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Coupled Natural & Human Systems

> Emphasize feedbacks between two
dynamic systems

° Natural (e.g;, hydrologic, atmospheric,
biological, geological)

> Human (e.g,, economic, social, institutional,
cultural)

° Focuses on the i1dea that the evolution
of these two systems can no longer be
treated 1n 1solation

° By definition: interdisciplinary & cross-
scalar

> Complementary to SES

Drivers:

Increased emissions of

carbon dioxide and other
QI‘EEI‘II"IOUSE gases

Human system Human Natural
interna
interactions C Syste m D Syste m

H”!"”;” F’C}F’;"E:i_“" 9“’:"“- Increased greenhouse gas
e concentrations trap more
increased burning of fossil ‘ .

heat energy in atmosphere

fuels
Feedbacks:

Increased temperatures,
extreme weather events, sea
level rise and precipitation
variability.

» CHANS-Net

v International Network of Research on Coupled Human and Natural Systems

http://chans-net.org/

Matural system
processes and
interactions

|
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Conceptual Map

°'Tool to visually organize primary ° Few different approaches for
concepts and interactions drawing them
between them > By hand
> Used in various settings, ° Powerpoint
including teaching and research, > Vensim
to communicate common > Mental modeler

understanding of key knowledge (http:/ /www.mentalmodeler.org/)

of a system
° Particularly helpful in stakeholder

engagement

Mental Modeler is modeling software that helps individuals and communities capture
their knowledge in a standardized format that can be used for scenario analysis

=

|



What would a conceptual map
of a community look like?

L e

Class Brainstorming Time



Acequias
> NSF-funded CNH study Ancient Traditions Keep Desert
° “Acequia Water Systems Linking Waters Flowing
Culture and Nature: Integrated Analysis i il s, v i
of Community Resilience to Climate
and Land-Use Changes” /{ R
o Interdisciplinary team: hydrology, TRADITIONS
KEEP DESERT
livestock and rangeland science, WATERS
agronomy, economics, rural == s Sl
development and planning, and cultural = ==
anthropology) | === _3:"3:3;_‘1-"—__;_-:
° Lots of different foci: groundwater | g;g ::_:_:_:j.i;:
recharge from agricultural practices, | e

land use change over time, etc.



Our subgroup focus: surface water

Connections between valley irrigation community
and contributing upland watershed
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‘ Causal Loop Diagrams

N N

Biths R Populaton B~ Deaths

N N

Focused on directions of
interactions
Signs on arrows indicate
direction of influence

* +: same direction

« -: opposite direction
Labels within feedback
loops indicate direction of
overall influences

« R: reinforcing

« B: balancing
Hash marks (| |) indicate
time delay



Primary Modeling Techniques

System Dynamics

Agent-Based Modeling

Discrete Event Simulations

Social Networks

Data Analytics (ML, DL)



System Dynamics )

MAX store forage Annual winter feed
potential demand per animal
month

° Typically use a stock and tflow approach

Forage reserved

°> Connect model components with feedback loops ¢

Months needed to

o GGenerally focus on agoregate or macroscopic fiad
y

behavior
> Continuous time step

Purchaf::gswmter GAP in forage

° Tend to use differential equations resetve  ANNELNEISfaad

Cattle herd size

> Account for time delays

° Resources for further information: Stock and flow structure for forage inventory
from Turner et al (2016): http://www.mdpi.com/2071-1050/8/10/1019/htm

° Vensim software: free license for educational use:
http://vensim.com/vensim-software/

o Powersim Software AS’ instructional videos:

n
http://www.powersim.com/main/services/simulation Ve n s | mt

services/get-started/

i 1 et BT S
° MlndSEye Computing, LLC (models on Resources B ystems.n
I 5; >: . o F lo F d . l

http://vensim.com/vensim-software/




Agent-Based Modeling

° Focus on emergent behavior of microscopic
elements

° Driven by ‘simple’ individual (or “agent”) behavior
rules (e.g., birds in a flock)

> Account for agent interactions and heterogeneity
in agent characteristics

° Applied to a range of domains, from translational
biology to agricultural decision-making
> Resources for further information

° Netlogo software: free, lots of example codes

° Railsback & Grimm’s book “Agent-Based and Individual-
Based Modeling”: best practices, sample Netlogo code

o https://www.comses.net/resources/ repository of ABMs
in other languages)

Agent-Based and
Individual-Based Modeling

Steven F. Railsback and Volker Grimm




Discrete Event Simulations
DISCRETE EVENT SIMOLAT [ON
/\ ,

Emergency Department
° Primarily focus on event triggers to drive Waiting Room Treatment Area

Patient Determine  Want for Evaluation and @ Discharge as

SYStCm behaVior arrival 2 acuity level  ED bed treatment outpatient

n : . @ | © ©

> Use entities (l.e., passive agents), gates, cues, o

and servers to represent events and associated e
system states to evaluate overall system

bottlenecks and resource utilization

Wait for Discharge into
ho bed hospital

Source: https://www.youtube.com/watch?v=XHGBUO2Q4C0

> Often optimal for understanding discretized
practices such as train loadings, grocery line Viton o ek Sores
traffic, volcanic hazard predictions

‘MﬂthWOI‘kS' Products Solutions Academia Support Community Events

o Resources fOI' further informatiOn: Understanding Discrete-Event Simulation

o https: / /WWW C S. Cmu. edu/ ~ muslc / Cm Slp /readlngs /ln Watch the videos in this MATLAB™ Tech Talk series to learn the fundamentals behind discrete-event simulation

Discrete-event simulation is a simple, versatile way of describing a process. You can use it to build complex
models that explore fundamental questions such as latency, utilization, and bottlenecks. The video series also

tro_dls Cre te_event— Slm-html outlines how to use stochastic processes to approximate details of a system that you can't model. You'll learn

about how you can use discrete-event simulation for operations research, and you'll explore how to use discrete-

o D 1 A TLAB Webiﬂar Series (5 Videos) event simulation to evaluate the performance of digital communication systems

I Understanding Discrete-Event Simulation, Part 1: What Is Discrete-Event
" Simulation?
It 'H Learn the basics of discrete-event simulation, and explore how you can use it to
- ©429 build a process model in this MATLAB Tech Talk by Will Campbell



Social Networks (™)

° Investigating social structures through the use of
networks and graph theory

> Nodes are entities (people, organization, etc.) while
links are relationships (or interactions)

° “Because structure always affection function”

(Strogatz, 2001, Nature, pgs 268-2706)

° Focused on understanding pathways of
influence/critical nodes

> Applies in various domains including sociology,
biological , communication studies, and computer
science Networks

An Introduction

o Resources for further information:
o Newman’s “Networks: An Introduction”
° Python’s NetworkX package: https://networkx.github.io/

° Strogatz’s 2001 paper:
https://www.nature.com/articles /35065725




Data Analytics

° Primarily data-driven

° Can incorporate diverse sources of
information (including audio files, text
documents, etc.)

° Implemented methods dependent on model
requirements and data availability
> Black box vs. causality insights
° Descriptive vs predictive
> Machine Learning vs Deep Learning
> Resources for further information:
> R & Python websites

> Coursera classes: Intro to R, Python, Data Science,
etc.

Home > Data Science > Data Analysis

[Introduction to Data Science in Python

Machine
Learning

Unsupervised Supervised
Learning Learning

Clustering Classification

Regression



Which approach do you use!?

> Depends on multiple factors
> What question are you interested in?

> What are your model priorities - 1s
black box ok?

> Would a hybridized approach better

suit your needs?

o What resources are available
(personnel, expertise, time, data,
etc.)?

“All models are wrong,
but some are useful”

-George P. Box



Data

. Regardless of methodologlcal approach,
“natural” or “human” focus, require
data in some shape or form

° Caveat: assuming non-theoretical focus

° 3 primary classes

° Learn from previous work: literature reviews,
books, etc.

> Collect your own/field work: water samples,
interviews (SMEs), workshops, games in the
field*, in-depth/ethnographic studies

> Leverage big data: satellite imagery, social
media platforms, etc.

Challenge: Quantitative vs. Qualitative Insights

*can be incredibly valuable if executed well

¥ e
|dh]

Source: Gunda et al., (2017)
http://iopscience.iop.org/article/10.1088/1748-9326/aa5ef7




Q&A

Always welcome to contact me:

teunda(@sandia.gov




