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1. Introduction

During the processing of a reanalysis, many observing systems influence the resulting
analysis, with their impact determined by associated uncertainties. However, typical
reanalysis data holdings lack sufficient information to identify which observations are present
or dominant in space and time.

The data assimilation system outputs assimilated observations and innovations like forecast
departure (observation minus forecast, OmF) and analysis departure (observation minus
analysis, OmA). These differences are computed across various scales to assess consistency
among observations, forecast and analysis fields, and their errors. Likewise, the number of
observations of any observing system can also be important information, as well as,
identifying when an observing system or observation type is active.

Due to the diverse, complicated, and large volumes of conventional and satellite radiance
observations, we introduce a simplified version of Modern Era Retrospective-analysis for
Research and Applications version 2 (MERRA-2) assimilated observations and innovations.
This simplification, called Gridded Innovations and Observations (GIO), involves binning
these data onto a regular geospatial grid common to all observations and consistent with
MERRA-2’s native analysis grid. This provides uniformity, ease of access, and includes
multiple decades of reanalysis observations, enabling general analysis of the observing
system. This document presents the structure of the GIO data files, while Boukachaba et al.
(2026) discusses the technical basis of formulating the GIO data and provides examples in
weather and climate data analysis. There are several textbooks and literature on the process
of data assimilation (e.g., Kalnay, 2003). Gelaro et al. (2017) discuss the data assimilation
approach for MERRA-2. McCarty et al. (2016) provides a technical description of the input
observations used in MERRA-2.

2. File Structure and Variables

The GIO dataset organizes assimilated observations onto the native MERRA-2 analysis grid
(75° longitude by '%° latitude, 6-hourly synoptic times). This includes both "conventional"
observations (physical observations or retrieved satellite observations like radiosondes),
which are merged into a single collection of variables, and remotely sensed radiances
(brightness temperatures), which are collected by instrument and satellite for each assimilated
channel. Conventional observations with a vertical dimension are also binned to a MERRA-
2 like pressure level grid with higher vertical resolution (54 levels). For radiance observations,
forecast and analysis departures (OmF, OmA) are structured in 3D global grids, with the third
dimension representing different channels. Bias correction for radiances is also included. The
gridded data includes both the observation value and the number of observations within each
grid box, which is crucial for accurate averaging due to potential missing data and varying
observation counts across grid points. These topics are discussed in more detail in the
subsequent sections.



2.1 Conventional Observations

Here, we need to differentiate remotely sensed radiance observations from observed
meteorological quantities. Conventional observations are physical quantities (e.g. temperature
and wind) derived from an in-situ instrument or a satellite retrieval algorithm (e.g.
atmospheric motion vector winds). This collection of assimilated observations (Table 1) is
simplified from the observation-space data that are input for assimilation in several ways. For
example, dropsondes are included in the radiosonde quantities, rather than being separate. The
atmospheric motion vectors include data from several instruments. Ship and buoy data are
both included in the quantities for the sea surface. This information is lost in this output
collection, but it allows more efficient and simple accessibility.

These data files report only the observations that were assimilated in MERRA-2. As such,
they also provide statistics related to the MERRA-2 data assimilation (Table 2). Since
observations are being binned from their specific geolocation into a grid box (including three
dimensions in the case of profiles), the number of observations in the grid box are reported.

There are some slight differences in the statistics reported for the 6 hourly analyses and the
monthly meaning of the statistics. First, the 6 hourly analysis includes the number of
observations within the gridbox. For the monthly means, the rate of observations is reported
(obrate), which is the number of observations per analysis periods per month. The obrate
provides a metric for the observations that does not vary depending on the number of days in
a month. This is useful in providing a minimum threshold of the amount of observations
needed to perform calculations that can be applied to all months. The number of observations
in a month can be determined by multiplying the obrate by the number of analysis cycles in
a day (4) and by the number of days in the month. It is highly recommended for any area or
time calculations (such as averaging) to weight the observations by the number of
observations in the gridbox. In some cases, a low observation count threshold may be needed
for representativeness of the calculations. The other difference between the monthly and 6
hourly output frequencies is that 6 hourly data report the standard deviation of the
observations and statistics in the grid. The monthly mean files report the root mean square of
the observations and the statistics.



Table 1 Assimilated observation types included in the conventional observations file collections. Data
derived from remote sensing retrievals is marked with *. The data DOI for monthly data is
10.5067/MEASURES/MERRA2 CONYV, while the 6 hourly data DOI is

10.5067/MEASURES/MERRA2 HOURLY CONV.

Instrument Measurement Variable Name
Virtual temperature [K] tv_raob
Specific humidity [g/kg] qv_raob
é‘?gggi?;jgf) Zonal wind [m/s] u_raob
Meridional wind [m/s] v_raob
Surface pressure [hPa] ps_raob
Virtual temperature [K] tv_acraft
AIRCRAFT (pressure | Specific humidity [g/kg] qv_acraft
levels) Zonal wind [m/s] u_acraft
Meridional wind [m/s] v_acraft
WIND PROFILER" Zonal wind [m/s] u_prof
(pressure levels) Meridional wind [m/s] v_prof
SCATTEROMETER® | Zonal wind [m/s] u_scat
(surface) Meridional wind [m/s] v_scat
SSMI" (surface) Wind speed [m/s] w_ssmi
ATMOS MOTION Zonal wind [m/s] u_amv
VECTORS’ (pressure
levels) Meridional wind [m/s] v_amy
Sea surface temperature [K] sst_sea
Virtual temperature [K] tv_sea
Surface pressure [hPa] ps_sea
SEA SURFACE
Zonal wind [m/s] u_sea
Meridional wind [m/s] v_sea
Specific humidity [g/kg] qv_sea
LAND SURFACE Surface pressure [hPa] ps_land
PAOB SURFACE Synthetic surface pressure [hPa] | ps_paob
Virtual Temperature [K] tv_drift
DRIFTING BUOY Zonal wind [m/s] u_drift
(surface) Meridional wind [m/s] v_drift
Surface Pressure [hPa] ps_drift
ﬁieslls,{)o (pressure Bending Angle bang gps
MLS® Virtual Temperature [K] tv_mls




Table 2 Extended data assimilation statistics for each conventional observation type in Table
1. Here VAR is related to the variable name in Table 1, and likewise, units for each
observation’s statistics follows the units for the mean observation. For example, the data field
for radiosonde temperature observation minus forecast is tv_raob_omf with units of K.

(a)
Monthly Data Field | Description
VAR Binned Mean of Observation
VAR omf Mean of O-minus-F
VAR oma Mean of O-minus-A
Number of observations per
VAR obrate sampled period
VAR rms Root Mean Square
VAR rms omf RMS of O-minus-F
VAR rms oma RMS of O-minus-A
(b)
6 Hourly Data Field | Description
VAR Binned Mean of Observation
VAR omf Mean of O-minus-F
VAR oma Mean of O-minus-A
VAR nobs Number of observations
VAR stdv Standard Deviation
VAR stdv_omf Std. Dev. of O-minus-F
VAR stdv _oma Std. Dev. of O-minus-A

2.2 Radiance Observations

Satellite radiance assimilation differs from conventional data assimilation. In most
instruments, the observation reported is brightness temperature. In this way, the number of
quantities reported in the radiance files is smaller than the conventional data. However, there
are no radiance observations that span the entire period of MERRA-2, each instrument
includes several (or many) channels or frequencies of the observation and at times the same
instrument can be reported on more than one satellite. So, the radiance data is collected into
files for each instrument and platform (Figure 1). All these factors complicate the reporting
of the radiance assimilation statistics. Table 3 provides the instrument and satellite and the
beginning and end of the data that is assimilated in MERRA-2. It should be noted that these
observations are not the entirety of the instrument’s observations, but rather those that have
been assimilated (this means that we report here the thinned observations rather than those
that might be acquired from an instrument’s data center).

There is a key issue with many satellite instruments where the data is unusable, or the
instrument is turned off, for a given amount of time. When such an outage lasts for an entire
month, we provide a file that contains undefined data, as a place holder, for any software that



might need continuity in the files. In this way, the analysis of long time series of the radiances
should have a contingency in the possibility of missing data. In the first version of MERRA-
2 GIO, we have produced only the monthly means and monthly mean diurnal cycles.
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Figure 1 MERRA-2 instruments providing assimilated radiances included with GIO data. This is a chart
containing a depiction of the temporal coverage of the remote sensing instruments available.
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Table 3 GIO satellite radiance files, available times and DOI address. Note the abbreviation ‘N’
before a two-digit number indicates a NOAA operational satellite. SNDR are GOES geostationary

sounders.
Instrument Start Date End Date Filename DOI
AIRS/AQUA 2002-09 2024-06 merra2.airs_aqua 10.5067/MEASURES/MERRA2_AIRS_AQUA
AMSUA/AQUA 2002-11 2016-08 merra2.amsua_aqua 10.5067/MEASURES/MERRA2_AMSUA_AQUA
AMSUA/METOP-A | 2007-06 2021-10 merra2.amsua_metop-a | 10.5067/MEASURES/MERRA2 AMSUA_METOP-A
AMSUA/METOP-B 2013-03 2024-06 merra2.amsua_metop-b | 10.5067/MEASURES/MERRA2 AMSUA_METOP-B
AMSUA/N15 1998-11 2024-06 merra2.amsua_nl5 10.5067/MEASURES/MERRA2_AMSUA_NI15
AMSUA/N16 2001-01 2007-01 merra2.amsua_nl6 10.5067/MEASURES/MERRA2_AMSUA_N16
AMSUA/N17 2002-09 2003-10 merra2.amsua_nl7 10.5067/MEASURES/MERRA2_AMSUA N17
AMSUA/N18 2005-10 2024-06 merra2.amsua_nl8 10.5067/MEASURES/MERRA2 AMSUA N18
AMSUA/N19 2009-05 2024-06 merra2.amsua_nl9 10.5067/MEASURES/MERRA2_AMSUA_N19
AMSUB/NI15 1998-11 2006-01 merra2.amsub_nl5 10.5067/MEASURES/MERRA2_AMSUB_NI15
AMSUB/N16 2000-12 2009-01 merra2.amsub_nl6 10.5067/MEASURES/MERRA2_AMSUB_N16
AMSUB/N17 2002-09 2009-12 merra2.amsub_nl7 10.5067/MEASURES/MERRA2 AMSUB_N17




Instrument Start Date End Date Filename DOI

ATMS/NPP 2012-01 2021-12 merra2.atms_npp 10.5067/MEASURES/MERRA2_ATMS_NPP
HIRS2/N06 1980-01 1983-04 merra2.hirs2_n06 10.5067/MEASURES/MERRA2_HIRS2 N06
HIRS2/NO7 1981-08 1985-01 merra2.hirs2_n07 10.5067/MEASURES/MERRA2 HIRS2 NO7
HIRS2/N08 1983-05 1984-06 merra2.hirs2_n08 10.5067/MEASURES/MERRA2_HIRS2 NO8
HIRS2/N09 1985-02 1988-11 merra2.hirs2_n09 10.5067/MEASURES/MERRA2_HIRS2_N09
HIRS2/N10 1987-01 1991-08 merra2.hirs2_nl0 10.5067/MEASURES/MERRA2_HIRS2 N10
HIRS2/N11 1988-11 1999-01 merra2.hirs2_nll 10.5067/MEASURES/MERRA2 HIRS2 N11
HIRS2/N12 1992-01 1997-06 merra2.hirs2_n12 10.5067/MEASURES/MERRA2_HIRS2 NI12
HIRS2/N14 1995-05 2006-09 merra2.hirs2_nl4 10.5067/MEASURES/MERRA2_HIRS2 N14
HIRS3/N15 1998-08 2000-05 merra2.hirs3_nl5 10.5067/MEASURES/MERRA2 HIRS3 N15
HIRS3/N16 2001-02 2004-04 merra2.hirs3_nl6 10.5067/MEASURES/MERRA2 HIRS3 N16
HIRS3/N17 2002-08 2011-11 merra2.hirs3_n17 10.5067/MEASURES/MERRA2_HIRS3_N17
HIRS4/METOP-A 2009-05 2015-10 merra2.hirs4_metop-a 10.5067/MEASURES/MERRA2_HIRS4 METOP-A
HIRS4/N19 2009-05 2013-07 merra2.hirs4_nl9 10.5067/MEASURES/MERRA2_HIRS4 N19
IAS/METOP-A 2008-09 2021-08 merra2.iasi_metop-a 10.5067/MEASURES/MERRA2 TASI METOP-A
IASI/METOP-B 2013-08 2024-06 merra2.iasi_metop-b 10.5067/MEASURES/MERRA2_IASI_METOP-B
MHS/METOP-A 2008-06 2019-10 merra2.mhs_metop-a 10.5067/MEASURES/MERRA2_MHS_METOP-A
MHS/METOP-B 2013-03 2024-06 merra2.mhs_metop-b 10.5067/MEASURES/MERRA2 MHS METOP-B
MHS/N18 2005-11 2018-09 mhs_nl8 10.5067/MEASURES/MERRA2 MHS nl8
MSU/N06 1980-01 1986-11 merra2.msu_n06 10.5067/MEASURES/MERRA2_MSU_N06
MSU/NO7 1981-07 1985-02 merra2.msu_n07 10.5067/MEASURES/MERRA2_MSU_NO07
MSU/NO08 1983-05 1984-05 merra2.msu_n08 10.5067/MEASURES/MERRA2_MSU_NO08
MSU/N09 1985-01 1987-02 merra2.msu_n09 10.5067/MEASURES/MERRA2 MSU_N09
MSU/N10 1986-12 1991-08 merra2.msu_nl0 10.5067/MEASURES/MERRA2 _MSU_N10
MSU/N11 1988-12 1999-01 merra2.msu_nll 10.5067/MEASURES/MERRA2_MSU_N11
MSU/N12 1991-09 1997-05 merra2.msu_nl2 10.5067/MEASURES/MERRA2 MSU_N12
SEVIRI/M09 2012-03 2012-12 merra2.seviri_m09 10.5067/MEASURES/MERRA2 SEVIRI M09
SEVIRI/M10 2013-02 2018-02 merra2.seviri_ml0 10.5067/MEASURES/MERRA2_SEVIRI_M10
SNDRD1/G11 2007-04 2011-11 merra2.sndrd]_gl1 10.5067/MEASURES/MERRA2_SNDRDI1_G11
SNDRD1/G12 2007-04 2009-01 merra2.sndrdl_gl2 10.5067/MEASURES/MERRA2 _SNDRD1_GI12
SNDRD1/G13 2010-05 2015-11 merra2.sndrdl_gl3 10.5067/MEASURES/MERRA2 SNDRDI1_G13
SNDRD1/G15 2012-01 2020-02 merra2.sndrd]_g15 10.5067/MEASURES/MERRA2_SNDRD1_GI15
SNDRD2/G11 2007-04 2011-11 merra2.sndrd2_gl1 10.5067/MEASURES/MERRA2_SNDRD2_G11
SNDRD2/G12 2007-04 2010-03 merra2.sndrd2_gl2 10.5067/MEASURES/MERRA2 _SNDRD2_G12
SNDRD2/G13 2010-05 2015-11 merra2.sndrd2_gl3 10.5067/MEASURES/MERRA2 SNDRD2_G13
SNDRD2/G15 2012-01 2020-02 merra2.sndrd2_g15 10.5067/MEASURES/MERRA2_SNDRD2_G15
SNDRD3/G11 2007-04 2011-11 merra2.sndrd3_gl1 10.5067/MEASURES/MERRA2_SNDRD3_G11
SNDRD3/G12 2007-04 2010-04 merra2.sndrd3_gl2 10.5067/MEASURES/MERRA2 _SNDRD3_G12




Instrument Start Date End Date Filename DOI

SNDRD3/G13 2010-05 2015-11 merra2.sndrd3_gl13 10.5067/MEASURES/MERRA2_SNDRD3_G13
SNDRD3/G15 2012-01 2020-03 merra2.sndrd3_g15 10.5067/MEASURES/MERRA2_SNDRD3_G15
SNDRD4/G11 2007-04 2011-12 merra2.sndrd4_gl1 10.5067/MEASURES/MERRA2 SNDRD4_Gl1
SNDRD4/G12 2007-03 2010-03 merra2.sndrd4_g12 10.5067/MEASURES/MERRA2_SNDRD4 G12
SNDRD4/G13 2010-05 2015-11 merra2.sndrd4_gl13 10.5067/MEASURES/MERRA2_SNDRD4_G13
SNDRD4/G15 2012-01 2020-02 merra2.sndrd4_gl5 10.5067/MEASURES/MERRA2_SNDRD4_G15
SNDR/G08 PREP 2001-05 2003-04 merra2.sndr_g08 prep 10.5067/MEASURES/MERRA2 _SNDR GO08_PREP
SNDR/G10 PREP 2001-06 2006-06 merra2.sndr_gl0_prep 10.5067/MEASURES/MERRA2_SNDR_G10_PREP
SNDR/G11 PREP 2006-07 2007-03 merra2.sndr_gl1_prep 10.5067/MEASURES/MERRA2_SNDR_G11_PREP
SNDR/G12 PREP 2003-05 2007-03 merra2.sndr_gl2 prep 10.5067/MEASURES/MERRA2_SNDR_G12 PREP
SSMI/F08 1987-08 1991-11 merra2.ssmi_f08 10.5067/MEASURES/MERRA2_SSMI_F08
SSMI/F10 1991-03 1997-07 merra2.ssmi_f10 10.5067/MEASURES/MERRA2_SSMI_F10
SSMI/F11 1992-01 1999-12 merra2.ssmi_f11 10.5067/MEASURES/MERRA2_SSMI_F11
SSMI/F13 1995-06 2009-11 merra2.ssmi_f13 10.5067/MEASURES/MERRA2_SSMI F13
SSMI/F14 1997-06 2008-08 merra2.ssmi_f14 10.5067/MEASURES/MERRA2 SSMI F14
SSMI/F15 2000-01 2006-08 merra2.ssmi_f15 10.5067/MEASURES/MERRA2_SSMI_F15
SSU/N06 1980-01 1986-11 merra2.ssu_n06 10.5067/MEASURES/MERRA2_SSU_N06
SSU/N07 1981-08 1985-02 merra2.ssu_n07 10.5067/MEASURES/MERRA2_SSU_NO07
SSU/NO08 1983-05 1984-06 merra2.ssu_n08 10.5067/MEASURES/MERRA2 SSU NO08
SSU/N09 1985-01 1988-11 merra2.ssu_n09 10.5067/MEASURES/MERRA2_SSU_N09
SSU/N11 1988-10 1999-02 merra2.ssu_nll 10.5067/MEASURES/MERRA2_SSU_N11
SSU/N14 1995-02 2006-06 merra2.ssu_nl4 10.5067/MEASURES/MERRA2_SSU_N14
SSU/TIROSN 1980-01 1981-01 merra2.ssu_tirosn 10.5067/MEASURES/MERRA2 SSU_TIROSN




Table 4 Variables in the monthly mean radiance data files and their long_name and units from
the meta data. The INST PLAT are placeholders for the instrument and platform which are
the same as what can be found in the file name (listed in Table 3). The variables have
dimensions {time, levels, latitude, longitude}, where levels denotes the channel number. Note
that frequency and wavelength of the channels are also provided and have dimensions of level
(channel number).

Variable Long Name Units
mean_bias INST PLAT brightness temperature mean bias K
mean_obs INST PLAT brightness temperature mean observations K
mean oma | INST PLAT brightness temperature mean O-minus-A K
mean omf | INST PLAT brightness temperature mean O-minus-F K
nobs obs INST PLAT brightness temperature number observations Count
stdv_bias INST PLAT brightness temperature square root of variance bias K
stdv_obs INST PLAT brightness temperature square root of variance observations K
stdv_oma INST PLAT brightness temperature square root of variance O-minus-A K
stdv_omf INST PLAT brightness temperature square root of variance O-minus-F K
frequency channel frequency (only function of level) GHz
wavelength | channel wavelength (only function of level) um




3. Format and File Organization

3.1 Dimensions

The MERRA-2 GIO files contain variables that define the dimensions of longitude, latitude,
and time. Product collections that contain three-dimensional data will also have a vertical
dimension that defines either pressure levels (in the case of conventional observations) or the
index associated with the instrument channel (As in the radiance observations and
innovations). The radiance observations include additional meta data to describe the channel
frequency and wavelength. Dimension variables have an attribute named “units,” set to an
appropriate string defined by the CF and COARDS conventions that can be used by
applications to identify the dimension.

Table 5. Dimension Variables Contained in GMAO NetCDF Files

Name Description Type units attribute

lon Longitude double degrees east

lat Latitude double degrees north

lev pressure or channel double hPa or channel number
time minutes since first time in file |int minutes

3.2 Variables

MERRA-2 GIO uses the “classic” netCDF data model and does not use any of the extensions
supported by netCDF-4 and the underlying HDF-5 format. This allows applications written
to read netCDF files to easily read variables without having to modify code. Variable
names are listed in Table 2 and Table 4. One can quickly list the variables in the file by
using common utilities such as ncdump, which is distributed with the netCDF-4 library. With
the ‘-h’ flag, this utility will display all information about the file and its contents, including
metadata associated with each variable. A short description of the variable is provided in the
long name and standard name metadata parameters.

Each variable has several useful metadata attributes. Many of these attributes are required by
the CF and COARDS conventions, while others are specific for GMAO products. The
following table lists required attributes. Other attributes may be included for internal GMAO
use and can be ignored.



Table 6 Metadata attributes associated with each variable.

Name Value/Description

missing value 1.e+15f, used for missing data

comments describes the type of value (mean, omf, oma etc)
long name A brief description of the observation

units Units that the data are stored

vmin Range minimum of the variable

vmax Range maximum of the variable

3.3 Global Attributes

In addition to HDF-5 dataset variables and dimension scales, global metadata is also stored
in GMAO netCDF-4 files. Some metadata are required by the CF/COARDS conventions,
some are present to meet ECS requirements, and others as a convenience to users of GMAO
products. A summary of global attributes present in all MERRA-2 GIO radiance files is
shown in Table 7 (Conventional observation files are similar). All global metadata parameters

are of type character

Table 7 Global metadata attributes associated with each SDS.

Name Value/Description

calendar standard

model geos/das

center gsfc

Title MERRA-Z Monthly Gridded Innovations and Observations
"instrument" "platform"

ShortName M2 ”INSTRUMENT” "PLATFORM”

LongName MERRA-2 Monthly Gridded Innovations and Observation
"INSTRUMENT" "PLATFORM"

VersionlD 1

Format NetCDF-4

ProcessingLevel 4

Source NASA Global Modeling and Assimilation Office

DataSetQuality These binned observati.ons include parameters for bias and
difference from analysis and first-guess.
These data represent the observations assimilated during the

Comment processing of MERRA-2, which have been binned to the MERRA-2
grid.

RelatedURL https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/

MapProjection Geographic latitude/longitude

Datum WGS-84

Filename merra2."instrument" "platform".YYYYMM.nc4

SpatialCoverage global

Institution NASA Global Modeling and Assimilation Office
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Name Value/Description
WesternmostLongitude -180
EasternmostLongitude 179.375
LatitudeResolution 0.5
LongitudeResolution 0.625
DataResolution 0.5x0.625
IdentifierProductDOI 10.5067/MEASURES/MERRA2 "INSTRUMENT" "PLATFORM"
GranuleID merra2."instrument" "platform".YYYYMM.nc4
RangeBeginningDate Beginning Day
RangeBeginningTime Beginning time
RangeEndingDate Ending Day
RangeEndingTime Ending Time
Conventions CF-1-8
ProductionDateTime 2025-09-12T17:17:24Z
IdentifierProductDOIAuthority https://doi.org
SouthernmostLatitude -90
NorthernmostLatitude 90
NCProperties version=2 netcdf=4.9.2 hdf5=1.12.1

4. Grid Structure

4.1 Horizontal Structure

In MERRA-2 GIO, all fields are provided on the same 5/8° longitude by '2° latitude grid
which is the same as the MERRA-2 reanalysis fields. The gridded observations are output to
a global horizontal grid, consisting of IMn=576 points in the longitudinal direction and
JMn=361 points in the latitudinal direction. The horizontal native grid origin, associated with
variables indexed (i=1, j=1) represents a grid point located at (180°W, 90°S). Latitude (¢)and

longitude (1) of grid points

as a function of their indices (i, j) can be determined by:

A =—180+(A4) (i-1), i=1IMn
@, =-90+(Ap),(j—1), j=1IMn

Where (A1)n=5/8° and (A ¢)n =1/2°. For example, (i = 289, j = 181) corresponds to a grid

point

at (41=0, ¢=0).
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4.2 Vertical Structure

For conventional observations, any observation type that has a vertical distribution is provided
on pressure levels. If an observation occurs within the layer of a pressure level, then it is
binned to that level. The vertical grid levels are similar to that of MERRA-2, except that 12
additional levels were included between 700hPa and 100 hPa, to provide consistent 25 hPa
intervals through the troposphere (Table 8).

For the radiances, there is no vertical structure per se, since any given channel is returning the
signal from a layer of atmosphere. However, since there are typically multiple channels for
each instrument, the third dimension is used to store the different channels. The index
(referred to as level) in the radiance files is the channel number for that instrument. Additional

variables that describe the frequency and wavelength of the channels are also provided (Table
4).

Table 8 Pressure-level data will be output on the following 54 pressure levels. Pressure levels
not included in MERRA-2 are highlighted.

Level P(hPa) Level P(hPa) Level P(hPa) Level P(hPa) Level P(hPa) Level P(hPa) Level P(hPa)

1 1000 9 800 17 600 25 400 33 200 41 30 49 1
2 975 10 775 18 575 26 375 34 175 42 20 50 0.7
3 950 11 750 19 550 27 350 35 150 43 10 51 0.5
4 925 12 725 20 525 28 325 36 125 44 7 52 0.4
5 900 13 700 21 500 29 300 37 100 45 5 53 0.3
6 875 14 675 22 475 30 275 38 70 46 4 54 0.1
7 850 15 650 23 450 31 250 39 50 47 3

8 825 16 625 24 425 32 225 40 40 48 2
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5. File Naming Conventions

The original filename of each MERRA-2 GIO product will be stored in the metadata
parameter GranuleID (Table 7). For the conventional data there are 3 types of files, with
different temporal structure. The finest time resolution is 6 hours, based on the four analysis
cycles per day. The monthly means accumulate these data for monthly time averages.
Additionally, since many conventional observations have some systematic variations related
to the diurnal cycle, we also provide monthly means of each analysis time (00Z, 06Z, 12Z and
18Z7). In the first version of MERRA-2 GIO, we have only produced the monthly means and
the monthly diurnal analysis times for the radiances.

5.1 File Names

The standard full name for the assimilated GEOS-5 MERRA-2 products will consist of three
dot- delimited nodes:

merra2. collection.timestamp.nc4

collection:

The MERRA-2 GIO data are organized into file collections that identify the observation
type. For example, conv identifies the conventional observations, where many observation
types have been collected in this single file type. On the other hand, the radiances have a
different collection for each instrument. Thes are presented in file name column of Table 3.
The radiance collections can be summarized as instrument_platform. For example, airs_aqua
is collection for the AIRS instrument on the Aqua satellite.

timestamp:

This node defines the date and time associated with the data in the file. The time stamp value
depends on the temporal frequency of the data, 6 hourly, monthly mean and monthly diurnal
mean.

6-Hourly: yyyymmdd hhz
Monthly Mean: yyyymm
Monthly Diurnal Mean: yyyymm hhz
Where:
YYYYy - year string (e.g. , "2002")
mm - month string (e.g.., "09" for September)
dd - day of the month string (for 6 hourly)
hh — analysis time string (00, 06, 12, 18 for 6 hourly or monthly diurnal mean)

EXAMPLES:
merra2.conv.19900701_06z.nc4 — Conventional 6-hourly data at 06Z on 1 JUL 1990
merra2.airs_aqua.200211_00z.nc4 — AIRS Aqua monthly 00Z mean for Nov 2002
merra2.amsua_nl18.202005.nc4 — AMSU-A on NOAA-19 monthly mean for May 2020
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Digital Object Identifier (DOI) Data Citations

Digital Object Identifiers are attached to each MERRA-2 GIO data collection. Users should cite the
data used in research papers following the appropriate DOI, in a format similar to the following.

Example Citation:

Bosilovich, M. G. (2026), MERRA-2 Monthly Gridded Innovations and Observations
AIRS AQUA 0.5x0.625 degree V1 (M2_AIRS AQUA) [Data set]. NASA Goddard Earth

Sciences Data and Information Services Center.
https://10.5067/MEASURES/MERRA2 AIRS AQUA Date Accessed: <Data Access
Date>

Where the word [Data set] should be included as it, which is for making difference with document
DOI for machine searching. The Data Access Date should reflect the date that the data was accessed.
Note that complete citations for each file collection are provided through the URL address of the
DOI.

14



References

Boukachaba, N., M. G. Bosilovich, A. M. da Silva, R. A. Lucchesi, S. Shen and W. Davis,
2026: Development of Gridded Innovations and Observations Data for Reanalysis
Diagnostics. Submitted to J. Hydrometeorology.

Gelaro, R., and Coauthors, 2017: The Modern-Era Retrospective Analysis for Research and
Applications, version 2 (MERRA-2). J. Climate, 30, 5419-5454,
https://doi.org/10.1175/JCLI-D-16-0758.1.

Kalnay, E., 2003: Atmospheric Modeling, Data Assimilation and Predictability. Cambridge
University Press, 341 pp.

McCarty, W., and Coauthors, 2016: MERRA-2 input observations: Summary and assessment.
Technical Report Series on Global Modeling and Data Assimilation, Vol. 46, NASA/TM-
2016-1046006, 61 pp.

15



Web Resources
GMAO web site: http://gmao.gsfc.nasa.gov/

MERRA-2 Documentation: https://gmao.gsfc.nasa.gov/gmao-products/merra-
2/documentation_merra-2/

MERRA-2 Input Observations Summary and Assessment:
https://gmao.gsfc.nasa.gov/media/documents/hj4d7kp7trewjd7m9c5ztwp7p/McCarty885 1xk
std3hpjqcla54omegzOu7b.pdf
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