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Background and Methodology

What is it? How to Compute Verification Diagnostic

» For each observation (e.g. NPP ATMS channel 4) and for each . _
» Background fit to observations is a measure of assimilation window, measure how well the background fits all of ECMWEF uses background fit to observationsas  « Fit to observations is also a diagnostic tool

e P average, a Jrer e the observations by computing the innovation standard deviation their primary metricin evaluating short-range Vil f tored and e ob .
back ) Ais to th ) ; of ob " + Form the ratio of innovation standard deviations of the experiment (up to 5 days) forecasts” * Millions or monitored and assimilated observations
(background) is to the entire set of observations to the control can be used an additional time to evaluate the

valid at the forecast time » Decisions on the improvement or degradation of . , |
ratio will be less than 1; if the control fits better, the ratio will be numerical experiments (relative to a control run) prior forecast in observation space

+ If the experiment fits the background better than the control, the
. The_measur_e of Closenes§ typlgally chosen s greater than 1 can be made much faster and (potentially) more + We can aggregate similar observations in plots
the innovation (observation minus background) . Form a time series of these ratios, and evaluate whether the mean reliably than with traditional forecast metrics and scorecards to facilitate causal inferences

standard deviation iggs Eaftgﬁgﬁﬂlg Ssgggg iﬁﬂﬂtllggq;ffgaigégrrc;g?a'lti(()ﬁtggﬁggﬁg;u)est ST R Any type of change betwe_en experiment and — For example, an experiment improves the background fit to
* Unlike most verification metrics, it is computed control can be evaluated using this method: radiances sensitive to moisture in the boundary layer, but

in observation space rather than model space * Forthat partllcular ?bsewatlon and time pe.rlod: dynamics, numerics, observations, error degrades the background fit to radiances sensitive to
— If the confidence interval around the mean includes 1, the null covariances, phyS|cs, data aSS|m|Iat|on, stratospheric temperature

« Observations used to measure the backg round hypothesis that experiment and control are indistinguishable cannot be _ Diagnostic information like this provides guidance on how to

. ., rejected; else * The savings in computer time and, more . - |
fit need n ot be assimi Iated’ but the — If the meanis less than 1, the experiment is better than the control impor[anﬂy, researcher time are substantial resolve issues, resulting in an acceleration of the software
observation operator must be computed development cycle

Graphics Gallery

spire vs base spire vs base spire vs base spire vs base
NPP_atms Stdv ratios (Cl=99.00%) NPP_atms BC Stdv ratios (Cl=99.00%) NPP_atms Stdv ratios (Cl=99.00%) NPP_atms Stdv ratios (Cl=99.00°%5)
22 channels (20 assim, 2 monitor) 22 channels (20 assim, 2 monitor) 22 channels (20 assim, 2 monitor) 22 channels (20 assim, 2 monitor)
789 dtgs 2019-01-01 to 2019-07-25 789 dtgs 20192-01-01 to 2019-07-25 789 dtgs 2019-01-01 to 2019-07-25 789 dtgs 2019-01-01 to 2019-07-25

. . _ |
Water _ [l water | E—
vapor 1" vapor

| #caﬂeriﬂrgJ _ $;caﬂeri#;|QJ , | Scattering |

‘Strat Temp _ Strat Temp Strat Temp

Stdv ratios

 Trop Temp | | Trop Temp

—'—_l_Water vapor Water viapor | | | _ é Water vapor_

T |
O v v v 4 N - 1 1l il 1l + x T ¥ N N } T v r
0.985 0.990 0.005 1.000 o e e 0.980 0.985 0.990 0.995 1.000  1.005 1.010 1.015 o 0.985 0.990 0.995 1.000 1.005 1.010 1.015 1.020
stdv ratios ssim: 15 spir bas BC Stdv ratios = Assim: 16 spire = base ==im: 15 =pire re—— Stdv ratios = Assim: 15 spire > base
— ASsiM: O base == spire ssim: 2 bas spir — Assim: 2 base = spire
Monitor: 1 spire = base i : i Monitor: 1 spir

spire vs base spi i b i
. - o pire vs base spire vs base in2 vs dev
NPP_cris Stdv ratios (CI=99.00%) NPP_cris Abs Raw Bias Diff (CI=99.00%) METOPA iasi_Ilw_trop Stdv ratios (Cl1=99.00%) AQUA airs Raw Stdv ratios (Cl=99.00%)
399 channels (111 assim, 288 monitor) 399 channels (111 assim, 288 monitor) 52 channels (27 assim, 25 monitor) 314 channels (78 assim, 236 monitor)
311 dtgs 2019-01-01 to 2019-06-25 311 dtgs 2019-01-01 to 2019-06-25 771 dtgs 2019-01-01 to 2019-07-25 417 dtgs 2015-12-06 to 2016-03-25

Tem P Tem P | (! m MD

—  ———= ‘Water vapor — _ Water vapor | - R Mid |
——c——— e —"— . : - * Trop Temp

Ozone

Suﬁilace

Surface

Trop Temp ; | Upper
Trop Temp

Strat Temp | Strat Temp | s oy _ Trqp Templ =

O

0.980 0.985 0.990 0.995 1.000 . . . —0.02 0.00 . . 0.985 0.990 0.995 1.000 1.005 . 0.994 0.996 0.998 1.000 1.002
Stdv ratios ssim: 17 spir; base Abs Raw Bias Diff esim: 27 spir e Stdv ratios ssim: 1 spir bas Raw Stdv ratios
onito (lexp]| - |ctl]) (°C) i - eim: 7 base = spir

Input and Output

GUI I ythOn Snlppets  The input for fit2obs.py consists of a set Detalled DeSCrlpthn
f fit2obs — O X Of ASCI I fl IeS Wlth the StrUCtu re and -_— -_— g By comparing raw innovations to 6-hour forecasts and computing the spatial standard deviation four times a day, we can construct a time
fit2zobs e d chan = {'iasi': {'lw strat': tr(i) for i i T . . series for the control run and each experiment, for every radiance observation type and channel. Each observation type and channel,
i e rad_chan = {'iasi’: {,lﬁ—;;g,_' Etiéﬂ fg: i 12 :22525236 4;3331 nam|ng conve n‘“on as fO”OWS RECOMPUTED INNOVATION NORMS ) ) including unassimilated channels that were monitored, will show either statistical improvement or degradation, or be neutral. The
‘efc: [etr(i) for i in range(dse: 13%)1, Sat ID chan n mean xiv. bt SD bt RMS raw xiv nobc SD  bcorr  oberr  status ”eflﬁ"l aggregation of these results are in accord with traditional forecast diagnostics that require multiple months of simulated global NWP;
‘ozone' : [str(i) for i in range(1300, 2000)], {I nstru ment} fItZObS {d ate} {re Ion} xgﬁig ; iggj g‘ggi i'igg i'igg iggg 2‘232 ;'iii g';:g assim global however, the fit to observations diagnostic requires only a few weeks of simulation. In addition, it has also been shown to be more
'water_vapor': [str(i) for i in range(2eee, 5eee)], — _ . g ' ' : : ' ' : assim  g-ooa sensitive than traditional diagnostics. Up until now, we have lacked this vital tool.
"sw_trop': [str(i) for i in range(Seee, 8eee)]} . NOAA15 3 2594 -0.014 1.810 1.811 2.355 1.954 2.369 3.800 assim global
'semis': {'t " - i i 3 ’ NOAA15 4 2594  -0.028 8.413 9.414 -08.362 0.474 -0.335 8.775 i lobal . . . : : . o . o
ssmis®: {"t_trop’: [str(1) for 1 in range(1, 8)], o L In eaCh flle are the cou ﬂtS aﬂd Faw assim Boobe The tool consists of six routines written in Python 3. The main program is in fit2obs.py, and is where the bulk of the data handling is done.
water_vapor': [str(i) for i1 in range(9, 12)] + ['14'], NOAA15 5 2594  -8.835 0.203 0.206 -0.202 0.297 -0.167 ©.420  assim global . . . o . ) . . .
el . : A c - - c c B ) . Fit2obs.py reads in the radiance statistics from either the *_ar_1_* files or the *_fit2obs_* files for a set of date-time groups for two runs, an
sfc': [str(i) for i in range(12, 14)], d b t d t tatist NOAAIS 6 602 -0.485  ©.389  ©.622 -0.485  ©.389  0.800  0.300 monitr global : = , -
' other" : [str(1) for i in range(15, 17)], an las-correcitle InNNnovation statistics NOAALS 7 4527 -0.008  0.156 0.156 -0.130  ©.375 -0.123  0.350 assim  global experiment and a_control. For egch_sensor ar_ld_channgl, a palrgd qlfference t-test is run on the Io_g—tr_ansformed raw standard deviations,
rscatt t ['8'] + [str(i) for i in range(17, 19)], . NOAA1S 8 5773 0.006 0.168 0.168 -0.048 0.315 -0.054 0.390  as<im global accpuntmg for serial cqrrelaﬂon in time. (Statlstlcs_ routines are in f|t20bs__stats.py). Th!s information is passed
t_strat':  [str(i) for i in range(19, 25)1}} for each Satelllte and Chan nel of th at NOAAIS 9 5982  ©0.014 ©.209 ©.210 -0.109  0.250 -0.123  ©0.400 assim  global to fit2obs_plots.py, which produces a set of graphics that are part of the final output. Fit2obs_scorecard.py also produces a scorecard
NOAALS 10 5689 0.0839 0.227 0.230 0.0835 9.278  -p.pe4 0.500 as<im global (des;(cnbt;d below). Input arguments are handled by fit2obs_arguments.py, which includes an optional gui interface (requires the gooey
. 1 i ackage).
def grouped WLT(dfr, common_cols): I nStru m e nt for th at d ate NOAA1S 12 5979 0.832 9.372 09.374 0.414 0.423 9.383 9.850 assim gthBl p
WLT calculation for series and dataframes .
" NOAALS 13 5944 0.014 8.501 9.501 9.650 9.556 0.636 1.580  assim global
# If d , . . NOAA1S 15 1827 2.283 3.439 4.128 2.283 3.439 0.000 1.930 monitr global Instrument_info.py defines two dictionaries. The first, sat_sen, is a copy of sat_sen from radiometer_define.py, with dummy entries for
if isinstance(dfr, pd.series): . . . .
ofr L gd-s§r;§s?to;frame£dfr>-r( - o Th e user m USt CO m pute th ese Sta“SthS ---------------------------------------------------------------------- CrlS, AIRS, and IASI added for convenience. The second, rad_chan, consists of channel subsets corresponding to the species detected
dfr[common_cols[2]] = 'all’ R t f . t fI . RECOMPUTED INNOVATION NORMS (T, q, ozone) and the approximate vertical location in the atmosphere. The channel subsets are used by fit2obs_plots.py to make plots
wlt_cols, awlt_cols = [, (] - and produce a Se O |npu | eS |n a Sat ID chan n mean xiv bt_SD  bt_RMS raw_xiv nobc_SD bcorr oberr  status region containing their particular subset of channels for each instrument, and to aggregate statistics into a pandas dataframe.
RIS ;;‘r}[ud’l'] » 'tosses’, "Ties'}.issubset(dfr.columns): NOAA18 1 2840 0.400 2.753 2.782 2.135 2.839 1.735 5.000 assim global
dfel score’] = (Frluine'] - dfrl'Losses']) / total d | I’eCtO ry StI’U CtU re th at IOOkS I | ke NOAA18 2 2840 0.092 2.420 2.422 2.740 2.653 2.648 5.000 ass@m global Fit2obs_plots.py takes a dictionary created by fit2obs.py, either a comparison of an experiment and a control, which is its primary use, or
GFre maxSeore’ ] = dfr[-Score'] + delta NOAA18 3 2840 0.001 1.767 1.767 2.202 1.944 2.201 3.000  assim global just the control. Graphics options include plot type (bar or line), orientation (vertical or horizontal), image format (png or pdf). Plots can be
o e L e / d NOAAlZ 4 2846 -6.632  6.416  0.417 -0.238  9.496 -0.205 0.785 assim  global generated for all channels, or only for assimilated channels. The confidence level defaults to 95%, but can be specified on the command
{eXp Nam e} g{ ate} NOAA1S 5 2840 -6.656  0.258  0.262 -0.018  0.307  0.032  0.420 assim  global line. When given an experiment and a control dictionary and graphical options, it produces a set of images containing the ratios of raw
clserecordacie . . NOAALS 6 4366 -0.ee9  0.172  0.172 -0.832  @.212 -0.823  0.335 assim  global innovation standard deviations with confidence intervals for each channel. If the confidence
e ehere(arrl ‘Minscore’]’> @, W', ")) ° I N eaCh fOIder WI ” be f| IeS for a” Of the NOAALE 7 5125  0.666  0.216  0.216 -0.498  0.387 -0.564  0.350 assim  global interval does not include 1.0, then it is plotted in red (magenta) when the mean ratio is greater than 1.0, indicating that the fit to the
wlt_cols = ['Chans’, 'Wins’, ‘Losses’, 'Ties’ NOAA18 8 6211 0.011 0.279 9.279 -8.315 0.396 -0.326 0.400 i lobal o ; ; : : P : :
- ‘Score’ . ‘MaxScore®, ‘Minscore®, ‘WLT'] NOAALS o o 9'625 9'2% 6.282 8‘663 9-254 9'688 6'459 assim global assimilated (monitored) channel is better in the experiment than the control. If the mean ratio is less than 1.0 and the confidence interval
I d I : . . - : - . assim  g-o0oa does not included 1.0, the plot is navy (cyan) for assimilated (monitored) channels. Confidence intervals that include 1.0 are plotted in
if {'CI', 'AChans', 'AWins', 'A Losses’, 'A Ties'}.issubset(dfr.colums): InStru ments an a” Of the reg 10NS for NOAALS 10 6511 ©.052  6.232  6.237 -0.461  ©0.280 -0.513  ©0.456 assim  global black (gray) for assimilated (monitored) channels, indicating that the experiment and control fits to this channel are not
ttttt = dfrlachans ) NOAALS 11 6511 08.973 09.254 .24 -0.379 9.297 -9.451 0.600  assim global . BT . f Rl . : s :
afrl'A_score’] = (dfp(*AWIns'] - dfr['A_Losses']) / total ' ' ’ . ) ' ' X statistically significant. Fit2obs_plots also generates a set of images containing the mean absolute bias differences with confidence
GerL A HoxSCora'] = dFr[' A ocore’] + delta t at ate NOAALS 12 6506 ©0.065  0.374  0.379  0.027  0.421 -0.038  0.850 assim  global intervals and the same color scheme as the standard deviation ratio plots. Options for plotting bias-corrected standard deviations and
dir['AMinscore'] - ofr['AScore'] - delta = NOAA18 13 6470 0.047 8.518 9.520 0.298 0.589 0.250 1.500  assim global bsolute diff | abl piots. ©p P 9
e wheracafrl A Minscore'1'> 8, W', ') ° Fit2obs is called separatelv for each NOAA1Z 14 6511  ©.044  ©.846  0.847 ©.776  ©.921  ©.733  3.000 assim  global absolute difierences are aiso avafiabie.
s = e . py p y NOAA18 15 2206 2.429 3.299 4.097 2.429 3.299 0.000 1.930 monitr global i _ . _ _

. ;A » A I Fit2obs_scorecard.py produces an Excel spreadsheet with summary statistics of wins, losses, and ties for all channels, and for common
ofr resetindextinplace-True) Nam ed reg 0] subsets (e.g. microwave temperature channels in the stratosphere for all instruments). For groups of channels, we chose a conservative
dfr_cols common_cols + wlt_cols + awlt_cols 5 H H 5 5 = H H H H . A B /A
dfr e dfrldfn cols ] criterion for declaring a group win (win = experiment fits the observations in the group better than the control): If number of individual
ppppppppp channel wins exceeds the sum of losses and ties, we declare a group win; if number of individual losses exceed the sum of wins and ties,

we declare a group loss; otherwise a group tie.

Scorecard Results, Conclusions, and Future Work

Cpl_jac_pb0 vs Cntrl . , , ,
A scorecard can provide summary guidance as to whether e 1 = o) B, 2  Evaluating the background fit to observations is a useful + Evaluation of reliability and fidelity to traditional forecast

enough evidence has been gathered to favor the experiment over Groups All Channels Assimilated Channels verification tool in observation space that achieves statistical SCOres

\ Variable |Vertica| Spectrum| Cl |Chans|Wins|Losses| Ties | Score |MaxScore|MinScore|WLT|A_Chans|A_Wins|A_Losses|A_Ties|A_Score|A_MaxScore |A_MinScore |A_WLT " LY g e ' '
the Contr0| or v.v.. or Whether not enough data haS yet been AT |a|| | ::).99|1500|952| 285|264|0.444| D.620| 0.268|W | 474| 295| 54 125 0.508| 0.772| 0.245 W | S|gn|flcance mUCh faSter than tradltlonal Vel'|f|Cat|0n methOdS IN
evaluated to decide between them et - model space + Fits to bias-corrected innovations, absolute bias
Ozone IR 0.99 102 36 59 7 -0.225 -0.157 -0.294 L 3 2 0 1 0.667 1.000 0.333 W

099 286 195 29 62 0.580 0.797 0.364 W 127 85 15 27 0551 0.764 0.339 W be realized '

e L L T , , | | scatterometers, GPS-RO, Lidar, future sensors

0%, G 3 mow i oww, w2 u o oss o + As it uses innovations that are already produced in the normal , - y
Regional statistics and scorecards to match traditional

N e B B data assimilation process, there is little overhead needed to
+ We can do this for individual observations, physically sensible Spire vs Base compute and evaluate their statistics verfication. or for imited area models
groups of observations, and all observations aggregated together Jan 1 — Jul 25, 2019

Groups All Channels Assimilated Channels e A |Ightwe|ght Python implementation runs in minutes on a o Longer |ead ’umeS (eg f|t to 5_day forecasts)’ Wh|Ch W|”

+ For groups of observations, we Chose a Conservative Criterion for 1 e o e s e e Al ol Tt o s e e 0 laptop for months of data (satellite radiances only at present)

' 5 ' 1o ' All IR 099 1350 403 467 476 -0.048 0306 -0.401T 320 13 136 171 -0.384 0.150 -0919T l
declaring a group win: If number of individual wins exceeds the W 0ss a7 m 2 2 043 06 OIW 8 S 1 50 05 oad 01w project onto model error

eI Mw 0% B o s one two omw 5 B 0 2 ow  dow o + Output plots for each satellite, instrument, and user-defined

+ As the time series of ratios becomes longer, confidence
intervals get shorter, and observations that were neutral will
eventually” show either a win or a loss

SUm of bsses 2N U6s, o deciare & 0T D W T o O e ] channel group yield useful diagnostic information to the + OSE and OSSE applications, e.g. if new observations fit
ndividuallosses exceed the sum of wis and ties, we deciare 2 e T o b e e e researcher poorly, there may be a problem with the new observations
roup loss; otherwise a B I I = 17 . W

A g IOI s e ool ol s 14 1 o oiee cos M s 2 s 1 o osa  ooisll » Qutput scorecard is a useful summary and decision aid or the forward model rather than the forecast model

* Assumes statistical stationarity, which may not be true. Some side effects may occur. Consult your doctor(ate) before using the scorecard. 039 383 120 118 145 0.005 0384 -0373T 70 8 37 25 0414 -0.057 07711
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