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Observations for assimilation in NWP

What we have learned so far:

e We need to be able to model or estimate the observation from the
state vector (observation operator), H(x)

e We need to specify an observation error covariance matrix
R=<g_g,"> (usually assumed diagonal)

What we will get back to:

e Quality control (some observations have ”gross errors”, when
something has ”gone wrong”)

e Some considerations on impact of wind observations vs ”mass field”
(pressure, temperature) observations

What are the observations actually used in NWP assimilation?
(Observation techniques could have been a course in itself)
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The observing system

e Conventional observations
- Surface
- Profile - radiosonde and aircraft

- WMO - coordinates observation routines and
data exchange globally, EUCOS in Europe

e Remote sensing observations
- Satellite
- Agencies: EUMETSAT, ESA, NOAA/NASA

- Ground based radars, “wind profilers”

« ECMWF model now: 30 mill. obs. available for
assimilation per day. (State vector dimension ~108)
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Conventional observation types used in
data assimilation

Surface

e Synop (manual and automated) and ship
(over land mainly pressure is assimilated)

e Buoys on ocean

Profile and upper air
o Radiosondes (TEMPs and PILOTSs)
e Aircraft (AIREP and AMDAR)

Not all observation types are easy or even

possible to assimilate in NWP (like clouds,
visibility, ...)
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Conventional observations: surface

Example: Weather station Longyearbyen
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SYNOP and ship
(example termin: 18 feb 2008 00 utc)

Obs Type

® 16503SYHOP 2084 SHIP @ 9631 METAR

ECMWF Data Coverage (All obs DA) - SYNOP/SHIP
18/FEB/2008; 00 UTC
Total number of obs = 28218




Buoys

Obs Type

. 6510 DRFTER 213 MOORED

ECMWF Data Coverage (All obs DA) - BUOY
18/FEB/2008; 00 UTC
Total number of obs = 7023
.
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Conventional observations: Radiosonde

Bodg: automatic radiosonde

Meteorologisk institutt met.no



Radiosondes (TEMP)

Obs Type
$ B10 LAHD 4 SHP © 27 DROPSONDE

P 0 MOELE

ECMWF Data Coverage (All obs DA) - TEMP
18/FEB/2008; 00 UTC
Total number of obs = 641




PILOT /”Wind profiler”

Obs Type

$ 291 PILOT 172 PROFILER @ 164 E-PROF @ 180 J-PROF

ECMWF Data Coverage (All obs DA) - PILOT/PROFILER
18/FEB/2008; 00 UTC
Total number of obs = 807




Aircraft observations

Obs Type

® 731 AIREP 22771 AMDAR @ 23173 ACARS

ECMWF Data Coverage (All obs DA) - AIRCRAFT
18/FEB/2008; 00 UTC
Total number of obs = 58294
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Dramatical change in the observing system
since ca 50 years ago - more satellite data,
but we have also lost something

Weather ships 1948

Last ship ended 2009
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Increase in assimilated satellitte data
(number of sensors) at ECMWF
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Satellite observations -
divided into several groups

Passive (Top of Atmosphere radiances emitted from a
surface-atmosphere column):

e Microwave
- Profiling instruments: AMSU
- Imaging instruments: SSM/I

e [nfrared
- Profiling instruments: HIRS, AIRS, IASI, CrIS

- Imaging instruments: AVHRR, MODIS,
o Atmospheric Motion Vectors

Active (RADAR, LIDAR, radio-signals):
e Scatterometer (ocean surface winds from radar)

e GPS (ground based from geodetic stations, radio
occultation)
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Passive sounding: Atmosphere’s
absorptivity varies with electromagnetic
frequency

e Absorption and emission by well mixed gases
with known concentration: Obs. operator
depends on temperature profile (temperature
is corrected in assimilation)

e Absorption and emission in water vapor bands:
Obs. operator depends on both water vapor
and temperature profile (water vapor profile is
also corrected in assimilation)

e Window channels: Little absorption and
emission in atmosphere, ”sees” surface (or
cloud)

e IR is much affected by cloud, microwave is
little affected by clouds
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PRESSURE (mb)

Satellite observations: AMSU-A “Advanced

Microwave Sounding Unit”

Temperature sounding channels

e Measures electromagnetic radiation emitted
from the atmosphere at various frequencies,
which is a function of temperature of emitting
layers

e The less transparent the atmosphere is for the
particular frequency, the higher up in the
atmosphere will the radiation originate

e AMSU-A measures in the microwave part of the
spectrum

e Weigthing functions (left) show which height
ranges each AMSU-A channel sense

Other sensors using similar principles
o HIRS (High Resolution Infrared Sounder)

o |ASI (Infrared Atmospheric Sounding
Interferometer)

e AIRS (Atmospheric Infrared Sounder)
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WEIGHTING FUNCTIONS
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“Advanced Microwave Sounding Unit” (AMSU-A)

Obs Type

@ rmswnisamswa 0 maznieawnsua O N1T-AMSUA

. 1omss0 H1s-AMSLA . 0 AQLA-AMS LU .- 70220 METOP AMSLU

ECMWF Data Coverage (All obs DA) - ATOVS
18/FEB/2008; 00 UTC
Total number of obs = 334722
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|ASI

Obs Type

@ s7oe METCF &SI

ECMWF Data Coverage (All obs DA) - METOP
18/FEB/2008; 00 UTC
Total number of obs = 57708
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Geostationary radiances (IR)

Obs Type
® 72681 MET? @ OMETE @ 165061 MET? @ 19671 MTSAT

@ 7553 GOESM 0 70980 GOES12

ECMWF Data Coverage (All obs DA) - GRAD
18/FEB/2008; 00 UTC
Total number of obs = 404907
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Atmospheric motion vectors

e Some satellites give
timeseries of images:

Geostationary or polar
orbiting with frequent
revisits

e Clouds or water vapor
features can be tracked
with automatic
algorithms to derive
displacement from one
image to the next

e Height assignment
problem
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“Atmospheric Motion Vectors”

Obs Type

@ srocoesizm vamcoemzwy @ sseveoestiar @ emeoesstiow @ 55415 METOUIR

® noszawerswy @ semerewvis @ 32499METT @ 2rie3MTsSAT 0 7670 MODIS

ECMWF Data Coverage (All obs DA) - AMV
18/FEB/2008; 00 UTC
Total number of obs = 282944
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“Special Sensor Microwave Imager” (ocean surface
windspeed and vertically integrated water vapour)

Obs Type

® 5115 DMsP-FI3 5673 oMsP_F1a i 0 DMBP_F15

ECMWF Data Coverage (All obs DA) - SSM/I
18/FEB/2008; 00 UTC
Total number of obs = 10788
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Remote sensing: Scatterometers

e Sense ocean surface
wind vector

e Radar return
dependent on ocean
surface roughness

e 2 different satellites
(sensors):
Oceansat Scatt. and
ASCAT (left)
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Scatterometer (ocean surface wind from satellite)

Obs Type

® 47882 scat ® 250 ascar @ 27436 ERS2

ECMWF Data Coverage (All obs DA) - SCAT
18/FEB/2008; 00 UTC
Total number of obs = 277968




Method for measuring the impact of the
observing system components

e OSEs (“Observing System Experiments”)

- Take the full observing system as a reference and
remove a set of observations. Measure the reduction
in forecast quality

- Variant: Take a minimum, reduced observing system
and add a set of observations. Measure the
improvement in forecast quality

- OSEs has a drawback: Can only assess the effect of
already existing observations
(cf OSSE - “Observing System Simulation
Experiments”)
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Example of some OSE’s (ECMWF)

a Morthern hemisphere

100 = r :
= gS a =
: N
85

&i K

(%%

n
L=
=

e BASELIMEINCSAT)

Aromaly comelati
=
(5]

N i “Baseline”: All conventional
o+ 13 3 observations
Forecast Day
10 2 Sauthem hemisphere “AMSU-A”: “Baseline” with
et N ' ?:\:h added AMSU-A
2 ~ .
s < 1 “Control”: All conventional
37 S ~4>{  and all satellitte
€ 70 B
£ a N\ N
&l \\
0 2 3 4 & &
Forecast Day

Figure 5 Comparison of AMSUAJREF) with BASELINE (NOSAT)
and CONTROL for (a) northern hemisphere (20°-90°N) and (b} south-
arn hemisphere { 20°-90°5).
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Some conclusions from OSE’s performed:

« Surface information insufficient, profile information
needed

« Radiosondes still a key factor for forecast quality for the
met.no HIRLAM forecasts (even if some satellite
observations are being used)

o Aircraft observations supplement radiosondes and give a
significant positive effect

e The total effect of satellite observations is now larger
than total effect of conventional observations

e Redundance: Best effect of satellite data in areas of
sparse coverage of conventional observations (for
example Southern hemisphere, Arctic areas)
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An ”information content” tool
(C. Cardinali, ECMWF)

Less accurate results than OSE’s, but easier to produce

Assumes the B and R matrices are perfectly correct
estimated (which is not possible in practise), uses adjoint
sensitivity assuming linear model

Measures forecast sensitivity to each observation in the
analysis (theory and method not shown here)

Can consider any grouping of observations or single ones
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Data from ECMWF: Impact per observation
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Example of spatial variability: Error reduction
averaged over a 2 2 month period, one

satellite channel
Blue is positive effect, yellow negative (for AMSU-A channel 8)

Statistics for RADIANCES from METOP-A/AMSUA
FORECAST ERROR CONTRIBUTION [J/KG] (Used)
Data Period = 2011-08-31 21 - 2011-11-14 21
EXP = 0054, Channel = 8
Min:  -4.544 Max: 2318 Mean: -0.278
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Some remarks

e Large variations of ”impact” in space
and time. But on average it tips to the
positive side for each obs type

e For the ECMWF model satellite data
gives much larger impact than
conventional data in total

e But conventional observations give
larger impact per observation
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