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Introduction i

Addition to baseline Observing System Experiments (OSEs) are used to quantify the contributions made to forecast skill by remotely sensed
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satellite data. The impact is measured by comparing the analysis and forecast results of an assimilation—forecast system using a minimum of data, For these OSE experiments, the January 2015 version Ofi angian G[!AS/ GFS was used at a reduced resolution from operations. A horizontal Diagnostics presented here include statistics commonly used by NCEP and other
adding a particular observing system then comparing it to the full suite of observations. The case studies chosen consist of the time period of July — resolution of 670 spectral triangular waves (T670) was used, with a Gaus grid of 1344 X 672, which corresponds to approximately 27 km horizontal NWP centers world-wide. The computation of Anomaly Correlations (AC) for
August 2014. resolution. The vertical domain ranges from the ) 0.27 hPa and is divided into 64 unequally spaced sigma/pressure layers with enhanced forecasts produced from the GDAS/GFS are completed using code developed
resolution near the bottom and top of the mo 5 layers 800 hPa and 24 layers above 100 hPa. Comprehensive documentation and maintained at NCEP. NCEP (NWS 2006) provides a description of the
The National Centers for Environmental Prediction (NCEP) Global Data assimilation System / Global Forecast System (GDAS/GFS) is used for of the GFS, including any recent changes R T E €p.N0aa.gov/GFS/doc.php. The current Gridpoint Statistical method of computation while Lahoz (1999) presents an overall description of
the data assimilation system and forecast model. The baseline experiment uses all of the operational conventional data available plus the Global Interpolation (GSI) analysis scheme Is a three-dimensional e _ﬁn 1d (SDEnVAR) scheme that provides the initial conditions for the what the anomaly correlation is typically used for. The fields being evaluated,
Positioning System — Radio Occultation (GPS-RO). The experimental runs individually add data from infrared sensors; Atmospheric Infrared GDAS/GFS from a blend of a first guess and both conventiona ons (Parrish and Derber 1992, Kleist et al. 20093, Kleist et al. which are truncated to only include spectral wave numbers 1 through 20, are
Sounder (AIRS) from Aqua, the Cross-track Infrared Sounder (CrIS) from Suomi NPOES Preparatory Project (SNPP) and the Infrared 2009b). The GSI ensemble Is co 30 members running at a rec olution of T256 or approximately 50 km. An Ensemble Kalman Filter limited to the zonal bands 20°-80° of each Hemisphere.
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The GSI, with subsequent changes is documented online at

Atmospheric Sounding Interferometer (1ASI) from Metop-b, and microwave sensors; Advanced Microwave Sounding Unit / Microwave Humidit* (EnKF) generates the flow dependen
Sensor (AMSU/MHS) from NOAA-19, the Advanced Technology Microwave Sounder (ATMS) on SNPP and the Special Sensor Microwave NEtp://www.emc.ncep.noaa.gov/gmy
Imager/Sounder (SSMIS) from F18. The Control simulation uses almost all available operational satellite and conventignal data.
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The impact of each observing system is assessed by comparing the analyses and forecast results over extended perlodsl
anomaly correlations, and Root-Mean Square Error (RMSE) are evaluated for all experimental runs. Analysis differenc [:
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better/worse than the control. Figure 7 is the histogram of the 500 hPa day 5 Northern
Hemisphere anomaly correlations for the infrared (left) and microwave (right) instruments.
The infrared sensors generally have a broader histogram than the control and a longer tail
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Figure 1. Average 00Z analysis latitude-height plots of temperature difference with IS ths dn‘feijce betweEnﬁ tr#e'baéllne e?<p|[e)rp|ment and thfcontgr]ol and are identical in each’group : s ot through day ’ for the Norther: 0 / . 0 ——1 .
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microwave instruments (AMSU, ATMS and SSMIS) on the right. Larger differences with : | . : 1t NSRS U ES I DA G TS UL

! _ 7 The baseline analysis differences are greatest with respect to the control suggesting each of the i iati i - : - - :

respect to the control suggest greater analysis deviations and a less accurate model y 9 P ggesting ntwith the statistical'Significance test. Lines outside (above or below) the Figure 7. Histogram of 500 hPa anomaly correlations. The left panel contains the infrared

initialization. Units are [m] sensors in this study improves the analysis. The average temperature is generally warmer when only corresponding color box are 5|gn|f|cant at the 95% confidence level. experiment, the right panel contains the microwave experiments.

the baseline data are used and the warious single satellite sensors arg added as shown in.Figure 1. i
(Baseline + Cris) - Control (Baseline + ATWS) - Cotral This is consistent with the height di nces as shown in Figure 2.F Thesg results suggest the 0.0 0.0 o
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e TpSFE s ——— g the analysis the least, especi : rowave (right) panels, the 051 0.51 Results from an addition to baseline Observing System Experiments are summarized here for
of the AMSU sensor generates te ight analysis fields Clliﬁil 041 041 the Northern Hemisphere summer, 1-31 August 2014. The baseline experiment consists of all
ntrol while the ATMS and S ' ively. The GDAS/GFS 031 031 of the conventional observations (rawinsondes, aircraft, synoptic surface, ship, buoy, and etc.)
“yvwet” moisture bias which is indicated n the baselnl_\expegment 1 Difference W.RT Baseline 1 Difference W.RT Baceline and GPS-RO. Single instruments were then added to the baseline experiment and their impact
e N trol shown in Figure 3. The only infrare ' any significant changes in %4 / 0041 on the analysis and forecasts were quantified. Three hyperspectral infrared instruments (AIRS,
__ _(Baseline + AIRS) - Control me s EEOWOWR MR (Beseline + AMSU)- Contro P e e e ty analysis is AIRS. This i§ most likely due t S is the only nfrari 0.03 0.031 CrlS and IASI) and three microwave instruments (AMSU/MHS, ATMS and SSMIS) addition
P % ' here water vapor information is used. The Cr ter vapor radiances are not 0021 0.02; experiments were conducted. Verification and forecast performance was determined with
0 . ally in this version of the GDAS/GFS. The mic ight) panels also sho 001 = 0.1 respect to a Control experiment, which contains almost all of the operational data.
ements in the relativethumidity bias. The MHS, ceupledwith AMSU and the Water I i i s T |
e N T vapor ¢ ATMS are being.used. The water vapor Chann(;?gg MIS are notlused-in this o s Forec::t o (4 9 4 Lk 4 The baseline experiment analysis differences are greatest with respect to the control suggesting
CE R TR e TR oE o m R m o TR TR e T s e s version S/GFS. each of the sensors improves the baseline analysis. The average temperature is generally
Figure 2. Average 00Z analysis latitude-height plots of geopotential height difference ! "B M Fiw_re 5..5600.hPa geopotential height anomaly correlatlons threugh day 7 for the Nort warmer when only the baseline data are used and the various single saFeIIite Sensors are add_ed.
with respect to the control for the infrared sensors (AIRS, CrlS, and IASI) on the left elation.die- Off CURVe presente(ﬁn figures 4.6 are for the Northern Hemlsﬂn e b | o Hjnﬁphere. The left panel contains _the!ni)]ed sensors, the right panel contains the : T_hese res_ul_ts suggest t_he GDAS/GFS has a warm temperature and a higher geopatentlal height
and the microwave instruments (AMSU, ATMS and SSMIS) on the right. Larger during 1-31 August 2014 and are for 250, 500 and 1000 hPa respectively. They consist of spectral “microwave seﬂws_ﬂrs. The bottom portion of both panels is the difference between the baselie bias. Individually adding the IASI and ATMS sensor generates the closest analysis to the
differences with respect to the control suggest greater analysis deviations and a less waves 1-20 and are computed according to WMO standards. Each experiment is verified with and each e>§per|ment with the _stat_ls_tlcal significance test_. Lines outside (above or below) the C_ontrol f_or_temperature and geopotentlal height. The GD_AS/GFS_aIso has a “wet” moisture
accurate model initialization. Units are [K] respect to the control analysis. All of the panels have the Control and Baseline experiments. The left corresponding color box are significant at the 95% confidence level. bias and is |nd|cat_ed by tha dlff_erence betwee_n the basel_ln_e experlmeat and the Control. The
panels have the addition to the baseline of the infrared instruments (AIRS, CrlS, and IASI), the right only sensor showing any significant changes in the humidity analysis is AIRS.
o— (Baselne + 9 contrd — (Baseline + ATW) - Control panels have the addition to the baseline of the microwave instruments (AMSU, ATMS, SSMIS). "1 control "1 controf

N ML The greater the difference between the anomaly correlation scores of the various experiments and *®1  Baseline *®1  Baseline The control simulation has the highest and the baseline experiment has the lowest average
- N o ‘ ‘ ' the Baseline, the larger the impact the single satellite-instrument has on the quality of the forecast.  » > Baselnet AL | °7] BesetinerAMSy anomaly correlation at all forecast ranges. The addition of the IASI sensor seems to add the
w// The lower portion of each panel shows the significance tests which are computed with respect to the "1 Baseline + 1As| { 1 Baseline + ssmis most improvement to forecast skill of the infrared sensors. The AMSU and ATMS generally
» /NP ] differences between the baseline and the various experiments. Values outside (above or below) bars N - add equal skill to the forecast base from the microwave sensors. The IASI, AMSU and ATMS
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of corresponding color are significant at the 95% confidence level. add about equal skill to the forecast in the Northern Hemisphere in this study.

y ' The Control simulation has the highest and the baseline experiment has the lowest average soq| Difference W.RT Baseline voq| Difference W.RT Baseline

<. ' - n P geopotential height anomaly correlation scores at all forecast ranges for this season (1-31 August

e P T T T e e S e 2014) in the Northern Hemisphere. In general, all of the instruments show improvements in forecast 001 ] e

‘ skill over the baseline. The infrared instruments are about equal through the day 3 forecast. IASI o0 Inz AC kn OWI ed g eme ntS

f tends to show the greatest improvements out to day 7. This is consistent in the three levels shown It gl et

o | oo here. The AMSU and ATMS addition experiments show about equal forecast improvements at the o R TS o e = | T st ::- — _ _

e o o three levels out through day 7. Also note that IASI, AMSU and ATMS produce similar forecast Forecast Hour Forecast Hour The authors wish to thank Andrev_v Co_llar_d,_ D_aryl Kleist ar_ld Russ T_readon of_ o
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Figure 3. Average 00Z analysis latitude-height plots of relative humidity difference with Figure 6. 1000 hPa geopotential height anomaly correlations through day 7 for the Northern statistics. The study was undertaken with the Joint Center for Satellite Data Assimilation
respect to the control for the infrared sensors (AIRS, CrlS, and IASI) on the left and the Another and more in-depth look at the forecast impact of each sensor is to review the statistics of the Hemisphere. The left panel contains the infrared sensors, the right panel contains the (JCSDA) computing resources. The authors also wish to thank Dave Kemeza of NASA and
microwave instruments (AMSU, ATMS and SSMIS) on the right. Larger differences with anomaly correlations. The shape of the histogram of the anomaly correlations as shown in figure 7 microwave sensors. The bottom portion of both panels is the difference between the control and Scott Nolin and Jesse Stroik of UW-Madison for providing hardware/software support and
respect to the control suggest greater analysis deviations and a less accurate model can reveal; entire distribution shifts, bi-modal distributions or is influenced by a few forecasts being each experiment with the statistical significance test. Lines outside (above or below) the maintenance of the JCSDA computers. This work was supported under NOAA grant
initialization. Units are [%] corresponding color box are significant at the 95% confidence level. NALONES4400013.
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