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IR Sounder Upper Tropospheric Humidity BT CDR
(01B-03)
User Guide

1. Document Purpose
1.1 Intent

This document is intended for users who wish to use the IR Sounder Upper Tropospheric Humidity
Brightness Temperature (UTHBT) CDR. Users are not expected to be experts in the data. This
document summarizes essential information needed to understand the context of the dataset
observations and issues that affect its fitness for purpose. References at the end of this document
provide additional resources and information.

1.2 Dataset information

Dataset name and version: IR Sounder Upper Tropospheric Humidity BT CDR, v4.0
Digital Object Identifier (DOI): doi:10.25921/mwe8-7¢12

Email address: ir.sounder.uth.bt.contacts@noaa.gov
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2. Revisions
2.1 Document revision history
Revision Date Summary of changes
Number
0 09/23/2025 | First release of user guide describing version v04r00 (or v4.0).

2.2 Dataset history

The IR Sounder Upper Tropospheric Humidity BT CDR was first released in 2010 with the product
name of HIRS Channel 12 Brightness Temperature CDR. The following lists the product’s major
releases:
o September 2010, v02r01. Initial release as “HIRS Channel 12 Brightness Temperature CDR".
Inter-satellite calibration is performed as a function of scene brightness temperature, based on
HIRS on satellites TIROS-N and NOAA-6 through NOAA-17.
e March 2015, v03r00, inter-satellite calibration between NOAA-14 and NOAA-15 was updated
along latitude belts. Metop-A HIRS measurement was added to the time series.
o February 2023, v04r00. The product was renamed to “IR Sounder Upper Tropospheric Humidity
Brightness Temperature CDR”. Measurements from NOAA-19 and Metop-B were added. The
time series is further extended with IASI simulated HIRS channel 12 measurement.

3. CDR Overview
3.1 Summary of the dataset

The IR Sounder Upper Tropospheric Humidity Brightness Temperature (UTHBT) CDR is based on the
high-Resolution Infrared Sounder (HIRS) suite of intersatellite calibrated channel 12 brightness
temperature and from the Infrared Atmospheric Sounding Interferometer (IASI) measurement that is
used to derive equivalent HIRS channel 12 BT. The channel is designed to measure upper tropospheric
humidity. Cloud-screening is performed and clear-sky pixels are used to generate the product. This
dataset has supported numerous studies on the upper tropospheric humidity variability and its
relationship with large-scale atmospheric circulations. Monitoring of upper tropospheric humidity is also
crucial to determining one of the strongest positive (amplifying) feedbacks contributing to anthropogenic
warming due to its powerful greenhouse effect.

With the aging and failure of HIRS instruments, there is a need to use new satellite measurements to
extend and continue the time series. We are using the IASI to produce HIRS-like longwave channel
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brightness temperatures. Inter-instrument and inter-satellite calibrations are further performed to
homogenize IASI simulated HIRS (IHIRS) channel 12 brightness temperatures.

The time series has a global coverage in monthly 2.5x2.5-degree latitude/longitude from 1978 to the
present. The data are in netCDF format. It is operationally updated monthly.

3.2 File naming convention

ir-sounder-upper-trop-humidity-
bt v04r00_monthlygrid s<BeginDateTime> e<EndDateTime> c<CreateDateTime>.nc

3.3 File Format

NOAA Climate Data Records (CDRs) are provided in netCDF format. More information on this format is
provided by Unidata. Most every programming language and several stand-alone software packages
(both free and paid) can process netCDF data.

3.4 Spatial Coverage

The data has a global coverage with a spatial resolution of 2.5x2.5-degree latitude/longitude.

3.5 Temporal Coverage

The data spans the time period from November 1978 to the present (without gap) in the monthly
interval. The latency is usually approximately 20 days.

4. CDR production

4.1 Observational data sources (input data)

Since the launch of the Television Infrared Observation Satellite (TIROS-N) in 1978, more than 40
years of observations have been made by the HIRS instruments on board the operational National
Oceanic and Atmospheric Administration (NOAA) polar orbiting satellite series and the meteorological
operational satellite program (Metop) series (Shi et al. 2008). HIRS has 20 spectral channels, 12 of
which are longwave channels. Among the longwave channels, channels 1-7 are located in the 15-um
carbon dioxide absorption band. The channel frequencies are selected to sound different levels of the
atmosphere from the surface to the stratosphere. Channel 8 is a window channel. Channel 9 is in the
ozone band. Channel 10 is in the water vapor continuum band. Channels 11 and 12 are the water
vapor rotational—vibrational channels. Channels 13—19 center at wavelengths ranging around 4 ym
(shortwave window and carbon dioxide absorption). Channel 20 is a visible channel. The HIRS
instantaneous field of view is 20 km for HIRS/2 (prior to NOAA-15) and HIRS/3 (NOAA-15 through
NOAA-17), and 10 km for HIRS/4 (NOAA-18, NOAA-19, MetOp-A, and MetOp-B).

Among the HIRS channels, channel 12 observes the upper tropospheric humidity (UTH). Figure 1
displays the spectral response functions of HIRS channel 12 (Shi and Bates, 2011). The approximate
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spectral ranges for the HIRS/2 series and the HIRS/3 and HIRS/4 series are marked at the top of
Figure 1. As a reference, the atmospheric transmittance for a typical tropical clear-sky atmosphere is
also included.
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Figure 1. Spectral response functions of HIRS channel 12. As a reference, the atmospheric
transmittance for a typical tropical clear-sky atmosphere is included (black line). The approximate
spectral ranges for the HIRS/2 series and the HIRS/3 and HIRS/4 series are marked at the top. The
figure is taken from Shi and Bates (2011).

With the aging and failure of HIRS instruments, the Infrared Atmospheric Sounding Interferometer
(IASI) is used to produce HIRS-like longwave channel brightness temperatures (Inamdar et al., 2023) to
extend the time series. The IASI instrument is a cross-track scanning Michelson interferometer
providing hyperspectral measurements in 8461 channels in the spectral range of 645-2760 cm-1 (3.6—
15.5 um) at 0.25 cm—1 resolution in a 2 x 2 array of circular footprints with a nadir spatial resolution of
50 x 50 km2 and a corresponding single footprint spatial resolution of roughly 12 km at nadir. The IASI
hyperspectral measurements are convolved with the HIRS SRF to produce the IASI-simulated HIRS
(IHIRS) data. For more information on input data and algorithm for the product development, please
refer to the Climate Algorithm Theoretical Basis Document (C-ATBD), available at
https://www.ncei.noaa.gov/products/climate-data-records/ir-sounder-uth-brightness-temperature .

The input data are HIRS level1b and IASI level 1¢, both available at www.class.noaa.gov.

4.2 Other data sources (ancillary data)


https://www.ncei.noaa.gov/products/climate-data-records/ir-sounder-uth-brightness-temperature
http://www.class.noaa.gov/
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The algorithm requires three ancillary datasets: 1) Limb correction coefficients; 2) intersatellite
calibration coefficients; and 3) inter-instrument calibration coefficients for calibrating IHIRS to HIRS. All
the ancillary datasets are included as part of the source codes.

4.3 High-level processing overview

The processing outline of intersatellite calibrated HIRS and IHIRS channel 12 brightness temperature is
summarized in Figure 2. The algorithm for data processing is written in C, FORTRAN, IDL, and C Shell
scripts. Input data are HIRS level-1B and IASI level-1C in binary format and output data are written in
netCDF format.

CDRP-DIA-0281 Rev 3
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Figure 2: Flowchart of the intersatellite calibrated HIRS channel 12 processing.

Processing steps are:

The HIRS data production includes the following major steps:
1) Read and process HIRS Level 1B data

2) Perform limb-correction on all longwave channels

3) Perform cloud screening

4) Perform intersatellite calibration.
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The IASI data production includes the following major steps:
1) Read and process IASI Level 1C data

2) Perform limb-correction on IHIRS channels 1-12

3) Perform inter-instrument calibration

4) Perform inter-satellite calibration

Then, for both HIRS and IASI datasets,

5) Map clear-sky pixels onto monthly latitude/longitude grids.
6) Convert data to netCDF format.

5. Using the CDR

5.1 Known or recommended applications

The dataset has been used in numerous scientific studies and in the monitoring of the state of the
annual climate of the upper tropospheric humidity. Some of the examples are:

e The UTHBT dataset was used for identifying the MJO, equatorial waves, and their impacts
(Schreck et al., 2013).

e |t was shown that the UTHBT data has high correlations with major climate indices (Shi et al.,
2013).

e The dataset was used together with two other datasets to study the widening of tropical width
(Mantsis et al. 2017).

e The dataset was used together with a few other independent data sources to reconcile opposing
Walker circulation trends in observations and model projections (Chung et al., 2019).

e The dataset is one of the key data sources for monitoring the climate of the upper tropospheric
humidity each year, published in the Bull. Amer. Meteor. Soc. each year since 2015 (for a recent
article, see John et al. 2024).

5.2 Uncertainty Quantification

The goal of the intersatellite calibration is to minimize the intersatellite differences. The
remaining differences between each pair of overlapping satellites after the intersatellite calibration
procedure are computed and listed in Tables 1 and 2. The lists show that the averaged differences are
mostly smaller than or approximately equal to 0.1 K, and that the differences of individual pairs of
satellites are closely clustered around 0 K. The approach aims at minimizing the discontinuities among
the original uncorrected individual satellites.

Table 1: Averaged remaining differences (K) of intersatellite calibrated monthly mean
HIRS brightness temperatures between individual satellites for 30°S to 30°N latitudes.

Pairs

T_N-NO6

NO06-NO7

NO07-NO8

NO09-N10

N10-N11

N11-N12

N12-N14

Ave. Diff.

-0.118

0.004

0.052

0.119

-0.034

-0.134

0.062
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Pairs N14-N15 | N15-N16 |N16-N17 |N17-M02 | MO2-N19 | M02-Mo1 :\‘222'3;'01
Ave. Diff. 1 5 og7 0046 | 0.086 0.075 0.065 0.018 0.006

Table 2: Averaged remaining differences (K) of intersatellite calibrated monthly mean
IHIRS brightness temperatures between individual satellites for 30°S to 30°N latitudes.

Pairs IHIRS IHIRS
M02-M01 | M01-MO03

Ave.Diff. | ;593 0.088

5.3 Limitations and Caveats

The time series is based on clear-sky data only, and therefore it doesn’t cover extremely moist
conditions. There was a major change of HIRS channel 12 central frequency from 6.7 ym on HIRS/2
(earlier satellites) to 6.5 ym on HIRS/3 and HIRS/4 (more recent satellites). Though inter-satellite
differences are minimized in global means, larger than averaged differences can be found in certain
ranges of brightness temperatures in certain latitudes and regions.

The primary use of the UTHBT dataset is for deriving the upper tropospheric humidity. The dataset is

most suitable for tropics. Over elevated regions in mid-latitudes and over high latitudes, the surface
effect (mainly surface temperature effect) can impact the calculation of the upper tropospheric humidity.
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Appendices

Data Access and/or Tools

e How to Access the Data:
The data can be downloaded at https://www.ncei.noaa.gov/products/climate-data-records/ir-
sounder-uth-brightness-temperature (Shi and NOAA CDR Program, 2023).

e Software and Tools:
The data is in netCDF format, and thus it can be viewed with any software or tool that has the
capability of processing netCDF datasets, such as Panoply.

Known FAQs

e s this dataset an all-sky or clear-sky dataset?
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o This is a clear-sky dataset.

e How many years does this dataset cover?
o It covers November 1978 to the present. The data is continuously produced monthly.
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