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Accelerating computing for climate is critical for
battling climate change
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Traditional systems are outpaced by explosion
of data, complexity and urgency of the matter
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Abstract

nation, and whether they're establishing the trust nec-
essary to mobilize and sustain reduction investment.

Problems with the Status Quo

Right now, however, US climate data collection and
dissemination efforts are falling short. Measurement
and tracking of GHG emissions reflect a collection of ad
hoe mandates and voluntary interests. The measurement
efforts are aimed at addressing a wide array of decision
support needs with varying degrees of completeness
and utility. For example, the US Environmental Protec-
tion Agency (EPA) produces the national GHG inventory
as part of the ongoing obligation of the United States to
the intemational reaty process (3). California has estab-
lished a similar inventory of statewide emissions and is

moving toward operational monitoring with surface

dominate the emissions or why. More specificit
to greater efficiency and flexibility when, as is inevita-
ble, we will have yse which emissions to target
first at lowest e ling those that are smaller
and more expensive to manage. Knowing who, where,
and why emissions occur at local scales also assists in
understanding emissions responsibility or ownership,
which is key to any future policy that incorpe
market mechanisms or trading of emission ¢
Furthermore, if emitters themselves are tasl
emisions measurement, the outcomes are open to in-
ternal bias, known to oceur with “self-regulation” where
emitters choose their emissions reduction targ de-

cide which accounting methods to use, perform the

Opinion: The power and promise of improved climate
data infrastructure by Kevin Gurney, Paul Shepson
Proceedings of the National Academy of Sciences 118.35

(2021).

Climate data are dramatically increasing in volume and complexity,
Just as the users of these data in the scientific community and the
public are rapidly increasing in number. A new paradigm of more
open, user-friendly data access is needed to ensure that society can
reduce vulnerability to climate variability and change, while at the
same time exploiting opportunities that will occur.
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Next Generation Earth Systems Science s
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Use observational, computational, and modeling capabilities
synergistically to accelerate discovery and convergence.
The observational, computational, and modeling
infrastructure must work collectively to support convergence
in Earth Systems Science. Observations and monitoring
reveal changes in the Earth’s systems. Data from diverse
sources are assimilated into models that rep-resent natural-
and social-system processes and their interactions across
the Earth’s systems. Computation provides the framework
for putting together the complex pieces of Earth Systems
Science, supporting data collection and analysis, generation
of forecasts, and interpretation of model results.




Key challenges are routed in the vast logical
and physical distribution of
climate-relevant information E
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Data gravity, lack of discoverability and
modeling tools are amplifying the challenge
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A Geospatial Discovery Network for distributed
and federated discovery and modeling

Insights

Data




A Geospatial Discovery Network for distributed
and federated discovery and modeling

Insights

Data

1. Dataset Discovery (state of the art))
2. Knowledge Discovery
3. Pixel-level Discovery
4. Feature Discovery



Accelerated Geospatial Knowledge
Discovery with Deep Search

Document Conversion into Climate Entity & Relationship
Machine Readable Output Recognition
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Accelerated Pixel-level Discovery

1. Nested resolution layers & 3. Raster-Vector Data Cubes
common coordinate systems
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2. Data/Pixel-level indexing — Vector-Raster Data-level Discovery

with overview |ayer5 (e.g. find areas and timestamps with high population
and precipitation rates 5x than climatology?)
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Accelerated Feature Discovery

2. User-defined functions

supporting arbitrary math to be submitted without downloads
Example: Spatially-resolved surface

temperature gradients

1. Available data

4.5M locations* with 300,000 timestamps
4.5M * 4 Bytes * 300,000 ~ 5.4 Terabytes per
variable &

Time-series analysis
(regression) over 300k
timestamps for 4.5M locations

!

3. Features created

in 20 mins on a single thread
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A Geospatial Discovery Network for distributed
and federated discovery and modeling

InSIghts

Data

1. Model modularization
2. Foundation Model



Modular
Modeling
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Deployment
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Experime Default
Clone run Archive
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Graph Run output Config

Input/Output Visualizations Details Volumes Logs Events ML Metadata

static-pairs-query ] precipitation-pairs- &
query

1 2022-97-12 The full PAIRS base URL reads: 'https://pairs.res.ibm.com/"
2 2022-07-12 PAIRS query JSON initialized.
3 2022-07-12 Download directory './downloads' created.
4 2022-07-12 Enforcing data source to open.
5 2022-97-12 15:04:24 DEBUG Attached to directory './downloads’

ifm-data-prep ) ifm-precip-prep ) g 2022-07-12 15:04:24 DEBUG  Left data source open status untouched.
8
9
0

2022-07-12 15:84:24 DEBUG Data source closed.
2022-07-12 15:84:25 INFO Query successfully submitted, reference ID: 1657598408_39865778
2022-07-12 15:04:57 DEBUG Query won't be published to PAIRS GUI, because either it is not requested by user or there is
10 2022-97-12 15:04:57 DEBUG Attached to directory './downloads’
11 2022-97-12 15:04:58 DEBUG Data source closed.
12 2022-07-12 15:84:58 DEBUG Data source closed.
13 2022-07-12 15:84:58 DEBUG Attached to directory './downloads
14 2022-07-12 15:04:58 DEBUG Opened data source '1657598480_39865778_08ca7f5db1c5649b79b829681dd20853. zip"
15 2022-97-12 15:04:58 INFO Here we go, PAIRS guery result successfully downloaded as '1657598408_39865778_@@ca7f5dblc5649
16 2022-97-12 15:
17 2022-97-12 15:

158 DEBUG Data source closed.
:58 DEBUG Attached to directory './downloads’
18 20822-07-12 15:84:58 DEBUG Opened data source '165759848@_39865778_008ca7f5db1c5649b79b829681dd2053. zip"
19 2022-07-12 :84:58 INFO Data acknowledgement successfully loaded, print with "self.print_data_acknowledgement()"
20 2022-07-12 8 DEBUG Data source closed.
21 2022-97-12 Attached to directory './downloads’
22 2022-07-12 Opened data source '165759840@_39865778_00@ca7f5db1c5649b79b8291681dd2053.zip"
23 2022-07-12 PAIRS meta data loaded from 'output.info'.
24 2022-07-12 Detailed meta information for data file name 'HadUK Climate Observations—Daily precipitation-8
25 2022-07-12 Detailed meta information for data file name 'HadUK Climate Observations—Daily precipitation-8
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Geospatial Foundation Models

Downstream Tasks

Hazard Land use/ Change Renewable Outage Wildfire

mapping Land cover detection Forecasting Prediction Forecasting

3

Base Task =
Self-supervised Learning

2

Base Task =
Self-supervised Learning
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Satellite Data Weather Observations/Forecasts Data

(multispectral & microwave radar)
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Geospatial Discovery Network —Phase 1
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Node-level discovery and model services

. via node-level access protocol




Geospatial Discovery Network —Phase 2
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Network-level discovery and model
services via federated access protocol




Geospatial Discovery Network —Phase 3
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Common access layer (@geodiscoverynetwork.org)

GeoDN Intelligent workflow planner

Enabling network-level discovery and model
services via federated access and analytics
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