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What is GSICS?

• Global Space-based Inter-Calibration System (GSICS)

• Goal  -  Enhance calibration and validation of satellite 
observations and to intercalibrate critical components 
global observing system

• Part of WMO Space Programme
– GSICS Implementation Plan and Program formally endorsed at 

CGMS 34  (11/06)

• NOAA is the coordination center and chairs the GSICS 
Executive Panel
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Organizations contributing to GSICS 

• NOAA  
• NIST
• NASA
• EUMETSAT
• CNES
• CMA
• JMA
• KMA
• WMO

GSICS current focus is on the 
intercalibration of operational 
satellites, and makes use of key 
research instruments such as 
AIRS and MODIS to 
intercalibration the operational 
instruments
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Space-Based component of the Global Observing 
System (GOS)
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Motivation

• Demanding applications require well calibrated and 
intercalibrated measurements

– Climate Data Records
– Radiance Assimilation in Numerical Weather Prediction
– Data Fusion

• Growing Global Observing System (GOS)
– GEOSS
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GSICS Objectives

• To improve the use of space-based global 
observations for weather, climate and 
environmental applications through operational 
inter-calibration of satellite sensors.

– Observations are well calibrated through operational 
analysis of instrument performance, satellite 
intercalibration, and validation over reference sites

– Pre-launch testing is traceable to SI standards

• Provide ability to re-calibrate archived satellite 
data with consensus GSICS approach, leading to 
stable fundamental climate data records (FCDR)
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RSSC to maximize data usage 

Users

Satellites 
& sensors

Satellite  
data

Essential 
Climate 
products

GOS GSICS

Consistent
Calibrated
data sets

RSSC-CM

• Regional/Specialized Satellite Centres 
– Mobilize effort and expertise in some centres (or distributed virtual 

centres) to provide quality-controlled products following agreed 
specifications

– Initial scope is Climate Monitoring (RSSC-CM) responding to GCOS 
requirements 



  8

   GSICS Formulation Team
–  Mitch Goldberg – NOAA/NESDIS  (Chair)
–  Gerald Frazer – NIST    
–  Donald Hinsman – WMO (Space Program Director) 
– Xu Jianmin  (CMA)
– Toshiyuki Kurino (JMA)
–  John LeMarshall - JC Sat. Data Assimilation 
–  Paul Menzel –NOAA/NESDIS      
–  Tillmann Mohr – WMO      
–  Hank Revercomb – Univ. of  Wisconsin   
–   Johannes Schmetz – Eumetsat    
–   Jörg Schulz – DWD,  CM SAF    
–  William Smith – Hampton University
–   Steve Ungar – CEOS, Chairman WG Cal/Val 
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Building Blocks for Satellite Intercalibration

• Collocation
– Determination and distribution of locations for 

simultaneous observations by different sensors 
(space-based and in-situ)

– Collocation with benchmark measurements
• Data collection

– Archive, metadata - easily accessible
• Coordinated operational data analyses

– Processing centers for assembling collocated 
data

– Expert teams
• Assessments

–  communication including recommendations
–  Vicarious coefficient updates for “drifting” 

sensors
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Other key building blocks for accurate 
measurements and intercalibration

• Extensive pre-launch characterization of all 
instruments traceable to SI standards

• Benchmark instruments in space with 
appropriate accuracy, spectral coverage and 
resolution to act as a standard for inter-
calibration

• Independent observations (calibration/validation 
sites – ground based, aircraft)
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CSS GPRCGPRCCSS

GSICS
Executive Panel

GRWG GDWG

GPRCGCCCSS
Calibration 
Support
 Segments 
(reference sites, 
benchmark 
measurements, 
aircraft,  model 
simulations)

Coordination Center Regional Processing Research
Centers at Satellite Application
 Agencies

GSICS Organization
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NASA               Butler             James
NIST                 Datla               Raju
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Calibration Opportunity Prediction

SNO/
SCO Rad. 
Bias and 
Spectral   
Analysis

Earth & 
Lunar 
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Bias and 
Spectral 
Analysis

Geolocation 
Assessment 

(Coastlines, 
etc.)

Assessment Reports and Calibration Updates

via website

Calibration Opportunity Register
(CORE)

Integrated Cal/Val System Architecture

Data Acquisition Scheduler

Raw Data Acquisition for Calibration Analyses

Stored Raw Data for Calibration
Analyses
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2007 Activities

• Two Executive Panel meetings

• Annual Operating Plan

• Two GRWG meetings  (chair, 
Fred Wu,NOAA)

– Consensus algorithms for LEO 
to GEO intercalibration

• GDWG   (chair, Volker Gaertner, 
EUMETSAT)

– Data management issues, 
metadata

• Commissioned  GSICS Website 
and routine LEO to LEO 
intersatellite calibration, with 
performance reports at NESDIS

• Routine Intercomparisons of 
AIRS and IASI

• Quarterly Newsletter
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Simultaneous Nadir Overpass (SNO) Method
-a core component in the Integrated Cal/Val System

GOES vs. POES

POES intercalibration

•Has been applied to microwave, vis/nir, and 
infrared radiometers for on-orbit performance 
trending and climate calibration support

•Capabilities of 0.1 K for sounders and 1% for 
vis/nir have been demonstrated in pilot studies

• Useful for remote sensing 
scientists, climatologists, as well 
as calibration and instrument 
scientists

•Support new initiatives (GEOSS 
and GSICS)

• Significant progress are 
expected in GOES/POES intercal 
in the near future
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Satellite Intercalibration improves MSU time series

 
• NESDIS/STAR completed a 

recalibration on the MSU 
atmospheric channels for NOAA 
10 to 14

• The current MSU data are well 
merged and provide accurate 
climate trend values.

• The radiance data are well 
merged for assimilation in 
reanalysis systems.   

Courtesy of C. Zou  

Top: Ocean-averaged MSU channel 2 time series for NOAA 10, 11, 12, and 14 for 
1987-2007 before the SNO calibration; Bottom: Anomaly time series for MSU 
channels 2, 3, and 4 after the SNO recalibration. The abbreviations Middle 
Troposphere, Temperature Tropopause and Stratosphere TMT, TTS, and TLS 
refer respectively to Temperature, and Temperature Lower Stratosphere. 

Intersatellite bias removal 
among the NOAA MSU 
instruments are crucial for 
climate trend detection.
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32 SNOs,  BIAS 0.27 K,  STDV 0.116 ……..   Avg Time Dif  15.3 secs,  Avg Dist 19.7 km
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Routine Intercalibration of AIRS and IASI

AIRS, 2378

CrIS, 1305

IASI, 8461
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(Blumstein)
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  258 AIRS FOVs and SHIS Data w/in them (448 fovs)
 used in the following comparisons

1 
D

eg
re

e

Use of aircraft interferometers to validate AIRS
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SRF Shift for HIRS Channel 6

Without SRF shift With SRF shift 0.2 cm-1

Since the HIRS sounding channels 
are located at the slope region of 
the atmospheric spectra, a small 
shift of the SRF can cause biases in 
observed radiances. 

Details can be referred to Wang et al. (manuscript for JTECH, 2006)
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Channel 3 at nadir view

Mean: 0.003 K  
          
STD  : 0.217 K  

HISTOGRAM

HIRS IASI-convolved HIRS

(Wang and Cao, NESDIS)
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Correcting SSMIS Instrument Errors
DMSP Special Sensor Microwave Imager and Sounder (SSMIS) Calibration 

Before NOAA Calibration After NOAA Calibration

Anomalies have been identified from three processes: 1) antenna emission after satellite out of the earth 
eclipse which contaminates the measurements in ascending node and small part in descending node, 2) 
solar heating to the warm calibration target and 3) solar reflection from canister tip, both of which affect 
most of parts of descending node.    

Correcting unintended instrument contamination is part of the cal/val process 
to provide accurate data for use in computerized weather forecast models 

SSMIS: First conical microwave sounder.  Precursor to NPOESS CMIS.

Plots of 
difference 
between 

simulated and 
observed SSMIS 

54.4 GHz.   

(Weng, 2007)
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2008 Activities

• Commission intercalibration of MTSAT, MSG, GOES and 
FY2 Infrared Imagers with IASI and AIRS.

– Routine intercomparisons between MSG (SEVIRI) and 
AIRS/IASI at EUMETSAT

– Routine intercomparisons between GOES and AIRS/IASI at 
NESDIS

– Routine intercomparisons between MTSAT and AIRS/IASI at 
JMA

– Routine intercomparisons between FY2 and AIRS/IASI at CMA
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GOES 10.7 µm Co-locations with AIRS, 21feb02
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Intercalibration Algorithm Ver 0.0
(Delivered on May 5 by GCC,  evaluation by JMA  Tahara, Kato)

• Key match-up conditions between 
GEO and LEO

– Difference of observing times < 1800 
(sec)

– Difference of 1/cos( sat. zenith 
angles ) < 0.05 

– Environment uniformity check
• To choose only spatially uniform 

area to alleviate navigation 
error, MTF, observing time 
difference, optical path 
difference, etc.

• Environment domain = 11x11 IR 
pixel box (MTSAT-1R vs. AIRS)

• env_stdv_tb < (TBD)
– Representation check of LEO-size 

GEO pixels in the environment
• z-test
• LEO FOV = 5x5 IR pixel box 

(MTSAT-1R vs. AIRS)
• abs( fov_mean_tb – 

env_mean_tb ) < Gaussian x 
env_stdv_tb / 5

Environment box
11 x 11 pixels

LEO-size box
5 x 5 pixels

GEO pixel
LEO FOV
at nadir
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IASI (mW/m2.sr.cm-1)

MTSAT-1R 
6.8-um 

vs. 

AIRS/IASI

August 2008

* Compensation 
applied to AIRS 
super channel 
computation

09 – 10 JST 21 – 22 JST

12 – 13 JST 00 – 01 JST

IASI (mW/m2.sr.cm-1)

AIRS (mW/m2.sr.cm-1)AIRS (mW/m2.sr.cm-1)
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Introduction (iii) 

■ 19 sites selected over North Africa and Arabia

SADE Data Base
Visible NIR
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AQUA/MODIS

TERRA/MODIS

TERRA/MISR

ENVISAT/AATSR

ENVISAT/MERIS

SPOT5/HRG1

SPOT5/HRS

SPOT5/VEGETATION

SPOT4/VEGETATION

SPOT4/HRVIR1

SPOT2 HVR2

SPOT1/HRV1

SeaStar/SeaWIFS

ERS2/GOME

ERS2/ATSR2

PARASOL/POLDER

ADEOS2/POLDER

ADEOS/POLDER

NOAA16/AVHRR3

NOAA17/AVHRR3

NOAA14/AVHRR

NOAA11/AVHRR

NOAA09/AVHRR

■ Desert Sites Database (from 1985 until 2008)

AVHRR

POLDER

SPOT

MODIS

MERIS

SADE Data Base
Visible NIR
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MERIS On-board Calibration Validation (Band 665)

Cross-calibration with PARASOL, 
VGT2 and MODIS as a function of 
time (19 sites)

No signifiant variation with time

Agreement between all ref. sensors
MODIS

20072002

VGT2

PARASOL

PARASOL : 4000 match. meas. 
VGT2         : 4600 match. meas.
MODIS      : 1400 match. meas.

Matching measurements =
same viewing and solar geometries

(no collocation with time)



NASA Langley Research Center / Atmospheric Sciences

GOES-12 visible gain degradation 
adjustment using MODIS
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Testing AssumptionsTesting Assumptions
Deep Convective Cloud (DCC) Calibration

DCC Image from the tropics.

Top: (left) Monthly PDF of 
pixel counts converted to 
overhead sun; and (right) 
normalized mode and mean of 
PDF over time.  Note each 
month uses more than 
100,000 DCC pixels.  Also, the 
middle month in the time 
series is used to normalize the 
mean or mode radiances.

Bottom: GOES-8 five-year 
calibration trend based on 
(left) VIRS and (right) DCC 
matched gridded radiances.

(Doelling, 2007)

Features:
 DCCs are cold and bright 
tropopause targets in the 
tropics.  
DCCs provide maximum 
earth-view radiances in the solar 
reflective bands
DCCs have with a nearly 
constant  albedo at the top of 
the atmosphere.  
No apriori atmospheric profile 
or surface information is 
required to calibrate with DCCs. 
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AVHRR Aerosol Climatology

Ignore the information behind the oval
  (prone to errors due to high surface reflectance from clouds and ice)
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Difficulty II: to find measurements with 
long term stability  

Mean bias CHAMP-COSMIC temp from 500mb to 5 mb =-0.021K 

COSMIC (launched in 2006) vs. CHAMP (launched in 2000) atm tmp  
Slide 25 Shu-peng Ben Ho, UCAR/COSMIC
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a b c

Can we use GPS RO data to calibrate other instruments ?

N15, N16 and N18 AMSU calibration against COSMIC
Slide 18 Shu-peng Ben Ho, UCAR/COSMIC(Ho et al., TAO, 2007)
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(Kuo et al., GRL, 2005)

Global Radiosondes

Slide 36 Shu-peng Ben Ho, UCAR/COSMIC

€ 

N = 7 7 .6
P

T
+ 3 .7 3 ×1 0 5 PW

T 2
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Mean Absolute Fractional Differences and Standard Deviation (S.D.) of 
Refractivity Between CHAMP RO Soundings and the Soundings From Five Different Types of 
Radiosonde System

Slide 38 Shu-peng Ben Ho, UCAR/COSMIC

Regions Sonde Type #of Matches Del 
Nradio/S.D. 

Del 
Necmwf/S.D. 

India IM-MK3 87 0.82/3.2 0.15/1. 
Russia Mars 1003 0.3/1.3 0.09/0.9 
Japan MEISEI 107 0.26/1.7 0.14/1.1 
China Shanghai 402 0.19/1.4 0.15/1.0 
Australia Vaisala 366 0.18/1.3 0.13/0.9 
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Use of DOE ARM TWP reference sites to 
improve radiative transer
(ECMWF averaged over ~10-40 deg. Latitude)
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Frost-Point Observations Show Significant Day 
and Night Differences based on comparisons 

with AIRS

Diamonds are CO2 Biases for channels with similar peaking weighting functions.

Frost-Point Observations by 
H. Voelmer: NOAA Boulder

Represents far fewer observations than RS-
90’s and inconsistencies day vs night.

ν (cm-1) ν (cm-1)
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GSICS Outcome

• Coordinated international intersatellite calibration 
program

• Exchange of critical datasets for cal/val
• Best practices/requirements for monitoring observing 

system performance  (with CEOS WGCV)
• Best practices/requirements  for prelaunch 

characterisation  (with CEOS WGCV)
• Establish requirements for cal/val  (with CEOS WGCV)
• Advocate for benchmark systems 
• Quarterly reports of observing system performance and 

recommended solutions
• Improved sensor characterisation 
• High quality radiances for NWP & Climate


