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The Challenge of Not Knowing the Truth.
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Reality Strikes

In real applications, the truth is unknown.
All that we have are observations.

Having the truth available has been convenient,
but also misleading.

Much less information is available from the observations.

They are generally functions of the state variables.
They are always contaminated with observational errors.
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What to expect ...

Recall that > >
Expected(prior_mean — observation) = \/Gpr,-or T O,

0.8

Prior PDF __  Obs. Likelihgod

Probability
o
N

Expeéted Se :
-------------- —SD

Error is dominated by observational noise if ¢, >0’

Suppose o, =1.0,0 ., =0.1, then E(RMS) = 1.005.
Halving O iy 1O 0.05 => E(RMS) =1.001; only a 0.4% reduction!
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First Observation-space diagnostics:

Whether or not to assimilate or reject observations based on
their Expected Separation is controlled during filter based on
namelist settings in input.nml.

Observation

If |y"—y° /\/Gin.m, +07, > outlier_threshold rejected!
(DART QC ==7)
&quality control nml
input gc threshold = 3.0 o
outlier threshold = -1.0 & Negatlve value
/ means USE ALL

The program obs_diag post-processes obs_seq.final, calculates
metrics like RMSE, bias, ensemble spread, totalspread, # of
observations used or rejected ... Start with the lorenz_96 model.
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Observation-space diagnostics

The observation sequence file is not in a particularly user-friendly format.

To aid in the evaluation and interpretation, a program named obs_diag must be
run to produce a netCDF file with results that can be plotted in a manner of your
choosing. DART has Matlab functions/scripts that create high-quality graphics.

For up-to-date information on the latest, greatest diagnostics, go to:
http://www.image.ucar.edu/DAReS/DART/DART2 Diagnostics.php#obs diagnostics

&obs_diag nml

obs_ sequence name 'obs_seq.final',

bin width days -1,

bin width seconds -1,

init skip days 0 (Slightly different for 3D models.)
init skip seconds o,

Nregions 3,

trusted_obs 'null’,

lonliml 0.00, 0.00, 0.50, -1.0

lonlim2 1.01, 0.50, 1.01, -1.0

reg_names whole’, ‘yin’, ‘yang’, ‘bogus,

create rank histogram .true.,
outliers in histogram .true.,
use_ zero error_obs .false.,
verbose .false.
/
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Observation-space diagnostics

The observation sequence file is not in a particularly user-friendly format.

To aid in the evaluation and interpretation, a program named obs_diag must be
run to produce a netCDF file with results that can be plotted in a manner of your
choosing. DART has Matlab functions/scripts that create high-quality graphics.

For up-to-date information on the latest, greatest diagnostics, go to:
http://www.image.ucar.edu/DAReS/DART/DART2 Diagnostics.php#obs diagnostics

Here are a few of the Matlab functions
available in diagnostics/matlab

plot_rank_histogram.m
plot_evolution.m
plot_rmse_xxx_evolution.m
two_experiments_evolution.m
plot_profile.m
plot_bias_xxx_profile.m
plot_rmse_xxx_profile.m
two_experiments_profile.m

These work with ANY obs_seq.final from ANY experiment with ANY model!
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Lorenz 96 observation diagnostic example

outlier_threshold =-1.0

yang
RAW_STATE_VARIABLE
forecast: mean=2.9555 analysis: mean=2.8093
|

h 7 [ | | | | | T T 30
w —I-—-forelca_st
——
S analysis PP
2 T
© 3 )
N © Q
; 128°E E
2
w ‘.? @
© H27 * 2]
Oumm o :
L S
) A <
@ 13 S
: -
[72]
- {255 c
s 5 Q
(] ETY m
[
: "8
o
o
(3 0 - 23
- 01/01 01/06 01/11 01/16 01/21 01/26 01/31 02/05 02/10 02/15

month/day - Jan.01,1601 01:00:00 start

data file: /Users/thoar/svn/DART/clean_lanai/models/lorenz_96/work/obs_diag_output.nc
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First Observation-space diagnostics:

Try setting the rejection threshold to a small positive number and
rerunning filter, and then rerunning obs_diag on the new output file.

&filter nml

obs_ sequence_in name
obs_sequence out name

"obs seq. ogt” Change to what-
"obs seq.final” <

ever you like.
/
&quality control nml
input gc threshold = 3.0, Change to 3.0

outlier threshold
/

-1.0, <€

Don’t forget to rerun filter!
Don’t forget to rerun obs_diag!
Don’t forget to use the right filename in obs _diag _nml!

This is potentially DANGEROUS, but useful.
Rejecting ‘good’ observations can lead to inflated estimate of quality.
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First Observation-space diagnostics:

Lower RMSE

outlier_threshold = 3.0

than before! ng
RAW_STATENVARIABLE
S1 ,000,000 3%‘“: mean=1.6?:5nalysis: mean=1.5243

question:
Why? 25
2
21 5

0
01/01

01/06

 — | L

.

01/11 01/16 01/21 01/26 01/31
month/day - Jan.01,1601 01:00:00 start

data file: /Users/thoar/svn/DART/clean_lanai/models/lorenz_96/work/obs_diag_output.nc

02/05

| 30
——forecast
—e—analysis

425
5
®©
IS
1202
©
i!
[y
= 15.—%
S
(I:I)
110
S
S
B S
- 5.
Observations
being rejected!

02/10  02/15
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Lorenz_96 exercises:

Pick a case that works relatively well and look at
observation-space diagnostics.

Pick a case that is similar, but clearly different, with
physical-space diagnostics.

See if you can detect the difference with observation-
space diagnostics.

Rerun obs_diag with different bin_widths.

DART Tutorial Section 18: Slide 10



Observation-space diagnostics: rank histograms

>> fname = ‘obs diag output.nc’;

>> timeindex = -1;

>> varname = ‘RADIOSONDE TEMPERATURE’ ;

>> plot _rank histogram(fname, timeindex, varname);

MPEX
1

70
2297 obs possible, 2269 obs binned

RADIOSONDE_TEMPERATURE @ 500 hPa
Full Domain
| |

350

2106 obs binned

count

5 10 15 20 25 30 35 40 45 50
Observation Rank (among ensemble members)

Results from WRF real-time forecasting.

5 10 15 20 25 30 35 40 45 50
Observation Rank (among ensemble members)

May.16,2015 21:00:01 —— May.24,2015 03:00:00 R H . H
data file: /Users/thogr/svn/DART/c|eanJanai/n¥ode|s/wrf/work/obsfdiag,output.nc DART Tutorial Section 18: Slide 11



Observation-space diagnostics: time evolution (by level)

plot_rmse_xxx_evolution.m
. Northern Hemisphere (20-80)
plot_evolution.m RADIOSONDE_TEMPERATURE @ 500 hPa

rmse pr=1.1971, po=0.98162 totalspread pr=0.91985, po=0.81559

2 T 2000
o © O ~ 0 e Q *@ -+ i Se
1.8 o of ¥ T 9 ¥ o 9 iotalSgread-1goo
o 5 ® *
O
Much Better! Very 1600
few observations 14003
© n
3 being rejected. T
5 | 1200 *
0 | 0
3 y 8
: l “ H“ ‘/‘ | ‘ {1000 &
c - " K N e
< 5-6-6-6-6-6-6-6-6-6661 / e ‘ér":' o | 800 7))
d ’ ' O
o
#GL Totalspread is the sqrt of the pooled variantesg 1 600 i
the observation error and the ensemble variance.
. . -1 400
Initially tiny 3 3
spread and large 650 o O g8 9 e g g ® - 200
: O % % * O & o o * ® ® ® ® ®
observation * R xRS | 0
rejection — system 08/06 08/11 08/16

. month/day — Aug.01,2005 06:00:00 start
not performing

— |
We” yet- DART Tutorial Section 18: Slide 12



Observation-space diagnostics: time-averaged profiles

plot_profile.m plot_bias_xxx_profile.mplot_rmse_xxx_profile.m

Note: These are much more informative for models with
levels! (i.e. the 1D models are not very interesting this way)

MPEX Full Domain
RADIOSONDE_TEMPERATURE RADIOSONDE_TEMPERATURE
# of obs (o=possible, x=assimilated) x100 # of obs (o=possible, #=assimilated) x1000
0 7 14 21 28 0 4 8 12 16
—+—bias pr=0.26525 —+—bias pr=-0.028017
- + -bias po=0.02529 - + -bias po=0.0027291
—e—totalspread pr=1.563 —e—totalspread pr=1.5112
- © -totalspread po=0.99202 - © -totalspread po=1.0003
100 1 100 ® a
150 * 150+ * -
200+ 200+ ® 8
250 250 oo a
300 300 e s
I l’
5 400" ; 5 400" ¢ 8
o ' a8 !
< 1 = 1
500 ' 500+ $ .
‘ '
1 1
1 1
1 1
1 1
7001 i 7001 l ¢ 8
‘I
L 1
[} 1
1
850+ % 850 AR 8
\ AY
AY
925+ *0 925+ 1 X .
,
1000 fxo 4 ‘ ‘ 1000F = 4 ‘ ‘ i
-1 0 1 2 3 -1 0 1 2 3
bias (model — observation) and totalspread bias (model — observation) and totalspread
16-May-2015 21:00:01 through 24-May-2015 03:00:00 16-May-2015 21:00:01 through 24-May-2015 03:00:00

data file: /L DART/clean_lanail _diag_output.nc data file: /L DART/clean_lanaij ,ﬂﬂR{"ﬂ: TUtO ria I SeCtiO n 18: S I i d e 1 3



rmse and totalspread

A word of warning ...

orthern Hemisphere

RADIOSORDE_TEMPERATURE @ 500 hPa

11600

41200

2000

0=poss, +=used

rmse pr—1 1176, po=(§91808 totalspread pr=0.91241, po=0.8187
3 T T T T 2400
(L) ——rmse
B —e— totalspread
2.5r o ' y
99,05 % 2 9 29 ¢ @
o} ¢ el QQQ Q QQ@ QQQQQQQQQ
2 L.
1.5¢
1k

0.5f :
333292999%9993@“’@m@f@eg@@@@@g@@$@@@@®®g@@@@@®
Og/01 08/06 08/11 08/16 08/21

month/cdlly — Aug.01,2005 06:00:00 start

data file: /glade/scratch/raedelBE30r4_Katrina/Diag_NoSoTrCarib_2005_8_1-23/obs_diag_output.nc

FH*

-1 400

08/26O

NOTE: The &obs_diag nml is different for
low-order models and realistic models. Check
carefully when using.

[%2]
1800 S gobs diag nml
o

obs sequence name
obs sequence list
first bin center
last bin center
bin separation
bin width
time to skip
max_num_bins
trusted obs

147

"file list.txt’

2005, 8, 1, 6, 0, O

2005, 8,26, 0, 0, O
o, o, 0o, 6, 0, O
o, o, 0, 6, 0, O
o, 0,10, 0, 0, O

1000

'null’

obs_diag ‘time_to_skip’ setting will allow you to ignore the spinup before starting the
time-averaging for the vertical profiles while still calculating metrics for the entire
period of record for the time-evolution products.
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Observation-space diagnostics: comparing experiments

two_experiments_evolution.m

two_experiments_profile.m
Southern Hemisphere
RADIOSONDE_U_WIND_COMPONENT @ 500 hPa

This is useful for quick 1 w — w w w 270
. —e— |dentical Twin Prior
comparisons. Rea”y - —=—Fraternal Twin Prior |54
‘fair’ comparisons _ A .
i S h' 210 &
require more = =
. b 0 R B % IPRRRFRRRRERPREBRRPRERRRRER O] =
processing to 3 111805
o] "\ 1 n . (%)
compare the same set © s Al i
. — > 1o | R -150 .
of observations across 8 o |} ‘| ‘ ‘ ; : ' /\ 2R ,, g
. le) _ - Rl y N =
eXperImentS. é ¢ PR 10 % vl‘ ,A "';"'v'LJ | & 120 §
. VPV o Y P g
8 | L |¢ e g
imilati = ) A g NEW ol 23 190 —
assimilation_code/programs & | EE . S W B el 0 %%%ae a
O * e r ¥ o e L RS B o
obs_common_subset.html @ ; * 160 5
@]
obs_seq_coverage.html - *
obs_selection.html 130
obs_seq_verify.html
-0.8% . | | | I 22D 0
08/01 08/06 08/11 08/16 08/21 08/26 08/31

31-Jul-2005 18:00:01 through 31-Aug-2005 06:00:00

FYI:
‘Identical’ means the model that was used to generate the observations is also used for the assimilation.

‘Fraternal’ means the observations came from a different model.
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Observation-space diagnostics: netCDF

SOME of the information in the observation sequence files can be converted to
netCDF and easily plotted. A program named obs_seq_to_netcdf must be run to

produce the netCDF.

Here are a few of the Matlab functions available in diagnostics/matlab.

* link_obs.m

e plot_obs_netcdf.m

e plot_obs_netcdf_diffs.m
e plot_coverage.m

MATLAB 7.10.0 (R20103)
File Edit View Graphics Debug Deskiop Window Help

IO 5 42 @ 9 ¢ BB O Curenfolder /Users/thour/Documents DART/models jcamiwark =] - )
£ Shortcuts (2] Howto Add 2] Whar's New
xawo (9 Variable Edfor - obsma FEET) Workspace
x B A BB S L W ek e [T — D = BEEE R LR e T
Nmes e an |
o bamatEa7e s datien alCopysiing priorensemble
L 2 3 5 s s [ 7 10 1 [alobsCopystring
] 08500 12700 e5210  5.0000 28470 o o2 7soieers o0 Gl obsTvpesting
a5 26300 476800 37930 221000 2807 O 179528 7.30dce:05 85 faloc
a6 26700 o0 sermozzame o D Hdantoc 3 P
287 g Ll dartpath “JUsersthoar
988 L dotad .
S8y Laldiagn_file *[Prior_Diag.ne'
20 Ll fname POPLLjobs_epo.
55800 23950 15,9000 13750 o Lalmydir Tusershoir D
ol v Edobsmar <3768 double>  NaN NaN
= [ reg 0360,-90.90,-1.. -inf  Inf
xawo mand indon Glvuth fle /T Suiene

Brior ensanoe menoer 3

AT quattty contral . regiom

S
2 region = (0 360 -5 %0 -Int 1n7]

> global ovsmat

7Tk os(omane, ontypestsng, ovscopysirog, ConySuring, Ccstrng, regta

505 RADIOSOHDE_ SURFACE_ALTIMETER

(Hhhe 5> tieen lovels 0,00 and 135.60
(type 19) tueen levels 12,60 and 4761 60

(type 12) taeen levels 360 60 and 103506 60
(type 13) taeen levels 360 60 and 103506 60

e
Link_ons (tnase onslyne&lrwz
Copystring ensent)
Uink o0s tnase. Q0sTypestring, ooscol

(type 15) taeen levels 340 60 and 103506 60
(type 16) tueen levels 30606 .00 and 103506 .60 ond
(type 19) taeen levels 8630.00 and 94216 60 print -1 -dong Link_obs_exanple_F1

(type 26 taeen levels 863000 and 94210 60
(type 21 taeen levels 863000 and 90820 60
(type 25 taeen levels 553060 and 10313060
(e 26) wween levels 3530.00 and 103130.00
(type 27) tieen levels 5530.90 and 103130.60
31) tueen levels 6.0 and 1
32) tueen levels 060 and 195.00

(type 33) taeen levels 0,60 and 132 00
(type 34) taeen levels .60 and 132 00 A
(type 43) baeen levels 13700.00 and 92500.00
(type 44) taeen levels 13700.00 and 9250060

022 o0 fassiniaten) acstring
4 005 Drior fonarg opeator fattean
51 0bs [prior 0C rejec Elovat o

AT ity controt 11 6ot toutvrer reseceea) : Fine oosrname. ovsTypestring nnscmv

pressure

DART qualtty control

©
g

o
4000
8 2000
2
8
12103 12104
s
10
o
25
2
e
15
0 500 1000 1500 2000 2500 3000 3500 4000
AIRCRAFT_U_WIND_COMPONENT
08-Dec-1999 090001 -~> 03-Dec-1999 15:00.00
100
g ®r
3 el
g e
2 40
£
8 20r
g
% 20t o
40
0 20 80 100

03-Dec-1999 09:00:01 ---> 03-Dec-1999 15.00:00

x 10

0 20 40 60
NCEP BUFR observation

AIRCRAFT_U_WIND_COMPONENT

4

200000 &

00
000G®0

latitude 0

longitude

pressure

pressure

AIRCRAFT_U_WIND_COMPONENT level (10040.00 - 94210.00)
03-Dec-1999 09:00:01 - 03-Dec-1999 15:00:00
NCEP BUFR observation (3622 locations)

@
8
AIRCRAFT_U_WIND_COMPONEN

20 5
10
0
-10
-20
latitude 0
AIRCRAFT_U_WIND_COMPONENT level (8690 OO 75270.00)
03-Dec-1999 09:00:01 - 03-Dec-1999 15:00:00
NCEP BUFR observation (3622 'good', 146 'flagged' -- 3.87 %)
K]
x10°

o ~: % :

s
Q 2
m 8
=y
55 %
g
3
°
[:4
5 &

45

4

latitude
111 obs with qc ==

31 obs with qc =:
4 obs with qc ==

longitude
7 ‘outlier rejected"

'prior QC rejected"
4 'prior forward operator failed"
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Complicated observation-space diagnostics.

The program obs_seq_to_netcdf converts much of the information in an
observation sequence file to a netCDF file. For now, we’re going to explore a
pre-computed file available at:

www.image.ucar.edu/pub/DART/Tutorial_Datasets/obs epoch SE30r4 Katrina.nc

It was generated with the following input:

&schedule nml
calendar
first bin start
first bin end
last_bin end

'Gregorian’

2005, 8, 13, 21, 0, O
2005, 8, 14, 03, 0, O
2005, 8, 14, 03, 0, O

bin_interval days = 10000
bin interval seconds = 0
max_num_bins = 1000
print table = .true.

/
&obs seq to netcdf nml
obs_sequence_ name
obs sequence list

‘cam_obs seq.2005-08-14-00000.final’

17

lonliml = 160.
lonlim2 = 40.
latliml = 10.
latlim2 = 65.
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Matlab Hands-On: link_obs

exploring observations

i 12/04

P e,
o o

DART quality control

&
8

[
12103 12104

Try different obs types,
Try to locate rejected obs,

"t ot Lién. 7 Why were they rejected?

o SO S t View Insert Window Help »
§ Try plot obs netcdf.m

I y plot_obs_ TN do h RLODRL- 3 08 a0

. (») Linked variables /expressions: obsmat(:,3) vs. obsmat(:,2) vs. obsmat(;,1)

2 0 2 40 60 80 100
NCEP BUFR observation

Edit... =

AIRCRAFT_U_WIND COMPONENT
13-Aug-2005 21:00:01 ---> 14-Aug-2005 03:00:00

000 MATLAB 7.10.0 (R20103)
File Edit View Graphics Debug Deskiop Window Help

{05 & 2@ 9 ¢ &0 B @ CurentFolder /Users)thoar/Documents |DART/ models cam/work -
£ Shortcuts (2] Howto Add 2] Whar's New
xawo v o x2mo
x 0 G 4 BE G L - W Sudk boe | [DNowkdpenforobma v EIEIED - JEEE L L e
Nmes e an |
Hovmargrcad it L Copysaing “orio ansemibl.
+ : T 3 T : B[ | ontamsne
] 08500 12700 e5210  5.0000 28470 o o2 7soieers o0 Gl obsTvpesting
a5 26300 476800 37930 221000 280713 O 179528 7.30dce:05 85 Lol
o D A O B ] N 1 ol o -
957 2100 45 0 180101 73016e:05 987 G danpath Tusers thoar .
5494000 54120019560 42,7000 153170 71801287 30%bei0s s [ K
3559200 534300 26320 64,4000 605271 0 a3l o [rrpags P
149.1200 35,5300 17870 20,6000 127247 o 1810 < Gilfoame PP Tobapo.
991 2112000 55500 23950 15,9000 157503 O is2sss  7s0sei0s 991 + Ladmydr Tusershoar]
ol sl v Edobsmat <3768 double>  NaN NaN
= [ region 90901, -inf ot
xawo rand Window ) Wt e e Satene —
= priar ensemle memver 3. DART quality control . regiom =
nae = ¢opL 00
3 Soypastring < n
2% Goscopystrin
22 Copystring n
2% acstr DART quatity contro
22 regio (036056 56 -Int Tnf]
2% ploval o
22 Tink_aps (rnane. 0bsTypestring, O0sCopystring, Copystring. Qcstring. region) 2
S5 KADIOSGNOE SUKFACE ALTINETER  (tye ) tueen levels 500 and 505 .60 xnmo
3245 HARINE SFC ALTIRETER (pe  3) ticen levels 908 ana 195.9 ObsCopystring = NCEP rvat
11929 LD SFC ALTIHETER (1pe 18) ticen levels -22.08 and 470100 Yink_pus (fnase, OusTypescring. Obscol
21040 RADIGSOIDE U WIND COMPONENT  (type  12) tueen levels 360 69 and 103500.00 oo B enenic. oo
21016 RADICSONDE V WINO COMPONENT  (type  13) tueen levels 360 69 and 103500.00 g e ohraor ensenble nean
18470 RADIOSONDE TEHPERATURE (type 15) ticen levels 380.00 and 103500.09 -+ usTypestring, vsco
8744 RADIOSOIDE SPECIFIC HUMIDITY  (type 1) tueen levels 3096009 and 103500 60 oo
3768 AIRCRAFT U WIND_CORFONENT (tpe 19) ticen levels 69900 and 94210.00 prine 11 K ovs_exanple_ 1
5768 ALRCRAFT Y WIND COMPONENT (type 26) ticen levels 5639.00 and 94210.09
5742 AIRCRAFT TEHPERATURE (type 21) ticen levels 5639.00 and 99520.00 fgure(t)
479 ACARS. U WIND_COMPONENT (1ype 25) ticen levels 5530.00 and 103130.00 s ngg
1479 ACARS Y WINO_COMPONENT (1ype 26) tcen levels 5530.00 and 103130.00

3622 obs
(OART quality control 4 o005
(DART qual ity control 31 0bs

 ONRT quality control

11 os

(type 27) taeen

(type 1) tueen 1

(type 32 taeen
(type 33) taeen

(type 34) tueen 1
Jie

Jpe 43) treen
(type 44) taeen

(ass tnilated)
{prior forward oper
{prior Qc refected;
foutlter rejectea)

Tevels 13709.00 and 92560.00

rator fatled)
1

1 -dpng Link_obs_exanple_F1.
Tigure(); ortent tail: wysiyg
print -2 -dong Link_ob

close @
v N 217/18 137 P %
netp 1ink_ovs
name = POP1,
obsTypestring . con
ObsCopyString = “NCEP BUFR observat
Copystrt prior ensendte nean
acstring ART quality control
gio [0 366 -90 96 -Int 1

global obsmat <
Link_obs (fnase. 0psTypestring. 00sColr

latitude
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DART Tutorial Index to Sections

Filtering For a One Variable System

The DART Directory Tree

DART Runtime Control and Documentation

How should observations of a state variable impact an unobserved state variable?
Multivariate assimilation.

Comprehensive Filtering Theory: Non-ldentity Observations and the Joint Phase Space
Other Updates for An Observed Variable

Some Additional Low-Order Models

Dealing with Sampling Error

More on Dealing with Error; Inflation

10. Regression and Nonlinear Effects

11. Creating DART Executables

12. Adaptive Inflation

13. Hierarchical Group Filters and Localization

14. Quality Control

15. DART Experiments: Control and Design

16. Diagnostic Output

17. Creating Observation Sequences

18. Lost in Phase Space: The Challenge of Not Knowing the Truth
19. DART-Compliant Models and Making Models Compliant

20. Model Parameter Estimation

21. Observation Types and Observing System Design

22. Parallel Algorithm Implementation

23. Location module design (not available)

24. Fixed lag smoother (not available)

25. A simple 1D advection model: Tracer Data Assimilation

BWNPE

O How
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