RMIB GERB Processing: Resolution Enhancement

Steven Dewitte, Luis Gonzalez, Aline Hermans

October 11, 1999

Contents

1 Introduction 3 1.1 Purpose of this document . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1.2 Scope of this document . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Acronyms, abbreviations and definitions 4 2.1 Acronyms and abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2.2 Definition of terms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3 Role within the RGP 8

4 Problem description 9

5 Solution principle 9 5.1 Solution strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 5.2 Processing scheme for direct solution . . . . . . . . . . . . . . . . . . . . . . . . . . 10 5.3 Iterative solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 5.4 Temporal averaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

6 PROCESSING DESCRIPTION 11 6.1 Notations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 6.2 Input from others RGS subsystemsflux . . . . . . . . . . . . . . . . . . . . . . . . . 13 6.3 Resolution Enhancement at Gerb time. . . . . . . . . . . . . . . . . . . . . . . . . . 14 6.3.1 Iterative scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 6.4 Resolution Enhancement averaged at SEVIRI time . . . . . . . . . . . . . . . . . . 15 6.4.1 Correction ratio time averaging . . . . . . . . . . . . . . . . . . . . . . . . . 15 6.4.2 Multiplication to get level 2 high resolution flux . . . . . . . . . . . . . . . 15

7 PROGRAMS STRUCTURE 16 7.1 Directory Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

CHANGE RECORD Issue Date Approved by Reason for change Version 1 30/03/1999 new document Version 1.1 20/07/1999 included chapter on processing description

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

1 Introduction

1.1 Purpose of this document

The purpose of this document is to give an overview of the ‘Resolution enhancement’ subsystem of the near real time RMIB GERB Processing (RGP) system.

1.2 Scope of this document

This document does not describe the complete RGP. The role of the resolution enhancement within the RGP is described in MSG-RMIB-GE-TN-0004.

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

2 Acronyms, abbreviations and definitions

2.1 Acronyms and abbreviations

Not all these acronyms may appear in this document.

AD Applicable Document ADM Angular Dependency Model ASI Agency Spatiale Italiano BATS Belgian Advanced Technology Systems BB Broad Band BDRF Bidirectional Reflection Function CERES Clouds and the Earth’s Radiant Energy System CNRS Centre Nationale de la Recherche Scientifique DCT Discrete Cosine Transform ERB Earth Radiation Budget ERBE Earth Radiation Budget Experiment EUMETSAT EUropean organsiation for the exploitation of METeteorological SATellites FTP File Transfer Protocol Gb Gigabit GB GigaByte GERB Geostationary Earth Radiation Budget GGSPS GERB Ground Segment Processing System GIST GERB International Science Team GKSS GKSS research centre HD High Density HDF Hierarchical Data Format HRIT High Rate Information Transmission ICD Interface Control Document ICSTM Imperial College of Science Technology and Medicine IFR Instantaneous Filtered Radiance kb kilobit kB kiloByte LARC LAngley Research Centre (NASA) LU Leicester University LOS Line Of Sight LW Long Wave Mb Megabit MB MegaByte NANRG Non Averaged, Non Rectified, Geolocated NB Narrow Band NERC Natural Environment Research Council OSTC Office for Scientific, Technical and Cultural Affairs

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

PSF Point Spread Function qlt quick look time RAL Rutherford Appleton Laboratory RD Reference Document RMIB Royal Meteorological Institute of Belgium RGP RMIB Gerb Processing ROLSS RMIB On Line Short term Services ScaRaB Scanning Radiometer for radiation Budget studies SEVIRI Spinning Enhanced Visible and InfraRed Imager SOL Start Of Line SBDART Santa Barbara Discrete ordinate Atmospheric Radiative Transfer see http://arm.mrcsb.com/sbdart SW Short Wave TAR Tape ARchive TBC To Be Confirmed TBD To Be Determined TOA Top Of Atmosphere TRMM Tropical Rainfall Measurement Mission UKMO United Kingdom Meteorological Office VIRS VIsible and InfraRed Scanner wrt with respect to WWW World Wide Web

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

2.2 Definition of terms

Autorised Users

Authorised users will include RMIB, members of the GIST, GERB operations staff based at RAL, EUMETSAT and others. In order to become an Autorised user, users will be required to register with RMIB according to the rules established by the GERB Project Steering Group (TBC). Once the registration is approved the user will be able to obtain products from the ROLSS, and will be given their unique ROLSS account details, from which they will be able to get access to the products.

near real time (or NRT or nrt) Between EUMETSAT and the GGSPS near real time means that the GGSPS at RAL will receive GERB data within 60 minutes (TBC) of the actual time at which the data was generated on board the GERB instrument.

quick look time (or QLT or qlt) Between the GGSPS and RMIB, quick look time means that the RMIB will receive GERB data products within 4 hours of the actual time at which the corresponding data was generated on board the GERB instrument.

short term Short term data usage refers to usage of the data within one month after their measurement. long term Long term data usage refers to usage of the data more than one month after their measurement. Reference Earth Ellipsoid (TBD) GERB data loss A GERB data loss is one for which the L1.5 radiances have not been obtained within the QLT. SEVIRI data loss A SEVIRI data loss is one for which the L1.5 SEVIRI images have not been received through the HRIT system within the QLT.

climate data GERB climate data means the GERB products that are generated at RMIB for long term archival and data distribution at RAL.

near real time data Near real data means the GERB products that are generated at RMIB and distributed for short term usage through the ROLSS server.

ROLSS server The ROLSS server will be the RMIB based ftp server for near real time data distribution. near real time processing Near real time processing will be the processing that has to be done at RMIB as soon as a GERB or SEVIRI data file arrives.

daily, weekly, monthly processing Daily, weekly, monthly processings will be the processings that have to be done at RMIB less frequently than the near real time processing, but that still need to be done on a regular basis.

casual processing Casual processings will be those that have to be done at RMIB infrequently and irregularly, e.g. calibration table updates.

solar Solar means relating to reflected solar radiation only. thermal Thermal means relating to emitted thermal radiation only short wave Short wave means radiation from the wavelengths below a cutoff wavelength of approximatively 4 micron.

long wave

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

Long wave means radiation from the wavelengths above a cutoff wavelength of approximatively 4 micron.

total wave Total wave radiation means combined short wave and long wave radiation. unfiltered Unfiltered refers to a spectral integral of either solar or thermal radiation without spectral attenuation.

‘GERB filtered’ or simply ‘filtered’ GERB filtered refers to a spectral integral, either over the short wave or over the long wave or over the total wave spectral interval, of radiation multiplied (filtered) with the GERB spectral response.

imager resolution Imager resolution refers to SEVIRI pixel resolution high resolution HIgh resolution refers to 3 x 3 SEVIRI pixel resolution, this the highest resolution at which fluxes are derived

GERB resolution GERB resolution refers to GERB footprint resolution SEVIRI based products SEVIRI based products refers to broadband radiance or flux estimates estimated from SEVIRI narrowband pixel data only.

level 2 fluxes Level 2 fluxes refers to fluxes derived from combined GERB and SEVIRI data. spectral unfilter factor Ratio between the unfiltered broadband radiance and the filtered broad band radiance. angular conversion factor Ratio between the broad band flux and the unfiltered broad band radiance. correction factor of SEVIRI by GERB Ratio of the filtered broad band radiance measured by GERB and the same quantity model based on SEVIRI narrow band radiances.

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

Figure 1: Division into susbsystems of the RMIB GERB Processing. The three blocks ’RGS SEVIRI Processing’, ’RGS GERB Processing’ and ’RGS Resolution Enhancement’ are executed in sequential order.

3 Role within the RGP

The RMIB part of the GERB ground segment consists in total of three subsytems: ’RMIB SEVIRI procesing’, ’RMIB GERB processing’ and ’Resolution enhancement’, to be executed in sequential order. See also figure 1.

The subsytem ’RGP SEVIRI Processing’ has as input full resolution SEVIRI spectrally narrowband radiances and as output SEVIRI pixel resolution filtered radiance estimates and broadband unfiltered estimates. Those outputs are referred to as ’high resolution SEVIRI based products’.

The subsystem ’RGP GERB Processing’ has as input the GERB measured filtered broadband radiances as well as the high resolution SEVIRI based products, and as output GERB broadband unfiltered fluxes. Those outputs are referred to as ’level 2 GERB resolution fluxes’.

The subsystem ’RGP Resolution enhancement’ has as input the high resolution SEVIRI based flux estimates and the level 2 GERB resolution fluxes and as output high resolution fluxes that are compatible with the level 2 GERB resolution fluxes. Those outputs are referred to as ’level 2 high resolution fluxes’. In the following sections a description of the resolution enhancement subsystem is given.

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

4 Problem description

Denote the high resolution SEVIRI based flux estimates as f(x, y); x, y = 1, . . . , n.

Denote the level 2 GERB resolution fluxes as F (i, j); i, j = 1, . . . , m. We have m < n. Denote the Point Spread Function of GERB pixel (i, j) as P SF (i, j, x, y). P SF (i, j, x, y) is a different function of the high resolution coordinates (x, y) for every low resolution pixel (i, j). It defines the spatial weighting function by which high resolution measurements have to be weighted to reproduce a low resolution measurement.

In general, we have

(lowresolutionmeasurement)(i, j) = ∑ x ∑ y P SF (i, j, x, y)(highresolutionmeasurement)(x, y) (1)

In general, when the high resolution flux estimates f(x, y) are integrated according to recipee 1 to GERB resolution flux estimates, they will not reproduce F (i, j).

The problem is to find correction factors c(x, y) to the high resolution flux estimates f(x, y), so that the integration of the corrected flux estimates does reproduce F (i, j). We have the conditions F (i, j) = ∑ x ∑ y P SF (i, j, x, y)c(x, y)f(x, y) (2) These conditions can be seen as m^2 linear equations (one equation for every low resolution pixel (i, j)) in the n^2 unknowns c(x, y) (one unknown for every high resolution pixel (x, y)).

Clearly, this set of equations has more than one possible solution. To obtain a practical solution, some extra conditions on c(x, y) have to be imposed.

5 Solution principle

5.1 Solution strategy

In order to convert conditions 2 into a set of m^2 equations in m^2 unknowns, we introduce one unknown correction factor C(i, j) per GERB pixel (i, j). We locate C(i, j) in the centre of the GERB pixel it is associated with. We impose as extra condition on the high resolution correction factors c(x, y) that they are interpolated values of the low resolution correction factors C(i, j). c(x, y) = ∑ i ∑ j I(x, y, i, j)C(i, j) (3) The low resolution correction factor C(i, j) is introduced because only at low resolution the necessary GERB broadband measurements exist to correct the SEVIRI based spectral modelling. By using the interpolation condition 3, we assume that the SEVIRI correction factors c(x, y) vary smoothly from one SEVIRI pixel to another.

The interpolation function I(x, y, i, j) is determined by the used interpolation method. We will choose as a baseline piecewise linear interpolation^1.

Substituting the extra conditions 3 in the underdetermined set of equations 2, we obtain a set of m^2 equations in the

m^2 unknowns C(i, j). F (i, j) = ∑ x ∑ y P SF (i, j, x, y)( ∑ i^′ ∑ j^′ I(x, y, i ′, j^′)C(i^′, j^′))f(x, y) = ∑ i^′ ∑ j^′ a(i,j),(i^′ ,j^′ )C(i ′, j^′) (4) a_{(i,j),(i}′_{,j}′_) = ∑ x ∑ y P SF (i, j, x, y)f(x, y)I(x, y, i^′, j^′) (5) 1Piecewise linear interpolation is defined as interpolation in the plane that contains the three nearest known points around the interpolation point. See also [RGP-GP].

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

Figure 2: Processing scheme.

The set of equations 4 can be written in matrix form as F = MC, where F is the vector of elements F (i, j), M is the matrix of elements a_{(i,j),(i}′_{,j}′_), given by equation 5, and C is the vector of elements C(i, j).

The vector C can be obtained by solution of this set of equations.

C = M^{−1}F (6)

Once the low resolution factors C(i, j) are known from 6, the high resolution factors can be calculated using equation 3, and the level 2 high resolution fluxes can be calculated as c(x, y)f(x, y).

5.2 Processing scheme for direct solution

A processing scheme to calculate the level 2 high resolution fluxes is given in figure 2 .

In the block ’M matrix element calculation’, the elements a_{(i,j),(i}′_{,j}′_) are calculated, according to equation 5, from the inputs ’high resolution SEVIRI based flux estimates’ (f(x, y)) and ’GERB pixel PSF’s’ (P SF (i, j, x, y)).

In the block ’low resolution correction ratio calculation’ the ratio’s C(i, j) are calculated, according equation 6, from the inputs ’level 2 GERB resolution fluxes’ (F (i.j)) and from the M matrix elements a_{(i,j),(i}′_{,j}′_) which are the output of the previous block.

In the block ’Correction ratio interpolation’ the ratio’s c(x, y) are calculated, according equation 3, from the low resolution correction ratio’s C(i, j), which are the output of the previous block.

Finally, in the block ’SEVIRI flux correction (multiplication)’, the level 2 high resolution fluxes are calculated, as c(x, y)f(x, y), from the high resolution SEVIRI based flux estimates’ (f(x, y)) and the high resolution correction factors c(x, y) which are the output of the previous block.

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

The resulting level 2 high resolution fluxes are garantueed to be compatible with the level 2 GERB resolution fluxes, i.e. when they are integrated using the GERB PSF, they reproduce the GERB resolution fluxes (equation 2).

5.3 Iterative solution

To solve equation 6 with a standard matrix inversion method, one needs to calculate and store the elements of the M matrix explicitely.

As an alternative approach, the corrections C(i, j) and c(x, y) can be found by an iterative approach. At the k’th step of the iteration one has the approximations C(i, j) ≈ C^{(k)}(i, j) and c(x, y) ≈ c^{(k)}(x, y). Conditions 2 can be re-written in terms of the sum of the current approximation plus a needed extra correction. F (i, j) = ∑ x ∑ y P SF (i, j, x, y)c^{(k)}(x, y)f(x, y) + ∑ x ∑ y P SF (i, j, x, y)(c(x, y) − c^{(k)}(x, y))f(x, y) (7) From the needed extra correction, one can impose the iteration equation ∑ x ∑ y P SF (i, j, x, y)(c(x, y) − c^{(k)}(x, y))f(x, y) = (C^{(k+1)}(i, j) − C^{(k)}(i, j)) ∑ x ∑ y P SF (i, j, x, y)f(x, y) (8) which can be re-written as

C^{(k+1)}(i, j) = C^{(k)}(i, j) + F (i, j) − ∑ x ∑ y P SF (i, j, x, y)c^{(k)}(x, y)f(x, y) ∑ x ∑ y P SF (i, j, x, y)f(x, y) (9) The iteration recipee is as follows:

• Start with C^{(0)}(i, j) = c^{(0)}(x, y) = 1.

• Apply the iteration equation 9 to calculate C^{(k+1)}(i, j) from C^{(k)}(i, j) and c^{(k)}(x, y).

• Interpolate C^{(k+1)}(i, j) to c^{(k+1)}(x, y) using the interpolation equation 3.

• Repeat the second and third step until convergence is reached.

The corresponding iterative processing scheme to calculate the level 2 high resolution fluxes is given in figure 3.

5.4 Temporal averaging

Since the SEVIRI and the GERB images are taken at different times, it’s necessary to make data temporally match before any comparison or combination.

First, SEVIRI data are interpollated at GERB acquisition time t = t_G, and the resolution enhancement correction factor is estimated at GERB acquisition time.

Then, in order to produce a final output according to SEVIRI acquisition time, a weighted average for a 15 minute interval centered on the SEVIRI acquisition time t_S , is worked out.

Actually, only the correction factor is averaged, so the resulting corrected high resolution flux is a ‘snapshot’ flux instead of a real average flux.

6 PROCESSING DESCRIPTION

Since the acquisition time frequency is not the same for the two instruments, the Resolution Enhancement processing is divided in two parts. First, we will work at GERB acquisition time. Secondly, we will working out a weighted average to get high resolution flux at SEVIRI acquisition time.

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

Figure 3: Iterative processing scheme.

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

6.1 Notations Let 1. L represents radiances data . 2. F represents flux data . 3. L^f represents filtred flux data .

4. ∗_{LR} (∗_{HR} ) be index representing Low Resolution (or High Resolution). 5. ~∗means SEVIRI based estimation (as distinct from direct measurement data). 6. (x, y) be coordinates according to SEVIRI (or high) resolution. 7. (i, j) be coordinates according to GERB(or low) resolution.

8. t^g_{ijr} ( t^s_{x,y}) be the time of acquisition of GERB pixel (i,j) (SEVIRI pixel (x,y)) for time slot r^2 9. g^g_{ijr}( g^s_{xy}) be the geolocation of GERB pixel (i,j) (SEVIRI pixel (x,y)) for time slot r (SEVIRI geolocation does not depend on r) 10. I_G(i, j, x, y) be the interpolation coefficient between high and low resolution of GERB pixel (i,j) and SEVIRI pixel (x,y) 11. α^{sat}(t)is the satellite rotation angle.

12. P^d(x, y, α) the Point Spread Function at pixel (x,y) for detector d (there is a relation between d and the GERB pixel position (i,j), if i describes the lines d is equal to i). α is a rotation angle applied to the PSF to take into account the α^{sat}satellite rotation angle.

13. cS(t^g, g^s_{xy}) the high ( or Seviri)resolution Correction factor at SEVIRI geolocated pixel (x,y) and at GERB time t^g.

14. CG(t^g , g^g_{ij} )be the low (or Gerb)resolution Correction factor at GERB geolocated pixel (i,j) and at GERB time t^g.

6.2 Input from others RGS subsystemsflux

Following this notation, we get from Seviri Processing :

~F_{HR}(ts, gs_{xy}) the high resolution SEVIRI based flux estimates for pixel (x,y) GSFE, GTFE at SEVIRI time t^s and SEVIRI geolocation g^s ~L^f_{HR}(ts, gs_{xy}) the high resolution SEVIRI based radiances estimates for pixel (x,y) GSWE,GLWE at SEVIRI time t^s and SEVIRI geolocation g^s from Gerb Processing : F^{corrected} LR (t^g , g^g_{i,j} ) the low resolution GERB L20-flux products for pixel (i,j) L20 SF, at time t^g and geolocation g^g L20 TF ~F_{HR}(tg , gs_{xy}) the high resolution SEVIRI based flux estimates for pixel (x,y) SeviriBand at geolocation g^s and interpolated at time t^g ~F_{LR}(t^g , g^g_{i,j} ) the low resolution SEVIRI based flux estimates for pixel (i,j) SlowR SF, at geolocation g^g and time t^g SlowR TF

2Let r be even for SW and odd for TW

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

• Rem :

The time interpolation on SEVIRI images is simply a linear interpolation : ~L^f_{HR}(t, g^s_{xy}) =^{tsxy⌊t⌋xy +1−t}_{T s} ~L^f_{HR}(t^s_{xy⌊t⌋xy +1}, g^s_{xy}) +^{t−tsxy⌊t⌋xy}_{T s} ~L^f_{HR}(t^s_{xy⌊t⌋xy} , g^s_{xy}) The down sampling from SEVIRI resolution to GERB resolution is worked out as following: ~L^f_{LR}(t^g_{ijr} , g^g_{ijr} ) = ∑_{k,l} I_G(i, j, k, l) ∑^N_{m,n=−N} P d(m, n, αsat(t^g_{ijr} ))~L^f_{HR}(t^g_{ijr} , gs_{k+m,l+n}) where I_G(i, j, k, l) is simply the closest pixel or the bilinear interpolation on geolocation. For closest pixel: I_G(i, j, k, l) = 1 if | |g^g_{ij} − s^g_{kl} | | ≤ | |g^g_{ij} − s^g_{mn} | |for all (m,n) I_G(i, j, k, l) = 0elsewhere For bilinear interpolation, the SEVIRI geolocation is inverted i.e. to a geolocation is related a couple of values (f_k, f_l) that are not necessary integers and that represents the coordinates of the SEVIRI pixel if there were no spatial sampling but continuous acquisition. Let (f_i, f_j ) be the SEVIRI coordinates of GERB pixel (i, j). The bilinear interpolation is then done between the pixels {([f_i], [f_j ]), ([f_i] + 1, [f_j ]), ([f_i], [f_j ] + 1), ([f_i] + 1, [f_j ] + 1)} where [x] is the rounding of x to the closest inferior integer.

6.3 Resolution Enhancement at Gerb time.

The aim of this first process part is to find cS(t^g, g^s_{xy}) the high ( or Seviri) resolution correction factor at Gerb time t^g , correction to the high resolution SEVIRI based flux estimates ~F_{HR}(t^g , g^s_{xy}), so that the down sampling of the corrected flux estimates does reproduce the low resolution GERB L20-product flux F^{corrected} LR (t^g , g^g_{i,j} ). We have the condition : F^{corrected} LR (t^g, g^g_{ijr} ) = ∑ k,lI_G(i, j, k, l) ∑_N x,y=−N P d(x, y, α^{sat}(g^t_{ijr} ))cS(t^g , g^s_{k+x,l+y}) ~F_{HR}(t^g_{ijr} , g^s_{k+x,l+y}) ⇔ F^{corrected} LR (t^g , g^g_{i,j} ) = geoconvol(cS ∗ ~F_{HR}) We impose as extra condition on the high resolution correction factors cS(t^g , g^s_{xy}) = cS(x, y) that they are interpolated values of the low resolution correction factors CG(t^g , g^g_{ij} ) = CG(i, j) :

cS(x, y) = 3∑ k=1 I_Δ(x, y, i_k, j_k)CG(i_k, j_k) As a baseline, we use a triangular geolocation-based interpolation function : I_Δ(x, y, i, j). More precisely, correction factor at SEVIRI pixel (x,y) is an interpolation of correction factor values at 3 Gerb pixels ((i_k, j_k)withk = 1, 2, 3) surrounding, in geolocation terms, the considered Seviri pixel. The 3 GERB pixels ((i_k, j_k)withk = 1, 2, 3) are chosen among 5 GERB pixels : the closest (in geolocation terms) pixel, and its 4 direct neighbours.( see fig 4)

6.3.1 Iterative scheme

In order to find the correction factors cS and CG, we will solve theses equations by following an iterative approach. At the k’th step of the iteration one has the approximations CG(t^g , g^g_{ij} ) ∼= CG^{(k)}(t^g , g^g_{ij} ) and cS(t^g, g^s_{xy}) ∼= cS^{(k)}(t^g , g^s_{xy})

Condition 6.3 can be re-written in terms of the sum of the current approximation plus an needed extra correction : F^{corrected} LR (t^g , g^g_{i,j} ) = geoconvol(cS^{(k)} ∗ ~F_{HR}) + geoconvol((cS − cS^{(k)}) ∗ ~F_{HR}) The needed extra correction can be develloped ; geoconvol((cS − cS^{(k)}) ∗ ~F_{HR}) = ∑ k,lI_G(i, j, k, l) ∑_N x,y=−N P d(x, y, α^{sat}(g^t_{ijr} )) ( cS(t^g, g^s_{k+x,l+y}) − cS^{(k)}(t^g , g^s_{k+x,l+y}) ) ~F_{HR}(t^g_{ijr} , gs_{k+x,l+y}) ∼= (CG(tg , g^g_{ij} ) − CG(k)(tg, g^g_{ij} )) ∑_{k,l}I_G(i, j, k, l)∑^N_{x,y=−N} P d(x, y, αsat(gt_{ijr} ))~F_{HR}(t^g_{ijr} , gs_{k+x,l+y})

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

Figure 4: Triangular geolocation-based interpolation.

Last step is assuming : cS(t^g, g^s_{xy}) = ∑_3 k=1 I_Δ(x, y, i_k, j_k)CG(t^g , g^g_{ik ,jk} ) ∼= CG(t^g , g^g_{i,j} ) where (i, j) is the Gerb pixel where the condition is considered.

After substitution, we find the iteration equation : CG^{(k+1)}(t^g_{ijr} , g^g_{ij} ) = CG^{(k)}(t^g_{ijr} , g^g_{ij} )+^F corrected LR (t^g_{ijr} ,g^g_{ij} )− ∑ k,l I_G(i,j,k,l) ∑_N x,y=−N P d(x,y,α^{sat}(t^g_{ijr} ))cS(^k)(t^g ,g^s_k+_{x,l}+_y ) ~F_{HR} (t^g_{ijr} ,g^s_k+_{x,l}+_y ) ∑ k,l I_G (i,j,k,l) ∑_N x,y=−N P d(x,y,α^{sat}(t^g_{ijr} )) ~F_{HR}(t^g_{ijr} ,g^s_k+_{x,l}+_y ) or more simply written : CG^{(k+1)}(i, j) = CG^{(k)}(i, j) +^{F correctedLR (i,j)−geoconvol(cS(k) ∗} ~^{FHR)} ~F_{LR} 6.4 Resolution Enhancement averaged at SEVIRI time

The first part of the resolution enhancement system give as output the high (or Seviri) resolution correction factor at Gerb time : cS(t^g, g^s_{xy}) . In the second part we will average these estimations at GERB time to SEVIRI time, and then compute the final output, the L2 high resolution corrected flux averaged at SEVIRI time F^{corrected}_{HR} (t^s, g^s_{xy}).

6.4.1 Correction ratio time averaging

At each SEVIRI pixel (x,y), a weighted average on 15 minutes (according to SEVIRI image acquisition period) is worked out. cS(t^s_{xy}, g^s_{xy}) = ∑ r [ I(t^g_{xyr})cS(x, y, t^g_{xyr}, g^s_{xy}) ]

With :

t^s_{xy} means time average on 15 minutes surrounding the acquisition time of SEVIRI pixel (x,y) at slot r.

t^gxy represents a time period of 5min14 surrounding the acquisition time according to SEVIRI pixel (x,y) at GERB slot r.

The weighting factor I(t^g_{xyr})is taken proportionnal to overlap factor of time period t^g_{xyr}on time period t^s_{xy} .

6.4.2 Multiplication to get level 2 high resolution flux

Finally, the level 2 high resolution flux products can be calculated at each Seviri pixel (x,y) as a multiplication : F^{corrected} HR (t^s, g^s_{xy}) = cS(t^s, g^s_{xy}) ∗ ~F_{HR}(t^s, g^s_{xy})

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

This final output is stored in directory L20 SEVIRI/L2S SF (or L20 SEVIRI/L2S TF )with a file name following the convention

L2S SF <date> <version>.rma (or L20 TF <date> <version>.rma)

7 PROGRAMS STRUCTURE

The third RGS subsystem ’ Resolution Enhancement’ is divided into 2 programs. Since first program outputs are second program inputs, they have to be executed in sequential order.

7.1 Directory Structure

The following directories are used to store the data:

• General input data

Directory name Data Type File Name GERB/L15 GEO GERB geolocation ims<f,f,uc> L15 GEO <date> <version>.rma GERB/L15 SW GERB SW im<f> L15 SW <date> <version>.rma GERB/L15 TW GERB TW im<f> L15 TW <date> <version>.rma GERB/DetectorIndex DetectorIndex DetectorIndex <date> PSF/PSFXX PSF of size XX by XX im<f> PSF <detector>.rma

• Input data issued from RGS Seviri Processing

Directory name Data Type File Name SEVIRI/GSFE SEVIRI solar estimation im<f> GSFE <date> <version>.rma SEVIRI/GTFE SEVIRI thermal estimation im<f> GTFE <date> <version>.rma

• Input data issued from RGS GerbProcessing

Directory name Data Type File Name GPtoRE/ SeviriBand/ SevB SF SEVIRI solar estimation interpolled at GERB time im<f> SevB SF <date> <column>.rma.gz

SeviriBand/ SevB TF SEVIRI thermal estimation interpolled at GERB time im<f> SevB TF <date> <column>.rma.gz

SlowR SF SEVIRI solar estimation at low resolution im<f> SlowR SF <date> <version>.rma

SlowR TF SEVIRI thermalestimation at low resolution im<f> SlowR TF <date> <version>.rma

C TF correction factor first guess for thermal flux im<f> L20 TF <date> <version>.rma

C SF correction factor first guess for solar flux im<f> L20 TF <date> <version>.rma

L20 GERB/ L20 TF GERB thermal flux data im<f> L20 TF <date> <version>.rma L20 SF GERB solar flux data im<f> L20 SF <date> <version>.rma

• Intermediate data (i.e. output of RE part A and input of RE part B)

Royal Meteorological Institute of Belgium GERB

MSG-RMIB-GE-TN-0003 Version 1.1

Directory name Data Type File Name L20 SEVIRI/cS TF correction factor for high resolution thermal flux at GERB time im<f> cS TF <date> <version>.rma

L20 SEVIRI/cS SF correction factor for high resolution solar flux at GERB time im<f> cS SF <date> <version>.rma

• Final output data

Directory name Data Type File Name L20 SEVIRI/L2S TF level 2 high resolution thermal flux im<f> L2S TF <date> <version>.rma L20 SEVIRI/L2S SF level 2 high resolution solar flux im<f> L2S SF <date> <version>.rma

The types are:

1. im for image (IP image)

2. ims for images (IP images)

3. mat for matrix (MP matrix)

4. vec for vector (MP vector)

5. f for float

6. uc for unsigned char

The name of the files follows the convention of the project (MSG-RAL-GE-TN-0008). ¡date¿ is the date description as YYYYMMDDHHMMSS and version is the software version used to generate the data.

These directories will be defines placed on the GERB library file gerb path.h. (TBC) The following directories are used for program management and inter-program intermediate data sharing:

Directory name Type lock Lock for concurrent processing Empty file Remove Link to files that are not needed anymore link bin binaries and cron files

References

[RGP-GP] “RGP: GERB Processing”, L. Gonzalez and A. Hermans, RMIB documentation MSG- RMIB-GE-TN-0006, June 29^{th} 1999.