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ACRONYMS AND ABBREVIATIONS

CEOS Committee on Earth Observation Satellites
DMI Danish Meteorological Institute

EO Earth Observation

FTP File Transfer Protocol

IR Infra-Red

ISO International Organization for Standardization
KIT Karlsruhe Institute of Meteorology

LST Land Surface Temperature

NMI National Metrology Institute

NPL National Physical Laboratory

PTB Physikalisch Technische Bundesanstalt

SST Sea Surface Temperature

Sl Systeme Internationale

WGCV Working Group for Calibration and Validation
WST Water Surface Temperature
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1. INTRODUCTION

The measurement of the Earth’s surface temperature is a critical product for meteorology and an
essential parameter/indicator for climate monitoring. Satellites have been monitoring global surface
temperature for some time, and have established sufficient consistency and accuracy between in-flight
sensors to claim that it is of “climate quality”. However, it is essential that such measurements are fully
anchored to SI units and that there is a direct correlation with “true” surface/in-situ based measurements.

The most accurate of these surface based measurements (used for validation) are derived from field
deployed IR radiometers. These are in principle calibrated traceably to Sl units, generally through a
reference radiance blackbody. Such instrumentation is of varying design, operated by different teams
in different parts of the globe. It is essential for the integrity of their use, to provide validation data for
satellites both in-flight and to provide the link to future sensors, that any differences in the results
obtained between them are understood. This knowledge will allow any potential biases to be removed
and not transferred to satellite sensors. This knowledge can only be determined through formal
comparison of the instrumentation, both in terms of its primary “lab based” calibration and its use in the
field. The provision of a fully traceable link to Sl ensures that the data are robust and can claim its status
as a “climate data record”.

The “IR Cal/Val community” is well versed in the need and value of such comparisons having held
highly successful exercises in Miami and at NPL in 2001 [1, 2] and 2009 [3, 4]. However, six years had
passed and it was considered timely to repeat/update the process, which was started in 2016. The 2016
comparison consisted of five stages:

i Laboratory comparisons of the radiometers and reference radiance blackbodies of the
participants.

ii. Field comparisons of Water Surface Temperature (WST) held at Wraysbury fresh water
reservoir, near NPL.

iii. Field comparisons of Land Surface Temperature (LST held on the NPL campus.

iv. Field comparisons of Land Surface Temperature (LST) held at the Research Centre on the
Namib plain, Gobabeb in Namibia in 2017.
V. Field comparisons of Ice Surface Temperature (IST) held in the Arctic.

During the 2016 comparison, NPL served as the pilot laboratory, supported by PTB, and provided
traceability to Sl units during laboratory and field comparisons at and around NPL. This document
describes how the calibration and verification data of the laboratory FRM TIR radiometers and
blackbodies will be collected and archived, following good data stewardship practices, which will
provide access to records of research on request.

NPL, the UK national metrology institute (NMI) as pilot for the 2016 laboratory comparisons was
responsible for inviting participants and for the analysis of data, following appropriate processing by
individual participants. NPL, as pilot, was the only organisation to have access and to view all data
from all participants. This data remained confidential to the individual participants and NPL at all times,
until the publication of the report showing results of the comparison to participants.

2. HOW TO SAVE THE MEASUREMENTS OF THIS COMPARISON

The aim of this report is to describe how to archive the FRM TIR radiometer and blackbody calibration
and verification data. The archive should follow good data stewardship practices and provide access to
the records on request or by authentication using a sign-in protocol, in the form of a username and a
password.
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The activity of maintaining and providing access to EO datasets is widespread. There are a number of
professional bodies such as UK NEODC and Ifremer of France which offer this service, thus ensuring
data integrity, managed access, etc. However, the data which will be acquired and stored under the
current project is limited compared to those which are available from EO instruments. The number of
participants is relatively small so this task should be considerably simpler compared to the storage and
the provision of access of satellite EO data.

After considering the various methods of storing and retrieving the data, it was concluded that this task
can be successfully addressed using a File Transfer Protocol (FTP) server. This has the advantage of
being simpler to control and administered compared to using a professional data storage organization. It
will also be considerably less expensive. NPL already has FTP servers aiding a number of different
projects. The data will be regularly backed up and the maintenance of the server will be done by people
familiar with the files stored and their contents.

It is proposed that a summary of all the results of measurements which are made as part of the comparison
will be included on the comparison website http://www.frm4sts.org/ under the “Data Resources” menu,
and in the “FRM4STS — Results Database” directory, with links to the underpinning full raw data set
saved on the FTP, the latter being password protected to the participants of the comparison. The data
will be saved under an FTP server which will allow the transfer of data files from the host to another
host over the internet. Data can be accessed after the FTP user authenticates himself using a sign-in
protocol, in the form of a username and a password.

There are alternative ways of saving the data/results of this comparison such as using SharePoint. Office
365 provides SharePoint as a service, however, the installation of SharePoint typically requires multiple
virtual machines, at least two separate physical servers and requires a somewhat significant installation
and configuration effort. Some of the participants may not have the required software to access the data
stored on a SharePoint platform.

Data stored on an FTP server will be easy to find and accessed by authorized users. Data stored on an
FTP server will be available to authorized users free of charge.

The database which will be saved under this directory will be divided into five main sections
corresponding to the five main activities of this comparison. These sections are:

i Laboratory comparison of radiometers and blackbodies of participants.
ii. Water Surface Temperature (WST) comparison at Wraysbury reservoir.
iii. Land Surface Temperature (LST) comparison at NPL.

iv. Land Surface Temperature (LST) comparison in Namibia.
V. Ice Surface Temperature (IST) comparison in the Arctic
Vi. Land Surface Temperature comparison in Namibia

Each Section will have its own directory which will be populated with the results of the current round
of comparisons relevant to that Section. So there will be a directory containing the results of the
laboratory comparison of the blackbodies and radiometers of the participants, another containing the
results of the WST comparison at Wraysbury reservoir, etc. When the button representing the
measurements of the laboratory comparison of radiometers of the participants is selected, the list of all
the participants which took part in this comparison will be shown in alphabetical order (see Figure 1).
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Figure 1: Layout of the database showing how the measurements of the comparison will be stored.

When a particular participant option is selected, it will open a directory which will show the
measurements of the comparison associated with that particular participant. This directory will be sub-
divided into two directories, the first dedicated with the results of the laboratory comparison of the
radiometer of that particular participant, while the second deals with the results of the laboratory
comparison of the blackbody of the same participant (see Figure 1). Participants which do not take part
in the blackbody laboratory comparison, will not have any data under the blackbody laboratory
comparison option. Selection of one of these two options (radiometer or blackbody laboratory
comparison) will show sub-directories corresponding for the different temperatures under which the
laboratory comparison of the radiometers or the blackbodies were done. For example, selection of the
radiometer laboratory comparison option will show three (or more, depending on the number of
blackbody temperatures measured) directories, the first containing the measurements corresponding to
the reference blackbody operating around 10 °C, the second containing the measurements corresponding
to 20 °C, the third contains the measurements corresponding to 30 °C, etc. Similarly, selection of the
blackbody laboratory comparison option will also show three (or more) directories, the first containing
the measurements corresponding to 10 °C, the second containing the measurements corresponding to 20
°C, the third contains the measurements corresponding to 30 °C etc.

Page 11 of 16



‘\‘ temperature

¢ i fiducial reference OFE-D-110-V1-Iss-1-Ver-1
measurements

Selection of the radiometer laboratory comparison option containing the measurements corresponding
to a particular blackbody temperature, e.g. 20 °C, will show two or more options, depending on how
many measurements were repeated by that radiometer monitoring the reference blackbody at 20 °C.
Selection of the first option will show a list of excel files associated with first set of measurements done
by that radiometer monitoring the reference blackbody at 20 °C. These files will include:

I. The raw data (provided by the participant) of the first set measurements which they did on
the reference blackbody at 20 °C. This file will consists of a table with at least three columns.
The first column will be showing the UTC time at which the measurement was done, the
second column will show the brightness temperature of the blackbody as measured by the
test radiometer and the third column will show the combined uncertainty of the
measurements, estimated by the participant. The average value of the measurements of the
brightness temperature made by the test radiometer will also be given in this file. The title
of this file will include information such as the date on which the measurements were done,
the temperature and humidity prevailing in the lab while these measurements were being
acquired, etc. This file will also show graphical plots of the measurements made by the
participant as a function of time.

ii. The corresponding measurements of the brightness temperature of the reference blackbody
made by the pilot. This file will also consists of a table with three columns. The first column
will be showing the UTC time at which the measurement was done, the second column will
show the brightness temperature of the reference blackbody as measured by the pilot, while
the third column will show the combined uncertainty of the measurements shown in the
second column, estimated by the pilot. The average value of the measurements of the
brightness temperature of the reference blackbody over the measurement period will also be
given in this file. This file will also show graphical plots of the blackbody brightness
temperature made by pilot, as a function of time.

iii. The files shown in the same directory will also include a summary file which shows the first
set of measurements made by the participant at 20 °C, alongside the corresponding
measurements of the reference blackbody reported by the pilot, along with the associated
uncertainties of the two measurements. This file will also show graphical plots of the
measurements made by the participant, as well as the actual brightness temperature of the
reference blackbody, as measured by the pilot. Figure 2 shows a typical plot of the
measurements made by a participant radiometer along with the actual brightness
temperature of the reference blackbody which was being monitored. The average value of
the measurements made by the test radiometer and the corresponding average value of the
actual blackbody temperature will also be given. The difference between the two average
values will also be given, to indicate the “error” with which the test radiometer measures
the brightness temperature of the reference blackbody at that particular temperature setting.
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Figure 2: Typical plots of the measurements made by every participant radiometer along with the
actual brightness temperature of the blackbody which was being monitored. Figure 2 shows how the
measurements will be presented graphically.

The website reports will show tables which summarise the differences/“errors” of the measurements
made by participating radiometers of the brightness temperature of the reference blackbody at different
temperatures from the actual blackbody cavity temperature and provide reports also peer reviewed
publications of the various comparisons. Table 1 shows an example of such a Table from the 2009
radiometer comparison which was completed at NPL [3]. Finally the website will show these differences
in a graphical presentation; Figure 3 shows the plot of the differences of the mean of the radiometer
readings from the mean of the temperature of the NPL reference blackbody during the same period (blue
circles). The blackbody was maintained at a nominal temperature of 10 °C during the acquisition of the
measurements shown in Figure 3. The red squares in the same Figure show the points corresponding to
when the University of Miami blackbody (also maintained at a nominal temperature of 10 °C) was being
viewed by the same radiometers.
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Table 1: Difference of the mean of the measurement of the brightness temperature of the NPL
reference blackbody completed by the participants during the 2009 comparison at NPL from the actual
blackbody temperature. Similar tables will be created for the 2016 laboratory comparison activities.

Set NPL VTBB NPL VTBB Set NPL VTBB NPL VTBB
Temperature 1st measur. 2nd measur. Temperature 1st measur. 2nd measur.
°c mK mK °c mK mK
GOTA 30 1147 Valencia DEPT 30 -108
8-14 pm 20 9 79 CE312-1-Unit 1 20 118 79
10 -1276 -1165 10.7 pm 10 321 292
B -2137 5 416
GOTA 30 67 Valencia DEPT 30 -160
11.35 ym 20 189 189 CE312-1-Unit 1 20 221 160
10 254 235 12 ym 10 464 442
5 293 5! 701
GOTA 30 87 Valencia DEPT 30 66
10.65 pm 20 199 139 CE312-1-Unit 1 20 82 101
10 204 185 10.8 pm 10 140 145
5 243 5} 208
GOTA 30 -43 Valencia DEPT 30 372
9.1 ym 20 169 109 CE312-1-Unit 1 20 83 104
10 54 185 8.8 pm 10 -179 -154
5 253 5 -209
GOTA 30 -93
8.7 ym 20 169 129
10 74 185
5 253
Canary 30 47
8.3 um 20 149 169
10 44 125
5 133

RAL 30 -24

SISTER 20 -25 -33
10 -16 -19

Southampton 30 6

ISAR 20 126 28
10 87 69
5 77

ouc 30 59 48

ISAR 20 94 64
10 145 136
5 237 279

KIT 30 190 152

Heidronics 20 30

KT - 15 10 -208
5 -632
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Figure 3: Plot of the mean of the differences of the radiometer readings from the temperature of the
NPL reference blackbody (blue circles), maintained at a nominal temperature of 10 °C, obtained
during the 2009 comparison. The red squares show the points corresponding to the University of

Miami blackbody. Similar plots corresponding to the 2016 comparison will be shown on the
comparison website.
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