
ICON Data Product 4.1: HME Amplitudes and Phases 
 
This data product contains HME tidal amplitudes and phases of zonal wind, meridional wind, temperature 
from 0-400 km in the latitude range of 10°S-40°N. Tidal structures obtained from ICON-MIGHTI 
observations are fitted to Hough Mode Extension (HME). ICON-MIGHTI winds and temperature from 94 
km to 102 km in the latitude range of 10°S-40°N and SABER in the latitude range of 5°S-50°S are used to 
fit to the HME. To cover all local time for tidal analysis, ICON-MIGHTI and SABER data are accumulated 
with a 45-day window and a 60-day window, respectively. HME has been widely used and tested before, 
and detailed HME methodologies are summarized in Forbes et al. [1994] and Oberheide et al. [2011]. HME 
for ICON is summarized in Forbes et al. [2017], and a sensitivity analysis of HME fitting to the local-time 
and altitude coverage and variables can be found in Cullens et al. [2020]. HME is only consider vertical 
propagation from below and do not include in-situ generations and non-linear interactions. For obtaining 
realistic tidal structures including in-situ generated tides, propagation, and nonlinear interaction, TIE-GCM 
simulations forced by ICON-HME, ICON data product 4.3, is recommended to use. 
 
History 
v01: Released in 2021, C. Y. Cullens 
 
v02: In order to have enough data points for continuous tidal analysis, a window size is changed from 35 
days to 45 days. In addition, 10-day running smooth is applied to tidal amplitudes before fitting HME for 
better TIE-GCM simulations. Released in 2022, C. Y. Cullens 
 
V03: Updated Version 5 MIGHTI winds data and Version 5 MIGHTI temperature data are used for V03 
HME product. In addition, ICON – MIGHTI data covers from 10°S to 40°N and SABER temperature 
data is added for the Southern Hemisphere from 5°S to 50°S to constrain tides for HME fitting.  
 
V04: Version 6 MIGHTI winds and temperatures are used in the V04 HME product. The V04 HME 
product includes TW3 (westward-propagating terdiurnal tides with zonal wavenumber 3). 
 
Dimensions 
NetCDF files contain variables and the dimensions over which those variables are defined. First, the 
dimensions are defined, then all variables in the file are described. 
 
The dimensions used by the variables in this file are given below, along with nominal sizes. 
 

Dimension Name Nominal Size 
Latitude 30 
Altitude 300 
Date 45 

 
Variables 
Variables in this file are listed below. 
 

Variable Name Description Unit Dimension 
DAMP_XX_T Diurnal tidal temperature amplitudes. XX 

represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, E3 will be a eastward 

K Latitude, Altitude 



propagating diurnal tides with zonal 
wavenumber 3. 

SDAMP_XX_T Semi-diurnal tidal temperature amplitudes. 
XX represents different tidal components. 
The notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating semi-diurnal tides with zonal 
wavenumber 3. 

K Latitude, Altitude 

TDAMP_XX_T Ter-diurnal tidal temperature amplitudes. 
XX represents different tidal components. 
The notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating ter-diurnal tides with zonal 
wavenumber 3. 

K Latitude, Altitude 

DAMP_XX_U Diurnal tidal zonal wind amplitudes. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, E3 will be a eastward 
propagating diurnal tides with zonal 
wavenumber 3. 

m/s Latitude, Altitude 

SDAMP_XX_U Semi-diurnal tidal zonal wind amplitudes. 
XX represents different tidal components. 
The notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating semi-diurnal tides with zonal 
wavenumber 3. 

m/s Latitude, Altitude 

TDAMP_XX_U Ter-diurnal tidal zonal wind amplitudes. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating ter-diurnal tides with zonal 
wavenumber 3. 

m/s Latitude, Altitude 

DAMP_XX_V Diurnal tidal meridional wind amplitudes. 
XX represents different tidal components. 
The notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, E3 will be a eastward 
propagating diurnal tides with zonal 
wavenumber 3. 

m/s Latitude, Altitude 



SDAMP_XX_V Semi-diurnal tidal meridional wind 
amplitudes. XX represents different tidal 
components. The notation Ws or Es are used 
to indicate a westward or eastward-
propagating diurnal tide, respectively, with 
zonal wavenumber s. For example, w3 will 
be a westward propagating semi-diurnal 
tides with zonal wavenumber 3. 

m/s Latitude, Altitude 

TDAMP_XX_V Ter-diurnal tidal meridional wind 
amplitudes. XX represents different tidal 
components. The notation Ws or Es are used 
to indicate a westward or eastward-
propagating diurnal tide, respectively, with 
zonal wavenumber s. For example, w3 will 
be a westward propagating ter-diurnal tides 
with zonal wavenumber 3. 

m/s Latitude, Altitude 

DPHASE_XX_T Diurnal tidal temperature phases. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
The phase is defined as the time when the 
maximum is observed at 0 longitude. 

hour Latitude, Altitude 

SDPHASE_XX_T Semi-diurnal tidal temperature phases. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating semi-diurnal tides with zonal 
wavenumber 3. 

hour Latitude, Altitude 

TDPHASE_XX_T Ter-diurnal tidal temperature phases. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating ter-diurnal tides with zonal 
wavenumber 3. 

hour Latitude, Altitude 

DPHASE_XX_U Diurnal tidal zonal wind phases. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, E3 will be a eastward 
propagating diurnal tides with zonal 
wavenumber 3. 

hour Latitude, Altitude 

SDPHASE_XX_U Semi-diurnal tidal zonal wind phases. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 

hour Latitude, Altitude 



westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating semi-diurnal tides with zonal 
wavenumber 3. 

TPHASE_XX_U Ter tidal zonal wind phases. XX represents 
different tidal components. The notation Ws 
or Es are used to indicate a westward or 
eastward-propagating diurnal tide, 
respectively, with zonal wavenumber s. For 
example, E3 will be a eastward propagating 
ter-diurnal tides with zonal wavenumber 3. 

hour Latitude, Altitude 

DPHASE_XX_V Diurnal tidal meridional wind phases. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, E3 will be a eastward 
propagating diurnal tides with zonal 
wavenumber 3. 

hour Latitude, Altitude 

SDPHASE_XX_V Semi-diurnal tidal meridonal wind phases. 
XX represents different tidal components. 
The notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating semi-diurnal tides with zonal 
wavenumber 3. 

hour Latitude, Altitude 

TDPHASE_XX_V Ter-diurnal tidal meridonal wind phases. XX 
represents different tidal components. The 
notation Ws or Es are used to indicate a 
westward or eastward-propagating diurnal 
tide, respectively, with zonal wavenumber s. 
For example, w3 will be a westward 
propagating ter-diurnal tides with zonal 
wavenumber 3. 

hour Latitude, Altitude 

MissingData MIGHTI tides are calculated using 45 days 
of observations. Missing Data indicate 
which days are used to estimated MIGHTI 
tidal structures for HME fit.  
 
0: data is not missing 
1: data is missing.  

None Date 
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