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AVisions/ideas, funding/budgets, what else might help?

A Systems Engineering & Systems of Systems Approach
Complex Problems

A Considerations for Advancing Earth System Prediction



Preamble

A An S2Scientist
A Exposure to Systems Approaches / Engineering

ABASC’s Weather Enterpris

A AGU 2019 Centennial Session: A Systems Perspective on the Environmental Prediction Enterprise

ARFI Input



ldeas & Vision : Have we been here before?

May 6-9, 2008

Sep 7-10, 2010

UOW AT

REVOLUTION IN CLIMATE PREDICTION IS
BOTH NECESSARY AND POSSIBLE

A Declaration at the World Modelling
Summit for Climate Prediction

8Y J. SHUKLA, R. HAGEDORN, B. HosKiNs, J. KINTER, J. MAROTZKE, M. MiLer, T. N. PALMER, AND J. Sunco
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WCRP, WWRP, IGEH

SUMMIT STATEMENT: THE CLIMATE PREDICTION PROJECT

and our scientific understandiny
This computing capability acc:
at least a thousand times morq

I. Considerably improved predictions of the changes in the
statistics of regional climate, especially of extreme events and
high-impact weather, are required to assess the impacts of cli-

Focused Modeling Initiative
Improve H/W + S/W

Process Focused Model Evaluation
Data Assimilation

Ensembles
Cooperation/Coordination

etc
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Earth-System Prediction Capability (ESPC)
Workshopf|
Earth System Research Laboratory’|
7to 10 September-2010°
Overview:{|
The purpose-of this workshop is to establish the-initial vision-and-goals for-a program to
collaborate on the development-and-operational implementation of-a-national-Earth
System Prediction-Capability (ESPC).- The workshop will identify the scientific
challenges for establishing-an ESPC and review the operational needs of the U.S.
environment/ climate communities. The Workshop outcome will be a plan to create a
development roadmap, a science and administrative structure and-an-agreement to
develop the ESPC within a-collaborative framework."

Workshop-Goals:|

* - Astatement of the need for-an ESPC!

« - |dentification of the scientific-and technical challenges for the ESPCY

« > A-commitment by Federal -agencies & the broader science community to pursue-an - ESPCY
« - A-planto-develop-a-general-Roadmap for-achieving-an-ESPCY

« - Aninitial science collaboration structuref

« - Suggestions for-an-agency-programmatic /-management-structure

AESPC i osc000 -

The National Earth System Prediction Capability Vision: Develop and implement the next generation integrated physical earth
system prediction capability at weather and longer time scales to support hours-to-seasonal global prediction. To fulfill this

vision, the National ESPC will
« Extend predictive capability to decades using muli-madel, multi-agency ensembles

» Use ensembles to identify and quantify uncertainty and risk
- Advance computational and environmental numerical prediction science and technology

« Enhance our understanding of complex interactions of the earth environment

NASEM 20038

EMERGENCY ALERT
AND WARNING SYSTEMS

| WEATHER SERVICES
FOR THE NATION
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FRONTIERS IN DECADAL
CLIMATE VARIABILITY

We have been awash in good ideas and intentions, andaxgdiulated visions, for a decade or more.




Funding & Budgets :
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U.S. Weather Enterprise Spending
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Federal Coordinator for Meteorological
Services and Supporting Research: OFCM)
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Is the solution always more $?

The E. Rutherford Challenge
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A Can we get more out of what we have or

more from the additional funding we may
be entrusted with?

A Once the $ is fixed, and the general ideas

Reported Federal Climate Change Funding by Category, 1993-2014

Inflation-adjusted discretionary budget authority in billions of dollars

Uu. S. Gov 't Accountabil i
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International assistance

Technology

Science
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Fiscal year

GAO analysis

of Office of and Budget and C Research Service data

are in place, what are modern practices tc
derive the most?

A The challenge/opportunity we face is

bigger than any entity/agencybut how
do we proceed withec
fight” for roles ar



Why do our grand visionsthat are bigger than any one of
our agencies can addreskave trouble reaching the goal?

Optimize Functions
Constrain Cost
Reduce Risk
Timely Delivery



System Engineenng

A branch of engineering which concentrates on understanding, designing and managing
complex systems, namely systems of interworking components that synergistically work
together to perform a useful function (e.g. spacecraft, robotics, software, manufacturing
processes, communication systems, healthcare, defegtsg,

It deals with requirements development, logistics, team coordination, testing and evaluation,
costs, reliability, work processes, optimization, risk management, and often the overlaps
between technical and human systems.

Relatively New Field
Origins ~ 1940s
First Professional Society ~1990




Applications of Systems (of Systems) Engineering

In other sectors, where lives,

Defense Systems property, and our prosperity
DoD, 2008Systems Engineering Guide for Systems of Systems matter, top-down systems

engineering andsohinking
are formally being embraced.

Global Communications Systems
Bhasin Kul & Hayden, Jeffrey. (2008])chitecting communication network of networks for Space System of Systems
1-7.10.1109/SYSOSE.2008.4724153.

Homeland Security
Ingber, G. L, W. E. Bunting, D. M. Laredo, M.K. Tun, 2017: Guidestding Useful Architectures, Homeland
Security Systems Engineering and Developimstitute, Version 1.1, Case Numberdb89 / DHS reference

number 16J0009702. (seamitre.org).

0~ = Healthcare Systems
§] i | H@é’ NAENIM, 2005Building a Better Delivery System, A New Engineering/Health Care PartnNetiopal Academy of
LY BN Engineering (US) and Institute of Medicine (US) Committee on Engineering and the Health Care System; Editors: P
e Compton, H Grossman, afdnjiang Washington (DC): National Academies Press (US); 2005105BB09-09643X




Developing a Climate Change Strategy

By Architecting a “climate change

At present, there is aad hoc systemof systems$0$ that represent ouEarth’s Climate Change
Prediction System (ECCPS) — will refer to as ECCPS v1.0.

OBSERVATIONS MODELS & PROJECTIONS KEY PLAYERS \
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What are the essential elements to ECCPS v1.0 vsdotwp designed ECCPS?
How efficient, sustainable, cosffective, accurate, traceable, manageable is ECCPS v1.0?
Does the importance of this ad hoc svstem warragioanalvsis and assessment?
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Developing a Climate Change Strategy
By Architecting Earth’s Climate Chang

Types of System of Systers®§

Type Definition

Virtual SoS lack a central management authority and a centrally agreed-
on purpose for the system of systems. Large-scale behavior emerges—
and may be desirable—but this type of SoS must rely on relatively invisible
mechanisms to maintain it.

ECCPS is a SoS

Virtual

In collaborative SoS, the component systems interact more or less volun-
tarily to fulfill agreed-on central purposes. The Internet is a collaborative

ECC PSV]—QICoHaboratxve \>wstem. The Internet Engineering Task Force works out standards but has

— no power to enforce them. The central players collectively decide how to
Can J PL help provide or deny service, thereby providing some means of enforcing and
. . maintaining standards.
nudge in this

Acknowledged SoS have recognized objectives, a2 designated manager,
P

direction? ‘ =~ | and resources. However, the constituent systems retain their independent
ECC PSVZ Q Acknowledged gownership, objectives, funding, development, and sustainment approaches.
"SI == == = | Changes in the systems are based on collaboration between the SoS and

the system.

Directed SoS are those in which the integrated system of systems is built
and managed to fulfill specific purposes. It is centrally managed during long-
term operation to continue to fulfill those purposes as well as any new ones
the system owners might want to address. The component systems main-
tain an ability to operate independently, but their normal operational mode
is subordinated to the central managed purpose.

MITRE Guide to SE, 2014

Directed

Would there be value in doing a systems analysis on the cug@efhat make up ECCPS v1.0?
Would there be value in architecting a top down approach for a (hypothetical?) ECCPS v2.0?
Would there be value in helping move our ECCPS from a Collaborative to an AcknoBd&iged



A Systems of Systems (SoS) Perspective
For Addressing Earth System Prediction

Quantity of Interest

Break down the complexity
using a systems of systems
(So$/ engineering
perspective

Judiciously integrate and
evolve the underlying
components to maximize

value and impacts

Planetary and local
environmental conditions
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Google, AWS
".itate Agencies advance ESP




Summary messages and considerations @éﬁﬁfzﬂfﬁlﬁfﬂﬂ of Technolody

Along with the many good RFI/Roundtable/Workshop ideas put forth for advancing our science knowledge and
technological capabilities relevant to Earth System Predictability, and the associated/anticipated calls for increas
in funding to implement those ideas, is a recommendation to explore a more formal application of systems
engineering to our Earth system prediction (ESP) enterprise.

This recommendation stems from the need to account for the complexities associated with the relevant and rapi
evolving science, tools and technology, and irdgency and enterprise landscapes, when making judicious choice:
about how to advance ESP, and the significant societal benefits associated with it.

In addition to the greater synergy in structure, capabilities and plans t&atSapproach might be expected to add,

is the need to have an ability to execute the overall vision and plans that would result. Is there an need for a

coordinating office or body that could better foster / direct effort and resources across the agencies to address tf
all-important challenge. Or put another way, if such a consideration/action were to be undertaken, the importanc
of formally incorporating a systems of systems approach as discussed above will be critical to the development «
judicious, unbiased and pragmatic plan that takes into account the strengths and complementary elements of th
various agencies and commercial enterprises that have a role and stake in contributing to this critical national ne



