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MERRA-2 PRODUCTS

MERRA-2 Data Distribution
Sep 2015 - Oct 2020
279 Million Files
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MERRA-2 data distribution rate is about 4 million files per month. About 279 million files have been
distributed.
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MERRA-2 data have been used broadly in both traditional Earth science and application communities. The
unique user numbers have grown continuously from several hundred to over 2000 per month.

MERRA-2 Data Basics



MERRA-2 is a NASA Global Modeling and Assimilation Office (GMAQO) generated reanalysis data set for the
satellite era focused on historical analyses of meteorology, atmospheric chemistry, land, ocean, and
aerosols data. The data are available for a broad range of weather and climate time scales.

- Number of Data Collections: 95

. Temporal Coverage: 1980-present

. Temporal Resolution: Hourly, 3-Hourly, Monthly, Monthly diurnal
. Spatial Coverage: Global

. Spatial Resolution: 0.5° x 0.625° (361x576, L1, L42, L72, L73)
. Data Format: NetCDF-4

. Data Latency: ~ 3 weeks after the end of the month
Click on the followings for:

MERRA-2 File Specific Document (https://gmao.gsfc.nasa.gov/pubs/docs/Bosilovich785.pdf)

MERRA-2 Science Documentation (https://gmao.gsfc.nasa.gov/reanalysiss MERRA-2/docs/)

Schematic Diagram of Data Flows

Distribution Services

GMAO — Datc.iaElsngszion o Data searching
MERRA-2 o Subsetting service
Data System o Giovanni
Processing o GDS (GrADS Data Server) ‘
System O o TDS (THREDDS Data Server) | mmp ;;
Data o Data Rods
Archives o OPeNDAP
o API
o Online documentation (FAQ,
How-tos, Data-in-action)
Subscription ‘3&



https://gmao.gsfc.nasa.gov/pubs/docs/Bosilovich785.pdf
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/docs/

FINDING DATA AND DOCUMENTATION

Feedback Help Login

| Kéyword Search

Explore...

e (s Dy Categany -

DataCategory

Dala CO”ECHO”S Showing 1 - 2 of 2 datasels associated with "MERRA-2"+wind+~50-meter”

Process
Image Dataset Source $ Version & Time Res. $ Spatial Res. ¢ Level$ Begin Date$ End Date $
Subject Sor - Models/Analyses 5.12.4 1 hour 0.5 " x 0625 4 1880-01-01
A MERRA-2
Atmosg
i Models/Analyses 5.12.4 1 hour 0.5° 0625 4 1980-0101  2020-09-30
MERRA-2

Temporal Resolution
St -

mer 4= Refine by Temporal resolution

M2T1NXSLV: MERRA-2 tavg1_2d_slv_Nx: 2d,1-Hourly, Time-Averaged, Single-Level Assimilation, Single-Lg
Diagnostics V5.12.4 ﬁata Access

atrn
with

Tha Modem-Era Relrospestive analysis for Research and Applications version 2 (MERRA-2) is a NASA M et h od S

n 5 (GEDS-5) Data Access

n historcal

~ Product Landing Page -

project between e aging MERRA cata and the next generation of Earth

MERRA-2 was init
system analysis
data assimiation rou

2% an infer
sicned for the Tl

bed Since freczing the MERRA syslam
. MERRA-2 covers the penod 1880.present, continuing

X subset i Get Data

Documentation :
* File specific and science information to help select variables
* Examples to access and read data
* References of MERRA-2

Data citation : How to cite this data in a paper

MERRA-2 tavgl_2d_sh_Nux: 2d, 1-Mourly, Time-Averaged, Single-Level Assimilation, Single-Level Diagnostics V5,124

Example: Click here (http://disc.gsfc.nasa.gov/datasets/M2TINXSLV_5.12.4/summary) to see the product
landing page of M2TINXSLV.5.12.4



http://disc.gsfc.nasa.gov/datasets/M2T1NXSLV_5.12.4/summary

Data search start: https://disc.gsfc.nasa.gov (https://disc.gsfc.nasa.gov)

Use Case: Hourly wind at 50-meter

Search Keywords: "MERRA-2"+wind+"50-meter*
Refine by: Temporal Resolution = 1 hour

Determine variables: read MERRA-2 File Specific document and more MERRA-2 documentation (linked
from the product landing page)

Download data: use a data access method ( read next section)

Cite Data: Follow the instructions in "Data Citation" to cite the data in a paper

Data Searching Rules: https://disc.gsfc.nasa.gov/help#searching (https://disc.gsfc.nasa.gov/help#searching)


https://disc.gsfc.nasa.gov/
https://disc.gsfc.nasa.gov/help#searching

DOWNLOADING ANALYSIS READY DATA
Case-1: Getting Only Variables of Interest Over a Region
Method: product landing page ---> Subset/Get Data ---> subsets using OPeNDAP
Output format: netCDF, ASCII

Characteristics of Method: Better performance

~ Download Method: «” Get File Subsets using OPeNDAP

O Get Original Files
Generate unmodified file links directly from the archive.

Reset

@ Get File Subsets using OPeNDAP [59)

Generate file links supporting geo-spatial search and crop and selection of variables, in netCDF or ASCII formats.

L/

(O Get File Subsets using the GES DISC Subsetter (===

netCDF format.

Method Options @

» Refine Date Range: 1980-01-01 to 2020-09-30

» Refine Region: -180, -90, 180, 90

() 8= Use ‘Refine Region’ for geo-spatial subsetting ®

» Variables: Get all variables

Output format @

~ File Format: netCDF

O ASCII
netCDF

Generate file links supporting geo-spatial search and crop, selection of variables, selection of time of day, and regridding, in

Reset

Reset

Reset

Reset

Case-2: Subsetting Time of a Day or Vertical Levels; or Getting
Preprocessed Data

Method: Product landing page ---> Subset/Get Data ---> GES DISC Subsetter
Output format: netCDF

Characteristics of Method: more options

Preprocessing Options:

« daily mean
« daily minimum and maximum (New)

« horizontal regridding




USHISTULS 111G 1IN QU PUILITNTY YOU-OpaUal DSl Siiu CIUN G OSISOHUIT Ul VRITEIGS, 11 TISUGLT Ul Mool (U iss.

@ Get File Subsets using the GES DISC Subsetter
Generate file links supporting geo-spatial search and crop, selection of variables, selection of time of day, and regridding, in
netCDF format.

Method Options @

» Refine Date Range: 1980-01-01 to 2020-09-30 Reset

» Refine Region: -180, -90, 180, 90 Reset

(] S< Use ‘Refine Region’ for geo-spatial subsetting @

» Variables: Get all variables Reset

~ Time of Day: Get complete time span Reset

NOTE: By default, COMPLETE time of day span is sent in the subset request. All dates and times are in UTC.

O From: O To:
Select an hour v I l Select an hour v
Aggregation: | None v | Don't perform any aggregation.

Mean
Mininum
Maximum

Output format ®

» Grid: None Reset

Case 3: Downloading a Long Time Series at a Location, Save into a Single
File (New)

Method-1: Product landing page ---> Web Services ---> THREDDS Data ---> NetcdfSubset ---> Grid as Point
Dataset

Output format: CSV, geocsv, xml, netCDF

edds/ncss/MERRA2_aggregation/M2TINXFLX.5.12.4/M2T1NXFLX.5.12.4_Aggregation_201
idded Dataset Description )
b Time: 2015-01-01700:30:00Z

Data Access :
ust select at least one Variable and a Lat/Lon location. Ch?ose Lat/Lon Location:
bct Variable(s): [ o
ables with Time coordinate time

Online Archive

[ BSTAR = surface_bouyancy_scale
Earthdata Search [J CDH = surface_exchange_coefficient_for_heat

[J CDM = surface_exchange_coefficient_for_momentum
[J CDQ = surface_exchange_coefficient_for_moisture
[ CN = surface_neutral_drag_coefficient

Simple Subset Wizard

Giovanni

Web Services v

GDS
OPENDAP

[J DISPH = zero_plane_displacement_height

() EFLUX = total_latent_energy_flux

[ EVAP = evaporation_from_turbulence

[J FRCAN = areal_fraction_of_anvil_showers

[ FRCCN = areal_fraction_of_convective_showers

[ FRCLS = areal_fraction_of_nonanvil_large_scale_showers
[[J FRSEAICE = ice_covered_fraction_of_tile

[JJ GHTSKIN = Ground_heating_for_skin_temp

() HFLUX = sensible_heat_flux_from_turbulence

[J HLML = surface_layer_height

[J NIRDF = surface_downwelling_nearinfrared_diffuse_flux
[J NIRDR = surface_downwelling_nearinfrared_beam_flux

[ PBLH = planetary_boundary_layer_height
[J PGENTOT = Total_column_production_of_precipitation
THREDDS Data [J PRECANV = anvil_precipitation

Performance testing: ~2.5 min to download one variable for one year of hourly data.

[J PRECCON = convective_precipitation

[ PRECLSC = nonanvil_large_scale_precipitation

(J PRECSNO = snowfall

[JJ PRECTOT = total_precipitation

[J PRECTOTCORR = bias_corrected_total_precipitation

[J PREVTOT = Total_column_re-evap/subl_of_precipitation

[J QLML = surface_specific_humidity

Latitude: 20.1

Longitude: -100.6

Bounding box, in decimal degrees
(initial extents are approximate):
north
90.0000

west -180.0000 179.3750 east
-90.0000
south

Choose Time Subset:

Format:| xm| v




Example data:

https://goldsmr4.gesdisc.eosdis.nasa.gov/thredds/catalog/MERRA2 aggregation/M2TINXFLX.5.12.4/catalog.html

Note: The THREDDS Data Server may be used to download regional time series into a single file as
well. Performance testing shows that it takes ~1 min to download one variable for 20 years global

monthly data.

Method-2: Data Rods

https://disc.gsfc.nasa.gov/information/tools?title=Hydrology%20Data%20Rods
(https://disc.gsfc.nasa.gov/information/tools?title=Hydrology%20Data%20Rods)

Output format: time series plot, CSV, netCDF

Note: available for selected variables

Instantaneous

MERRA-2 2D, 1-Hourly, Instantaneous, Single-Level,
Assimilation, Land Surface Forcings V5.12.4 (M211NXLFQ) | TtML o

SPEEDLML speed

Surface air
temperature over

Instantaneous

Surface wind

Instantaneous

Surface eastward

asc

[++]
]
&

MERRA-2 2D, 1-Hourly, Time-Averaged, Single-Level, ULML wind, time
Assimilation, Surface Flux Diagnostics V5.12.4 average
(M2T1NXFLX) Surface northward
VLML wind, time
average

LWGAB
MERRA-2 2D, 1-Hourly, Time-Averaged, Single-Level,

Assimilation, Land Surface Forcings V5.12.4 (M2TINXLFO) | oo

Surface absorbed
longwave
radiation, time

Incident shortwave
SWGDN radiation land
time average

50-meter eastward

U50M wind, time
MERRA-2 2D, 1-Hourly, Time-Averaged, Single-Level, Assimilation, | [l
Single-Level Diagnostics V5.12.4 (M2T1NXSLV) 50.meter

W
w

asc

Performance testing: ~0.5 min to download one variable for 20-year hourly data.

Case 4: Automating Data Search and Download

The GES DISC provides an Application Program Interface (API) for users who prefer to employ our data search
and subsetting services using scripts instead of the Web browser interface. The API is a communication protocol
that allows users to find the datasets and data granules they need and download any desired subsets. Information

is passed back and forth in JavaScript Object Notation (JSON) format.

Complete reference documentation for the GES DISC Subsetting Service API
(https://disc.gsfc.nasa.gov/service/subset)

Example Links:



https://disc.gsfc.nasa.gov/information/tools?title=Hydrology%20Data%20Rods
https://disc.gsfc.nasa.gov/service/subset

How to Use the Web Services API for Subsetting MERRA-2 Data (https://disc.gsfc.nasa.gov/information/howto?
keywords=API&title=How%20t0%20Use%20the%20Web%20Services%20API1%20for%20Subsetting%20MERRA-

2%20Data)

How to Use the Web Services API for Dataset Searching (https://disc.gsfc.nasa.gov/information/howto?
keywords=API&title=How%20t0%20Use%20the%20Web%20Services%20API%20for%20Dataset%20Searching)

How to Use the Web Services API for Subsetting (https://disc.gsfc.nasa.gov/information/howto?
keywords=API&title=How%20t0%20Use%20the%20Web%20Services%20AP1%20for%20Subsetting)


https://disc.gsfc.nasa.gov/information/howto?keywords=API&title=How%20to%20Use%20the%20Web%20Services%20API%20for%20Subsetting%20MERRA-2%20Data
https://disc.gsfc.nasa.gov/information/howto?keywords=API&title=How%20to%20Use%20the%20Web%20Services%20API%20for%20Dataset%20Searching
https://disc.gsfc.nasa.gov/information/howto?keywords=API&title=How%20to%20Use%20the%20Web%20Services%20API%20for%20Subsetting

VIEWING DATA ONLINE
Visualize Without Downloading Data via THREDDS Data Server (New)

B Auto-zoom on select  [Refresn

a0 e _ 8o AR 0t e _ P91
ice_covered_fraction_of_tile
Ground_heating_for_skin_temp
sensible_heat_flux_from_turbulence
surface_layer_height
surface_downwelling_nearinfrared_diffuse_f
surface_downwelling_nearinfrared_beam_fiu

Layer: GES DISC THREDDS Server > MERRA-2 tavg1_2d_fix_Nx -
2d.1-Hourly, Time-Averaged, Single-Level Assimilation, Surface Flux
Diagnostics V5.12.4 > bias_corrected_total_precipitation

Units: kg m-2 5-1

Dateftime: 19 Dec 2018 | 00:30:00 » |UTC first frame last frame S
9 10
16 17
23 24
30 31
Eit layer to window

planetary_boundary_layer_height
Total_column_production_of_precipitation
anvil_precipitation
convective_precipitation
nonanvil_large_scale_precipitation
snowfall

total_precipitation
bias_corrected_total_precipitation
Total_column_re-evap/subl_of_precipitation
surface_specific_humidity
effective_surface_specific_humidity
surface_moisture_scale
air_density_at_surface
surface_bulk_richardson_number
anrfare wind sneed
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Sample image: view MERRA-2 hourly total precipitation for Dec 19, 2018, 00:30Z

https://goldsmr4.gesdisc.eosdis.nasa.gov/thredds/catalog/MERRA2 aggregation/M2TINXFLX.5.12.4/catalog.html
(https://goldsmr4.gesdisc.eosdis.nasa.gov/thredds/catalog/MERRA?2 aggregation/M2T1INXFLX.5.12.4/catalog.html)

Method: Product landing page ---> Web Services ---> THREDDS Data --->Godiva2 (browser-based)

Plot Options:

« Lon-lat map
. Time series at a point

« Animation

This service will be available for all MERRA-2 products

Visualize and Analyze Without Downloading Data via Giovanni

https://giovanni.gsfc.nasa.gov (https://giovanni.gsfc.nasa.gov )

Giovanni is a GES DISC developed online tool. It consists of over twenty plot functions.



https://goldsmr4.gesdisc.eosdis.nasa.gov/thredds/catalog/MERRA2_aggregation/M2T1NXFLX.5.12.4/catalog.html
https://giovanni.gsfc.nasa.gov%20/
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l Time Averaged Map - li 2019 -09 - 01 (B : to 2019 -09 - 30 B : -180,70,180,90
Maps Scatter, Area Av.eraged (Static) Time Series
Time Averaged Map fiaff::(lgéigicgmzs Hovmoller, Longitude-Averaged
Animation Scatter (Static) Hovmoller, Latitude-Averaged

Limited to: 365 time steps i . )
Scatter, Time-Averaged (Interactive) Time Series, Area-Averaged Differences

Map, Difference of Time Averaged Limited to: 30000 points

Time Series, Area-Averaged
Map, Accumulated g

) Vertical Time Series, Seasonal

Time Averaged Overlay Map ) .

Cross Section, Latitude-Pressure i
Monthly and Seasonal Averages ‘ ) Miscellaneous

Cross Section, Longitude-Pressure

. Zonal Mean
Comparisons Cross Section, Time-Pressure )
Histogram

Map, Correlation Vertical Profile

684 MERRA-2 variables, including all monthly variables and selected hourly variables, are available in
Giovanni.

Visualize Without Downloading Data by Using Panoply

Panoply (http://(http://www.giss.nasa.gov/tools/panoply/) is free software developed by the NASA Goddard
Institute for Space Studies. It can access and display remotely the geo-referenced data in the OPeNDAP service


http://%28http//www.giss.nasa.gov/tools/panoply/
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Comtrmsts cpenDmet MERRA-2 Dust Surface Mass Concentration, June 26 2020 00:30Z
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Example image: View of MERRA-2 aerosol on Jun 26 2020 00:30Z for the extreme dust event. The heavy dust
was transported from the Sahara Desert westward to the Gulf of Mexico.

Example data: https:/goldsmr4.gesdisc.cosdis.nasa.gov:443/opendap/MERRA2/M2T INXAER.5.12.4/2020/06
(https://goldsmr4.gesdisc.eosdis.nasa.gov:443/opendap/MERRA2/M2TINXAER.5.12.4/2020/06)

Read more: How to View Remote Data in OPeNDAP with Panoply
(https://disc.gsfc.nasa.gov/information/howto?
keywords=panoply&title=How%20t0%20View%20Remote%20Data%20in%200PeNDAP%20with%20Panoply)


https://goldsmr4.gesdisc.eosdis.nasa.gov/opendap/MERRA2/M2T1NXAER.5.12.4/2020/06
https://disc.gsfc.nasa.gov/information/howto?keywords=panoply&title=How%20to%20View%20Remote%20Data%20in%20OPeNDAP%20with%20Panoply

MERRA-2 ASSOCIATED PRODUCTS
MERRA-2 Climate Statistics Products (newly released)

Percentile for mean 2-meter air temperature June 2019

Percentile for mean 2-meter air temperature (Percent)

<4ET |

00 200 400 60.0 80.0 100.0

Data Min = 0.0, Max = 100.0

Example image: Percentile of 2-meter temperature, indicating the extreme heat event over Europe in June 2019.

maximum number of consecutive days when precipitation <1 mm, Feb 2015

maximum number of consecutive days when precipitation < 1 mm (days)

0.0 55 112 16.8 224 28.0

Data Min =00, Max =280



Example image: Maximum number of consecutive days when precipitation < 1 mm for February 2015,
indicating dry weather over California.

This dataset consists of monthly products (1980-present):

- Extreme detection indices and percentiles derived from MERRA-2 daily mean to assist in the analysis of
extreme temperature and precipitation events

« 30-year climatology for 1981-2010

Click here to view all products (https://disc.gsfc.nasa.gov/datasets?keywords=MERRA2-Climate&page=1)

MERRA-2 Gridded Innovations and Observations (coming soon)

This dataset provides monthly mean gridded data based on the observations assimilated in MERRA-2 every 6
hours, to assist with understanding the quality of MERRA-2.

The observations include :

« Conventional observations

- Satellite retrieved observations from 85 instruments or channels, including AIRS, MLS, ATMS, HIRS,
MSU, SSM/I, and AMSU, etc.

AIRS AQUA (PM): brightness temperature [K], Sep 2009 00Z AIRS AQUA (PM): brightness temperature [K], Sep 2009 06Z

i

By

RS S ] I e A e e | L~ —

= I & = 5 <

e el k)

AIRS AQUA (PM): brightness temperature [K] (none) < AIRS AQUA (PM): brightness temperature [K] (none)

2200 2280 236.0 2440 2520 2600 2200 2280 236.0 2440 2520 2600

Dt lin» 2124, Max « 2532 Nean # 291 5 Detalfin= 2125, Max 2525, Nean = 2416

Example images: Gridded brightness temperature from The Atmospheric Infrared Sounder (AIRS ).


https://disc.gsfc.nasa.gov/datasets?keywords=MERRA2-Climate&page=1

ADDITIONAL INFORMATION
Data access requirement: Register with NASA Earthdata and link to the GES DISC data system

(https://disc.gsfc.nasa.gov/data-access)(Click here to find instruction
(https://disc.gsfc.nasa.gov/data-access))

Data cost: Free
Data access questions: Email to Help Desk (gsfc-help-disc@lists.nasa.gov )
Science questions: Email to merra-questions@lists.nasa.gov

MERRA-2 Mailing List: Sign up by sending an email to Help Desk to get data and service information

Online Help Documentation:

Data How-to: https://disc.gsfc.nasa.gov/information/howto?keywords=MERRA &page=1
(https://disc.gsfc.nasa.gov/information/howto?keywords=MERRA &page=1)

FAQ: https://disc.gsfc.nasa.gov/information/faqs?keywords=MERRA&page=1 (https://disc.gsfc.nasa.gov/information/faqs?
keywords=MERRA-2&page=1)

Data How-to Videos: https://www.youtube.com/user/NASAGESDISC?fs=1&modestbranding=1&rel=0&showinfo=0
(https://www.youtube.com/user/NASAGESDISC?fs=1&modestbranding=1&rel=0&showinfo=0)

Data Searching Rules: https://disc.gsfc.nasa.gov/help#searching (https://disc.gsfc.nasa.gov/help#searching)

MERRA-2 Documentation:

MERRA-2 File Specific https://gmao.gsfc.nasa.gov/pubs/docs/Bosilovich785.pdf
(https://gmao.gsfc.nasa.gov/pubs/docs/Bosilovich785.pdf)

MERRA-2 Science Documentation

https://gmao.gsfc.nasa.gov/reanalysissMERRA-2/docs/ (https://gmao.gsfc.nasa.gov/reanalysiss/MERRA-2/docs/)


https://disc.gsfc.nasa.gov/data-access
https://disc.gsfc.nasa.gov/data-access
https://disc.gsfc.nasa.gov/information/howto?keywords=MERRA&page=1
https://disc.gsfc.nasa.gov/information/faqs?keywords=MERRA-2&page=1
https://www.youtube.com/user/NASAGESDISC?fs=1&modestbranding=1&rel=0&showinfo=0
https://disc.gsfc.nasa.gov/help#searching
https://gmao.gsfc.nasa.gov/pubs/docs/Bosilovich785.pdf
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/docs/
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ABSTRACT

Over 40 years of NASA climate reanalysis datasets from the Modern-Era Retrospective analysis for Research and Applications,
Version 2 (MERRA-2) are available at the NASA Goddard Earth Sciences Data and Information Services Center (GES DISC). In
addition to being used in traditional weather and climate research, MERRA-2 is also widely used in application studies of, e.g.,
wind and solar energy, air quality and health, flood and drought, and heat waves.

Two new MERRA-2 datasets were recently added at the GES DISC: (1) climate statistics derived from MERRA-2 daily data to
assist in the analysis of extreme temperature and precipitation events and of large-scale meteorological patterns from 1980 to the
present and (2) gridded satellite and conventional observations processed in the MERRA-2 system, along with key statistics
derived from the data assimilation, to help better understand how the quality of observations directly affect the reanalysis data.

The GES DISC focuses its efforts on continually improving existing data services and to develop new data tools to satisfy
various user communities. The newly added features include the following:

« Time series service: This is a new service for MERRA-2 data, which enables the easy and fast access of long-term
hourly or daily time series at a location for popular parameters. The data is saved in a single file in Ascii format with a
user- friendly structure.

o New analytic functions in the subsetter interface: Options for downloading daily minimum and maximum values
have been added into the subsetter interface, in addition to the existing daily mean option, for all MERRA-2 and
MERRA sub-daily products. Data format conversion to GeoTIFF has been implemented.

« New variables in Giovanni: Most monthly variables have been integrated into Giovanni, GES DISC’s online
visualization and analysis tool. Due to the large data volume, hourly variables were selected based on user requests.

« More online information: New MERRA-2 documentation has been added: Data How-To, Data in Action, and FAQ.

This presentation overviews two new MERRA-2 datasets and illustrates the new features of data services through a number of
case studies. MERRA-2 data and services can be found at https://disc.gsfc.nasa.gov/datasets?project=MERRA-2
(https://disc.gsfc.nasa.gov/datasets?project=MERRA-2).
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