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Convective-scale Sampling Error and Its Impact on the Ensemble
Radar Data Assimilation System

*Pin-Ying Wu (5L #5 K 5 B 2 0F 28 F),
Taiwan),

Shu-Chih Yang (National Central University,
Chih-Chien Tsai (National Science and Technology Center for Disaster

Reduction, Taiwan)

1. Introduction

Sampling error is accompanied by the use of
ensemble-based data assimilation with a limited ensemble
size and can result in spurious background error correlations,
leading to false analysis corrections. Usually, strategies of
covariance localization are applied to deal with the issues
associated with sampling error [1]. However, an improper or
naive application of localization strategies may distort
meaningful flow-dependent error covariance or introduce
non-negligible imbalances. So far, much less is known about
how sampling errors impact the estimated background error
covariance and analysis corrections in ensemble-based radar
data assimilation (EnRDA). Simple isotropic localizations
are still most widely adopted in EnRDA [3] while the error
covariance at convective-scale should be more
heterogeneous and  anisotropic.  Investigating  the
convective-scale sampling errors could help us design
strategies, such as the optimization of the localization scale
or inflation parameter, to cope with the sampling errors in
EnRDA. By performing the WRF-LETKF radar assimilation
system (WLRAS) [4] separately with 40 and 256 ensemble
members, this study attempts to identify the impact of
convective-scale sampling error on estimated background
error covariance and figure out how the contaminated error
covariances affect the following precipitation prediction.

2. Methodology

The Advanced Research Weather Research and
Forecasting (WRF) model version 3.3.1 [2] is conducted
with WLRAS. The horizontal dimensions of two-way nested
model domains are 180x180 and 330x330 grid points with
grid spacings equal to 15 km and 3 km, respectively. The
ensemble sets with 256 and 40 members are initiated with
the NCEP FNL data and perturbed according to the
background error covariance of WRF-3DVAR system.
Differences in the estimated error correlations between the
two ensemble sets are regarded as the effect of sampling

error. After the ensemble was spun-up for 6 hours, the radial
velocity (Vr) and reflectivity (Zh) were assimilated every 15
minutes with different horizontal and vertical localization
scales for two hours. At the end of assimilation period, the
deterministic forecasts were initialized from the analysis
means of different experiments. The results are used to
investigate the impact of sampling error on convective-scale
precipitation prediction.

3. Comparison of Background Error Correlations

The sensitivity of error correlations to sampling error is
quantified by the resemblance between the error correlations
derived from the two ensemble sets based on the
Standardized Mean Absolute Difference (SMAD). A larger
SMAD indicates that the error correlation derived from the
small ensemble shows less similarity to that derived from the
large ensemble, i.e. more sensitive to sampling error. The
results are shown in Figure 1. The results show that the
ensemble-based error correlation estimation is less sensitive
to the ensemble size when the relationship between variables
is direct and robust, such as Zh and Qr. On the other hand,
the estimated error correlations between Qv and Zh show
strong sensitivity to sampling error in the intense reflectivity
area, and such sensitivity of the error correlations between
Qv and Vr is shown in the weak reflectivity area. Lastly, the
error correlation between the simulated Vr and model
horizontal wind is sensitive to sampling error if the
horizontal wind contributes little to the simulated Vr (e.g., U
wind in the south/north and V wind in the east/west of
radars).
4.  The Results of Precipitation Prediction

The experiments with the large and small ensemble sizes
show strong sensitivity to the choices of localization scale.
The sampling errors lead to an underprediction of heavy
rainfall when the horizontal localization radius is
inadequately large (Fig. 2a, b), but this can be mitigated if a
more accurate moisture condition is provided (Fig. 2c). On



the other hand, adopting a proper vertical localization can
also be important for improving precipitation prediction (Fig.
2b, €) due to its potential for better representing the
thermodynamic structure.
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Figure 2. Accumulated rainfall from of the experiments with
(@), (b) the 40-member ensemble, (d), (e) 256-member
ensemble and (f) rain gauge observation. (c) shows the
experiment that takes the analysis mean of (a), but replaces
Qv with those from the (d). The vertical localization scale of
(@), (d) is 4 km, while that of (b), () is 12 km. The horizontal
localization scale is 36 km for experiment showed here.
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Figure 1. The SMADs (colored points) of estimated error correlation between (a) Vr and U wind, (b) Vr and V wind, (c)
Vr and water vapor mixing ratio (Qv), (d) Vr and rain water mixing ratio (Qr), () Zh and U wind (f) Zh and V wind,
(9) Zh and Qv, and (h) Zh and Qr derived from the two ensembles. The triangles show the location of radar sites. The
red contours in (c) and (g) indicate the 40 dBZ composite reflectivity of ensemble mean with 40 members.
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Evaluations of thermodynamics phases of clouds in NICAM using CALIPSO and a

satellite simulator over the Southern Ocean
Woosub Roh™*, Tatsuya Seiki?, Masaki Satoh', Tempei Hashino®, and Hajime Okamoto*
(*AORI, the University of Tokyo, 2JAMSTEC, *Kochi University of Technology, *Kyushu University)

1. Introduction

It is difficult to represent mixed-phase clouds using
weather prediction models and climate models because
of their poor understanding of cloud physics and
dynamics. The mixed-phase clouds consist of water
vapor, Super-Cooled liquid Water (SCW), and ice
particles. They are found at temperatures from 0 to -40°C
over the globe. The cloud albedo increases because of
SCW clouds. The amount of mixed-phase clouds affects
climate change. Tan et al. (2016) showed that an
underestimation of mixed-phase cloud leads to negative
cloud phase feedback in global warming.

We introduce an evaluation method for thermodynamic
phases of clouds in cloud system resolving models are
presented using CALIPSO and a Joint simulator based
on Yoshida et al. 2010. We evaluate the mixed-phases
clouds simulated in a cloud system resolving model over
the Southern Ocean using two kinds of cloud
microphysics schemes.

2. Experimental design and data

For our simulations, we used a regional version of
NICAM with a stretched grid (Tomita 2008a), where the
minimum resolution was 2.4 km horizontal resolution
and most of the resolutions were under 5 km. The
integration time was from 00 UTC on 1 January to 00
UTC on 8 January 2007. The first day was used for the
spin-up time. The NICAM simulations were initialized
with National Centers for Environmental Prediction
(NECP) data with one-degree resolution for wind,
temperature, relative humidity, and geopotential data.
The sea surface temperature was fixed. We tested two
kinds of bulk microphysics schemes, the NICAM Single-
moment Water 6-categories (Tomita 2008b; Roh and
Satoh 2014, herein NSW6), and the NICAM Double-
moment scheme of 6-Water categories (Seiki and
Nakajima 2014, herein NDW6). The sensor simulator
used was the EarthCARE Active Sensor Simulator
(EASE, Okamoto et al. 2007, 2008; Nishizawa et al.
2008) in Joint-simulator.

We used a merged dataset for CloudSat CPR radar and
CALIPSO lidar (Hagihara et al. 2010) (hereafter, KU
data) as observation data. In order to increase the sample
size, the CSCA-MD for the month of January 2007 was
compared to the simulation. These data have a 240-m
vertical and 1.1-km horizontal resolution grid.

3. Results
We evaluated thermodynamic phases of clouds of two
microphysics schemes using the depolarization ratio and
Joint simulator following the methodology of Yoshida et
al. (2010) (fig.). We found NSW6 and NDW6
reproduced SCW clouds over the Southern Ocean. We
checked the consistencies between the cloud classes
diagnosed by the evaluation method and the simulated
hydrometeor ~ categories. = NDW6  shows good

performances for the consistencies, however NSWG6
mislead ice clouds as the SCW clouds in this evaluation
method.

a) KU data

1

0.0 0.0 .02 0.03 0 0.04
Figure. Joint histograms of the clouds in terms of x and & for all
temperature ranges from (a) the KU data, (b) NSW6, and (c)
NDW®6. PDFs of the cloud occurrences are shown on the scale
below the diagrams..

We discuss the reasons of uncertainty in the cloud
classification method and impact of an improvement of
microphysics scheme on the evaluation method.

References

Hashino et al. 2013: Evaluating cloud microphysics from
NICAM against CloudSat and CALIPSO. J. Geophys.
Res., 118, 1-20.

Yoshida et al. 2010: Global analysis of cloud phase and
ice crystal orientation from cloud-aerosol lidar and
infrared pathfinder satellite observation (CALIPSO) data
using attenuated backscattering and depolarization ratio,
J Geophys Res, 115, DO0OH32

45



46

A< b7 EMFICET D0 FEREAKGIZE Y 5 E R

B AT (F I RBE T 2T,

1. [EL®IC

HA 2 REED BT AREDOSRE FICE =R 51 R
R TABEDOS SRR REE & WHEh, HiER E TR
BKBEDOZWHIRD 1 > Th D, Z OO S
VZOE D B, HIBRBUR DR BRI S 2 5.2 5. i
KEBIZEBT DR BRI, R HEON R
WICEFR L CND Z EMBN TN D (eg., Oginoetal.
2016). ZD X O RIBFIBICEL DK E L T-HT A D
ZALELTE, FITHERBEICIWCEET 2 A E
WREWEER A BR T 5 L B2 LI TWD, FELIE
3o TR, ARFFETIE, A~ T BRSBTS
NEBAKEEZZ—2 > Mo, EEEGE TSV
SCALE-RM % FWTHELFRZITY, IhERKEOR
HE DN TR

2. EREERVMERT—2

i L7271, SCALE-RM (Nishizawa etal. 2015,
Satoetal. 2015) version5.2.5 Th 5. FHHEmEET, 2~
kT B R OZEDOEFEORA > RiEE G Te# P 85E-115E,
AL 128-6N (ZF%EL (K1), ATAHEEEIT 3.5 km &
L7c. $hEJEEE 80 J8 T, i FiE S0 m, i bJE 1250
m DA Ny F 7Yy REfEH Uz, PIIE - 5554E
JONSST 121, NCEP-FNL Zfififf] L7-. #EhEfeid,
FEENRT AL VB = g VHMERET, EMEheie
|Z 6-class I-moment A — 2 (NSW6; Tomita 2008), 5%
FUE A % — A2 MYNN level 2.5, FHEFEIZ mstrmX %
A U7-. BRI, 2015 45 11 H 22 H 00UTC 725
20154512 H 7 H 00UTC @ 15 HfE (1 H® spin-up #f
Magte) & L. £, EREROMGEHT—2 & L
T, GSMaP, NOAA CDR @ daily OLR %1 L7=.

Model don}ain | | Elevation

SN —

58 —

108 —

AL B B B
85E 90E 95E 100E 105E 110E 115E

1 FHREE S T LINHIE.

7K BN,

FEEE (F LR i o 92 8)

3. FHEROER

GSMaP K& O\ BISEBRIZ 351 5 IR AR L /AT &
21T, HEFERRTIE, GSMaP IZBW CHEGRTE
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BUHIZBD A DL LT, HRE O EIZ B3
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HZERIC KT T RHELH D, Bl OWFEIZIB W T
HKIRT — 4% v b OZERNSEROFHME LIET
BRER SN TS 2 £7-, HERAKRASERICKIE

WOV TN EONZED £ < 1%, KKDRK
J& DRI ONTHET L TRV, ATl znb
D ZODOFEL TR LTC

2. F&

Weather research and forecasting model (ver. 3.7.1)% H
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1L 30 L L7 EHLIEARTAZYVE—Ta 03 [B]E
Fl—& L, K&T —#IENCEPFNL, /KR T —4 1%
K[E Naval Oceanographic Office (NAVO)IZ L 5 & D A&{F
U7, R 2007 427 A 3 Ao 12 I (UTC) &
DIFHERIA 5 H 18FETTH D, Z O FERA FFELIHR
(CNTL) L #r9%. RICHERIER/KIRT — 4 &> FOTF
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4. BEXH
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