
GAIA-CLIM deliverable D4.4 

 

Gap Analysis for Integrated Atmospheric ECV CLImate 

Monitoring 

 

 

WP4: Assessment of reference data in global assimilation systems and 

characterization of key satellite data 

 

D4.4: “Publicly available web based monitoring pages 

showing a comparison of GRUAN observations with Met 

Office and ECMWF data assimilation systems as an input to 

Virtual Observatory”. 

 

 

 
A Horizon 2020 project;  

Grant agreement: 640276 

Date: 28th February 2017 

Lead Beneficiary: Met Office 

Nature: Website, patents, filing, etc 

Dissemination level: PU 

 



1 
 

 

 

Work-package WP4  

Deliverable D4.4 

Nature Website  

Dissemination PU 

Lead Beneficiary Met Office  

Date 28/02/2017 

Status Final 

Authors Fabien Carminati, William Bell (MO), Bruce Ingleby (ECMWF & MO), 
Heather Lawrence (ECMWF) 

Editors William Bell and  Fabien Carminati (MO) 

Reviewers Peter Thorne and Corinne Voces (NUIM) 

Contacts  fabien.carminati@metoffice.gov.uk;  william.bell@metoffice.gov.uk  

URL http://www.gaia-clim.eu 

 

This document has been produced in the context of the GAIA‐CLIM project. The research leading to these 

results has received funding from the European Union's Horizon 2020 Programme under grant agreement n° 

640276. All information in this document is provided "as is" and no guarantee or warranty is given that the 

information is fit for any particular purpose. The user thereof uses the information at its sole risk and 

liability. For the avoidance of all doubts, the European Commission has no liability in respect of this 

document, which is merely representing the authors’ view 

 

 

 

 

 

 

 

  

mailto:fabien.carminati@metoffice.gov.uk
mailto:william.bell@metoffice.gov.uk
http://www.gaia-clim.eu/


2 
 

Introduction 

 

The characterisation of traceable uncertainties in Numerical Weather Prediction (NWP) 

models is one of the planned outcomes of the Horizon 2020 GAIA-CLIM project. To achieve 

this goal, observations from the Vaisala RS-92 radiosonde product of the GCOS reference 

upper-air network (GRUAN) are being used to assess uncertainties in Met Office and 

ECMWF models. 

 

To achieve this, a GRUAN Processor is being designed as a stand-alone software module 

based on a core radiative transfer model built around the RTTOV fast radiative transfer model 

(Hocking et al., 2015) and a Radiance Simulator (Smith, 2014) which provides an efficient 

interface to process NWP model fields. These two products have been developed and made 

publicly available as part of EUMETSAT’s NWP Satellite Application Facility. The GRUAN 

processor enables the comparison of geophysical fields and simulated brightness 

temperatures calculated from radiosondes (including their uncertainties) and NWP models. 

This report briefly outlines the functionality of the GRUAN processor, the preliminary 

outputs, and details of how to access the online data, in fulfillment of Deliverable 4.4 of 

GAIA-CLIM, due in February 2017. 

 

Processing details  

  

The GRUAN processor accepts as input both MetOffice and ECMWF operational model 

fields (UM Field Files and GRIB files, respectively) as well as the GRUAN version 2 

observational data files. GRUAN spatio-temporal coordinate profiles (latitude, longitude, and 

time) are used to interpolate (linearly) the model fields in space and time along the path of the 

radiosonde. The model 3-hourly forecasts to T+9 (T+15 for ECMWF) from analysis (T=0) 

time are used for the temporal interpolation. 

 

The radiative transfer model RTTOV version 11.3 is used to simulate Top of Atmosphere 

(TOA) brightness temperatures (BTs) for selected satellite instruments. Note that the lack of 

information in the upper atmosphere, and in some cases at the surface, in the GRUAN data 

requires a merging with the interpolated model fields in order to use RTTOV. Two sets of BTs 

simulated with GRUAN temperature, humidity, and pressure profiles which have been 

increased (and decreased) by their associated total uncertainties are used to estimate the total 

uncertainty in terms of brightness temperatures. In addition, a third set of BTs simulated with 

the model profiles forced to GRUAN measured surface pressure is used to estimate the 

uncertainty in surface sensitive channels due to the horizontal interpolation of the model grid. 

 

The processor outputs consist of two sets of netcdf files (one for the model, one for GRUAN) 

containing, among other parameters, the profiles of temperature, specific humidity, pressure, 

the simulated BTs, and their respective uncertainties.   

 

The preliminary analysis of processor outputs (processed for all available GRUAN profiles in 

2013) revealed that in spite of a close agreement between GRUAN and NWP temperature 

(within ±0.2K), the simulated BTs for temperature sounding channels are biased by ~1K for 

microwave (MW) instruments and ~0.5K for infrared (IR) instruments. This discrepancy has 

been traced back to the radiative transfer equation being applied to several thousand vertical 

levels for the radiosonde and 70 (91 or 137) for the Met Office (ECMWF) model. 

Experiments show that when both input profiles are provided on the same vertical grid, 

(either interpolated to the sonde levels or to those of the model), the difference in BTs is 
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reduced to a few tenths of a Kelvin. This issue will be addressed in the next version of the 

processor during the third year of the project. 

 

The processor will also provide a better representation of GRUAN uncertainties (including 

systematic, random, and possibly structured random). The systematic uncertainty in BTs 

should be estimated with an ensemble of perturbed BTs generated with the GRUAN error 

covariance matrix. As Vaisala (the sonde supplier) and GRUAN do not currently provide such 

information, the covariance will be estimated via a statistical approach (described in 

Desroziers et al., 2005) at the Met Office. 

 

 

Webpage 

 

4210 sondes from 15 sites have been processed and compared to both the Met Office and 

ECMWF model fields. Eleven GRUAN sites are located in the Northern Hemisphere, 

namely, Barrow, AK, USA, (BAR), Beltsville, MD, USA, (BEL), Boulder, CO, USA, (BOU), 

Cabauw, Netherlands, (CAB), Lindenberg, Germany, (LIN), Ny-Ålesund, Norway, (NYA),  

Payerne, Switzerland, (PAY), Potenza, Italy, (POT), Lamont, OK, USA, (SGP), Sodankylä, 

Finland, (SOD), and Tateno, Japan, (TAT), three are in the tropics, namely, Manus, Papua 

New Guinea, (MAN), Nauru, Nauru, (NAU), La Réunion, France, (REU), and one in the 

Southern Hemisphere, namely, Lauder, New Zealand, (LAU). 

 

BTs have been generated for four microwave instruments, namely, the Advanced Microwave 

Sounding Unit – A and – B (AMSU-A, AMSU-B), the Advanced Technology Microwave 

Sounder (ATMS), and the Microwave Humidity Sounding (MHS), and three infrared 

instruments, namely, the Cross-track Infrared Sounder (CrIS), the High-resolution Infra-Red 

Sounder (HIRS), and the Infrared Atmospheric Sounding Interferometer (IASI). BTs seen by 

those instruments were simulated for clear sky conditions at nadir viewing angles. 

 

Comparisons are available on the NWPSAF webpage: 

 

 https://nwpsaf.eu/GProc_test/fab/ins.shtml.  

 

Note however that data shown on that web page are linearly interpolated on a fixed pressure 

grid (0 to 999 hPa) to facilitate the comparison. This is carried out in a post processing step 

aimed to ease visualization and is independent from the GRUAN-Processor itself. The 

GRUAN-Processor raw outputs are available through the GAIA-CLIM Virtual Observatory. 

 

Users entering the GRUAN-Processor webpage will be able to select one of the instruments 

for which BTs have been simulated, the GRUAN launch site, and the model to be used for the 

comparison as shown in Fig.1. Upon clicking on “Validate”, users will be prompted to select 

the year, month, day, and hour corresponding of the launch dates available for their 

configuration. Once the date has been selected, a graphic file, similar to that shown on Fig.2, 

and a text file (Fig.3) containing the values plotted on the figures, becomes available to open 

or download. Note that the users are also offered to download the annual mean of the selected 

site (both in graphic and text format).       

 

https://nwpsaf.eu/GProc_test/fab/ins.shtml
https://nwpsaf.eu/GProc_test/fab/ins.shtml
https://nwpsaf.eu/GProc_test/fab/ins.shtml
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Figure 1: Home page of the GRUAN Processor NWP SAF-hosted web access to post-process comparisons 

NWP-GRUAN. 

 

 

 
Figure 2: (Top left) Specific humidity difference UM minus GRUAN, for Lauder Feb 02, 2013, 0100UTC, and 

expressed in relative terms with respect to the GRUAN profile, as a function logarithmic pressure scale. (Top 

right) Same as top left but for temperature expressed in absolute value (K). (Bottom) Difference UM minus 

GRUAN expressed in simulated BT for AMSU-A channels. Red bars represent the total uncertainty in the 

GRUAN measurements. 
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Figure 3: Subset of the text-based value of temperature, specific humidity, and BTs, with their respective 

uncertainty available from the webpage. 
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