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Brief Introduction of the E3SM Project

= E3SM Development Cycle
= Timeline and Estimated Sizes of Data Production

= Key Difficulties Impeding Rapid Progress and Data Sharing 3SM

Energy Exascale

= Development Effort on End-to-End Workflow Earth System Model

= Automated Process Flow and Workbench
— Data Management
— Visualization
— Diagnostic Packages
— Provenance Capture

= Workflow Vision and Future Scenario

The E3SM Project is an ongoing, state-of-the-science Earth system modeling, simulation, and prediction project that optimizes the use of DOE

laboratory resources to meet the science needs of the nation and the mission needs of DOE.
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E3SM Project

Short Introduction

« Sponsored by DOE Office of Biological and
Environmental Research (BER)

ESM

Energy Exascale

= 8 Nat. Laboratories, University Partners Earth System Model
o ANL, BNL, LANL, LBNL, LLNL, ORNL, PNNL, SNL

= ~S20M per year

= E3SM addresses critical, DOE mission-specific climate change

questions

o By developing Earth system and climate models at the leading edge of
scientific knowledge and computational capabilities for exascale computing

o By designing, executing and analyzing climate and Earth system simulations

The E3SM Project is an ongoing, state-of-the-science Earth system modeling, simulation, and prediction project that optimizes the use of DOE

laboratory resources to meet the science needs of the nation and the mission needs of DOE.
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E3SM Development Cycle
End-to-End Workflow

AL

E3SM

Energy Exascale
Earth System Model

Science
Questions

Scientific
Discovery

Productivity

ing

/

& Ve,

Workflow Group goal is to provide an automation of the end-to-end climate model development cycle
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E3SM Target Simulations

Timeline and Estimated Sizes of Data

= E3SM version 1 Model & Data Release
— target date April 2018

= Coupled Low-Res Runs (approx 1 deg) @SM

— CM|P6 DECK+ Energy Exascale

« AMIP, Pre-industrial control, abrupt-4xC02, 1%yrCO2, historical S
« 1400 to 1800 years ---180 TBto 240 TB  (~13 TB/100 yr)

» Monthly output to be published to ESGF -- 70 TB to 90 TB

* CMORIize after release date, then publish into CMIP6 ESGF Datasets

= Coupled Hi-Res Runs (approx % deg)
— Loosely follow HiResMIP
— 50vyears --210TB. (~4 TB/yr)
— Monthly output to be published to ESGF — 60 TB

The E3SM model is going to produce ~450 TB of data by April 2017 and will publish 150+ TB of data to ESGF.
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Key Difficulties

Impeding Rapid Progress & Data Sharing

= Computational Time and Throughput
— Computational awards through INCITE, ALCC, ERCAP

T

s

= Upcoming Disruptive Technologies
— Unknowns about new “bleeding” edge machines Earth Syesem Model

= Amount of data produced
— Impacts further analysis, data sharing, moving, archiving

= Not enough automation in model run, analysis, evaluation,
tuning, publishing, re-writing (CMORizing)

= Not enough integration between model development stages

Workflow Group goal is to provide an automation of the end-to-end climate model development cycle
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E3SM End-to-End Workflow
Detailed Diagram of End-to-End Workflow
| E3SM - formerly ACME —GoAT I

- - Uncertainty
DOE Accelerated Climate Modeling 4| Quantification

for Energy (ACME) Testbed

Science Input

Initialization
Files

Machine _ S J
Config Archive to " [Analysis  CDAT )
Storage .’
x J Run Model Exploratory
T Analysis
Configuration Ul + Configure i Output
Rule engine to ESM Case Eg:\j | RunESM DaIt)a Explanat
. guide valid configs or Ensemble XAp a?a ory
Science Input _E nalysis
Diagnostics
- Retrieve required Generation
Datasets - Store
- Configuration Manually Model - Store manually history files >
Information Pr(_)vided Sourc_e provided files - ESM ] ]
(Store and/or Retrieve) File(s) (svnigit) e : : Diagnotics
- Store diagnostic Output
data
1 4 Configuration - Build status /
egen Status - Diagnostics
Data Management agnog
g;r;:gu]?s‘?‘mi{;\i’s: i/rlfr? ager) < Rapid, reliable, secure data transport and synchronization: Globus Online ‘ ";ﬁgglgﬁgst"
—o» ] V¥ Yy v W
Dataset Dataflow ESGF Exploratory &
ACME Database Explanatory Analysis
Enables Search/Discovery, Automated Reproducibility, Workflow Status Web Ul
User Driven Interaction L Y, p X Y, . ’
I-o Monitoring Dashboard, Data Archive and Sharing
Automated Workflow Simulation Manager & Provenance Data Archive Diagnostics &
Process Control System ProvEn ESGF .
> Monitoring Ana |ys|s
Process level Dataflow ul Single sign on and group management
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E3SM automated process flow

HPC Edison / ACME1 or AIMS4 \
E3SM_run_script Diagnostics Generation Viewer
@ Climatology

Globus Transfers and Timeseries

Short-term Archive

Zstash

Long-term Archive
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Data Management: ESGF, Globus

» Main publishing to LLNL
ESGF Node

« Established of ANL ESGF
Data Node as E3SM
publication site and
republicated 23 data sets
formerly hosted at ORNL

« Support of publication
process for CMIP6
metadata - needed for
E3SM DECK participation in
CMIP6

* Maintain Globus endpoints
at E3SM sites at ORNL,
ANL, NERSC, LLNL

E 3S M Energy Exascale
Earth System Model

() ACME-LLNL Data Search | .. * | +

® @ | https://esgf-node.linl.gov/search/acme-linl/ E1 @ Q search

(3] Most Visited ~ @ ACMESite X, 2016-11FY17 AM.. X, 2016-06 AMS Wo.. @ UCnet CAP @ HPSS - High Perfo...

Hosted by e ]

Department of Energy Powered by and
Lawrence Livermore National Laboratory E SGF % c#G

Welcome, Guest. | Login | Create Account

ACME

Accelerated Climate Modeling

for Energy
You are at the ESGF@DOE/LLNL node
Technical Support
Variable + N
Enter Text: 9 Search Reset Display 10 [ results per page [ More Search Options ]
Experiment +
Realm +
N Show All Versions Search Local Node Only (Including All Replicas)
Time Frequency * Search C i #esgf.anl.gov
Data Type +
Total Number of Results: 23
Model Version Number + -1-23 Next >>
Please login to add search results to your Data Cart
Ensemble + Expert Users: you may display the search URL and return results as XML or return results as JSON
Grid Resolution +

1. ACME.time_series.amip.v0_3.atm.mon.native.ne30.ens1

Data Node

esgf.anl.gov (23)

= Data Node: esgf.anl.gov

Version: 1

Total Number of Files (for all variables): 26

[ Show Metadata] [Show Files] [ THREDDS Catalog] [ WGET Script] [ Globus Download ]

2. ACME.time_series.amip.v0_3.atm.mon.native.ne30.ens2
Data Node: esgf.anl.gov
Version: 1
Total Number of Files (for all variables): 26
[ Show Metadata] [Show Files] [ THREDDS Catalog] [ WGET Script] [ Globus Download ]

3. ACME.time_series.amip.v0_3.atm.mon.native.ne30.ens3
Data Node: esgf.anl.gov
Version: 1
Total Number of Files (for all variables): 26
[ Show Metadata] [Show Files] [ THREDDS Catalog] [WGET Script] [ Globus Download ]

4. ACME.climo.amip.v0_3.atm.mon.native.ne120.ens1
Data Node: esgf.anl.gov
Version: 1
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Visualization: CDAT

E3SM’s Analysis and Visualization: utilizes the Ultrascale
Visualization Climate Data Analysis Tools (UV-CDAT)

Features
One-stop shop for analysis and visualization

Easy-to-install via Anaconda (i.e., conda) open-
source distribution

e Easy coupling with other libraries and packages,
such as the latest regridding by interfacing to the
Earth System Modeling Framework (ESMF)
library

e Addresses projected E3SM scientific needs for
data analysis and visualization

Impact
Examples for frequently repeated analysis:

Seasonal climatology / anomaly

Motivation EOF analysis

® The E3SM Workflow Group utilizes the Ultrascale
Visualization Climate Data Analysis Tools (UV-CDAT), a
Python-based tool designed to run ACME related analysis
and visualization tools and techniques while capturing
independent workflows for enhancing reproducibility

Running average

Hovmoller & Taylor Diagram
Multi-model ensemble

etc.

Documentation via online manuals, tutorials,
and Jupyter notebooks
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Diagnostic Packages
CDP Community Diagnostic Package: E3SM, ARM, PMP

Example of an E3SM Diagnostics run shown in the viewer:
precipitation with different regions

Motivation

e A modern, Python-based diagnostics package for evaluating
earth system models.

e Fully implement datasets and diagnostics developed by all of
E3SM science teams and also NCAR’s AMWG diagnostics sets.

e A CDP-based package to interact effectively with PCMDI and
ARM diagnostics package.

Diagnostics sets

e Lat-lon, polar, zonal mean and more. R

PRECT ANN global = 9% PRECT ANN polar_N
s50n000 ~Test e 3 .

Features

20160520.A WCYCLI

e Clean code base and simple design.

EIEXENEERE]]

e Flexible configuration with many parameters to

customize a run: select regions, pressure levels,
multiple plotting back-ends, output format, color
maps and more.

e Updated observational data repository.
e Documentation, demos, and user support.

;g gg;
e
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e Software capability: continuous integration, test
suit, and distributed computation.
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COSP_HISTOGRAM_ISCCP ANN global
beta0.1850C05P ne30_ne30.edison

E3SM Diagnostic

Ell DFCSCOSPPRSEDCTS('JA':N gIObGI /d E;n 2§§%
*  Support for diagnostics based on seasonal or annual climatology : "
data, including:
—  Latitude-Longitude contour maps (AMWG set 5) 8
—  Polar contour maps (AMWG set 7) — i
—  Zonal mean line plots (AMWG set 3) E R v v o 0,
—  Pressure-Latitude zonal mean contour plots (AMWG set 4) mon -
—  CloudTopHeight-Tau joint histograms (AMWG set 13) PRECT ANN polar N : - ' ig%
. Diagnostics for model vs obs., obs. vs obs. and model vs model, o
Jupyter note books as examples provided for each setting. o

*  Updated observational datasets available on LLNL and NERSC.

1o - 2 —
] @wf }&N_?ﬁﬁ_;\‘/w%z% }:?\ir”‘; 50
3 ) E % ?gf )}% 4.0

ey iy == Al
e Q= e 100
«  Two graphical back ends: VCS and Matplotlib with cartopy. = R R N o8
MR o YT -l
+  User—addable diagnostics during runtime. e = e e e 05 1
*  Enhanced color map configuration e v sty
«  Serial and parallel run with multiprocessing or distributed. SR e
«  Documentation for LLNL and NERSC, detailed user’s guide and 2 T
1.00 £ 75
examples. B D
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ProvEn: Provenance Environment

Motivation
Investigate how workflow provenance can offer insights
explaining what factors contributed to simulation results.
Combine workflow provenance with performance metrics (for
example timing data) for anomaly detection.
Determine if reproducibility is possible by harvesting discrete
information from previous E3SM simulation logs, configuration
files, software descriptions, and compile settings.

Approach
Harvest provenance information from E3SM case and run
directories using ProvEn Harvester.
The harvested provenance is stored in ProvEn’s semantic store
and visualized through ProvEn Dashboard and Jupyter
notebooks.
Integrate ProvEn with CIME to capture E3SM provenance is a
unified way and use it for simulation reproducibility.

E 3S M Energy Exascale
Earth System Model

Provenance harvesting and visualization of E3SM simulation Data

. O\
Streaming - NS ProvEn
Provenance__ﬂ Cluster
CIME
MO Ssitory Crawl _ ProvEn
\ Harvester
/{
i X
» Timing files TR T
> Checkpoints L e L Y
» Provenance ?»v e I e e
Configuration [ :

Files

-eszRzzs S253288EE

Features or Impact

® Achieve simulation reproducibility by integrating

with CIME
Comparison of different E3SM runs

Provide scientists running simulations
performance and diagnostics tools.
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E3SM Processflow and Workbench

Features

® The automated post-processing tool is used by E3SM scientists to
run and generate all results automatically; giving users the ability to
run a single command line script and be notified by email when the
process has completed

E 3S M Energy Exascale
Earth System Model

Motivation

Give the E3SM users access to a broad range
of backend services, including regridded
monthly climatologies and time series
generation, multiple diagnostics
(Atmospheric Modeling Working Group
[AMWG], E3SM diagnostics, A-Prime
diagnostics), automated Globus data
transfers, and Earth System Grid Federation
(ESGF) data publications

The Workbench is a user interface that
integrates the E3SM automated process flow
tool to run a suite of post-processing steps
automatically alongside the model.

Collaboration

the Workflow Group had gathered a set of
requirements from the E3SM Coupled
Simulation Team and various model
component team members

U.S. DEPARTMENT OF

ENERGY



E3SM Workbench

User Interface Encapsulating Infrastructure

/ | ACME Workbench — Overarching Ul Encapsulating Infrastructure \
e NO®=3 / N\
/C/CME Diagnostics Eﬁ

W e Y

Accelerated Climate Modeling nme 2 1

for Energy ' .
N i -' ‘ %.
»:- < o4 "
\ o e
i3 : .

PCMDI PMP = £ i)

\ TITTHTLT . .
LARER N R e et

- E— ARM D|agnost|cs ok Sy | Smart-client
/_/ \ P / \_in Browser
N\ G /~ Server-side

Provenance Data Management / ESGF @ 4 R > Computing

h System Gri

ProvEn e
Semantic =——0 s = f; Lo
| Graphs C&6 CORDEX Adhet (639 noees E06)

Es S | |5 ctcupee o1 ncpp01a (17 Data aggregation
\ / \ : K GeoMIP (754) obs4MIPs (79) j \ reductloy

This integrated data ecosystem tightly interweaves every aspect of E3SM data research, from model development through interpretation and

dissemination of research results.
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E3SM Workflow Vision
and Future Scenario

= The E3SM Workflow vision is to completely change the way people work on climate
model development, diagnosis, evaluation and further analysis

= We want to trivialize the act of
o Running a complicated model
Making simple changes
Reproducing and comparing the runs
Tracing provenance
Performing diagnostics and analysis
Creating additional user’s derived analysis and variables
Archiving data and publishing results

O O O ONEs

= The end goals is for “non-experts” to be able to run the model, perform diagnostic,
analyze the data and publish the results

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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Future Scenario E35M Workbench

SST (ANN, years 0041-0050)
20161117.beta0.A_WCYCL1850.ne30_0EC.edison

= Imagine you look at some diagnostic plot =

80°s|
180" 120w 6w 0 60 120 180
Observations (Hadley/Ol, pre-industrial 1870-1900)

n Anthony Home  Find Friends a0t 10T 1007 SIW T o€ 60T 100°E 240E 160

Model-Observations.

= -

0°W 100°W 60°W 20°W 20°E 60°E 100°E 140°€ 180°
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Earth System Model

L ——
e ]
Anthony Boyd
Graphics @
@anthonyboydgraphics

Home

Posts : =

s Liked ¥ N\ Following ¥ Share Send Message

Videos

Photos O Anthony Boyd Graphics WCYCL1850
16 hrs

About

Lik SST (ANN, years 0041-0050) Invite friends to like this Page
ikes 20161117.beta0.A_WCYCL1850.ne30_oEC.ediso

The Official Anthony Boyd Graphics Facebook
Page

|ﬁ 20,803 people like this and 20,779 people
follow this

About See All

180" 120°W  60°W 0 60°E 120°E 180"
Observations {Hadley/Ol, pre-industrial 1870-1900})

@ twitter.com/anthonyjboydii

0 Artist

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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Future Scenario

= |magine you look at some diagnostic plot
= |t knows its provenance

O

(@)
(@)
(@)

It knows the simulation that produced it,

It knows # tag of the GitHub code

It is connected to the data that produced the plot
It has the provenance (the code) of the diagnostic that
produced it

[ Provenance

SST (ANN, gears 041 0050)
20161117 beta0.A_WCYCLI8! )_OEC edis:
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E3SM Workflow Group goal is to revolutionize the way people work with models and data

E 3S M Energy Exascale
Earth System Model
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{ Provenance

Future Scenario

(ANN é/ears 041 0050)
20151117 b 20.A_WCYCLI8! )_OEC edis:

= |magine you look at some diagnostic plot _ :
= |t knows its provenance e
o It knows the simulation that produced it,
o It knows # tag of the GitHub code 3E U
o Itis connected to the data that produced the plot .
o It has the provenance (the code) of the diagnostic that
produced it

= |tis connected to CDAT (or vCDAT and other)
o you can open the Python code and start coding your own

analysis on top of the standard one or use Ul

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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{ Provenance

Future Scenario

(ANN é/ears 041 0050)
20151117 b 20.A_WCYCLI8! )_OEC edis:

= |magine you look at some diagnostic plot

= |t knows its provenance
o It knows the simulation that produced it,
o It knows # tag of the GitHub code
o Itis connected to the data that produced the plot
o It has the provenance (the code) of the diagnostic that
produced it
= |tis connected to CDAT (or vCDAT and other)
o you can open the Python code and start coding your own
analysis on top of the standard one or use Ul

= |tis connected to ESGF vast data archive

ESGF&

Earth System Grid Federation
Pro]ecl

") ACME (23)

_| CMIPS (53356)

CORDEX-Adjust (639)
CREATE-IP (28)

0 E
= icK (23

ISIMIP2 Phase a (821€
ISIMIP2 Phase b (146)

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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Future Scenario

Imagine you look at some diagnostic plot

= |t knows its provenance
o It knows the simulation that produced it,
o It knows # tag of the GitHub code
o Itis connected to the data that produced the plot
o It has the provenance (the code) of the diagnostic that
produced it
= |tis connected to CDAT (or vCDAT and other)
o you can open the Python code and start coding your own
analysis on top of the standard one or use Ul
= |tis connected to ESGF vast data archive
= |tis connected to the smart, distributed computing

resources

O you can run your new analysis on the closest cluster

{ Provenance ]

SST (ANN,Zears 041-0050)
20161117.beta0.A_WCYCL18%.ne30_oEC.edison

Project

) ACME (23)
~| CC4E (231)
c
) CORDEX (90472)
=AROT0ST (639)
CREATE-IP (28)

EU
) GeoMIP (754) >
3

ISIMIP2 Phase a (821€
ISIMIP2 Phase b (146)

Computing

f

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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[ Provenance ]

Future Scenario

SST (ANN,Zears 041-0050)
20161117.beta0.A_WCYCL18%.ne30_oEC.edison

Imagine you look at some diagnostic plot

= |t knows its provenance

o It knows the simulation that produced it,

o It knows # tag of the GitHub code

o Itis connected to the data that produced the plot

o It has the provenance (the code) of the diagnostic that
produced it

= |tis connected to CDAT (or vCDAT and other)
o you can open the Python code and start coding your own
analysis on top of the standard one or use Ul

= |tis connected to ESGF vast data archive
= |tis connected to the smart, distributed computing
resources
O you can run your new analysis on the closest cluster
®= You can browse the code and make changes

Project

) ACME (23)
| CCA4E (231)
c
) CORDEX (90472)
=AROT0ST (639)
CREATE-IP (28)

EU
) GeoMIP (754) >
3

ISIMIP2 Phase a (821€
ISIMIP2 Phase b (146)

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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[ Provenance ]

Future Scenario

SST (ANN,Zears 041-0050)
20161117.beta0.A_WCYCL18%.ne30_oEC.edison

Imagine you look at some diagnostic plot
= |t knows its provenance
o It knows the simulation that produced it,
o It knows # tag of the GitHub code
o Itis connected to the data that produced the plot A\
o It has the provenance (the code) of the diagnostic that s,
produced it
= |tis connected to CDAT (or vCDAT and other)
o you can open the Python code and start coding your own /R
analysis on top of the standard one or use Ul
= |tis connected to ESGF vast data archive
= |tis connected to the smart, distributed computing
resources
O you can run your new analysis on the closest cluster
®= You can browse the code and make changes
= You can run the simulation with your changes
o With some Livermore Computing (LC) resources in the back

Project

) ACME (23)
| CCA4E (231)
c
) CORDEX (90472)
=AROT0ST (639)
CREATE-IP (28)

EU
) GeoMIP (754) >
3

ISIMIP2 Phase a (821€
ISIMIP2 Phase b (146)

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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[ Provenance

Future Scenario

SST (ANN,Zears 041-0050)
20161117.beta0.A_WCYCL18%.ne30_oEC.edison

Imagine you look at some diagnostic plot

= |t knows its provenance
o It knows the simulation that produced it,
o It knows # tag of the GitHub code
o Itis connected to the data that produced the plot P
o It has the provenance (the code) of the diagnostic that s,
produced it

= |tis connected to CDAT (or vCDAT and other)

o you can open the Python code and start coding your own
analysis on top of the standard one or use Ul

= |tis connected to ESGF vast data archive
= |tis connected to the smart, distributed computing
resources
O you can run your new analysis on the closest cluster
®= You can browse the code and make changes
= You can run the simulation with your changes
o With some Livermore Computing (LC) resources in the back
= Come back in (for example) a week and check the
resulting plot with your additional analysis

Project

ACME (23)
| CCA4E (231)
c
) CORDEX (90472)
=AROT0ST (639)
CREATE-IP (28)

EU
) GeoMIP (754) >
3

ISIMIP2 Phase a (821€
ISIMIP2 Phase b (146)

New
Results

E3SM Workflow Group goal is to revolutionize the way people work with models and data
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Questions?

(E3SM
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Earth System Model
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