4

$ ‘Mic_.hael Dietze (BU, Earth & Environment

K Christo_p'her‘Tate (Red Hat)
(BU, Hariri Institute)

B

* Yannis Paschalidis

erestGroup  .BUSAILteam (Will Tomlinson, Greg Frasco,



REAL TIME SCIENCE
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CLIMATE CHANGE

Stationarity Is Dead:

Climate change undermines a basic assumption
that historically has facilitated management of

Whither \La® { Mana me t? water supplies, demands, and risks.

| ] , ,
P.C. D. Milly,"™ Julio Betancourt, Ii al eI:lg?i:, Robert M. x}l, igniew W.
Kundzewicz,’® Dennis P. Lettenmaier,® Ronald J. Stouffer’

DECISIONS ARE ABOUT
THE FUTURE
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FORECASTS ARE
QUANTITATIVE,
SPECIFIC, &

Scientific method
cycle

W

Current State .Future state .Observations

Dietze et al 2018 PNAS

Figure: T. McCabe
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ecoforecast.org
@eco4cast

Ecological Forecasting Initiative
UNDERSTAND - MANAGE - CONSERVE



ECOLOGICAL FORECASTING
lterative Learning Loop

Real-time
environmental

Leverage data
resources, e.qg. NEON

data

decisions Society

Relevant

forecasts that

Stakeholders improve lives

understand & livelihoods
context and
implications

Clarity &
Insight

Harnessing the Data
Revolution

Science Computation

Understand
patterns in
predictability
In nature

Diverse catalog of forecasts
improve science while helping society

Theory & Synthesis =3) Methods & Cyberinfrastructure Decision Science
@ Knowledge Transfer %@% Education @ Diversity, Equity, & Inclusion




CYBERINFRASTRUCTURE BOTTLENECK

e Existing forecast workflows have been developed indepently
e “Boutique” solutions
e Redundancy
e Barrier to entry (technical, financial)

e Costly to sustain

e Need: Community Tools

e Scalable, Reusable, Easier to learn, Cheaper to maintain



NEON FORECAST CHALLENGE ' o

Ecological Forecasting Initiative
UNDERSTAND  MANAGE  CONSERVE

|G | Nee

-

50al: Predict NEON site-level observation before they’re collected

"o Open to all participants.and approaches (statistical, machine learning, mech., etc)

B

e Standard format, Cl, “null” models: persistence, historical means

e Round 1 & 2: ~7000 forecasts from ~100 teams (11 courses)

e Round 3: 2023 https://ecoforecast.org/efi-rcn-forecast-challenges/
* Tick population dynamics
 Aquatic DO and water temperature
* Phenocam vegetation phenology .
* Ground beetle bicdivgrsity -'---—-;:

,.Ao

* Terrestrial carbon and water flux, soil moisture



. Forecast
E FI Conventlon l - common output format

- common metadata

\—
N—
Y

Community
Cyberinfrastructure

/

- |Interoperability

\

Shared Tools

Intercomparison <=
(NEON Fx Challenge)

Independent Improve
Validation Test Theory Dissemination
Cross-forecast synthesis Ease use, API, visualization

Dietze et al 2021 EcoEvoRxiv https://doi.org/10.32942/0st.io/9dgtqg



BEYOND ECOSYSTEM MODELING:

A ROADMAP TO COMMUNITY CYBERINFRASTRUCTURE
FOR ECOLOGICAL DATA-MODEL INTEGRATION

share |
leverage light-weight expand services to adopt community standard

virtualization and cloud-based transform and operate on formats for model inputs and
technologies (M) data online (M, D) outputs (M)

assign globally unique
identifiers (M)

augment and improve
calibration tools (M)

connect multitude
of domains

policy and science
at same scale

@ SELECT MODEL

<worklD=</worklD>
<model></model>
SELECT SITE : .
@ <site></site>
<input></input>
@ SELECT YEARS <starts></start>
<end>»</end>

Gl ” NEXT <output></output>

transparent &
communicable
results

Master
Workflow

= containerize

operational
decision support
tools
encourage domain experts to use data repositories with treat and report iInvest in and sustain
take the lead in machine-readable uncertainties as community expertise and
benchmarking (D, M) metadata (D) distributions (C) resources (C) = impacts

standardize vocabulary
and harmonize data (D, M)

recommendations for M odels, D ata, and C ommunity Fer et al 2020 GCB



RED HAT COLLABORATORY
PROJECT OBJECTIVES

1. High-level system design & test deployment of a core
Cl stack

2. Minimal cloud-based test case using PEcAn workflow:
1T model forecasting 1 site with 1 input & 1 constraint

3. Scaling up: Asynchronous, distributed, event-driven
scheduling across many sites, inputs, data constraints.
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Carbon Pools
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] ANALYSIS

MODEL ENSEMBLE = COVARIANCE

FORECAST
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Flux Dashboara
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Select Site: Net Ecosystem Exchange for 2020-08-22 to 2020-09-17, at WCr

8e-07 Py % Confidence Interval === Observed Data Predicted Mean

Ny

W Site Map 46-07

# Forecast
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& Model Performance

NEE (kg C m-2 s-1)
-
S
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8 Model by Start Date

& NOAA GEFS
Forecast Date:2020-08-22

2020-08-22 2020-08-24 2020-08-26 2020-08-28 2020-08-30 2020-09-01




MEAN AGB, 2000-201/
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Dokoohaki et al 2022 GMD
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N(A\SJA National Aeronautics and Space Administration g C M S CARBO N WV O N |TO RIN G SYSTE \Y
CMS2020 T2

« Disturbance filter scaling
« C accounting

...............................

CMS2020 T1
» Nowcast & seasonal forecast

+ “Jump back” reanalysis
» Stress/disturbance notification

e North American scale

 Temporal resolution
Process Error * Forecast extent (9mo)

22 Ameriflux

NEE & LE [ Raiho et al. 2020 e “Anchor” sites !!
Fer et al 2018




Generic Ecological
Forecasting Workflow

" Inputs
P o Model

v5

] Vi FORECASTS
=3 Scheduler

. = 4

i
Assimilate

e

" Archive § { Visualize

Constraints"

* [terative

* Prep inputs & data constraints
* Run model ensemble

* Run data assimilation
 Distribution (vis, API, alerts)

* Adaptive monitoring [beta]

* Integration testing

 Occasional

* Initialization

* Model improvement

* Calibration

* Validation

* Scenario-based projections
* Uncertainty analysis

* Reanalysis

* Synthesis/Analysis



HOW DO YOU HANDLE INPUTS?

Converter

Inputs Ecosystem Analyses

NARR .| models , : Sensitivity

NOAA || | ED

NG P
|§ .:l CLM s

Fluxnet «; )| LPJ-GUESS |

|
Met station < iyl SIPNET {
|
J

7

352

Uncertainty

CMIP

./ Validation

: | Prediction

|
|
|
| |
|
|
|

= {Visualization

Per pair converters
Nxm + MxKk

|
|
S
|

k=9

QAQC

Inputs Gapfilling Ecosystem Analyses
NARR

54

Downscaling models Sensitivity
NOAA =5

Uncertainty

CMIP CLM

|
Fluxnet LPJ-GUESS Prediction

Met station K 3 SIPNET

| Validation

Visualization

With standards
n+m+m+K

ket - 4 m =16 k=9

New input |* s{ ‘ ' |
W inpu PostareSQL New model | Postgre SQL YNew analysis




https://github.com/pecanproject/pecan/

Standardized inputs and outputs

Provenance: Transparent & Repeatable
Accessible intertace

Reusable tools for ingest, execution, analysis, visualization



