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Motivation and Objective of Study Assimilation Methodology for All-sky GMI Radiance Data Latest Enhancements Added to GEOS-5 All-sky Microwave Radiance Data Assimilation System
* Data assimilation, which combines the information from observations and a M OF s e Table 1: New components added to assimilate all-sky radiance data n GEOS-5 ADAS Most of operational NWP centers utilize satellite * Extension of the all-sky GMI radiance data assimilation algorithm from 3D-Ens Var GSI to 4D-
short-range forecast, is a powerful t°°|. to estimate ti\e initial state of the _ b S New Components added to assimilate all-sky GMI radiance data over Ocean radiance data in clear sky condition only. To be EnsVar GSI : This change will enhance the use of all-sky GMI radiance data through more frequent updates of flow
atmosphere for NWP forecasts.  Assimilating satellite observations from Cost Fanction J(o) — e able to assimilate cloud- and precipitation affected dependent background error covariance.
i i i initat i ost Function J(x,) = (x, - x;)! B! (x, —x X,) — T(H(x,) - : . . .. . _ . o .

mlcrf)dwavg .|m|agers Su.Ch as the GMII n clioudy and prgagﬁahng ricieglons.c.an i , 7 , ] radiance data, GMAO has enhanced the GEOS-5 « Applying dynamic thinning distances: Most of other satellite radiance data assimilated in GEOS-5 ADAS are
PrOVITE Crlct;ca Eonétréi_?ts on meteoro ofglca parameters |fn ynamita Ysensmve Fitto model background fields Fitto observations ADAS by adding new capabilities (shown in red in thinned with 145 km thinning distance to avoid spatially correlated observation errors. Test results (not shown here)
regions and make significant impacts on forecast accuracy for precipitation. X, = Background (first-guess) Added doud liquid (g, cloud ice(qi), rain(ar), snow(as) Figure 5i- Curre n.t Ope rational G EOS'_S demonstrated that assimilating denser data with smaller thinning distance in storm regions resulted in improvements
*To expand the existing capabilities assimilating satellite radiance data in clear- . _ Atmospheric Data Assimilation System (ADAS) is in storm track and intensity forecasts. Therefore, we included a scheme to decide the thinning distance flexible
sky condition, the NASA GMAO has been pursuing efforts to utilize all-sky (clear ¥, = Analysis L LG based on hybrid 3D-EnsVar analysis algorithm. It depending on the cloudiness. That is, smaller thinning distance is used for GMI radiance data in cloudy/precipitating
+cloudy+precipitating) microwave radiance data in the GEOS-5 Atmospheric Data 0 = Observations New QC gross checks to keep cloud and precipitation affected radiance data | Provides flow-dependent and situation dependent regions and the original thinning distance (i.e.145km) is used for GMI radiance data in clear sky region.
Assimilation Systein iADAS). The project has made considerable progrgss and the L] 4 e T A o B GE e el e e atler bactkgrOLind. eirror. ;ci)var.lanicz mf:])rr(;\al'lont for * Capability to assign larger weights for ensemble background error covariance for cloud and
fra.mework to as§|m|Iate aII—sI-<y G.MI radiance ’data ove.r the ocean is currently R = Observation Error Develoned and assiened observation errors for all-ckv GMI radiance data ii]g ecci(r)oocinfgiica idvazi?) desiclencrl;iringndysr:gvrC)e ZCI)\;ISI precipitation analysis variables: Currently GEOS-5 ADAS assign weights 0.5 for static background error
being tested for implementation in the GMAQ’s operational forecast system by ’ ) ! €. cloudliquid, clod ’ ' covariance and 0.5 for ensemble background error covariance for all analysis variables in its hybrid 3D-Ens Var analysis

ea rly 2017 (Figu re 1) . H = Observation Operator Evaluate/Enhance CRTM performance in regions with preciptiation observations from channels 3' 4' 5’ 6' 8' 10' 1 1'

n thi tor th ¢ stat £ developi l-skv GMI radi dat D [ [ 12, and 13 (19GHz ~ 183.3+/-7 GHz) are
* In IS poSster e current status O eveloping all-s Fadlance data oloo 040 020 0320 040 050 060 070 080 090 1,00 i ion iati i i i i i . 2 .. . ..
P ’ pPINg Yy Bias correction : Variational Bias Bias correction predictors in VarBC: constant, lapse rate, lapse rate’ to assimilated over ocean in the aII—sky condition.

algorithm. However, static background error covariance calculated with NMC method for cloud and precipitation
variables do not bring enough information on highly situation dependent and nonlinear characteristics of cloud/
precipitation background error distributions. Therefore, we’ve added a capability to assign different weights for
ensemble background error covariance and static (climatology) background error covariance of hydrometeor

1 - Normalized 37 GHz Polarization Difference

aSS|m|iation System N the GEOS-5 System and impiementahon resuits to ut-iiize Correction (VarBC) correct air-mass related biases. Cloud liquid water path was removed from

. . i 1. i i imi in GEOS-5. the original predictors used in the operational GEQS-5 ADAS.
GMI all-sky radiance data over Ocean are presented. In addition, work progress Figure 1. Satellite radiance data assimilated in GEOS-5
GMI radiance data from each channels in clear+cloudy

and challenges in extending this cloudy and precipitation affected radiance data +precipitating regions are assimilated in addition to | E i variables while keeping original weights for all other analysis variables such as air temperature, humidity, wind, and
assimilation framework to utilize all-sky GMI radiance data over land is clear sky radiance data from other microwave sensors mpact Experiments surface pressure.
discussed. :::Sel AMS:";'"‘::M? i‘md MHS'and ;@é‘i_lnsors i'k? AI.RS' Figure 9. RMS Difference in 850hPa Humidity Forecasts . . . .
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The GEOS-5 system consists of a group of model components that changes of " 4(183.3+/-3GHz) +0.8% +0-1% g - assimilation is properly assigning Th(obs)-Th(model) Th(obs)-Th(model) Th(obs)-Th(model) Th(obs)-Th(model)
can be connected in a flexible manner in order to address _ solar radiation ' e E i o | = om contributions from the various surface R ; o e is Sl e
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* Chem|5try'CI|mate Model (CCM)' This model includes interactive Figure 7. All-sky GMI radiance data assimilation increases lower tropospheric moisture near tropics in Forecast Day (JUN 2015) * Currently; the GEOS5-5 ADAS utilize 4 ------- i -
chemistry component allowing feedbacks between chemical * Chemistry-Transport Model (CTM) — Compute chemical the analysis. the built-in the Community Radiative sop-oiobof - Figure 11: Differences between GMI brightness temperature
composition and the circulation. reaction using specified meteorological conditions (winds, Mean Precipitation; Global Tropical Land Precipitation 0021 | Transfer Model (CRTM) icrowave Ty i)bservano(rfis and Gl\)/ll TB calculateddvxilth :EOS: Ishort-term
: CNTL | T 00 | . gLy orecasts (first-guess) using CRTM model and its built-in CRTM
temperature, mO|Sture, and CIOUdS) 3.4 All-sky EXP ol g ggg Surface emISSIVIty mOdeI tO CompUte ?50-40-30-20-10 0 in 20 30 40 S0 microwave emissivity modei.
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o . . . . § S e solver in CRTM in computing satellite
* The GEOS-5 AGCM employs a finite-volume cubed-sphere dynamical core (Putman and Lin 2007) for hydrodynamics and the physics . / 8 -o3 radiances
package (Molod et al. 2012) includes moist processes, radiation, tubulent mixing and surface processes. Notably, the moisture physcis 5 S -0
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package in GEOS-5 will be enhanced with a two-moment cloud microphysics scheme (Barahona et 2014) in the next GEOS-5 AGCM Figure 8. Global mean precipitation remains fairly consistent between Control (CNTL) and All-sky GMI S i.s 2t : 2.5(JUN3 201; T s
- i i 1 1 i istri 1 i experiment. However, tropical land precipitation in the All-sky Experiment was reduced relative to orecast vay . . s s 8 . .
systgm upgrade scheduled for 2017. That two-moment scheme will provide estimates of cloud particle size distributions (PSD) in o e Employing Microwave Land Surface Emissivity Retrievals in GSI
addition to cloud condensate amounts.
CRTM Emissivity
o . . . . . . . . _ . . . . . e e . . . . GMI CH7 Monthly Mean (June 2015)
The .GSI coml?li\es mformatl.on from irregularly distributed observations with the GEOS-5 AGCM model state in such a way as to Prototypes of GEOS-5 GMI Radiance Data Assimilation Products * Land surface emissivity at microwave frequencies are vary in | _ _ A
minimize a specified cost function. . . a complex way with surface types, roughness, and moisture 0.95
- GEOS-5 Rain Water‘Analys's _ GEOS-5 Global Rain Water Analysis (6/2/2015) among other parameters.
 The GEOS-5 ADAS is currently based on Hybrid 3D-EnsVar analysis solver (See Figure 4) and will be upgraded to Hybrid 4D-EnsVar 09
analysis solver by the end of 2017. * Efforts to estimate (retrieve) microwave surface emissivities loss
GEOS-5 Atmospheric Data Assimilation System (ADAS) using channels not assimilated yet frequency close to the
D ————————., — frequencies that are assimilated. 108
GEOS-5 AGCM COMPONENT STRUCTURE : \BCAS :
CAP i Bkg | A method developed by Karbou (2007) and currently being 075
. Bk s . o
: _ GSI 3DVAR Forcing >i GEOS AGCM 9 | utilized in ECMWF (Krzeminiski and Bormann 2016; Baordo et : I S N
AGCM HISTORY Obs = B L . 4 al. 2015) for AMSU-A, MHS, SSMIS data is currently being 10 A0 200 S 100 s
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COLUMN PHYSICS DYNAMICS ICs Central ADAS e — tested in GSI to improve GMI, AMSU-A, and MHS data GMI CH7 Monthly Mean (June 2015)
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Figure 3 describes str:ucture of (?EOS-S AGCM components, W.hICh generates Figure 4 describes GEOS-5 Atmospheric Data Assimilation System (ADAS) which generates . | | ' | | . ' ' e[ :CRTM provided net atmospheric transmittance 150 100 50 0 50 100 150
forecasts atmospheric state variables and surface related variables. atmospheric analyses by combining model background fields and observed measurements. MR T ' ] . :

S ) N N R R Figure 12. Comparisons of surface emissivity calculated with CRTM
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