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10-Year Climatology of JJA Rainfall Diurnal Cycle from NLDAS data
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Hovmoller Diagram

50N

Diurnal Amplitude [mm/hr]

. —
Wolp ad % - s
¥ S = > e,
ESUR AN e
1 i s
4oNAG T
QAP ol o [
son] )
AN+
30N .
250 -
120 115W 110W 105W 100W 95W 90W 85w 8OW 75w 70W
(a)
0.15 0.3 0.45 0.6 0.75 0.9 1.05
Diurnal—Maxima LST [hour]
50N e —— — =
— - T a -
Ut P
45N ;
4Ny —
35N
30N
Yk
250

120W 115w 110W 105W 100W 95W 90w B5W 8OW 75W

(b)

2 4 6 8 10 12 14 16 18 20 22

70W

Diurnal—Minima LST [hour]
50N — . =
— 2 v -
i > S e,
45N Xy .
i,
aon {4 N A
. g
3N L
TR R
30N 1
2
250

120W 115W 110W 105W 100W 95W 9OW BSW 8OW 75W

(c)

2 4 6 8 10 12 14 16 18 20 22

70W

()

()

(in)

(v)

16
20
00
04
08
12

16
115W

110W 105W 100W

16
20
00 0.22
o
12 0.18
115W 0.16
16 T2 s

20 0.14
00

0.12

04

08 - 0.1
129

16 -

11

16 0.06
201 0.04
00 -

04 0.02
081~

12 -

16

Continental
Divide

Mississippi
basin

North American

Appalachian
Mountains

Great Plains

Monsoon

Matsui et al. 2010, GRL



45N

40N
35N

s b W e
gl
30N ‘. i “
ES ‘ L
o '4MJ X
e =BT i
15N —
130W  120W 110w T00W  B0W BOW

Dreary States in Conventiona

Diurnal Phase

(LST)

a0

12

NASA (NSIPP-2)

45N 4

40N 1

35N 1

30N ~

23N 1
20N 1

15N

= 2 _DdE ‘
il : I“-] - -
LGrpies e

OBS (HPD)

GCMs

OBS (CMORPH)

100w

1300 1200 110W SOW  7OWIZ0W  120W  110W  100W  SOW  80W 70w
GFDL (AM?2) NCEP (GFS)
2 DEG 62
-

Relaxed Arakawa-Schubert
(Moorthi and Suarez 1992)

JOW 30W

120W

110W

Relaxed Arakawa-Schubert
(Moorthi and Suarez 1992)

100W  SOW 80W

70W 30W

120W 100W  90W

Simplified Arakawa-Schubert
(Grell 1993, Pan and Wu 1994)

Lee et al. 2000

110W



NASA Downscaling Climate Simulation Project

Regional Climate Model

— NASA Unified-WRF (NU-WRF) Based on WRF-ARW v3.5.1

Initial/Boundary Conditions

— NASA MERRA-2 six-hourly re-analyses over CONUS

Land Initial Conditions

— Land Information System (LIS) 10-yr spin-up of Noah LSM

Nudging (large scale forcing of certain variables to the synoptic scale)
— Simulations with spectral nudging of p, t, and horizontal winds above the PBL

Cloud Microphysics
— GCE 3-ICE with Graupel
Radiation
— Goddard 2011
Planetary Boundary Layer Scheme
— Mellor-Yamada-Janic
Land Surface Model
— Noah LSM

NU-WRF RCM domain configuration
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NU-WRF Run List for Rainfall Diurnal Cycle Analysis

Abbreviations | Domain Resolution Cumulus Parameterization
4km 4km Grell 3D
12km 12km Grell 3D
24km G 24km Grell 3D
24km GO 24km Grell 3D with native shallow cumulus component
24km GW 24km Grell 3D with the University of Washington
shallow cumulus
24km BO 24km Betts-Miller-Janjic
24km KO 24km The new Kain-Fritsch
24km SO 24km The new simplified Arakawa-Schubert

Hourly rainfall rates in all simulations are regridded to NLDAS 0.25 degree

Calculate diurnal characteristics of rainfall in June, July, August of Year2000

e How does the regional climate model simulate diurnal precipitation cycle
better than traditional global climate models?

e How does a convection-permitting regional simulation perform better in
comparison with traditional meso-scale simulations?




2000 JJA period
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2000 JJA period
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2000 JJA period
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Comparison: 4km run and 24km ensemble mean
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Summary

The 4km deterministic run generally performed better than 24km runs, except for
overestimation over the coastal regions of Southeast and Florida: this could be
biases in particular physics combination (microphysics + dynamics) of this study,
so it could be suppressed by tuning some parameters.

An ensemble mean of the 24km runs showed a much better performance than
individual runs, and global climate model (e.g., Lee et al. 2000). The poor
performance over the Continental Divide and Great Plains was not sufficiently
improved.

CPU cost (CPU cores x clock time) of the 4km run is about 300 times greater than
that of a 24 km run. Thus 24km ensemble approaches are worthy of consideration
as a low-cost alternative for simulating rainfall diurnal variability by a regional
climate model. (But not sure about climate sensitivity runs associated with
propagating meso-scale convection system.)

24km grid spacing will be used by next-generation super high-resolution global
climate models. So, the problems and findings could be similar and useful.

Future work

Extend analysis for multiple years
The analysis of 12km GEOS-5 GCM run
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