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Strategy for addressing key satellite data

 Begin with

 WIGOS 5th Workshop of the Impact of Various Observing 
Systems on NWP (Sedona Report).

 UKMO impact report:  Impact of Metop and other satellite data 
within the Met Office global NWP system using a forecast 
adjoint-based sensitivity method- Feb 2012,  tech repot #562 
and MWR October 2013 paper

 Recall key observation types for NWP

 Compare with what space agencies are planning to provide 
continuity and enhancements to these observing types.

 Make use of the WMO OSCAR database

 Time scale between now and 2030. 



Sedona Report

 Observations contributing to the largest reduction of  forecast errors are those observations with vertical information 
(temperature, water vapor).

 The single instrument with the largest impact is hyperspectral IR 

 Microwave dominates because of the number of satellites and ability to view thru low water content clouds.

 However, there is now no single, dominating satellite sensor.

 GPSRO shows good impact,  and largest impact per observation

 Atmospheric Motion Vector Winds and Scatterometers are single level data and have modest impacts

 Concerns about the declining number of observations into the future – mostly due to the replacement of 2 year life 
satellites with 7 years  (e.g. NOAA-15 vs. JPSS-1) and due to de-orbiting requirements to reduce space debris.

 Concerns about decline of GPSRO with COSMIC end of life…

 Depending on the future plans and implementations of satellite agencies,  a single sensor failure may begin to have larger 
ripples in impacting forecast skill.

 High quality data is critical

 Open and free access of data in near real-time is also critical.



Optimization of the observing system needs to include 
analysis of orbital parameters

 GCOM-C1  (10:30 )and Sentinal
3A (10:00)

 With minor adjustments to the 
planned orbit of GCOM-C1 (4 
km altitude, <0.1 deg
inclination, 2 min ECT), the 
constellation can maximize the 
daily coverage potential and 
remove the oscillations in 
relative spacing between 
adjacent swaths that create 
periods of poor coverage. 

Coverage of GCOM-C and ESA Sentinel 3A over 3 month range

Improved coverage maintained with different orbital parameters
From Brian Killough (NASA)



From ECMWF from ~2009

Source:  Healy and Cardinali



The Impact of MetOp and Other Satellite Data within the Met Office Global NWP System Using an Adjoint-Based Sensitivity Method 
SANGWON JOO 

Korea Meteorological Administration, Seoul, South Korea 
JOHN EYRE AND RICHARD MARRIOTT 

2013

“Note that several other satellite data types are also used to initialize other NWP variables—sea surface
temperature, sea ice, snow cover, and soil moisture—but not as part of the 4DVAR process.
Consequently, the impact of observations important for their analysis will not be measured by the FSO method” 



“The impacts per sounding of the hyperspectral IR sounders, MetOp-A/IASI and Aqua/ 
AIRS, are larger than those of the microwave sounders” 



Breakdown of the impacts  
(note FSO computed from surface to 150 hPa)



Analysis Field vs 120 Hr GFS Forecast 850 hPa
29 January 2013

Light Blue – Analysis Field
Purple – 120 Hr Forecast

Light Blue – Analysis Field
Purple – 120 Hr Forecast

120 Hour Forecast with 
ALL Satellite Data

120 Hour Forecast with 
Conventional plus GPSRO





Space-based 64%
(note FSO computed from surface to 150 hPa)



Comparisons of FSOs  
from

ECWMF, UKMO, NRL
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FNMOC and GMAO Observation Impact Monitoring
Operations for year ending 15 May 2012

Much larger relative impact of AMVs in Navy system 

http://gmao.gsfc.nasa.gov/products/forecasts/syste
ms/fp/obs_impact/

http://www.nrlmry.navy.mil/obsens/fnmoc/obsens_
main_od.html

Source: Ron Gelaro, GMAO
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Control

Dec – Jan 2011

Why does NRL get more impact from Polar Winds?

NRLAMV

Source: Ron Gelaro, GMAOMost winds from UW CIMSS



From Satellite Perspective for NWP our 
critical data are

 Hyperspectral Infrared Sounders  (HSIRS)

 Microwave Atmospheric Sounders (MWS)

 GEO and LEO Atmospheric Motion Vector Winds (AMVs)

 Scatterometers

 GPS Radio Occultation (GPSRO)

 Microwave Imagers (MWI)
 Ice/snow, surface temperatures, soil moisture, snow water equivalent, total precipitable 

water, total water content, and precipitation, wind speed, sea surface temperature

 Visible and Infrared Surface Imaging (VISI)
 Land/sea/ice surface temperature

 Vegetation fraction/greenness 

 Snow /Ice Cover

 Surface emissivity/albedo



HSIR & MW Sounders

 Three orbit constellation required to provide full global coverage 
every six hours

 Afternoon orbit
 NOAA (13:30) – SNPP (2011), JPSS-1 (2017), JPSS-2  (2021)  

 5 year launches, 7 year life, extended mission for given satellite to 11 
years

 Objective to be at least two failures from a gap

 CMA (14:00) - FY3D (2015), FY3E (2020)*

 Russia (15:30) – Meteor-M N2-1 (2015-2020), N2-3 (2019-2024), N2-
5 (2021-2026)

 * includes GPSRO









HSIR & MW Sounders

 Three orbit constellation required to provide full global 
coverage every six hours

 Mid morning orbit

 EUMETSAT (9:30) – Metop-B(2012-2018), -C (2018-2024), -
Metop-SG-A1  (2021-2028) , A2(2028-2035), A3(2035-2042)* 

 7 year launches, 7 year life, replacement policy is 6 months prior to 
expected end-of-life.

 CMA (10:00) – FY3C (2013-2018)

 Russia (9:30) – Meteor-M N2 (2014-2019), N2-2 (2016-2021), N2-
4 (2020-2025)

* includes GPSRO







HSIR & MW Sounders

 Three orbit constellation required to provide full global coverage 
every six hours

 Early morning orbit

 CMA (6:00) – FY3E(2018-2023), -FY3G (2022-2027), 

 Replacement policy is ~12 months prior to expected end-of-life.





MW Sounders - only

 Three orbit constellation required to provide full global coverage 
every six hours

 Early morning 

 DoD (5:30) – F19(2014-2020), F20 – unfunded.

 KMA (5:30 – 7:30)  ~ 2021?? (early stages of planning)

 Mid morning

 CMA (10:00) – FY3C (2013-2018)

 Also HIRS-like infrared sounder (but not hyperspectral)





HSIR – only satellites - GEO

 EUMETSAT MTG-S1(2021-2029), MTG-S2(2029-2037)

 CMA  FY-4A (2016-2022) …FY-4G(2033-2040)

 West (86.5)  and East (105)







AMVs

 Multi channels (~>14) geostationary imagers covering the entire 
globe with higher refresh will become available starting in ~2015.

 Expect improved accuracy and temporal sampling and spatial 
resolution

 KMA, JMA, NOAA (all ABI-like imagers),  EUMETSAT, CMA, Russia ( 
go from 10 to 20 channels in 2020’s)

 India – six  GOES-classic channels

 Polar orbiting imagers are in good shape  - more channels and 
higher spatial resolution.

 NOAA VIIRS has no water vapor channel  (consider for JPSS-3, -4 to 
add WV channel)



Scatterometers







Radio Occultation
http://irowg.org/wpcms/wp-
content/uploads/2013/12/Status_Global_Observing_System_for_RO.pdf

 The NWP and IROWG communities have identified a need for at least 10,000 and 
preferably 16,000 occultations per day, regularly distributed in time and space. This 
cannot be achieved before 2020 without both COSMIC-2/FORMOSAT-7 
constellations in equatorial and polar orbit. The operational EPS mission will add 
about 1,300 to the Global Observing System, and the new Chinese mission may 
further add about 1,300 once its data quality is proven. Arrangements have to be 
made in order to assure an operational baseline of at least 10,000 to 16,000 
occultations after the end of COSMIC-2/FORMOSAT-7. 

 There are currently about 3,000 occultations available per day in Near Real Time 
(NRT). These are primarily provided by the operational GRAS on Metop-B and 
Metop-A (which continues to provide data in the same orbit), in total about 1,300 
occultations. About 1,700 occultations are provided by non-operational missions: 
the COSMIC-1/FORMOSAT-3 constellation (about 1,300), GRACE (about 100), and 
TerraSAR-X (about 180). 

 Truly operational data are expected to be provided by the COSMIC-2/FORMOSAT-7 
(equatorial) constellation from 2016 onwards, with at least 4,000 occultations per 
day, building on COSMIC-1/FORMOSAT-3 heritage, and by EPS-SG satellites from 
2021, with at least 2,000 occultations per day. This leaves a strong under 
representation of mid-latitude and polar observations that will only be solved with 
the implementation of the COSMIC- 2/FORMOSAT-7 (polar) constellation, which 
however is not fully funded to-date. 



GPSRO



GPSRO



GPSRO



Radio Occultation

 About 10,000 per day - early 2020’s, however COSMIC-2 polar 
satellites is on the critical path to reach the 16000 goal.

Instrument Satellite # of 
obs/day

years Agency

Radiomet METEOR-3M  
(2 sats)

~1300 2020-2030 Roshydromet
/Roscomos

RO EPSG-A1/A2 ~1300 2021 - 2042 EUMETSAT

GNOS FY3C+ (2 sats) ~1300 2014-2020’s CMA

COSMIC-2 6 equatorial 
satellites

~4500 2016 - 2025 NOAA, 
NASA, DoD,
Taiwan

JASON-CS JASON ~2000 2018-2025 NOAA, 
NASA,EUME
TSAT, ESA, 
CNES



MWI – operational conical imagers

 Early morning
 SSMIS until ~ 2020,  likely  DoD follow-on.

 SSMIS include temperature and water vapor soundings.

 DoD follow-on still pending 

 NSOAS,CAST – HY-2C (6:00) - HY2A (2011-2014), HY2B(2016-2019),HY2C(2019-2022),HY-2D(2022-
2025)

 Mid morning
 EUMETSAT (9:30) -Metop-SG-B1  (2021-2028) , B2(2028-2035), B3(2035-2042)  INCLUDES water vapor 

sounding channels

 Russia (9:30) – Meteor-M N2 (2014-2019), N2-2 (2016-2021), N2-4 (2020-2025)   - INCLUDES temperature 
and water vapor sounding channels

 CMA (10:00) – FY3C (2013-2018)

 Afternoon
 JAXA(13:30) – GCOM-W1-AMSR2 (2012 – 2017), GCOM-W2(2016-2021), GCOM-W3(2020-2025).

 CMA (14:00) - FY3D (2015), FY3F (2020)

 Russia (15:30) – Meteor-M N2-1 (2015-2020), N2-3 (2019-2024), N2-5 (2021-2026) INCLUDES temperature 
and water vapor sounding channels



MWI -Research

 GPM - Imager and Radar : 2014 to 2020+

Soil moisture missions:  SMAP and SMOS  (SMOS includes salinity) exploiting 1.4 Ghz L-band



From JAXA



MWI 

Satellite 6.9 7.3 10.6 18.
7

23.8 31.4 36.5 89

GCOM-W1-
W3/AMSR2

X X X X X X X

FY3 / MWRI X X X X X

SSMIS X 
(19.35)

X X X
(91.66)

Metop-SG-
B1-B3/MWI

X X X X

Meteor-M X X X X X X

GPM 
imager*

X X X X X

HY-2A-2D
MWI

X X X X X

* Also 166, 183,31+-3, and 183.31+-7





Visible and Infrared Surface Imaging 
(VISI) (polar satellites)

 Early morning

 CMA /(MERSI)(6:00) – FY3E(2018-2023), -FY3G (2022-2027)

 Mid morning
 EUMETSAT(AVHRR / SG- METIMAGE) (9:30) – Metop-B(2012-2018), -C (2018-2024), -

Metop-SG-A1  (2021-2028) , A2(2028-2035), A3(2035-2042)

 Russia (MSU-MR) (9:30) – Meteor-M N2 (2014-2019), N2-2 (2016-2021), N2-4 (2020-
2025)   - similar to AVHRR

 CMA (MERSI) (10:00) – FY3C (2013-2018)

 Afternoon
 NOAA (VIIRS) (13:30) – SNPP (2011), JPSS-1 (2017), JPSS-2  (2022)  

 CMA (MERSI) (14:00) - FY3D (2015), FY3F (2020)

 Russia (MSU-MR) (15:30) – Meteor-M N2-1 (2015-2020), N2-3 (2019-2024), N2-5 (2021-
2026)



Emerging satellite data

 Lidar (winds, aerosols, clouds)

 Salinity /Soil Moisture

 Lightning mappers

 Ocean Color 

 Atmospheric composition.

 Altimetry







GMES Space Component Long Term Scenario 
(Launch dates are indicative) 

GSC build-up 

2.3 bn Euro  
already 

provided 

by ESA MSs 

and EC 



JPSS Next Generation Instruments
Cross-track Infrared SounderAdvanced Technology Microwave Sounder

Resolution: OMPS vs SBVU/2 Resolution: OMPS vs SBVU/2 

Ozone Mapping Profiler Suite

Higher resolution, 
wider swath, 
smaller gaps

6x more vertical 
resolving power

Provides global 
coverage ozone 
monitoring



Source: Ben Ruston (Personal Comm.)



JPSS Next Generation Instruments
NPP VIIRS NOAA-19 

AVHRR 

VIIRS RGB (True Color), 11-22-2011 
R: M05 (0.672 µm), G: M04 (0.555 µm), B: M02 (0.445 µm)

The Visible Infrared 
Imaging Radiometer 
Suite offers more 
spectral bands, higher 
resolution, wider swath 
and greater accuracy, 
resulting in a large 
number of products.

Entire Antarctica 
observed in 12 
hrs.



Comparing MODIS (250m) to VIIRS (375m) Edge of Scan



Top of Canopy Vegetation Index and 
surface reflectance



Vegetation Index  - 375M resolution



VIIRS Fractional Snow example  (375 
meters)

60

Location of Landsat scene true VIIRS fraction

Landsat averaged to VIIRS

on 02/03  (path - 41, row – 33) 

0                                      0          1
snow fraction palette





Chlorophyll-a
VIIRS,  August 2, 2014



True Color – Baltic Sea



Bering Strait
VIIRS ACSPO SST



Summary

 Hyperspectral IR and Microwave Soundings will be in very good 
shape. 

 JPSS – two gaps from a failure policy  

 JPS (EUMETSAT and NOAA) provides long-term robustness in mid 
morning and early afternoon for decades.   

 Important CMA contribution in early morning orbit.

 Open access critical – use of GTS,  Improved Latency through 
expanded RARS effort.

 Need NWP community to demonstrate impact,  GSICS to 
demonstrate instrument quality.

 Hyperspectral IR on EUMETSAT and CMA Geostationary satellites

 Need to key an eye on long-life rated satellites for sudden gap 
situation



Summary

 Atmospheric Motion Vectors (AMVs) in very good shape.

 Advanced geostationary imagers will be common (14+ 
channels)

 Geostationary sounders (EUMETSAT, CMA) will provide much 
improved AMVs – better vertical sampling.

 Important to advocate water vapor channel for NOAA VIIRS 



Summary

 Scatterometers in poor shape

 EUMETSAT follow-on to ASCAT  
(mid morning)

 HY2 series provides early morning 
– but no real-time access

 CMA planning for early morning 
Scatterometers

 OceanSat 2/3 in noon orbit

 Need coverage in mid afternoon 
orbit

 Real-time access must be 
addressed



Summary

 GPS RO in precarious shape

 But approval for COSMIC2 (6+6) 
would solve most issues

 16000 soundings should be 
achievable with COSMIC2

 Need to demonstrate better 
impact in NWP models – use 
troposphere information

 Real-time access critical



Summary

 MWI in poor shape.

 Mid morning orbit – EPS-SG 2020’s to 2040’s

 Uncertainty of follow-on to GCOM-W1 in afternoon orbit

 CMA in mid morning and early afternoon.

 Need to find out if  CMA will have MWI in early morning orbit

 Likely  US DoD in early morning orbit

 Russia in mid morning and early afternoon

 But real-time access is important.

 From current and  real-time perspective – important to get 
commitment from DoD follow-on and GCOM-W follow-on



Summary

 Visible and Near Infrared Imager in very good shape.

 Advanced geostationary imagers will be common (14+ 
channels)

 Polar orbiters – EUMETSAT (MetImage) and JPSS (VIIRS)

 CMA in the early morning orbit, mid morning (short term), 
afternoon orbit.  

 Dose of orbital parameter analysis may help to achieve high refresh 
over the poles

 Russia – mid morning and early afternoon



Final thoughts  - data access

 Real-time data access to secured data is paramount

 Low latency is critical and needs to be achieved by at least two 
polar (Arctic and Antarctic) ground stations.  < 60 mins

 Direct readout via RARS via GTS 

 Global data must be added to GTS by all space agencies.

 Critical for China to do this.

 TDRSS – satellite to satellite can reduce latency to 5 minutes

 Need updated WMO implementation plan to address better and 
faster access



ITSC-19, RARS Technical Sub-group72
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