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Accelerating assimilation development for new observing systems using
EFSO

Guo-Yuan Lien*?®, Daisuke Hotta*?, Eugenia Kalnay®, Takemasa Miyoshi®3, Tse-Chun Chen®

! Central Weather Bureau, Taipei, Taiwan
2 RIKEN Center for Computational Science, Kobe, Japan
3 Department of Atmospheric and Oceanic Science, University of Maryland, College Park,
Maryland, USA
* Meteorological Research Institute, Japan Meteorological Agency, Tsukuba, Japan

To successfully assimilate data from a new observing system, it is necessary to develop
appropriate data selection strategies, assimilating only the generally useful data. This
development work is usually done by trial-and-error using observing system experiments,
which are very time- and resource-consuming. We propose a new, efficient methodology to
accelerate the development using the Ensemble Forecast Sensitivity to Observations (EFSO).
First, non-cycled assimilation of the new observation data is conducted to compute EFSO
diagnostics for each observation among a large sample. Second, the average EFSO
conditionally sampled in terms of various factors is computed. Third, potential data selection
criteria are designed based on the non-cycled EFSO statistics, and tested in cycled OSEs to
verify the actual assimilation impact. We demonstrate the usefulness of this method with the
assimilation of satellite precipitation data. It is shown that the EFSO based method can
efficiently suggest data selection criteria that significantly improve the assimilation results.



Accelerating assimilation development for new observing
systems using EFSO
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* To successfully assimilate data from a new observing system, it is
necessary to develop appropriate data selection criteria, assimilating
only useful data.

« The development work can be done by trial-and-error using observing Step 1: EFSO samples
system experiments (OSE); however,

* We demonstrate this methodology with the precipitation assimilation.
—Why? Precipitation is difficult to be assimilated! (Lien et al. 2013, 2016a,b)

= Since all good and bad observations are assimilated, we do not to carry out cycled assimilation so that
the degrading trend of the analysis can be avoided.

= Sample: Year 2008; every 30 hours (skip every 4 of 5 cycles).
— Intotal: 293 offline cycles; 2.9 X 10° EFSO for single precipitation abservations

~ Trial-and-error is very time- and resource-consuming.

— The signal from new observations in OSE is obscured by the presence of the many
observations already assimilated in the control experiment, making it difficult to
discern the impact from the newly assimilated observations without conducting
experiments over a long period (Geer 2016; Hotta et al. 2017). Example of the EFSO results in a single cycle

. Sl kgt (10°4 4/vg) INTE, E71=th]) (ORED1MAT0ON]
* Our proposal: To accelerate the development using the Ensemble . . é

TN F Sl
Forecast Sensitivity to Observations (EFSO). A %
O :

Wean orecastfor £F50

Ensemble forscasts for 550
X,

[e—— TR it e f
m : - L

—
sions Beneficial Detrimental
Ensemble forecast sensitivity to observation (EFSO)
Step 2: EFSO statistics
+ Forecast Sensitivity to Observations
(FSO; Langland and Baker 2004) — Evaluation = Calculate the EFSQ statistics within the non-cycled EFSO samples in terms of:
ercei
+ Estimate the forecast error reduction from Eg'gcﬁaﬂ ::::?::.” 1) number of precipitating background members

observations in terms of a given norm. 2) observed rain/no rain

+ Can be easily compute with ensemble data

£ Horzero precipitation £ Zera precipitation
assimilation systems without an adjoint Setriments! rtien ) sbeenatin
madel: EFSO (Kalnay et al. 2012) « First column
+ Main computational cost: ensemble Beneficial

(nonzere precipitation observations):
The average per-obs EFSO is beneficial

forecasts from t = 0 to EFT. B Qhw  analysis time

Positive Impact rate Ave. par-obs EFSO
B ekt

~ Hotta et al. (2017) shows de? = ey — e_q = ehoCe — € sCe L regardless of the number of precipitating
a6-h EFT is long enough! members,
1 -1y
B A T CR | + Second column
| | (zero precipitation abservations):
Mot total energy norm: ¢ %H U ( A n“)du + N The average per-obs EFSO is anly
T L e enersy r\ Mo / e - - beneficial when many ensemble members
Potential energy gg nf - B are (wrongly) precipitating.
FEn [ o
Two ways of using EFSO for observation selection T ——— ——
+ “Online” approach: Proactive Quality Control (PQC) (Hotta et al. 2017)
— Adaptive to the latest changes of the observing systems. Step 3: OSEs based on EFSO
- tal ions,
Detect detrimental observations = EFSO gives relative usefulness of observations; The real impact of assimilating the subset of
— Require “future” ohservation (6-h later) to compute the EFSO and improve the abservations is thus verified by OSE
analysis: Mot possible for “fast” NWP, but it improves the “final analysis.” H the effort (t ) of trial i d . ts i tedto b h reduced wi
. * However, the effort (times) of trial-and-error experiments is expected to be much reduced wi
* “Offline” app h: This poster (Lien et al. 2018) P P

guidance of the offline EFSO statistics.
— Work once to determine appropriate observation selection rules, and then use the

a sta i Average 24-h forecast errors
rules as a standard QC in the NWP system. CONTROL: radiosonde only - -
— Accelerate assimilation development for new observing systems. Other experiments: radiosende + preci B watsoonrs . .oy Totswowm . 1 gurenwes . H
. _— - . H
ALL: all precipitation observations gl - ) . %
Observation selection criteria for QC st I = II ¥
| o1 oH
Proposed methodology 2amR §:881% giit :
[Obtained by trial-and-error H H f H
in Li ) 5 E
- Step 1: Conduct an “offline” (non-cycled) DA experiment, assimilating almost all - . Average 0-120 h forecast e
available data from the new observing system (with minimal data screening). § 2 - - v Ut 500 héw « (@) Tarse0hPs i Qat700 hPa
— Obtain large samples of EFSO data for the new observations. 6; g Zero - - v
= Step 2: Compute EFSO statistics based on various factors that can be potentially 1 24
used to formulate data selection rules, such as: Precipitation members in the model background
~ Locations, time, channels. 1mR/24mR O
N y N {Obtained by the guidance
~ Any kind of data quality flags provided with the data. o
— Observed values or O-B departures. L.
e - . £S5 nomeo | - [ W | W
— Any model background properties; in EnkF, also the statistical properties from the £3
background members. § g Zero - - PV
= Step 3: Examine the impact of different selection criteria by applying them as

o i
T

+ W
standard QC in cycled OSEs. TROL. 2

Precipitation members in the model background TmRHmR

* We propose a method to use non-cycled EFSO samples to help determining the observation selection criteria for new observing systems, which can accelerate the assimilation development.
* The usefulness of this method is demonstrated with the assimilation of precipitation.

95% significance. ONTROL

= Lien, G.-Y,, D. Hotta, E. Kalnay, T. Miyoshi, and T.-C. Chen, 2018: Accelerating assimilation development for new observing systems using EFSO. Nonlin. Processes Geophys., 25, 129-143. doi:10.5194/npg-25-129-2018

This study was initially conducted at University of Maryland, partially supported by NASA, NOAA, and the Office of Naval Research (ONR).
After G.-Y. Lien moved ta RIKEN AICS, the work continued with additional support by IST CREST and the Japan Aerospace Exploration Agency (JAXA) Precipitation Measuring Mission (PMM).
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Program (Day 1)

First Day (12 November 2018, Monday)

08:30 - 09:20 _Registration

__Opening Ceremony yeangnl e =
09:20 - 09:25 Openmg Remarks %’%
09:25 - 09:30 Congratulatory Address O rect%gr T(r\lelﬁleMC)
09:30 - 09:35 Barker

09:35 - 10:20

Congratulatory Address

Dale
) ~ (Chair, KIAPS SAC)
Coffee Break

Session 1: Keynote Presentations

Jhoon Kim

New Era for the Sateite Remote Sensing of

10:20 - 11:10 1.1 Atmospheric Composition (Yonsei University, Korea)
11:10 - 12:00 1.2 Present and Future of High Performance Computing and Al (E1QF|{<I Blf;l;a)
12:00 - 1330 5  LUNCH Break 3

Session 2: Overview of Opsrational NWP Systems

1330-1345 2.1

Session Cheirs:
Stan Benjamin & Wei—Kuo Tao
Rapporteur:
Kyung-Hee Seol & Eun-Hee Lee

Overview of the KIAPS Model Development Songzlg%l'gs!-)iong

Implementation of FV3GFS at NCEP: Major Advancement

i Vijay 'I'allapragada
15405 14 00 22 Towards Unified Forecast System for Research and Operations (NCEP)
1400 - 1416 23 Current Status and Plan of KMA's NWP Systems HV”"(‘SUk)Ka”Q
A NOAA/ESRL Earth System Modeling Stan Benjamin
14;15=14:30, 24 From Hours to Subseasonal (NOAA/ESRL)
- 12 Global and Convective-Scale NWP at the Met Office: Dale Barker
14;3_9 i 1445 2“5 ) Status and Plans (UK Met Office)
o Numerical Environmental and Weather Prediction at Stephane Belair
Tadein 15004 26 EGCE (Env. Canada)
15:00 - 15:15 2.7 Recent Progress in Operational Global NWP at ECMWF R'CF&E%M';%?ES
15:15 - 15:30 28 Use NASA Unified WRF for Real Time Forecast to Wei-Kuo Tao
i ' ‘ Support NASA GPM Field Campaigns (NASA/GSFC)
15:30 - 15:50 Coffee Break
s B S
2 3 iy UK 5
Session 3: Dynamical Core Development v S 4
Rapporteur:
Hyun Nam
15 50 - 16 10 31  Improving Model Efficiency in KIM Dynamical Core SU‘EElJX‘PSC)hoi
¥ o Damplng Acoustic Modes in Compresmble HEVI and Joseph Klemp
16 10 1630 32 Time-Split Integration Models (NCAR)
16:30 - 16:50 3 3 Evaluation of Hybrid Dynamic Viscosity Method in KIM Ta(eK—lﬂgsgl)h
‘,,,:___._ .. Vertical Resolution Revisited: Forecast Results and William Skamarock
m16.50 17:10 3.4 eory (NCAR)
17:10 - 17:30 35 Atmosphenc Modellmg on the Equal-Area Cubed- Sphere Joh?crél}%%r;egor
117:30 - 1830  loe Breask
18:30 - 20:00 Welcome Dinner
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Second Day (13 November 2018, Tuesday)

Session Chairs:
Richard Forbes & Jongil Han
Session 4: Physics Parameterization Development

Rapporteur:
Jung-Yoon Kang & Sooya Bae

B A Simple Parameterization of Heat Storage in Canopies Jongil Han
LR R R over Forest Regions (NCEP)
Effect of Scale-Aware Nonlocal Planetary Boundary Layer Hiifi=Jo6: Choi
09:20 - 09:40 4.2 Scheme on Lake-effect Precipitation at Gray-Zone i
; (KIAPS)
=th i Resolutions
AT Development and Application of Coupled Rokjin Park
09:40=40:00 4.3 Chemistry-Weather Forecasting Model ) (Seoul National Uniyersity)
R Toward Reducing Common Cloud-Radiation Errors Stan Benjamin
s e from 4-hour to 4-week Prediction ~ (NOAA/ESRL)
1020 - 1040 Coffoe Breck B
1040 - 11:00 45 Diminishing Drizzle in a Global Model hiherd. Fexbes
: e g (ECMWF)
WRF-SBM Sensitivity Simulations for the Impact of Wei-kuo: Tao
11:00 - 11:220 46  Aerosol on Maritime/Continental Deep Convective (NAUS )
11:20 - 11:40 47 A scale-adaptive mass flux estimation implemented in Baode Chen
e . the SAS cumulus parameterization scheme (STI/CMA)
Precipitation Forecast Experiments using Ry
11:40 - 12200 4.8 the Weather Research and Forecasting Model ® AF?S)
at Gray-Zone Resolutions
12:00 - 13:30 LUNCH
Vi TdSession ghi?g*Seol Park
{
Session 5: Physics Parameterization & Application ik A
eur:
Sunghye BaegpénSeung-Bu Park
13:30 - 1350 5.1 Can Large-scale Solar and Wind Farms Create a Eugenia Kalnay
{ 3 . Significant Climate C_hange? (University of Maryland)
e e Consistency between Cloud Physics and Radiation Rae-Seol Park
)l o2 Schemes in the KIM __iAps)
AR A Seasonal Ensemble Simulation of KIM with Myung-Seo Koo
0= M0 83 Stochastically Perturbed Forcing (KIAPS)
114:30 - 14:50 Coffee Break

High-Resolution HWRF with Improved Representation of
14:50 - 15110 54 Air-Sea-Wave Interactions for Improved Tropical
Cyclone Forecasts

The New Canadian Land Surface Modeling ana Data
15:10 - 16:30 55  Assimilation Systems and Their Impact on Numerical

Vijay Tallapragada
(NCEP)

Stephane Belair
(Env. Canada)

Prediction .
o Strongly Coupled Physical and Biogeochemical Data Hajoon Song
1o:0i=ci5:00} 66 Assimilation (Yonsei University)
1550 - 18:00 & Poster Presentation
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Third Day (14 November 2018, Wednesday)

Session 6: Data Assimilation

Session Chairs:
Daryl Kleist & In~Hyuk Kwon

eur:
HyonJong Song & Hyung-Wook Chun

Eugenia Kalnay

09:00 - 09:20 6.1 Applications of EFSO to Improve .NWP (University of Maryland)
o e Recent Development of a hybrid Data Assimilation In-Hyuk Kwon
Bt 62 System at KIAPS (KIAPS)
T . Pt : Massimo Bonavita
09:40 - 10:00 63 Advancmg« Pata Assimilation Science at ECMWF ‘ (ECMWE)
10:00 - 10:20 Coffee break
AR Variational Bias Correction of Radiance Data at Ji-Hyun Ha
e KIAPS and Associated Results (KIAPS)
Background Error
1040 - 11:00 65 CovarianceinStronglyCoupledLand-AtmosphereDat Zhaoxia Pu
: ¥ "~ aAssimilationandInfluenceonSoilMoistureDataAssi (University of Utah)
n}ilation )
Ay ant Ensemble-Variational Data Assimilation Adam Clayton
VB T e at the Met Office: Progress and Plans (UK Met Office/KMA)
e Data Assimilation for FV3-based GFS: Dary! Kleist
LAIlaos €7 Initial Implementation and Future Directions (NCEP)
Chairs :
11:40 - 12:00 Symposium Summary Dale Barker (UK Met Office) &

Song-You Hong (KIAPS)
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