example of the observed (a) and simulated (b{j) BT (gray contorts) and radar

re ectively (inlet in lower left) at 2km for the Nov. 17, 2014, MCS case in the Amazon. Results
using the Thompson, Morrison, and P3 microphysics scheme are shown top down and YSU,
MYJ, and MYNN2.5 planetary boundary layer scheme from left to right.
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