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stores of geospatial data in the
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@ Outline

- Alittle history

- Data

- Demo!

- Documentation

- Limitations and future plans
- How to contact us
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GIOVANNI The grigge Between Data and Science v 439

Select Plot Select Date Range (UTC)

Time Series, Area-Averaged ~ 1986 - 10 - 01 83 00 to 1987 -09 -30 (8 | 23

Valid Range: 1948-01-01 to 2014-12-31

Select Variables

[ Model (38)

¥ Disciplines

[ Hydrology (38)
[ Water and Energy Cycle (38)

Number of matching Variables: 38 0 2088 Total Variable(s) included in Plot: 1

Keyword : GLDAS_NOAH025_3H_2.0 s

Variable

[J  Albedo
» Measurements

» Platform / Instrument [ Evapotranspiration

Transpiration (GLDAS_NOAH025_3H v2.0)

» Spatial Resolutions 0O
» Temporal Resolutions

[J  Specific humidity (GLDAS_NOAH025_3H v2.0)

» Depths

» Portal O snowdeoth

() Canopy water evaporation ~(GLDAS_NOAH025_3H v2.0)

[0 soil (0-10¢m (GLDAS_NOAH025 3H v2.0)

[J  Snowmelt

O soil (40 - 100 cm (GLDAS_NOAH025_3H v2.0)

[J  Soil moisture content (0 - 10 cm (GLDAS_NOAH025_3H v2.0)

[J  Ground heatflux (GLDAS_NOAH025_3H v2.0)

[J  Total precipitation rate

[J  Snow depth water equivalent (GLDAS_NOAH025 3H v2.0)

NASA  NASA Official: M. Hegde ~ Web Privacy Policy  Data Policy ~ Accessibility Powered By A~ Contact Us

GES

-121.4,38.6,-120,40.5

| Clear

A quick intro to Giovanni

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

Select Region (Bounding Box or Shape)

¢ x

Units.

%
kgm-2s-1

wm-2

kgm2s-1

kgm-2

Source

GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model
GLDAS
Model

Temp.Res.

s o NN

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

3-Hourly

SpatRes.

Feedback Help

Begin Date

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

1948-01-01

End Date

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

2014-12-31

GIOVANNI he sridge Between Data and Science v4.39

Log out (csmit)

Feedback Help Log out (csmit)

~ History o/
4+ % 10. Time Series, Area-
Averaged
+ % 9. Time Series, Area-
Averaged
8. Time Averaged Map

Region 121.4W, 38.6N, 120W, 40.5N

= Options ~

Time Series, Area-Averaged of Snow precipitation rate 3-hourly 0.25 deg. [GLDAS Model
GLDAS_NOAH025_3H v2.0] kg m-2 s-1 over 1986-09-30 21:00:00Z - 1987-09-30 21:00:00Z,

& Download v

+
+ % 7. Time Averaged Map
+
+

6. Time Averaged Map 9:0002 ! T
% 5. Time Series, Area- 0.00018 —
Averaged "
— % 4.Time Series, Area-
it 0.00016 [—
I
Ll 0.00014
Plots
Downloads ~ 0.00012
P
Lineage ~
4 % 3. Time Series, Area- ¢ 0.0001
Averaged =
+ X 2. Time Series, Area- x 8e-05
Averaged
+ % 1. Time Series, Area- 6e-05
Averaged
4e-05
2e-05
04

visualization result

1987

Aug

- The user-selected region was defined by 121.4W, 38.6N, 120W, 40.5N. The data grid also imits the analyzable region to the following bounding points:
121.375W, 38.625N, 120.125W, 40.375N. This analyzable region indicates the spatial limits of the subsetted granules that went into making this.

- Selected date range was 1986-10-01 00Z - 1987-09-30 23Z. Title reflects the date range of the granules that went into making this result.
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Cloud Part 1: Parquet
~2018-2020
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@ Parquet

Multi-dimensional array with dimension variables

Data

N
N
N3

e&/"/ 44 / 55 / 6.9
15 /21 /35

Time

Longitude ————>

Longitude
-90.0 0.0 90.0

Latitude
-45.0 45.0

Time

0 3600

® GESDISC

/4.4/5.5/ 69
15 /21 /35

: s
/100 /113 /125
70 /81 / 99!

Point data (Data frame)

Longitude Latitude Time Data
-90.0 -45.0 0 1.5
0.0 -45.0 0 2.1
90.0 -45.0 0 35
-90.0 45.0 0 44
0.0 45.0 0 55
90.0 45.0 0 6.9
-90.0 -45.0 3600 7.0
0.0 -45.0 3600 8.1
90.0 -45.0 3600 9.9
-90.0 45.0 3600 10.0
0.0 45.0 3600 11.3
90.0 45.0 3600 12.5
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@ Parquet highlights (~2018-2020)

The good ['4:

e Easiest algorithm writing ever!
e Clean, simple architecture

https://www.youtube.com/watch?v=CbH9SVrPSUA

% G E S SciPy July 11, 2024



https://www.youtube.com/watch?v=CbH9SVrPSUA

Parquet highlights (~2018-2020)

The good ['4:

e Easiest algorithm writing ever!
e Clean, simple architecture

The bad @:

e Lack of open source solutions that performed well for our tasks
e Inconsistent performance from AWS Athena

https://www.youtube.com/watch?v=CbH9SVrPSUA
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https://www.youtube.com/watch?v=CbH9SVrPSUA

e Easiest algorithm writing ever!
e Clean, simple architecture

The bad @:

e Lack of open source solutions that performed well for our tasks
e Inconsistent performance from AWS Athena

The ugly ==
e Looming cost problems with AWS Athena
e Difficulty of updating enormous parquet files

https://www.youtube.com/watch?v=CbH9SVrPSUA
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https://www.youtube.com/watch?v=CbH9SVrPSUA

Cloud Part 2: Zarr
> 2020
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Moving to zarr

The good ['4:

e Supports multi-dimensional arrays natively. Is largely compatible with NetCDF
and HDF data models, which is a good fit for our data.

o Easy to update as new observations come in.
e Excellent open source support.

@ G E S SciPy July 11, 2024
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e Supports multi-dimensional arrays natively. Is largely compatible with NetCDF
and HDF data models, which is a good fit for our data.

o Easy to update as new observations come in.
e Excellent open source support.

The bad @:

e Making zarr stores public that need to be updated requires additional
instrumentation beyond the zarr library.

@ G E S SciPy July 11, 2024

11



@ What we're making public

24 "complete" zarr stores (no new data coming in)

@ G E S SciPy July 11, 2024
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@/ What we're making public

24 "complete" zarr stores (no new data coming in)

o hydrology variables from GLDAS _NOAHO025 3H v2.0
o GLDAS Noah Land Surface Model L4 3 hourly 0.25 x 0.25 degree V2.0
o Global spatial extent
o Land-only
o 1948-01-01 to 2014-12-31

@ G E S SciPy July 11, 2024
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https://disc.gsfc.nasa.gov/datasets/GLDAS_NOAH025_3H_2.0/summary

@/ Sidebar: how NASA archives earth science data

@ G E S SciPy July 11, 2024
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@ Sidebar: how NASA archives earth science data

Product /
collection

SciPy July 11, 2024
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Product /
collection

<

f

Granules / files

GLDAS_NOAH025_3H

GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.

.A19480101.
A19480101.
A19480101.
A19480101.
A19480101.
A19480101.

A19480101

A19480102.
A19480102.
A19480102.
A19480102.
A19480102.
A19480102.
A19480102.

A19480102

A19480103.
A19480103.
A19480103.
A19480103.
A19480103.
A19480103.
A19480103.

A19480103

A19480104.
A19480104.
A19480104.
A19480104.

0300.
0600.
0900.
1200.
1500.
1800.
.2100.
0000.
0300.
0600.
0900.
1200.
1500.
1800.
.2100.
0000.
0300.
0600.
0900.
1200.
1500.
1800.
.2100.
0000.
0300.
0600.
0900.

020.
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4

020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020

nc4

Sidebar: how NASA archives earth science data

SciPy July 11, 2024
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Product /
collection

<

/

® GES

Granules / files

GLDAS_NOAH025_3H

GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.
GLDAS NOAHO25 3H.

.A19480101.

A19480101.
A19480101.
A19480101.
A19480101.
A19480101.
A19480101.
A19480102.
A19480102.
A19480102.
A19480102.
A19480102.
A19480102.
A19480102.
A19480102.
A19480103.
A19480103.
A19480103.
A19480103.
A19480103.
A19480103.
A19480103.
A19480103.
A19480104.
A19480104.
A19480104.
A19480104.

0300.
0600.
0900.
1200.
1500.
1800.
2100.
0000.
0300.
0600.
0900.
1200.
1500.
1800.
2100.
0000.
0300.
0600.
0900.
1200.
1500.
1800.
2100.
0000.
0300.
0600.
0900.

020.

020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020

.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4
.nc4

Sidebar: how NASA archives earth science data

Data variables / parameters
nc4 /”//”////’/float Swnet tavg(time, lat, lon) ;

Swnet tavg:
Swnet tavg:
Swnet tavg:
Swnet tavg:
Swnet tavg:
Swnet tavg:
Swnet tavg:
Swnet tavg:
float Lwnet tavg(time,
Lwnet tavg:
Lwnet tavg:
Lwnet tavg:
Lwnet tavg:
Lwnet tavg:
Lwnet tavg:
Lwnet tavg:
Lwnet tavg:
float Qle tavg(time,

standard name = "surface net downward shortwave flux"
long name = "Net short wave radiation flux" ;

units = "W m-2" ;

_FillValue = -9999.f ;

missing value = -9999.f ;

cell methods = "time: mean"

vmin = 0.f ;

vmax = 1041.f ;

lat, lon) ;

standard name = "surface net downward longwave flux"
long name = "Net long-wave radiation flux" ;

units = "W m-2" ;

_FillValue = -9999.f ;

missing value = -9999.f ;

cell methods = "time: mean"

vmin = -309.47f ;

vmax = 42.44998f ;

lat, lon) ;

Qle tavg:standard name = "surface upward latent heat flux" ;
Qle tavg:long name = "Latent heat net flux" ;

Qle tavg:units = "W m-2"

Qle tavg: FillValue = -9999.f ;

Qle tavg:missing value = -9999.f ;

Qle tavg:cell methods = "time: mean"

Qle tavg:vmin = -73.88426f ;

Qle tavg:vmax = 553.9257f ;

SciPy July 11, 2024
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@ Example: original NetCDF data granule for GLDAS _NOAHO025 3H v2.0

xarray.Dataset

Dimensions:

v Coordinates:
time
lon
lat

v Data variables:

time_bnds
Swnet_tavg

lwwmnmat tawum

LYVUUYVIL I _lGVY

» Indexes: (3)

v Attributes:

CDI :
Conventions :

hictarn: -

(time: 1, bnds: 2, lon: 1440, lat: 600)

(time) datetime64[ns] 1948-01-01T03:00:00
(lon) float32 -179.9 -179.6 ... 179.6 179.9
(lat) float32 -59.88 -59.62 ... 89.62 89.88

(time, bnds) datetime64[ns] ...
(time, lat, lon) float32 ...

ftima lat lan) flnat29

LG, i@y, iy nvawwao e

Climate Data Interface version 1.9.8 (https://mpimet.mpg.de/cdi)
CF-1.6

rraatar Aan Adata:- 2N1A_1N_N1T11' 262N RNR

® GESDISC

SciPy July 11, 2024



@ Example: original NetCDF data granule for GLDAS _NOAHO025 3H v2.0

xarray.Dataset

Dimensions:

v Coordinates:
time
lon
lat

v Data variables:

time_bnds
Swnet_tavg

lwwmnmat tawum

LYV _LTaVY

» Indexes: (3)

v Attributes:

CDI :
Conventions :

hictarn: -

® GES

(time: 1, bnds: 2, lon: 1440, lat: 600) <

A

(time) datetime64[ns] 1948-01-01T03:00:00
(lon) float32 -179.9 -179.6 ... 179.6 179.9
(lat) float32 -59.88 -59.62 ... 89.62 89.88

(time, bnds) datetime64[ns] ...

(time, lat, lon) float32 ...
(tima lat lAan) flanat22
\lllllc' lﬂk’ IUIII nIvawwo e

Climate Data Interface version 1.9.8 (https://mpimet.mpg.de/cdi)
CF-1.6

rraatar Aan Adata:- 2N1A_1N_N1T11' 262N RNR

SciPy July 11, 2024

Data for just a single time slice
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@ Example: original NetCDF data granule for GLDAS _NOAHO025 3H v2.0

xarray.Dataset

Dimensions:

v Coordinates:
time
lon
lat

v Data variables:

time_bnds
Swnet_tavg

lwwmnmat tawum

LYV _LTaVY

» Indexes: (3)

v Attributes:

CDI :
Conventions :

hictarn: -

® GES

(time: 1, bnds: 2, lon: 1440, lat: 600) <

A

(time) datetime64[ns] 1948-01-01T03:00:00
(lon) float32 -179.9 -179.6 ... 179.6 179.9
(lat) float32 -59.88 -59.62 ... 89.62 89.88

(time, bnds) datetime64([ns] ...

(time, lat, lon) float32 ...
(tima lat lAan) flanat22
\lllllc' lﬂk’ IUII’ nIvawwo e

Climate Data Interface version 1.9.8 (https://mpimet.mpg.de/cdi)
CF-1.6

rraatar Aan Adata:- 2N1A_1N_N1T11' 262N RNR

5 @

® ©

o)

IO ()

SciPy July 11, 2024

Data for just a single time slice

Coordinates
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@ Example: original NetCDF data granule for GLDAS _NOAHO025 3H v2.0

xarray.Dataset

Dimensions:

v Coordinates:
time
lon
lat

v Data variables:

(time: 1, bnds: 2, lon: 1440, lat: 600) <

(time) datetime64[ns] 1948-01-01T03:00:00
(lon) float32 -179.9 -179.6 ... 179.6 179.9
(lat) float32 -59.88 -59.62 ... 89.62 89.88

Data for just a single time slice

) )

® ©

Coordinates

Bounds for one dimension

time_bnds (time, bnds) datetime64[ns] ... =
Swnet_tavg (time, lat, lon) float32 ... =) &=
Lwmat taum (tima lat lAan) flnat29 -
L"UV'VII_I_LGVs \lllllc' IUL, IUII’ HNIvaww o l=| =
» Indexes: (3)
v Attributes:
CDI: Climate Data Interface version 1.9.8 (https://mpimet.mpg.de/cdi)
Conventions : CF-1.6
hictAarn: - rraatar an Adata- 201Q_1N_N1T11' 262N ENR
?‘O/ GES SciPy July 11, 2024 21




@ Example: original NetCDF data granule for GLDAS _NOAHO025 3H v2.0

xarray.Dataset

Dimensions: (time: 1, bnds: 2, lon: 1440, lat: 600) < Data fOF jUSt a single time S“CE
v Coordinates:
time (time) datetime64[ns] 1948-01-01T03:00:00 =) = .
lon (lon) float32 -179.9 -179.6 ... 179.6 179.9 =S Coordlnates
lat (lat) float32 -59.88 -59.62 ... 89.62 89.88 = =

v Data variables:

Bounds for one dimension

time_bnds (time, bnds) datetime64[ns] ... =
Swnet_tavg (time, lat, lon) float32 ... =) &=
Lwnat tawum (tima lat lAan) flnat29 D
- 36 data variables
L"UV'VII_I_LGVs \lllllc' ICL' IUII’ HNIvaww o l=| =

» Indexes: (3)

v Attributes:

CDI: Climate Data Interface version 1.9.8 (https://mpimet.mpg.de/cdi)
Conventions : CF-1.6
hictarn: - rraatand Aan data: 2N1Q_1N_N1T11' 262N ENR

@ G E S SciPy July 11, 2024 2




@ Example: original NetCDF data granule for GLDAS _NOAHO025 3H v2.0

xarray.Dataset

Dimensions:

v Coordinates:
time
lon
lat

v Data variables:

time_bnds
Swnet_tavg

lwwmnmat tawum

LYVUVTVIL_ T _\GvVy

» Indexes: (3)

v Attributes:

CDI:
Conventions :

hictarn: -

® GES

(time: 1, bnds: 2, lon: 1440, lat: 600) <

(time) datetime64[ns] 1948-01-01T03:00:00
(lon) float32 -179.9 -179.6 ... 179.6 179.9
(lat) float32 -59.88 -59.62 ... 89.62 89.88

(time, bnds) datetime64[ns] ...

(time, lat, lon) float32 ..
ftima lat lan) flnat22
‘lllllc' Iﬂl' IUII’ IIIIIII “en

Climate Data Interface version 1.9.8 (https://mpimet.mpg.de/cdi)
CF-1.6

rraatar Aan Adata:- 2N1A_1N_N1T11' 262N RNR

SciPy July 11, 2024

Data for just a single time slice

Coordinates

Bounds for one dimension

36 data variables

Metadata about granule
and product
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@ Zarr store normalization

® GESDISC

SciPy July 11, 2024
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@ Zarr store normalization

e Standardize dimensions and bounds:
O name
o order
O units

@ G E S SciPy July 11, 2024
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@ Zarr store normalization

e Standardize dimensions and bounds:
O name
o order
O units

e Aggregate across time

@ G E S SciPy July 11, 2024

26



@/ Zarr store normalization

e Standardize dimensions and bounds:
O name
o order
O units

o Aggregate across time
e Include only one measurement in each zarr store

@ G E S SciPy July 11, 2024
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Zarr store normalization

e Standardize dimensions and bounds:
O name
o order
O units

o Aggregate across time
e Include only one measurement in each zarr store

= Makes the data look "weird" if you know the original product, but makes writing
algorithms easier.

@ G E S SciPy July 11, 2024
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Example: Zarr store for Snowf tavg variable in GLDAS NOAHO025 3H
v2.0

xarray.Dataset

» Dimensions: (latitude: 600, bounds: 2, longitude: 1440, time: 196000)

v Coordinates:

latitude (latitude) float64 -59.88 -59.62 ... 89.62 89.88 B
longitude (longitude) float32 -179.9 -179.6 ... 179.6 179.9 2 S
time (time) datetime64[ns] 1948-01-01T03:00:00 ... 1947-... 3 S

v Data variables:

latitude_bounds (latitude, bounds) float64 dask.array<chunksize=(18, 2), ... ]
longitude_boun... (longitude, bounds) float64 dask.array<chunksize=(36, 2), ... =
time_bounds (time, bounds) datetime64[s] dask.array<chunksize=(800, 2),... [2 &
variable (latitude, longitude, time) float32 dask.array<chunksize=(18, 36, ... [2) &
long_name : Snow precipitation rate

units : kg m-2 s-1

» Indexes: (3)

v Attributes:

Conventions : CF-1.10

DOI : 10.5067/3420HQM9AK6Q

product_long_n... GLDAS Noah Land Surface Model L4 3 hourly 0.25 x 0.25 degree V2.0
product_short_... GLDAS_NOAHO025_3H

product_version: 2.0

g GESDISC SciPy July 11, 2024




Example: Zarr store for Snowf tavg variable in GLDAS NOAHO025 3H
v2.0

xarray.Dataset

Data consolidated across all

Dimensions: (latitude: 600, bounds: 2, longitude: 1440, time: 196000) <
v Coordinates: gl’a NuU |eS.
latitude (latitude) float64 -59.88 -59.62 ... 89.62 89.88 B
longitude (longitude) float32 -179.9 -179.6 ... 179.6 179.9 2 S
time (time) datetime64[ns] 1948-01-01T03:00:00 ... 1947-... 3 S
v Data variables:
latitude_bounds (latitude, bounds) float64 dask.array<chunksize=(18, 2), ... ]
longitude_boun... (longitude, bounds) float64 dask.array<chunksize=(36, 2), ... =
time_bounds (time, bounds) datetime64[s] dask.array<chunksize=(800, 2),... &) &
variable (latitude, longitude, time) float32 dask.array<chunksize=(18, 36, ... [2) &
long_name : Snow precipitation rate
units : kg m-2 s-1

» Indexes: (3)

v Attributes:
Conventions : CF-1.10
DOI : 10.5067/3420HQM9AK6Q
product_long_n... GLDAS Noah Land Surface Model L4 3 hourly 0.25 x 0.25 degree V2.0
product_short_... GLDAS_NOAH025_3H
product_version: 2.0

@ G E S SciPy July 11, 2024




v2.0

Example: Zarr store for Snowf tavg variable in GLDAS NOAHO025 3H

xarray.Dataset

Dimensions:

v Coordinates:

latitude
longitude
time

v Data variables:

latitude_bounds
longitude_boun...
time_bounds
variable
long_name :
units :

» Indexes: (3)

v Attributes:
Conventions :
DOI :
product_long_n...
product_short_...
product_version :

® GES

(latitude: 600, bounds: 2, longitude: 1440, time: 196000)

(latitude)
(longitude)
(time)

(latitude, bounds)

(longitude, bounds)

(time, bounds)

(latitude, longitude, time)
Snow precipitation rate

kg m-2 s-1

CF-1.10

10.5067/3420HQMOAKEQ

float64
float32
datetime64[ns]

float64
float64
datetime64(s]
float32

-59.88 -59.62 ... 89.62 89.88
-179.9 -179.6 ... 179.6 179.9
1948-01-01T03:00:00 ... 1947-...

() [m) [
(© @ (@

dask.array<chunksize=(18, 2), ... —
dask.array<chunksize=(36, 2), ... =
dask.array<chunksize=(800, 2),... & &
dask.array<chunksize=(18, 36, ... [ S

GLDAS Noah Land Surface Model L4 3 hourly 0.25 x 0.25 degree V2.0

GLDAS_NOAHO025_3H

2.0

SciPy July 11, 2024

Data consolidated across all
granules.

Standardized coordinates with
standardized names and units.
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Example: Zarr store for Snowf tavg variable in GLDAS NOAHO025 3H
v2.0

xarray.Dataset

Data consolidated across all

Dimensions: (latitude: 600, bounds: 2, longitude: 1440, time: 196000)
v Coordinates: gl"a Nu |eS.
latitude (latitude) float64 -59.88 -59.62 ... 89.62 89.88 B
longitude (longitude) float32 -179.9 -179.6 ... 179.6 179.9 e Standardized coordinates with
time (time) datetime64[ns] 1948-01-01T03:00:00 ... 1947-... 3 S

standardized names and units.

v Data variables:

latitude_bounds (latitude, bounds) float64 dask.array<chunksize=(18, 2), ... — . .
longitude_boun... (longitude, bounds) float64 dask.array<chunksize=(36, 2), ... — BoundS on d|menS|OnS
time_bounds (time, bounds) datetime64[s] dask.array<chunksize=(800, 2),... &) &

variable (latitude, longitude, time) float32 dask.array<chunksize=(18, 36, ... [3) &

long_name : Snow precipitation rate

units : kg m-2 s-1

» Indexes: (3)

v Attributes:
Conventions : CF-1.10
DOI : 10.5067/3420HQM9OAKEQ
product_long_n... GLDAS Noah Land Surface Model L4 3 hourly 0.25 x 0.25 degree V2.0
product_short_... GLDAS_NOAH025_3H
product_version: 2.0
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Example: Zarr store for Snowf tavg variable in GLDAS _NOAHO025 3H
v2.0

xarray.Dataset

Data consolidated across all

Dimensions: (latitude: 600, bounds: 2, longitude: 1440, time: 196000)
v Coordinates: gra NuU |eS
latitude (latitude) float64 -59.88 -59.62 ... 89.62 89.88 B
longitude (longitude) float32 -179.9 -179.6 ... 179.6 179.9 B Standardized coordinates with
time (time) datetime64[ns] 1948-01-01T03:00:00 ... 1947-... 3 S

standardized names and units.

v Data variables:

latitude_bounds (latitude, bounds) float64 dask.array<chunksize=(18, 2), ... ] . .

longitude_boun... (longitude, bounds) float64 dask.array<chunksize=(36, 2), ... — BoundS on d|men5|0ns

time_bounds (time, bounds) datetime64[s] dask.array<chunksize=(800, 2),... S

variable (latitude, longitude, time) float32 dask.array<chunksize=(18 EE— . .
e A single data parameter with

long_name : Snow precipitation rate

arite kg m-2 s-1 ) coordinates in a standard order

» Indexes: (3)

v Attributes:
Conventions : CF-1.10
DOI : 10.5067/3420HQM9OAKEQ
product_long_n... GLDAS Noah Land Surface Model L4 3 hourly 0.25 x 0.25 degree V2.0
product_short_... GLDAS_NOAH025_3H
product_version: 2.0
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xarray.Dataset

Dimensions:

v Coordinates:

latitude
longitude
time

v Data variables:

latitude_bounds

longitude_boun...

time_bounds
variable
long_name :
units :

» Indexes: (3)

v Attributes:

Conventions :
DOI :

product_long_n...
product_short_...
product_version :

® GES

(latitude: 600, bounds: 2, longitude: 1440, time: 196000)

B 6 6

(© (© (@

(@ (@ (@ (@

6 B

(latitude) float64 -59.88 -59.62 ... 89.62 89.88
(longitude) float32 -179.9 -179.6 ... 179.6 179.9
(time) datetime64[ns] 1948-01-01T03:00:00 ... 1947-...
(latitude, bounds) float64 dask. array<chunk512e (18, 2), ...
(longitude, bounds) float64 dask.array<chunksize=(36

(time, bounds) datetime64[s] dask.array<chunksize=(800, 2),...
(latitude, longitude, time) float32 dask.array<chunksize=(18,

Snow precipitation rate

kg m-2 s-1

CF-1.10

10.5067/3420HQM9AKEQ

GLDAS Noah Land Surface Model L4 3 hourly 0.25 x 0.25 degree V2.0
GLDAS_NOAH025_3H

2.0

SciPy July 11, 2024

Example: Zarr store for Snowf tavg variable in GLDAS _NOAHO025 3H
v2.0

Data consolidated across all
granules.

Standardized coordinates with
standardized names and units.

Bounds on dimensions

A single data parameter with
coordinates in a standard order

Metadata tying zarr store
to source data product
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@ Chunking dilemmas

® GESDISC

SciPy July 11, 2024
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@/ Chunking dilemmas
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@/ Chunking dilemmas
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@/ Chunking dilemmas

Compromise
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@ Demo time!

~ 40 (on prem with pre-downloaded NetCDF files) — ~ 1 second (in AWS with zarr)

@ G E S SciPy July 11, 2024
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@ Documentation

How to Search and Access Giovanni Variable Zarr Stores

g GESDISC SciPy July 11, 2024
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https://disc.gsfc.nasa.gov/information/howto?title=How%20to%20Search%20and%20Access%20Giovanni%20Variable%20Zarr%20Stores

® GESDISC
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@/ Known limitations

e AWS credentials expire after an hour

(é/ G E S SciPy July 11, 2024
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@ Known limitations

e AWS credentials expire after an hour
e Data must be accessed from AWS US-West-2
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@/ Known limitations

e AWS credentials expire after an hour
e Data must be accessed from AWS US-West-2
e Data discovery is clunky
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Known limitations

AWS credentials expire after an hour
Data must be accessed from AWS US-West-2
Data discovery is clunky

Metadata in attributes is imperfect and may not work with your preferred tool,
especially if we are unfamiliar with your preferred tool!
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Known limitations

AWS credentials expire after an hour

Data must be accessed from AWS US-West-2

Data discovery is clunky

Metadata in attributes is imperfect and may not work with your preferred tool,
especially if we are unfamiliar with your preferred tool!

e Dimensions need to be re-chunked to improve loading speed with tools like
xarray.
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Known limitations

AWS credentials expire after an hour

Data must be accessed from AWS US-West-2

Data discovery is clunky

Metadata in attributes is imperfect and may not work with your preferred tool,

especially if we are unfamiliar with your preferred tool!

e Dimensions need to be re-chunked to improve loading speed with tools like
xarray.

e Dimensions have fill values, which some libraries do not like. You may need to

mask these fill values before plotting.

@ G E S SciPy July 11, 2024
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@/ Future plans

e Improve chunking of dimensions to make loading zarr stores with xarray faster
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@/ Future plans

Improve chunking of dimensions to make loading zarr stores with xarray faster
Make more data public

Improve metadata

Improve discoverability
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Future plans

Improve chunking of dimensions to make loading zarr stores with xarray faster
Make more data public

Improve metadata

Improve discoverability

Deal with fill values in dimensions
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Future plans

Improve chunking of dimensions to make loading zarr stores with xarray faster
Make more data public

Improve metadata

Improve discoverability

Deal with fill values in dimensions

Incorporate community feedback into zarr stores

@ G E S SciPy July 11, 2024
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@ Tell us what you think!

gsfc-dl-help-disc@mail.nasa.gov

g GESDISC SciPy July 11, 2024
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mailto:gsfc-dl-help-disc@mail.nasa.gov
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