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EUMETSATs EPS/Metop SatelliteEUMETSATs EPS/Metop Satellite
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EPS/Metop Radio Occultation from GPSEPS/Metop Radio Occultation from GPS
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Occultation seen in PerspectiveOccultation seen in Perspective
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General Principle of Radio Occultation General Principle of Radio Occultation 
Data ProcessingData Processing

Bending angle: Obtained from the measured phases (of the radio signals traversing
the media from the GPS to the EPS/Metop satellite) and the position and velocities 
of the two satellites

Ionospheric corrected bending angle: Obtained by linearily combining the bending
angles (αααα1 and αααα2) corresponding to the two radio frequencies (L1 and L2)

Refractivity: Calculated from the bending angle as a function of height using the 
Abel Transform inversion scheme or other methods

“Dry” temperature and pressure: Obtained using the ideal gas law and assumption
of hydrostatic equilibrium

Water vapor (specific humidity) and “wet” pressure: Obtained using an ancillary 
temperature source and an iterative algorithm
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Retreived TemperatureRetreived Temperature
(Dry) Profile from Ørsted(Dry) Profile from Ørsted
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Advantages of Radio OccultationsAdvantages of Radio Occultations

Absolute measurement
The technique needs no calibration. The basics of the observation is a 
measurement of time.

Global coverage
The geometry of the observation leads for one satellite to evenly distributed 
data on a 24-hour interval. Observations over seas and oceans (covering 
70% of the Earth) minimize the major error source in accuracy of weather 
forecast and climate models.

High vertical resolution
The vertical resolution limited by the Fresnel zone of the observation leads to 
information of atmosphere phenomena with scale sizes less than 0.5 km.

Insensitive to clouds and precipitation
The wavelengths applied makes the measurement transparent to clouds and 
rain hampering other space techniques.
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Radio Sonde Station DistributionRadio Sonde Station Distribution
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Typical 24Typical 24--hour EPS/Metophour EPS/Metop
Radio Occultation DistributionRadio Occultation Distribution

1 LEO with two
occultation antennas 24 GPS satellites
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GRAS SAF ProductsGRAS SAF Products

Data Product Characteristics

Refractivity ProfileRefractivity Profile Neutral Refractivity as a function of height and location 
of the occultation

ObservationObservation Error profile and covariance matrices of the observables.
CharacteristicsCharacteristics Time information for the occultation data.

Latitude, longitude and radial position of the occultation
products in geodetic coordinates.

Temperature ProfileTemperature Profile Temperature and error estimate as a function of height 
and location of the occultation

Specific Humidity ProfileSpecific Humidity Profile Specific humidity (water vapor) and error estimate as a 
function of height and location of the occultation

Pressure ProfilePressure Profile Pressure and error estimate as a function of height and
location of the occultation, including surface pressure
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GRAS SAF Assimilation S/W ProductsGRAS SAF Assimilation S/W Products

Statistically optimal 1D-Var refractivity retrieval code

Forward models for 4D-Var:

- Direct assimilation of refractivity profiles into an NWP model
- Plane-averaged refractivity forward model for assimilation
into an NWP model

- Direct assimilation of bending angle as a function of impact
parameter into an NWP model
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GRAS SAF Products Time RequirementsGRAS SAF Products Time Requirements

Near-Real Time Products:

Offline Products:

To be delivered less than 3 hours after
measurement, using RMDCN (Regional 
Meteorological Data Communication 
Network), GTS, a.o.
Mainly for NWP use.

Improved products re-processed using 
precise satellite orbits, additional NWP 
input, etc.
To be delivered less than 30 days after
measurement, using FTP, DVD/CD-ROM,
WWW download, a.o.
Mainly for climate research use.
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Data Levels and ProcessingData Levels and Processing
EPS/Metop
Measurement

High-latitude
Downlink Site
Demultiplexing,
Quality check

Raw Data
Downlink

Level 0 Data:
Phase and Amplitude Data,
Tracking and Ancillary Data,
Ground Site Data, ...

EPS Core Ground Segment
Level 0 -> Level 1a Processing
Level 1a -> Level 1b Processing

Level 1a Data:
Phase Delays, Doppler Shifts,
SNR, Earth Location Data, ...

Level 1b Data:
Bending Angles, Impact 
Parameters, Auxiliary Data, ...

GRAS SAF
Level 1b -> Level 2
Processing, 
Dissemination,
Archiving, ... Level 2 Data:

Refractivity, pressure, 
temperature, and humidity 
profiles, Validation Data ...

End Users
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GRAS SAF Data Flow GRAS SAF Data Flow 
ModelModel
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Data Flow as a Function of TimeData Flow as a Function of Time
Recording

Orbit N
Recording
Orbit N+2

Satellite dump
to CDA

EPS/CGS Level 1b 
processing

NRT Level 1b 
transmission to SAF

CDA to EPS/CGS 
transmission

On board data
acquisition

Processing Orbit N Processing Orbit N+1

Elementary unit

Recording
Orbit N+1

GRAS SAF NRT 
Level 2 processing

GRAS SAF NRT 
Level 2 dissemination

TIME
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User Requirements for NWPUser Requirements for NWP

Temperature Specific
Humidity

Surface
Pressure Refractivity Bending

Angle
Horizontal
Domain Global Global Global Global Global

Horizontal
Sampling 100–2000km 100 –

2000km 100–2000km 100–2000km 100–
2000km

Vertical
Domain Sfc–1 hPa Sfc–100 hPa Sfc (msl) Sfc–1 hPa Sfc–80 km

Vertical
Sampling

LT
HT
LS
HS

0.3–3km
1–3 km
1–3 km
1–3 km

0.4–2 km
1–3 km

–
–

–
–
–
–

0.3–3 km
1–3 km
1–3 km
1–3 km

  ¦
  ¦
  ¦  2–5 Hz
  ¦

Time
Window 1–12 hrs 1–12 hrs 1–12 hrs 1–12 hrs 1–12 hrs

RMS
Accuracy 4)

LT
HT
LS
HS

0.5–3 K
0.5–3 K
0.5–3 K
0.5–5 K

0.25–1 g/kg 5)

0.05–0.2g/kg5)

–
–

0.5–2 hPa
–
–
–

0.1–0.5%
0.1–0.2%
0.1–0.2%
0.2–2%

¦  1 µrad
¦     or
¦  0.4% 7)

¦
Timeliness 1-3 hrs 1–3 hrs 1–3 hrs 1–3 hrs 1–3 hrs
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User Requirements for Climate ResearchUser Requirements for Climate Research

Temperature Specific Humidity
Horizontal Domain Global Global
Horizontal Sampling 100–1000 km 100–1000 km
Vertical Domain Surface to 1 hPa Surface to 1 hPa

Vertical
Resolution 2)

LT
HT
LS
HS

0.3–3 km
1–3 km
1–3 km

5–10 km

0.5–2 km
0.5–2 km
0.5–2 km
1–3 km

Time Resolution 3) 3–24 hrs 3–24 hrs

RMS
Accuracy 4)

LT
HT
LS
HS

0.5–3 K
0.5–3 K
0.5–3 K

1–3K

0.25–1 g/kg 6)

0.05–0.2 g/kg 6)

–
–

Timeliness 30–60 days 30–60 days
Time Domain > 10 years > 10 years
Long-term Stability < 0.1 K/decade < 2% RH/decade
No. of profiles/
grid box/month > 10 > 10
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GRAS SAF OutlookGRAS SAF Outlook

• First EPS/Metop satellite to be launched in 2005 (target)

• GRAS SAF will supply continuous, operational radio occultation
...data for weather forecasts and climate research

• Growth potential: Inclusion of GALILEO reception capability on
...future EPS/Metop satellites, inclusion of occultation data from 
...other satellites in GRAS SAF processing

More information about the project:More information about the project:

www.dmi.dk/pub/GRAS_SAFwww.dmi.dk/pub/GRAS_SAF
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(The following slides are for optional use
during the question session only)
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Antenna Field of ViewAntenna Field of View
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GRAS Zenith Antenna GZAGRAS Zenith Antenna GZA

Two element antenna, L1 and L2
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