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Role of observations

Every 12 hours we assimilate ~10,000,000 observations to correct
the 100,000,000 variables that define the model’s initial state..
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Observations limit error growth and make forecasting possible....
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conventional observations

SYNOP/SHIP/METAR:

— temperature, dew-point temperature, wind (land: 2m, ships: 25m)
BUOYS:

— temperature, pressure, wind
TEMP/TEMPSHIP/DROPSONDES:

— temperature, humidity, pressure, wind profiles
PROFILERS:

— wind profiles
Aircraft:

— temperature, pressure, wind profiles
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Example of conventional data coverage (one month)
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Example of 6-hourly satellite data coverage
LEO Sounders
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Number of used satellite data is increasing

Data volume
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Number of used satellite data is increasing

Number of satellite data products monitored at ECMWF
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Slide from S. English
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Why important ?

® Vital for less observed regions (oceans, deserts).

® global coverage with a high spatial and temporal
resolution.

® Consistent posmve |mpact everywhere Capacﬂy
to correct sm-
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Why important ?

EUCOS Observing System
a Northern hemisphere EXperimentS (OSES)
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Why important ?

s DAy 7 MHEM ——— [ay 3 MHem
500hPa geopotential height —————— Day 7 SHem ————— Day 3 SHem
Anomaly correlation e Dy 10 NHEM s Day 5 MHem
12-month running mean ————— Day 10 SHem  ———— Day 5 SHem
!Iﬁtered an the middie of the window)

T T T
1251 1983 1955 1287 1359 1221 1923 1925 1297 1229 200 2003 2005 2007 2002 2011 2013 205

o)
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



dIHS
1071
narda
HV .13
dOMNAS
Hyalw

B Scp 2016
B Cct 2016
B Mov 2016

HYIW
d34IV
d0Hd

dii3l
1Iv2os
5039
Od5dD
H01vS
ZSHMNW
WD

FSOI ECMWEF

CHSINY
SIWSS
SHI
SHANN
=y
NSV
=1k
ISWl
SHIV

ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

20
15+

(%) 10S4

o)
A 4




Outline

Data sources and role of satellite observations

e What do satellites measure ?

Monitoring of satellite data

o)
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS




Types of satellites used in NWP

® Geostationary satellites (GEO)
Orbits in earth’s equatorial plan at heights of 36.000 Km

¢ 40w HOrhiting sateHites(d-EN)

EPS Contributes to the Global Operational Satellite Observation System

%

OMET Program { EUMETSAT / NASA | NOAA J WMO
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GEO satellites

Advantages Limitations
- Good regional coverage - No global coverage by a single satellite
(collaboration needed)
- Excellent temporal resolution
- Unsuitable for polar regions

- Microwave spectrum is not observed
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LEO satellites
Advantages Limitations

- Global coverage with single satellite - Poor temporal resolution (not useful for
now casting)

- Good spatial and spectral resolution

- All the meteorologically useful
electromagnetic spectrum can be
covered (including microwave)
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What’s measured ?

Satellite instruments do not measure directly
geophysical atmospheric parameters
(Temperature, Humidity, Ozone, Wind, ...)

ONLY measure out-going electromagnetic radiation from
the atmosphere at selected frequencies

Measured radiance is related to geophysical atmospheric
parameters by the radiative transfer equation
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Electromagnetic radiation
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Electromagnetic radiation

Depending on the frequency, atmospheric gases either absorb the
electromagnetic radiation or let it transmit freely.
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Electromagnetic radiation

Incoming solar
shortwave
radiation

Incoming
solar

shortwave
radiation Reflected

solar
radiation

Outgoing

longwave
Reflected by radiation
the surface
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Radiative transfer

The radiance L(v) that reaches the top of the
atmosphere at a certain frequency v is given by :

measured by the Our description of the atmosphere
satellite o
—M ~— T~

emission+ reﬂ":‘Ction/'l'contribution‘|' eoe

\attering /

Planck source term* depending Absorption in the Other contributions to the
on temperature of the atmosphere atmosphere measured radiances

dz

L(v)= j: B(v,T(z))[

dT (V) :Idz Surface Surface Cloud/rain
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Remote sensing techniques

By the selection of frequencies (CHANNELS) satellite
instruments can provide information on specific
geophysical variables for different regions of the

atmosphere.
® Passive sensing of the atmosphere and the surface

® Active sensing (scatterometry, GPS RO)

o)
-y ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



Atmospheric Passive Sounding

Mainly used to derive the vertical distribution of temperature,
humidity and the concentration of other constituents affecting
the transmittance (e.g. CO2).

Located in parts of the infrared and microwave spectrum for
which the main contribution to the measured radiance comes
from the atmosphere. They avoid channels for which surface

1
!

radiation is important.
dz + SuNhce 4 SuNace
= emfssyon reffecon

L, = [B(.T(2))

where: B = Planck function z = height T = temperature
T = transmittance v = frequency
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Atmospheric Passive Sounding

dr(v)
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Atmospheric Passive Sounding

" With a careful selection of a number of channels,
one can derive atmospheric parameters at several
layers

"The weighting functions are broad [J limits the capacity
to derive small scale properties in the vertical

" The weighting functions are highly overlapping [
limits the sampling of the vertical

10000 Ll L1
00 0.0 [ A0] (AL o 035 o
Terrpenclure: Joccbion(k, K}
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Surface sensing (passive)

These channels are located in window regions of the Infra-
red/Microwave spectrum at frequencies where the main
contribution to the measured radiance is coming from the surface:

L :O}‘B(V ) dT(V)DdZ + Surface 4 SuNfce
' : , dz H

emission reflechon

4

L(v) =~ B[V, T ]e(u,Vv)

T

= Skin temperature € = surface emissivity

These are primarily used to obtain information on the surface temperature
and quantities that influence the surface emissivity such as wind (ocean)
and vegetation (land).
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Surface sensing (passive)
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Surface sensing (Active)

* Selecting channels where there is no contribution from the
atmosphere or emission from the surface.

* Active instruments (e.g. Scatterometers) illuminate the
earth’s surface by emitting energy in atmospheric window
regions and measure the radiance that is scattered back.

L = o e

dz + SuNgce 4 Surface
dz H enffssion reflection

Provide information on surface winds, waves (over sea) and soil moisture
(over land),

o)
-y ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS




Active Surface sensing

Surface winds (ocean) Soil moisture (land)
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GPS Radio Occultation

* Measures the bending angle of the radio signal as
it propagates through the atmosphere (from the v,
GPS satellite to the LEO GPS receiver).

* Receivers on LEOs record quasi-vertical profiles
of the

* Bending angles are related to refractivity which is
dependent of temperature and humidity
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GPS Radio occultation

* High vertical resolution (~ 250 m),
* Good horizontal coverage,
* High stability in time

* All weather sensing capability (not affected by cloudy or rainy
conditions),
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Satellite data used by ECMWF

AMSU-A (microwave)
AMSU-B/MHS (microwave)
ATMS (microwave)
MWHS-2 and MWHS
IASI (Hyper spectral Infrared)

AIRS (Hyper spectral Infrared)
CrlS (Hyper spectral Infrared)

GPSRO

SSMIS, AMSR2 and GMI (microwave)

Polar Winds

Scaterrometer (surface winds, soil moisture)

Altimeter (surface winds, waves)

SBUV, OMI, GOME-2, OMPS

Geostationary instruments (Radiances & derived AMVs)

NOAA, METOP-A, METOP-B, AQUA
NOAA, METOP-A, METOP-B
NPP
FY-3B and FY-3C
METOP-A/METOP-B

AQUA
NPP

CHAMP, GRACE-A, COSMIC series, METOP-A, METOP-B,
TERRA-SARX and TanDEM-X

DMSP series, TRMM, WINDSAT,
GCOM-W1, GMI

AQUA, TERRA, AVHRR (METOP and NOAA satellites), VIIRS

METOP-A/ASCAT, METOP-B/ASCAT

Jason, SARAL/Altika and Cryosat

NOAA, AURA, METOP and NPP

METEOSAT, MSG, GEOS, Himawari-8



Outline

e Monitoring of satellite data
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Assimilation of satellite data
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Monitoring of satellite data

Data monitoring is a crucial component of the data
assimilation diagnostic system:

e Important to define and evaluate the data usage

e It allows continuous control of the availability and
quality of the observing system.

e Helps diagnosing model problems
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Charts

Monitoring of the observing system

Datasets

Quality of our forecasts

Documentation and support

Accessing forecasts

Filters

Parameter

v Radiances (41/90)
Data type

¥ Microwave radiances (41/79)
Instrument

AMSUA (19)
AMSUB-MHS (13)
ATMS (5)

MWHS (4)

Data Stream

All data streams combined (6)
EARS (8)

Observation monitoring

41 matching items
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Automatic Alarm system
— stdev(fg_depar)

Alert message
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ATMS Ch9 @2014042612
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Diagnosing model problems

When statistics from independent data types show
a consistent jump it’s most likely due to model
problems:

Stratosphere: Microwave and Infrared data from various
satellites.

Troposphere: Microwave and Infrared radiances from
various satellite

Surface: Microwave and scaterrometer data from various
satellites.
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Thank you for your attention
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