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GSICS UV sub-group:

GOME-2 hyper-spectral
radiances for cross-calibration
and calibration of imager data

Rose Munro, Riudiger Lang, Gabriele Poli, Antoine Lacan, Christian
Retscher, Michael Grzegorski, Alexander Kokhanovsky, Rasmus
Lindstrot, Richard Dyer and Ed Trollope
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GSICS UV sub-group

Preliminary ideas on working topics

2013-11-13 : First meeting - Formation of GSICS UV sub-group
2014-12-16: Selection of UV-chair (Rose Munro, EUMETSAT)

Preliminary ideas for working-targets:

« Reflectivity and Aerosol Index comparisons (340 nm - 390 nm) by using
vicarious methods for ocean, desert and ice sheet targets.

» Solar measurement comparisons by using high resolution reference data
sets along with instrument band-passes and Mg Il scale factors.

« Comparisons of radiance/irradiance measurements (240 nm — 290/340
nm) by using initial measurement residuals with respect to a priori ozone
profiles

* Identify calibration requirements and capabilities
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GOME-2 hyper-spectral radiances for (inter-)calibration

Outline

« GOME-2A / GOME-2B calibration

e GOME-2 / OMPS NPP calibration

« GOME-2 / AVHRR Metop calibration

* GOME-2 Metop / Seviri MSG calibration

* AVHRR calibration of GOME-2 pointing and FOV

52152 & EUMETSAT
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Timelines for the Metop / GOME-2 level 1 products

Processor versions: Reprocessed and NRT data

* Metop-A GOME-2 (FM3) launched in Oct 2006
» Metop-B GOME-2 (FM2) launched in-orbit 17t September 2012
» Metop-C GOME-2 (FM1) 2018 (TBC)

R2

Metop-A /| GOME-2 level 1 processor

UEIRRY | o i 5.3.0/6.0.0
]

Metop-B / GOME-2

Metop-B version 5.3.0/6.0.0
Metop-C
Jan 2012 Today 2017/2018
Jan 2007 Sep 2012 > $Sh cs :
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Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B measurements — co-locations

10th January 2013
Co-locations FM2 (M01) vs FM3 (M02) residuals for MO1 +-48.2 min-shift viewing
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Metop-A/B GOME-2 inter-calibration

Earthshine measurement co-location FM2 to FM3 / Co-location criteria

Intersection M01/M02 GroundTrack Lat -82.9436 Lon: 82.5143 20121125162955 20121125163255
70 ¢

- M01
 — Mo2 |
il N Metop-A (M02): FM3
N ’/’;}” Metop-B (M01): FM2
L/ Y
74} N Y
A
A
A/ /]
/ N
| :". \' A"i"/"‘
2 \',’" A Co-location criteria:
3 A / L}"“’
78+ £y A/ o
* Area overlap > 80%
A » Geo. AMF diff < 2%
80 * Relative O, A-Band
residual (ROR)
smaller than
-82 1 . . . .
Time difference: empirical threshold
- 49 min (half an orbit)
84l L 1 1 1 ! 1 L 1 )
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Longitude

s o EUMETSAT

11th CEOS-ACC, Frascati, 2015 Slide: 7



Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B reflectances and residuals

Comparison of GOME-2 calibrated Spectra M01/M02
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Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B residuals /
Global average with background subtracted

Avg. lin. background subtracted FM2 (M01) vs FM3 (M02) residuals
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Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B residuals /
Interpretation with forward model — V-LIDORT

Wh’;” instr Um/i’” moael contributes What | ot yup:  Residual Metop-A with V-LIDORT
lo the residual: Residual Metop-B with V-LIDORT

Residuals GOME2 M02 and MO1 vs. VLIDORT 201301100817587 sahara
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Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B residuals /
Interpretation with forward model — V-LIDORT

Residual Metop-B with V-LIDORT Residuals between Metop-A and
Residual Metop-A with V-LIDORT Metop-B

Avg. lin. background subtracted FM2 (MO1) vs FM2 (MO2) residuals
v T T T T

Residuals GOME2 M02 and MO1 vs. VLIDORT 201301100817587 sahara
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- » Broad-band structure in Metop-A channel 3
« Small-scale structures in Metop-B channel 3
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Metop-A/B GOME-2 Radiometric accuracy and calibration

Earthshine co-located Metop-A/B residuals / Background-subtracted
plus degradation residual from Metop-A

Lin. ba
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— Avg. M01/M02 Sahara box residual
==== FM3 degradation backg. sub. betw: 20121225093715 and 20070225090652

Background subtracted co-located Metop-A/B residual
Background subtracted degradation residual
Metop-A (Jan 2012 — Jan 2007)
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Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B residuals / Background-subtracted
plus degradation residual from Metop-A subtracted

FM3 degradation subtracted FM2 (M01) vs FM3 (M02) avg. residual for Sahara box 20121225084918
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‘ =— Avg. M01/M02 Sahara box residual / FM3 degradation removed

Background subtracted co-located Metop-A/B residual
without the temporal degradation contribution of Metop-A

See also following talk by X. Wu et al

200

11th CEOS-ACC, . .uceuuy mv v

300

400 500 600 700 800
Wavlength [nm]

ETSAT

- IIvIwE 1w



Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B residuals / Background-subtracted
plus degradation residual from Metop-A subtracted

After subtracing GOME-2 /MetopA long-term degradation
residuals most of the remainder in the spectral structure

FM3 degradaﬂon subtracted FM2 (b

- can be associated to GOME-2 / Metop-B
D4 siduals GOME2 M02 and MOL vs. VLIDORT 201301100817587 sahara
|

0.03F lm%
i LMW/\

: 0_ & bt o . I FY - - il
0.01F
-0.02_ - :. ] M R
-0.03 _D 10 I l |L
o0al 200 300 400 500 600 700 800

' [nm]

-0.05

I I I | |
200 300 400 500 600 700 800
Wavlength [nm]

» Metop-B spectral structures will be
addressed in forthcoming processor
version 6.1.0 (June 2015)
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Metop-A/B GOME-2 / OMPS

Wu et al., JGR, 2014

NPP/Metop-A/B SNRs

Northern Hemisphere Northern Hemisphere

Red line: METOP-A Biue line: NPP Red line: METOP-B Blue line: NPP

Courtesy Wu et al., JGR, 2014, NOAA/NESDIS
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Metop-A/B GOME-2 / OMPS

Wu et al, JGR 2014

GOME-2 Metop-A GOME-2 Metop-B
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GOME-2/AVHRR reflectivity inter-calibration
AVHRR ch 1/ Metop-A

AVHRR ch1
response function

GOME-2 Ch:4 (Band 6)

GOME-2 Ch:3 (Band 5) 1024 measurements
1024 measurements

AVHRR channel 1 response function [weights]
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GOME-2 / AVHRR reflectivity inter-calibration

AVHRR ch 1/ Metop-A

AVHRR (ch1) / GOME-2 co-located reflectancies [-] 20110821091459 20110821091759
T I I D

AVHRR channel 1 to

i GOME-2/Metop-A gain
in reflectivity ~10%

— (AVHRR < GOME-2)

0.4
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0.35 - offset: 0.006

r?=0.999 o
2 Results indicate that
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| quite stable from
2007 to 2011.
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GOME-2 / AVHRR reflectivity inter-calibration

AVHRR ch 1/ Metop-A

AVHRR (ch1) / GOME-2 co-located reflectancies [-] 20130405043258 2013040506145
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GOME-2 Metop-A degradation component modelling

Sahara — Reflectivity Degradation / AVHRR chl-domain

R2 campaign
: - o - e Jan 2007- Jan 2012
i GOME-2/Metop-A: Relative reflectivity degradation at specific Wavelength. Sahara OPS phase (same PPF 5.3)

Wavlength: 600 nm Jan 2012 - Oct 2013
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Wavlength: 680 nm
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GOME-2/AVHRR reflectivity inter-calibration

AVHRR ch 1/ Metop-A

AVHRR (ch1) / GOME-2 co-located reflectancies [-] 20130405043258 20130405061458
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GOME-2/AVHRR reflectivity inter-calibration

AVHRR ch 1/ Metop-A

AVHRR (ch1) / GOME-2 co-located reflectancies [-] 20130405043258 20130405061458
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GOME-2 / Seviri reflectivity inter-calibratio

SEVIRI chl/ MSG-2 — preliminary results

0.4 I I I I I 1

Seviri ch1
response function

OME-2 Ch:4 (Band 6)

GOME-2 Ch:3 (Band 5) 1024 measurements
1024 measurements
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MSG-2 channel 1 response function [weights]

GOME-2 Reflectance channel 3 and 4 [ n/cos() I/I0 ]
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GOME-2 / Seuviri reflectivity inter-calibration

SEVIRI chl/ MSG-2 — preliminary results

GOME2--MSG reflectancies vis0.6 channel [%] 20110728050255 20110728150255

[¥Y] Y.

PPNy o an =
ou vy oUWV U oU ou

78 N Sy = - Co-location of GOME-2
5 S S Metop-A with Seviri / MSG
data.

Wi Py BEe SRy S Spatial collocation:
: = e | - Average of all Seviri
{ O measurements (~4km) in
o |} —— . one GOME-2 ground pixel
| oW (40 by 80 km)

15° S L J ............. ...............

ST % o Temporal collocation:

45" 5ok ol 4 } ! e Within +- 15 min of

60" S| | = .......... ; senSIng tlme'

7503 .......... ................ .............. ............... ................. ............ NO Spatlal allaSIng
correction

-100 100

EUMETSAT

1L U O



GOME-2/Metop-B reflectivity inter-calibration

SEVIRI chl/ MSG-3 — preliminary results

GOME?2 M01--MSG3 reflectancies vis0.6 channel [%] 20130107092843 20131122093043
MSG3 vis0.6 reflectancies co- 1107092843 20131122093043
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Residual MSG-3 /Seviri vs GOME-2 / Metop-B [%]
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GOME-2/Seviri reflectivity inter-calibration

SEVIRI chl/ MSG-3 vs GOME-2/Metop-B — preliminary results

MSG3 (visOl.G)/GONlIE-z M01|co-locate:d reflectzlmcies -] I201301()7|’092843 %0131122?93043 MSG-3 / Seviri ch 1 to
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GOME-2 pointing and Geo-referencing

Forward and Back-scan — spatial aliasing /
preliminary results!

GOME-2 scanning: forward scan nadir viewing pixel
Using _ Plot shows:
accumulated 80 ol i x10° o Area of
AVHRR highest
channel 1 _ 40 correlation
radiances, g (colored)
convolved with & %
spectral b * Geo-
response = reference
function within 5 20 footprint of
reported geo- - one pixel as
location of one =38 reported in
GOME-2 = GOME-2 level-
ground pixel -80 60 -40 -20 0 20 40 60 80 1 product
across track distance [km] (black square)
Courtesy: H. Sihler, MPIC, Mainz A _SICS
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GOME-2 pointing and Geo-referencing

Forward and Back-scan — spatial aliasing /
preliminary results!

GOME-2 scanning:

Using
accumulated
AVHRR
channel 1
radiances,
convolved with
spectral
response
function within
reported geo-
location of one
GOME-2
ground pixel

forward scan nadir viewing pixel

along track distance [km]

-60

pixel #12, m = 100000, tol = 3e-5

-40 -20 0 20 40

across track distance [km]

60

80

x 107
35

3

12.5
12

11.5

Plot shows.
» Area of
highest
correlation
(colored)

» Geo-
reference
footprint of
one pixel as
reported Iin
GOME-2 level-
1 product
(black square)

Corrected according to detector read-out timing: spatial aliasing
Courtesy: H. Sihler, MPIC, Mainz

11th CEOS-ACC, Frascati, 2015
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GOME-2 pointing and Geo-referencing

Forward and Back-scan — spatial aliasing /

preliminary results!

Using
accumulated
AVHRR
channel 1
radiances,
convolved with
spectral
response
function within
reported geo-
location of one
GOME-2
ground pixel

pixel 23 — western swath edge

along track distance [km)

pixel #23 (all), m = 100000

-60
-80 -60 -40 -20 0 20 40
across track distance [km]

60

x 107
4

Distorted (squeezed) Western pixel because of scan

mirror turn during detector read-out
Courtesy: H. Sihler, MPIC, Mainz

11th CEOS-ACC, Frascati, 2015
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ISRF Iin-orbit monitoring — FM2/FM3

FWHM FM2/FM3 from on-board spectral light source — Long

FWHM rel. change 20121201112232 to 20140630105105
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Goniometry: Angular dependence for Solar Measurements
(AIRR)

Comparison between current key-data and high res. angle grid

MME, . Channel 1at310 nm
_The Angular depen_dence _of - Lirr : FM3 on-ground
irradiance on the diffuser in J -
) ; M key-data
elevation and solar azimuth 5 sl

- | -

» difficult to measure on-
ground (long-measurement v
period / in vacuum) Uy s

. . Solar azimuth angle
Inb;illtg(l?l?za(‘:taan derlve It from MMEneWHrrChanneI 1at310 nm
i x10" | In-flight data
1 year of in-flight data |
needed

Of relevance also for
other current and future
missions!

Solar azimuth angle Elevation angle

& EUMETSAT
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Application of in-orbit derived slit-function

745 nm
%10 GOME-2 M02 SMR signal at 745 nm
= : 0.165
% S Rz PPF 5.3.0 I
g —— With Inflight BSDF
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= 2
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S £
2 &
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=
o
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= | | | 0.15
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AOD / volcanic ash retrieval from two Metop — PMAp

Multi-sensor aerosol properties retrieval using
GOME-2 PMDs (1,q), AVHRR and IASI

PO 1sofw 120 W 90" W sn‘.’w 30 W 0 30E so_‘E su.’E 120 E 15q’E 180 E GOME-2 PMD -
: e e m—— ground pixel sizes
M T L T~ v j
_ 1/7‘ }.?qu’\*e/ T Metop-B: 10 by 40 km
A ACNT e -y Metop-A: 5 by 40 km
= 2T 5 S PP b, GOME-2 PMD

_ AVHRR
/ Proposal to implement:

- AVHRR chl cal. (using GOME-2)
AVHRR ch4/5 cal. (using 1ASI)

; In the operational PMAp co-location framework

- J - 5 as GSICS operatlonal cal. coefﬂment products

i R 1g -

P@Ap Aeros Optical De‘pth and volcanic ash %4 N COME-2-FMp
from GOME-2 (Polarlsatfon Measurements) /l1ASland '

s AVHRRM T R k |

— -

0z 0.3 0.4 0.5

o
e




AOD / volcanic ash retrieval from two Metop — PMAp

Multi-sensor aerosol properties retrieval using
GOME-2 PMDs (1,g), AVHRR and IASI
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PMAp data available at: www.eumetsat.int > Data > Product Navigator
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Summary

GOME-2 inter-calibration (AVHRR/Seviri/PMAp)

« GOME-2 / Metop-A channel 3/4 vs AVHRR / Metop-A
channel 1
Scale factor of 0.89

(2007 to 2011, 2011 to 2013 after correction of GOME-2 data, spatial
aliasing accounted for by empirical correlation optimisation)

« GOME-2 / Metop-B channel 3/4 vs Seviri /| MSG-3 channel 1
Scale factor of ~0.92
(2013, no correction of GOME-2 data, no spatial aliasing)

« PMAp: GOME-2/(IASI) AVHRR inter-calibration
Towards continuous (operational) calibration for consistency with
GOME-2 main science channels

 AVHRR inter-calibration of GOME-2 geo-reference data
Calibrating aspects of spatial aliasing and its radiometric effect in
GOME-2 radiances by using AVHRR co-relation ;t{g;iatics

22152 & EUMETSAT

11th CEOS-ACC, Frascati, 2015 Slide: 35 P



PMAp — Multi-sensor co-location for aerosol
optical depth retrievals

Spatial Spectral
resolution range
GOME  Main science 80 x 40 km 240nm -800nm,  AAl, low spatial
channel res. 0.25-0.5nm  resolution, not used
Polarization 10 x 40 km Metop- 311nm-803nm, AOD, aerosol type, AAI
Monitoring Device B 15 bands

5 x 40 km Metop-A

AVHRR - 1.08 x 1.08 km 580nm-12500nm, Clouds, scene
5 bands heterogeneity, dust/ash
IASI - 12km (circular) 3700-15500nm,  desert dust, volcanic ash
resolution 0.5 cm- aerosol heights
1
Auxiliar ECMWF wind Temporal - Required for retrievals
y data speed interpolation over ocean
(forecasting) necessary
surface albedo, - Target spatial resolui@juired for retrievals

Surface elevation over land



PMAp - Multi-sensor co-location for aerosol optical depth retr

The GOME-2 Polarisation Measurement Devices

Band-S

No. pix1
1 22
2 30
3 37
A 50
5 57
6 84
7 102
8 117
9 138
13 198
14 218
15 224

11t CEOS-ACC, Frascati, 2015

H O

wav1

311.709
316.762
321.389
330.622
336.037
360.703
380.186
399.581
434.083

617.867
744.112
794.080

Slide: 37

wav2

314.207
318.720
329.139
334.443
340.161
377.873
383.753
428.585
492.066

661.893
768.269
803.072

 Radiances & stokes
fraction

» better spatial resolution

» stokes fraction s = Q/I

P Polarisation Channel
5 Polarisation Channel

Detectar Disperser
= 4

Dispirser

Focusing
Ohjective

To Main Channals i ! f

"! i

From F = 200 Parabolic Mirror
Mamﬂe
Pre-disperser Brewster i

Prism i Double Brewster
Aperiure Stop Prism

& EUMETSAT



PMAp — Multi-sensor co-location for aerosol optical depth retrievails

The GOME-2 PMD / AVHRR / IASI co-location

AVHRR collocation:
an AVHRR pixel is
collocated to a GOME-2
PMD pixel if it Is inside
the GOME-2 pixel

Spatial aliasing due to
read-out timing of
detectors is taken into
account!

IASI collocation:
a I1ASI pixel may span
up to 6 GOME-2 PMD
pixels. Which GOME-2

pixel should it be
collocated to?

11th CEOS-ACC, Frascati, 2015 Slide: 38
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PMAp — Multi-sensor co-location for aerosol optical depth retri

Towards continuous calibration of AVHRR channels

For PMAp a consistent and continuous

AVH RR _ GOM E'2/IASI rad Iom etrIC 1) “"""'"r':“""uw"nm'“m"mm'”mwwmm:“;:;? AVHRR vs GOME_Z:
inter-calibration is needed! | A" Use GOME-2
Main channels to
calibrate AVHRR

AVHRR channels i ch1and 2

Central Wavelengt | -

wave- h range Sl

length[pm] [HM]
1 0.630 0.580 - 0.680 2) el COrrectPMDsusingMSC - GOME-2

' ' PMD vs Main
2 0.865 0.725 - 1.000 channels
i, (MSC):
3A 1.610 1.580 - 1.640 ) Make PMDs
3B 3.740 3.550 - 3.930 consistent
£ g with main
4 10800 10300' Science
11.300 —— s %% «channel
5 12.000 11.500- | | o radiances
12.500
] 3) AVHRR vs IASI:

——> Use IASI to calibrate AVHRR ch 3to 5

11th CEOS-ACC, Frascati, 2015 Slide: 39 e E U M ETSAT



GOME-2 pointing and Geo-referencing

Forward and Back-scan — spatial aliasing

GOME-2 scanning: 4 seconds forward direction (24 pixel)
2 seconds backward direction (8 pixels)

/ N — GOME-2 ground—track‘
GOME-2 |/ — — swath edges |
flight-direction/ = pixel of interrest
| / /
I /
/ |
/
W #,23 i | E
[ 27 c?' 0
/
I Qf31
=5
I / /
/ s /

Courtesy: H. Sihler, MPIC, Mainz @%’?ﬂg&% e EUMETSAT

11th CEOS-ACC, Frascati, 2015 Slide: 40



GOME-2 Metop-A degradation component

modelling

R2 campaign
Normalised Earthshine & SMR Correction Coeff. over Viewing Position Ch.: 4 at 640 nm Sahara Jan 2007- Jan 2012
5 af ' ' ' ' e OPS phase (same PPF 5.3)
9 — | —%— 20080201 Jan 2012 - Oct 2013
= —¥— 20091001
8 il —— 20111201 ||
5 * SMR g
£ osf 1 Reflectlvt_ly
£ Degradation
Ltl‘j_ 04 —
=
5 640 nm
= 0.2 | | | |
0 5 10 15 20 25
Viewing Position [#] Over all
Normalised Reflectivity Correction Coeff. from Earthshine/SMR over Viewing Position Ch.: 4 at 640 nm Sahar GOME-2 viewin g
= T T T T
o
g 115 i ang les
S 1.1k 7
> at
> 1051 |
O
= L e Jﬂgﬁ |
g R e 2008/02/01
o
c 095 . 2009/10/01
s ., . | . . 2011/12/01
0 5 10 15 20 25

Viewing Position [#]

3152 2 EUMETSAT
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Metop-A/B GOME-2 inter-calibration

Earthshine measurement co-location to Metop-A / FM3 / Radiances

Comparison of GOME-2 calibrated Spectra M01/M02
14

Mo2
l.-.,—-ur-r",,’..; BASA SAlESS s 'r"""‘"”-—"—f'_'
13 MOT | e AT i
).I

12}
7

1M /."

log, ,[photons/(nm cm? sec sr)]

250 .360 350 460 4&0 560 5!;0 660 séo 760 750 860
Relative difference M02 -- MO1

I
e pr—

Radiance residuals are
dominated by FM3
degradation signature

"

- Area Overlap: 85.71% / Geo-AMF diff.: -1.77% / ROR: 0.25 |

500 S50 600 650 700 750 800
Wavelength [nm]

wiamrme v cum el SAT

r-Cal

11th CEOS-ACC, Frascati, 2015 Slide: 42



Metop-A/B GOME-2 inter-calibration

Earthshine co-located Metop-A/B residuals
Background predominantly from Metop-A degradation

FM2 (M01) vs FM3 (M02) avg. residual for Pacific box 20121226184917
07 Example for an

m— AvQ. global co-located M01/MO02 residual ave rag e over

=== Avg. MO1/MO02 Pacific box residual .

multiple FM2/FM3
residuals in
reflectivity.

05

04+
Prelim. Approach:

A linear background is
subtracted per channel to
account for the difference in
reflectivity-degradation and
for broad-band differences in
the different observed
atmospheric paths per
instrument.

‘ Looking for the

small scale
iy structures per
channel

0.3

0.2+

0.1+

0.1}

0.2+

-0.3
200 300 400 500 600 700 800

ez o EUMETSAT

11th CEOS-ACC, Frascati, 2015 Slide: 43



GOME-2/Metop-B reflectivity inter-calibration

SEVIRI chl/ MSG-3 — preliminary results

MSG3 (vis0.6) / GOME-2 M01 co-located reflectancies [-] 20130107092843 20131122093043 MSG-3 / Seviri ch 1 to

25 ‘ | ‘ |

GOME-2/Metop-B
gain in reflectivity
» ~8.5%
(Seviri < GOME-2)

B ol | 1st Jan to 22" Nov
3 2013

[ap}

O]

e}

E. 10} o

= | VN AT No spatial aliasing
2 correction yet
g I

E . -
& No correlation with

SZA found

| | | |
01/2013 04/2013 0712013 10/2013 01/2014

Date

& EUMETSAT
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GOME-2 pointing and Geo-referencing

Forward and Back-scan — spatial aliasing

GOME-2 scanning: 4 seconds forward direction (24 pixel)
2 seconds backward direction (8 pixels)
/ N — GOME-2 ground—track‘
GOME-2 [/ — — swath edges |
flight-direction/ —— pixel of interrest
[ /
/ I
/ [
/
W /[:,23 = | E
l 27 ::7' 0
/
I Q:/31
/
I / /
/ s l

Courtesy: H. Sihler, MPIC, Mainz @%’?ﬂg&% e EUMETSAT

11th CEOS-ACC, Frascati, 2015 Slide: 45



GOME-2 Metop-A degradation component modelling

Sahara reflectivity — spectral and temporal domain

Wavelength [nm]

=W ITMANINIy 1]

Normalised and Spectrally smoothed Trend Reflectivity FPAs View Pos: 1 Sahara

750

700

650

600

550

500

400 |

350

250

1.15

|

- —1.05

= —0.95

0.9
oo .
e 0.8
08/04/02 09/08/15 1011228 12105011
Date yy/mm/dd

agowvdtily &V iV

WIITUG: TV

R2 campaign

Jan 2007- Jan 2012

OPS phase (same PPF 5.3)
Jan 2012 - Oct 2013

Reflectivity Trend
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