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Background

e IRS sounding Mission on MTG will provide high-resolution data
which includes temperature and water vapor information.

« Realistic mesoscale details in moisture are important for
forecasting convective events (e.g., Koch et al. 1997; Parsons et
al. 2000; Weckwerth 2000, 2004).

* Objective: To document the added value of water vapor

observations derived from a hyperspectral infrared sounding
instrument on a geostationary satellite for regional
forecasting.
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OSSE setup
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(Tom Schlatter:) In a true OSSE,

1.

2.

The nature run should be a long, uninterrupted forecast.

. Here, NR is a 5-day “free” run.

The nature run should exhibit the same statistical behavior as the real atmosphere but
be completely independent of it.

. We need ideas on how to do this properly.

. We just made a comparison between NR and real obs.

The assimilation period runs sufficiently long that the statistics comparing control and
experimental forecasts are stable.

. Data assimilation experiments are run over a 5-day period.

The lateral boundary conditions should vary with the experiment being performed in
the inner domain.

. We cannot run global experiment with new data. More coordinated effort is needed.

. We tried to make the LBC in DA different to that in NR: Use ETA for the nature run and GFS
for the assimilation run. We also add perturbations to lateral boundaries.

All major operational observing systems should be simulated.

. We have ADP data, but could be better.

Errors are added to the hypothetical observations extracted from the nature run.
. We add "realistic" errors to the truth.

True OSSEs are calibrated.
. We made calibration runs.

Modern variational assimilation systems deal with radiances directly because the error
characteristics are easier to track.

. It is still difficult to use radiance data over land.
. Data thinning is used to account for the correlated observation errors.
. This is also a pilot (small) project.
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Nature Run: IHOP Case (11-16 June 2002)

f LEF

There are three convection cases

.
2k
E

-
i)

oL B in the selected period:

11 June: Dryline and Storm

*) AERI Sites

12 June: Dryline and Storm

15 June: Severe MCS

Map illustrating the operational
instrumentation within the IHOP 2002
domain. (From Weckwerth et al. 2004.)
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Initial and Lateral boundary condition:
e  6-hourly ETA model 40-km analyses

~ 220 minutes with 256 CPUs
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Case A: 11 June Case
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Case B: 12 June Case
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Case C: 15 June Case
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Calibration runs

Generate pseudo (ADP) observations from the nature
run.
Exp 1. No-obs.

Exp 2. Pseudo-obs. Data assimilation experiment
using the pseudo observations.

Exp 3. Real-obs. Data assimilation experiment using
real (ADP) observations.
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Simulated Dataset

WRF-Var 1s employed to produce simulated
conventional observations

(NCEP ADP Upper Air sounding and Surface
Observation )

— Simulated conventional observations use the
actual locations and times

— Add realistic observation errors
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Simulated Dataset

 NCEP ADP Upper Air sounding
« NCEP ADP Surface Observation

within the time

Example of Simulated Data distribution

window: 1700 UTC to 1900 UTC 12 June 2002
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Observation errors in the
simulated dataset

Statistics | Observation | u (m/s) v (m/s) T(K) q(g/Kg)
B Surface -0.0018 -0.020388 | -0.001976 | -0.138
15
E Sounding | 0.021482 | 0.035018 | 0.020335 | -0.031
Surface 1.10728 1.12405 1.00531 2.8376
RMSE . :
Sounding | 2.36775 2.40612 0.83287 1.1964
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Difference in T (K), 4 km results, averaged over
1800 UTC 11 to 1200 UTC 15 June 2002
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Difference in q (g/kg), 4 km results, averaged
over 1800 UTC 11 to 1200 UTC 15 June 2002
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Vertical Level

Difference in u (m/s), 4 km results, averaged
over 1800 UTC 11 to 1200 UTC 15 June 2002
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MTG-IRS Retrieval (1)
Forward calculations

* Profile information for the forward calculations are
combination of climatology (above 50 hPa) and MM5
results (below 50 hPa), Ozone information is
extracted from climatology. For each hour for five
days 505 x 505 profiles (= one “data cube”).

« RTM adopted is same code as used for HES/GIFTS
trade-off studies by SSEC, which is a statistical
model. Only clear sky calculations, accuracy is not
Known.

« CPU: To generate R(toa) for one “data cube” takes
about 20 hours CPU.

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008. 18



MTG-IRS Retrieval (lI)
Inverse Calculations

 Results are based on EOF retrievals

* Four datasets:
St: Training dataset: Ti(p), g'(p) and RY(toa),
So: Synthetic observational dataset: Re(toa)
S': Retrieval dataset: T'(p), q'(p)
Sn: Nature (here taken from MM5): T"(p), g"(p)

Objective of retrieval is to generate a S' from S°, which is equal to Sn

* Flowchart of EOF retrieval:
Step 1: Truncate Rt (toa) through an EOF decomposition

Step 2: Correlate the truncated Rt (toa) with T'(p), g'(p) to generate
regression coefficients

Step 3: Project Re(toa) onto EOF space of Rt (toa)

Step 4: Generate T'(p), 9"(p) using regression coefficients from 3) and
EOF from 2)

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008. 19



Two EOF Training methods

Two different training methods applied:

Global Training: generated a “global dataset” by random
selection of profiles from a number data cubes
covering dynamical range of the diurnal cycle. About
100000 profiles, a single training dataset

As this global dataset had different properties than an
iIndividual data-cube; assimilation generated not
satisfactory results (mainly because of bias)

“Bias free Training”: For each datacube a separate
training dataset consisting of 10% of the data in the
particular datacube.

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008. 20



Simulated Dataset

 NCEP ADP Upper Air sounding
« NCEP ADP Surface Observation
 MTG-IRS retrieved profiles

Example of Simulated Data distribution
within the time window: 1700 UTC to 1900 UTC 12 June 2002
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Temperature error statistics for RP

Old physical retrieval profiles
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Humidity error statistics
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Temperature error correlation
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Humidity error correlation
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Vertical temperature error
correlation at 182 11 June
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Vertical humidity error correlation
at 18Z 11 June
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Experiments design

Forecast model: WRF

Data assimilation system: WRF 3D-Var
Grid points: 169X169X35

Horizontal resolution: 12Km

Time step: 60s

Physics parameterizations:
. Lin microphysics
. Grell cumulus parameterization
. MRF boundary layer
Cases: 2002-06-11 127 to 2002-06-16 127
Data:
« MOP
* EOF retrieved profiles (18 levels with 100 km resolution)
Verification against truth

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008.
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Lists of Experiments

Experiment Cycling Initial condition and assimilated data

name period
Control No GFS analysis + perturbed lateral boundary conditions
MOP 6 h

Background (BG)+ Modeled Observation Profiles

MOP-RPtg-6hc | 6 h Background (BG)+ MOP +Retrieved Profiles(T,q)

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008.



Pressure (hPa)

Pressure (hPa)

Averaged RMS error profiles at analysis time

Obs Bumn Obs Num
100 93023 100 93023
150 4 L 99847 150 L 99847
200 A - 100929 200 - - 100929
250 L 92314 = 250 - - 92314
300 L 108441 = 200 4 - 198441
400 - - 196312 S 400 o L 196312
(7]
500 - 399137 § 500 - - 399137
600 L 282307 ™ 600 - L 282307
700 L 94753 700 - - 94753
850 o L 83327 850 - ) L 83327
950 b 3571 950 ———Frr e 3571
2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 20 25 30 35 40 45 5.0
U (ms~S~=1~N~) V (ms~§~=]~N~)
Obs Num Obs Num
100 93030 150 99715
150 1 - 99848 200 ! - 100737
200 L 100934 250 | 2121
250 < L 02931«
=250 92319 = 300 4 L 198039
300 - L 198459 =
= 400 L 195777
400 4 L 196344 =
) Z 500 - 398867
500 o - 399102 3
X - . 00
600 - L 282351~ 600 <B2=80
700 - L 04774 700 5 - 94774
850 . L 83342 850 - 83342
950 T 3573 950 — T 3573
06 08 12 15 18 21 24 00 04 0B 12 168 20 24
T (~S~0~N~C) Q (gmKg~S~-1~N~)
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Pressure (hPa)

Pressure (hPa)

Averaged RMS error profiles at 12h FCST

Obs Num Obs Num

100 93114 100 93114
150 ) 99412 150 - 99412
200 4 - 100334 200 1 - 100334
250 - - 92487 — 250 o - 92487
300 - - 108555 = 300 4 - 1068555
400 4 L 105871 £ 400 - - 195871

o
500 - - 398889 £ 500 - - 398889
600 - L og2125 ™ 600 - - 282125
700 - - 94739 700 - 94739
850 - - 83423 850 - - 83423
950 T 3828 950 1 3828

250 3.00 3.50 4.00 4.50 5.00 5.50 250 300 3.50 4.00 450 5.00 5.50
U (ms~S~=1~N~) V (ms~S~a1~N~) MOP—-RP+t q_Gl_l o
Obs Num Obs Num — MOF—-Ghc

100 293120 150 99264 ’
150 - 99413 200 4\ L 100142 — Control
s504 [/ L a3, —
=50 92492 S 300 o L 108115
300 - - 108572 =

‘; 400 < - 195313
400 - - 195900 =
i ) Z 500 - 398563
500 - - 398850 5

e P
600 - [ 2g2168 = 600 282052
500 - L 461 700 - - 94761
850 - 83440 830 - 83440
950 3830 950 T T T r —— 3830
0.9 L2 1.5 L8 2.1 2.4 00 04 08 12 18 20 24
T (~8~0~N~C) Q (gmKg~S~-1~N~)
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4D-Var experiments design

Forecast model: WRF

Data assimilation system: WRF-4Dvar
Grid points: 85X85X35

Horizontal resolution: 12Km

Time step: 60s

Physics parameterizations:
. Lin microphysics
. Grell cumulus paramerization
. MREF boundary layer

Cases: 2002-06-11 127 to 2002-06-12 127

Background: Extracted from 18 h Control FCST
at D1 (EC)

Data: o 10706 SOUND 2002-06 [11_17.00.11_19.00]

*  MOP (simulated conventional data)
* EOF retrieved profiles (18 levels, 100 km)

Verification against truth

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008. 33



Pressure (hPa)

Pressure (hPa)

RMS error profiles at analysis

Obs Num
100 1328
150 - L4777
200 + > = L4163
250 - - 1447
300 - - 2754
400 o - 2977
500 o ~ 5645
600 - 4192
700 - 2041
850 = L4770
950 4 —— 6

0.0 8.0

Obs Num
100 1328
150 H - L506
200 - 1548
250 4 — 1498
300 = 2773
400 - 3012
500 o ~ 5938
600 - - 4507
700 H : - 2086
850 - =S - 1480
950 LI L '/' L L 6

0.5 1.0 L5 2.0 2.5 3.0
T (~8~0~N~C)
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Pressure (hPa)

Pressure (hPa)
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RMS error profiles at 12 h
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Summary

e Three storms are well reproduced in the 5 day nature run.

e The calibration experiment shows that the real and simulated
observations have the similar impacts on the analyses

increments and forecasts differences.
» The quality of the retrievals has been improved significantly.

» The forecast skill 1s improved when MTG-IRS T and q

retrieved profiles are assimilated.

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008. 36



Future work

« WRF-4DVAR experiments

— Cycling assimilation and forecast experiments

— Time and computer source permitted

« Reduction of error correlations in MTG-IRS T(p) and q(p)

* Assimilating modeled wind observations from other

platforms (such as wind profilers or radars)

* OSSE for European cases.

— Two nature runs have been carried out

Huang et al:MTG-IRS OSSE. EMC seminar, 1/11/2008. 37



Identical Twin Experiments

Experiment Observation Initial condition and assimilated data
name data
Control GFS analysis + perturbed lateral boundary conditions
MMS5MOP-6hc | MMS5-NR Background (BG)+ Modeled Observation Profiles from
MM nature run
WRFMOP-6hc | WRF-NR Background (BG)+ Modeled Observation Profiles from

WRF nature run

Huang et al:MTG-IRS OSSE.
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Averaged RMS error profiles at
analysis time
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Averaged RMS error profiles at
analysis time
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Averaged RMS error profiles at
12 h FCS
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Averaged RMS error profiles at
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Compared with “non-identical”

twin experiments
* The control experiment has smaller
errors.
* The observation impact is larger.

* |dentical-twin experiments are not too
bad ... may still be useful?!
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