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e The Earth System Grid Federation (ESGF) is an
international consortium and a globally distributed
peer-to-peer network of data servers using a
common set of protocols and interfaces to
archive and distribute climate and Earth system
model output and related input, observational,
and reanalysis data

e These data are used by scientists all over the
world to investigate consequences of possible
climate change scenarios and the resulting Earth
system feedbacks

@%9;2 What is the Earth System Grid Federation?
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e CMIPS5 totals >5 PB
(including replicas)

e CMIP6 totals >25 PB
(including replicas)

e CMIP7 is expected to have
more high resolution
output & ensembles,
totaling ~100 PB

e ESGF2-US will expand
Federation holdings by
adding other Earth science
data projects for AlI/ML,
large ensembles, etc.
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=== Data is automatically
migrated and cached
across ORNL, ANL, and

(AT A A

g . Global ESneffi'nterconnectivity—including high
S W\’V\} \ speed connections to London, Amsterdam, and
£y Geneva—will enable rapid data replication
) across most of the Federation data nodes
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‘;:‘EsﬁsF 2 intake-esgf: Programmatic Access to ESGF

Eor2 @or2
e intake-esgf provides programmatic us
(Python), API for data search, accessand |
download ronsE X Documentation for intake-esgf ¢
e intake-esgf queries all ESGF indices i o
(Solr/Globus/STAC) across the o e N
federation and provides data from best e
available ESGF node transparenttothe |75 LT e

USers e Intelligently determines the quickest way to access

data (download, Globus Transfer, stream, load

e Provides faceted search based on CMIP locally)
controlled vocabulary

e Interfaces directly with both SOLR + Globus indexes

Repository: https://github.com/esgf2-us/intake-esgf
Documentation: https://intake-esgf.readthedocs.io/

Installation: PyPl and Conda-forge
s



https://github.com/esgf2-us/intake-esgf
https://intake-esgf.readthedocs.io/

ESGF2 intake-esgf

Search ESGF catalog
from intake esgf import ESGFCatalog Searching ind%ces: 0% 1072 [
mip era [CMIPO]
cat = ESGFCatalog() activity drs [CMIP]
cat.search( institution_ id [CCCma]
variable id="tas", source id [CanESM5]
eXperim‘?gt—édig;;mrical"' experiment id [historicall]
source_1id="Can s P :
member id="rlilplfl", ?eg.?e rTéd [ rlllzlfll
table id="Amon" a _e_l _ [Amon]
) variable id [tas]
print(cat) grid_label [gn]

dtype: object
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ESGF2 intake-esgf

Search ESGF catalog + Load data using Xarray

from intake esgf import ESGFCatalog
import matplotlib.pyplot as plt

cat = ESGFCatalog()

cat.search(
variable id="tas",
experiment id="historical",
source_id="CanESM5",
member id="rlilplfl",
table id="Amon"

)
dsd = cat.to dataset dict()
print(dsd)

Searching indices: 0%| 1072 [ ?index/s]
Get file information: 0%| 1072 [ ?index/s]
Adding cell measures: 0% 10/1 [ ?dataset/s]
{'tas': <xarray.Dataset> Size: 65MB
Dimensions: (time: 1980, bnds: 2, lat: 64, lon: 128)
Coordinates:
* time (time) object 16kB 1850-01-16 12:00:00 ... 2014-12-16 12:00:00
* lat (lat) float64 512B -87.86 -85.1 -82.31 ... 82.31 85.1 87.86
* lon (lon) float64 1kB 0.0 2.812 5.625 8.438 ... 351.6 354.4 357.2
height float64 8B ...

Dimensions without coordinates:
Data variables:

bnds

time bnds (time, bnds) object 32kB ...
lat_bnds (lat, bnds) float64 1kB ...
lon_bnds (lon, bnds) float64 2kB ...

tas (time, lat, 1lon)

float32 65MB ...

areacella (lat, lon) float32 33kB ...

Attributes: (12/55)
CCCma_model_hash:
CCCma_parent_runid:
CCCma_pycmor_hash:
CCCma_runid:

Conventions:
YMDH_branch_time_in_child:

variant_label:
version:
license:
cmor_version:
activity drs:
member_id:

3dedf95315d603326fde4f5340dc0519d80d10cO
rc3-pictrl
33¢30511acc319a98240633965a04ca99c26427e
rc3.1-his01

CF-1.7 CMIP-6.2

1850:01:01:00

rlilplfl
v20190429

CMIP6 model data produced by The Government ...

3.4.0
CMIP
rlilplfl}



ESGF2 intake-esgf

Search ESGF catalog + Load data using Xarray + Analysis

from intake esgf import ESGFCatalog Searching indices:  0%] /2 [ ?index/s]
import matplotlib.pyplot as plt Get file information: 0% 10/2 [ ?index/s]
Adding cell measures: 0%| 10/1 [ ?dataset/s]

cat = ESGFCatalog()
cat.search(
variable id="tas", height =20 [m]
experiment id="historical",
source_id="CanESM5",
member id="rlilplfl",
table_id="Amon"

<matplotlib.collections.QuadMesh at 0x77630b598b30>

)
dsd = cat.to dataset dict()

fig, ax = plt.subplots(figsize=(6, 4), tight_layout=True)
ds = dsd["tas"]["tas"].mean(dim="time") - 273.15 # to [(]
ds.plot(ax=ax, cmap="bwr", vmin=-40, vmax=40, cbar kwargs={"label": "tas [C]"})

tas [C]

Latitude [degrees_north]

0 50 100 150 200 250 300 350
Longitude [degrees_east]



..EsgsFZ intake-esgf: supported access method

intake-esgf supports a number of access methods, using a default order of priority that can be
configured by the user:

1. Use local paths if files are found to be present (previously downloaded or directly available).
2. Useremote links if the user indicates prefer streaming=True and access links are presentin the
file records (OPeNDAP for now, expandable to Zarr/Kerchunk/VirtualZarr).

dsd = cat.to_dataset_dict(prefer_streaming=True, add_measures=False)

3. Use Globus Transfer to move files if a destination globus endpoint=UUID has been given and files
are present on at least one source Globus endpoint.

dsd = cat.to_dataset_dict(
globus_endpoint=COLLECTION_UUID, # <-- your data here
globus_path="data/ESGF-Data", # <-- additional path

)

4. Download the remaining files using a threaded https transfer



}fESG F2 Web Processing Services: Server-Side Compute

Builds upon capabilities being
developed by ESGF partners, in
coordination with Compute Working
Team

Kubernetes-based deployment with
direct access to ESGF data stores
Currently supports a limited set of
data subsetting, regridding and
analysis

We are adding a richer set of
scientific analysis functions such as
calculation of trends, identification
of extreme hot/cold days, ENSO
indices, climate sensitivity,
climate-carbon cycle feedback
metrics etc.

ROOK: Remote Operatlons On Kllmadaten

/ CMIP6

Data Pool
on File System

Multi-Petabyte Store
of CMIP Data

4

Rook

Data Subsetting
Service
Operators
subset, regrid WPS
(xarray)

Containerized WPS
using Kubernetes
(ORNL)

Rooki Python Client

Notebooks in Users’

k Environment/Cloud J

ROOK/WPS has been deployed at the ORNL node with access
to CMIP6, CMIP5 and Obs4MIP data collections. Supports
spatio-temporal subsetting, averaging and regridding.

https://github.com/roocs



https://github.com/roocs/rook

ESGF2 rooki for server side subsetting and analysis

i::z::: :Z:i;;tib;ﬁypm as plt Searching indices: 0% 1072 [ ?index/s]
Metalink content-type detected.
from intake esgf import ESGFCatalog Downloading to /tmp/metalink sxbg6 ps/tas Amon CESM2 historical r4ilplfl gn 18500115
os.environ['ROOK URL'] = 'https://esgf-wps.apps.onyx.ccs.ornl.gov/wps?service=WpS' Metal‘ink content-type detected.
from rooki import rooki Downloading to /tmp/metalink yaclkfwi/tas Amon CESM2 ssp585 r4ilplfl gn 20150115-210

import rooki.operators as ops
<matplotlib.collections.QuadMesh at 0x7763012f65a0>
cat = (
ESGFCatalog() 2
search( time = 2015-01-15 12:00:00
experiment_id=["ssp585", "historical"],
source_id="CESM2",
variable_id=["tas"],
table_id="Amon",

300

)
.remove_incomplete(lambda df: True if len(df) == 2 else False)
.remove_ensembles ()

) 290

# separate Dataset ID
def separate dataset id(full dataset):
return full dataset[0].split("|")[0]

# get all dataset ID -- we need this for rooki
dsets = [separate dataset_id(dataset) for dataset in list(cat.df.id.values)]

280

def spatial subset dset(var, dset_id):
# Subset by area then time
resp = rooki.subset(
collection=dset_id,
area='-136.428223,19.020577,-55.788574,52.456009', # CONUS

270
)

latitude [degrees_north]

if resp.ok:

ds = resp.datasets()[0]
else:

ds = xr.Dataset()
return ds

Near-Surface Air Temperature
K]

260

dset_dict = {}
for dset in dsets:
var = dset.split('.')[7]
dset_dict[var] = spatial subset_dset(var, 'css03 data.' + dset)

230 240 250 260 270 280 290 300
longitude [degrees_east]

mean_temp_per_year = dset dict['tas'].tas.resample(time='YE').mean(dim="'time")

dset_dict['tas'].tas.isel(time=0).plot()



@’?5595"2 Server-side computing using Globus Compute

Custom, Vetted Compute Functions

Leverages existing tools from ROOK
Enables custom functions (e.g., ENSO)

Users do not need HPC access
(controlled at the GLOBUS group level)

Documentation for running your own
function

authenticated using
personal accounts

Noteb7

Workflow triggered by users
from remote work stations
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Globus compute executor

# Define the UUID of the pre-canned ESGF "run_plot_enso" function
run_plot_enso_function_uuid = "49cdlee@-2c4c-45f1-ab78-c4557fa25aa3"

# Create Globus Compute executor to run computations at ALCF
endpoint_uuid = "cfaf@e98-2ef3-4c5a-9f11-38e306ddbc2e"

gce = Executor(endpoint_id=endpoint_uuid)

gce.amqgp_port = 443

gce

# Select the target source ID
source_id = "MIROC6"

# Trigger remote computation
future = gce.submit_to_registered_function(run_plot_enso_function_uuid, {sourc

# Wait for result and generate plot from data returned by the Globus Compute e:
ds = future.result()
ds

Compute Function

def run_j

plot_enso(source_id):

from intake esgf.exceptions import NoSearchResults
import numpy as np

import matplotlib.pyplot as plt

from intake esgf import ESGFCatalog

import xarray as xr

import cf_xarray

import warnings

warnings.filterwarnings("ignore")

# List of available source ids
valid_source_id = [

1

'ACCESS-ESM1-5', 'EC-Earth3-CC', 'MPI-ESM1-2-LR', 'CanESM5',
'MIROC6', 'EC-Earth3', 'CESM2', 'EC-Earth3-Veg', 'NorCPM1'

# Validate user input
if not isinstance(source_id, str):

raise ValueError("Source ID should be a string.")

if not source_id in valid_source_id:

def

def

raise NoSearchResults("Please use one of the following: "+", ".join(val
search_esgf(source_id):

# Search and load the ocean surface temperature (tos)
cat = ESGFCatalog(esgfl_indices="anl-dev")
cat.search(
activity_id:
experiment.
variable,

MIP",
historical",

)
try:
tos_ds = cat.to_dataset_dict()["tos"]
except ValueError:
print(f"Issue with {institution_id} dataset")

return tos_ds
calculate_enso(ds):

# Subset the El Nino 3.4 index region

dso = ds.where(

(ds.cf["latitude"] < 5) & (ds.cf["latitude"] > -5) & (ds.cf["longitude'
)

# calculate the monthly means
gb = dso.tos.groupby('time.month')

# Subtract the monthly averages, returning the anomalies
tos_nino34_anom = gb - gb.mean(dim='time')

# Determine the non-time dimensions and average using these
non_time_dims = set(tos_nino34_anom.dims)
non_time_dims.remove(ds.tos.cf["T"].name)

weighted_average = tos_nino34_anom.weighted(ds["areacello"].fillna(0))



"1*55951’2 Computational Platforms

ESGF2-US tools and APIs are being designed to be platform agnostic, but to allow
computations close to the data we are developing computational platforms
(JupyterHub) at core ESGF2-US nodes:

e JupyterHub on Nimbus cluster at Lawrence Livermore National Laboratory

e JupyterHub on OLCF Onyx at Oak Ridge National Laboratory



'3*559_52 Ongoing enhancements

Model-model and model-data evaluations
e Intercomparison of models, and evaluation against observational benchmarks

e Frequently used and standardized model-model and model-comparisons as
server-side function to enhance scientific analysis while avoiding the need to
download large volume of data

e Leverage and integrate benchmarking libraries, such as PMP, I[LAMB,
ESMValTool, etc.

e C(losely coordination with CMIP Model Benchmarking Task Team activities and
planned Rapid Evaluation Framework.



E55F2 Ongoing enhancements

HPC integration for server side analysis

e Slurm integration with WPS to deploy compute intensive tasks on available HPC
resources

e Synchronous vs asynchronous compute functions
e Further testing and expansion of Globus Compute capabilities

e Leverage ongoing developments within ASCR IRl initiative



Thanks for your attention!

Jitendra (Jitu) Kumar
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