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Outline

ê Overview of CGMS and CEOS. 

ê Overview of the key satellite observations for NWP  

ê Discuss satellite agencies plans for these key observations

ê Short overview emerging observations or technology which 
we need to pay attention to.

ê Summary
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Strategy for addressing key satellite data

ê Begin with

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

ê 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

ê Recall key observation types for NWP

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

ê Make use of the WMO OSCAR database

ê Time scale between now and 2030. 



Sedona Report

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

ê The single instrument with the largest impact is hyperspectral IR 

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

ê However, there isnow no single, dominating satellite sensor.

ê GPSRO shows good impact,  and largest impact per observation

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

ê Concerns about the declining number of observations into the future ɀmostly 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.

ê #ÏÎÃÅÒÎÓ ÁÂÏÕÔ ÄÅÃÌÉÎÅ ÏÆ '032/ ×ÉÔÈ #/3-)# ÅÎÄ ÏÆ ÌÉÆÅȣ

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

ê High quality data is critical

ê 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

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

ê 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

Ȱ.ÏÔÅ that several other satellite data types are also used to initialize other NWP variablesɂsea surface
temperature, sea ice, snow cover, and soil moistureɂbut not as part of the 4DVAR process.
Consequently, the impact of observations important for their analysis will not be measured by the FSO ÍÅÔÈÏÄȱ 



Ȱ4ÈÅ impacts per sounding of the hyperspectral IR sounders, MetOp-A/IASI and Aqua/ 
AIRS, are larger than those of the microwave ÓÏÕÎÄÅÒÓȱ 



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



Analysis Field vs120 Hr GFS Forecast 850 hPa
29 January 2013

Light Blue ςAnalysis Field
Purple ς120 Hr Forecast

Light Blue ςAnalysis Field
Purple ς120 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 AMVsin 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



19

Control

Dec ɀJan 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

ê Hyperspectral Infrared Sounders  (HSIRS)

ê Microwave Atmospheric Sounders (MWS)

ê GEO and LEO Atmospheric Motion Vector Winds (AMVs)

ê Scatterometers

ê GPS Radio Occultation (GPSRO)

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

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

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

ê Vegetation fraction/greenness 

ê Snow /Ice Cover

ê Surface emissivity/albedo



HSIR & MW Sounders

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

ê Afternoon orbit
ê NOAA (13:30) ɀSNPP (2011), JPSS-1 (2017), JPSS-2  (2021)  
ê 5 year launches, 7 year life, extended mission for given satellite to 11 

years

ê Objective to be at least two failures from a gap

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

ê Russia (15:30) ɀMeteor-M N2-1 (2015-2020), N2-3 (2019-2024), N2-
5 (2021-2026)

ê * includes GPSRO









HSIR & MW Sounders

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

ê Mid morning orbit

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

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

ê CMA (10:00) ɀFY3C (2013-2018)

ê Russia (9:30) ɀMeteor-M N2 (2014-2019), N2-2 (2016-2021), N2-
4 (2020-2025)

* includes GPSRO






