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Overview of InterACTWEL

(Interactive Adaptation and Collaboration Tool for managing
Water, Energy and Land)

Dr. Meghna Babbar-Sebens



InterACTWEL.: Web-based Decision Support for
Adaptation Scenario Planning in Local Communities

Who?

 InterACTWEL aims to empower
communities in watersheds

Do What?

« To coordinate and plan adaptation
strategies for responding to
stresses and changes to water,
energy, and land resources.

How?

« By providing data-driven services
for planners and managers to
simulate, visualize, evaluate, and
share scenarios of multi-sectoral
adaptation actions that reduce
their community’s vulnerability to
stresses
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InterACTWEL.: Overall Vision
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SW:  Surface Water

GW: Ground Water

RW:  Industrdal Reuse Water
ASR: Aquifer Storage & Recovery
OHA: Oregon Health Advisory

DLDC: Department of Land Conservador & Land
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OWRD: Oregon Water Resources Department

ODEQ: Oregon Department of Environmental Quality

ODOA: Oregon Department of Agriculture

ODOE: Oregon Department of Energy
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InterAGTWEL Project: Umatilla Region Adapts To Changes In Allocation Of Water For irrigation
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Adaptation Plan 5

il Adaptation Plan 6

0 1ios oft Adaptation, Pathwaysifor
Seeking Community Feedback and Evaluation. =

Evaluate Adaptation Plan

What factors might prevent you from taking
the recommended actions listed in this plan?
(check all that apply)

Inflastructure costs

Pemits or other regulatory approval processes and

cont

Reliance on other stakeholders to take action

Lung lime perivd befure secing puitive ioults

Public disapprovel of the actions listed in the plan

What factors might prevent you from taking
the recommended actions listed in this plan?
(check all that apply)

Not at all

Setisfactory Neutral

wel Very Well

How likely are you to implement the actions
recommended in this plan?
Not at oll

Setisfectory Neutsel

wel Very Well

How likely are you to work with other
stakeholder groups to implement this plan?

Not at all Setisfactory Neutral
Wel Very Well

Rate this plan

"~ 4

Please share any additional thoughts about
the alternative plans or the plan builder tool

~
S\




InterACTWEL.: Workflow Stages for

Stakeholder-Driven Adaptation Planning

Stage 1

¢ Co-productio
n of
knowledge

Conceptual
Systems

Diagram

Stage 2

¢ Setup of
community
projects

Stage 3

¢ Simulation
and
distributed
optimization
of adaptation
plans

Stage 4

e Visualization
of Adaptation
Plans

Stage 5

¢ Feedback and
Evaluation of
Adaptation
Plans by
Community




Back-end is supported by Apache Airavata

Interactive Adaptation and Collaboration Tool for managing Water, Energy and Land
VISUALIZE & DESIGN YOUR ADAPTATION PLANS

High-performance
Computation Resources
(i.e., XSEDE)

e

Global Administrators

.‘% Apache Custos

InterACTWEL
Science Gateway
(Graphical User

& Create Account %

Interface)
Apache Airavata
API Kook
pplications, "
Experiments & Data Processing Scientific & Optimization
Data Catalogs ~ Services Models
I Actor Users Secure
JSON (MongoDB) Interoperable, and

Experiment Metadata : Formulation
(MySQL Aravata) 25 ST TTRIRtON Scalable

Cyberinfrastructure

Extracted Features

InterACTWEL  Project: Umatilla Region Adapts To Changes In Allocation Of Water For irrigation

Feedback sure 7
5 tae cavaton 6 Evaluate Adaptation Plan °
sumysie A
= Richland b What factors might prevent you from taking
6 - the recommended actions listed in this plan?
0 Close JFeinenick checkall that sppy)

Community Plans

Apache Airavata will help you compose, manage, and execute complex workflows for developing and visualizing multiple scenarios on how the food, energy, water sectors in
your community could adaptively change their management of water, energy, and land resources for long-term resilience.

WaterRights  Clopyied  Nfewizer  Pfemizer  igation  GroundwaterRecharge

What factors might prevent you from taking
the recommended actons lsted in this plan?
(checksl thatapply)

Adaptation a3 W () vy
InterACTWEL Gateway P' M InterACTWEL Dashboard ¥ & Test User ¥ MoptaTie 4 x \ e :‘:::‘:Z;:{::;L":jmeﬂ""="'m
Adsptaion a5 2 2000 > Moot () Sty () e

i o o000 \ / 4 W () vy
Projects Plans Community Help Adsptation P 6 ¢ ALY

How Bkely are you to work with other
stakehokder groups to implement this plan?

ot it
Learn Prepare Act i :
: e ey e
Learn about how adaptation can help FEW Create portfolios of community wide Visualize, evaluate, recommend, identify and the sitemative plans or the plan bulder tool
actors in watershed communities be resilient adaptation strategies using advanced adopt community preffered adaptation Stlem
scientific models and machine learning plans yFou -
o

S

O~ W interACTWEL Dashboard & Test User =

Home Projects Community  Help

Plans are different scenarios of recommended adaptation decisions and strategies for the differant community projects that you are a member of.
Plans ot teg ty proj ¥

( DeGEREEsH Under each Project tab, you can Generate New Plan with assistance from InterACTWEL as well as view details on plans previously saved by you.

( S— \ S i R Umstilla Region Adapts To Changes In Allocation Of Water For irrgation
Umatilla Region Adapts To Changes In Allocation Of Water For irrigation \ View Project Data
| Plans
Pian
Plan 10 Godls a Feedback View More v
Plan 11 % P e

Actions taken by each actor through time

. Coumbia River (CR) Farmer: Surface

) IR Farmer: Grounds

Actions

2005 2000 2010



http://interactwel.org/

e L
AP Oregon State University
College of Engineering

Description of the data, data parsers and
computations involved

&
UX approach

Dr. Samuel J. Rivera
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End users of InterACTWEL and their Roles

0 Global Administrator (GA)

= Set up InterACTWEL Project ..‘
= |dentify and invite Local Administrators (described below) "n“
= Complete control of the project, the data and models, and the

: Global Administrators InterACTWEL
members of the project Science Gateway
. . (Graphical User
0 Local Administrators (LA) ‘.% Interface)

= Sector technical leads or managers in one or more individual FEW
sectors of a local community

Local Administrators
= Provide relevant data, models, decision strategies, and cost-benefit

goals and constraints that represent their FEW sector e.0

= Have complete control over their data (e.g, sharing privileges, (_—,\UF;I
e " a1
visibility and use restrictions, etc.) iy

= Can run “pre-setup” simulations/experiments using a different Actor Users

parameters
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End users of InterACTWEL and their Roles

e S{

0 Global Administrator (GA)

0e9
0 Local Administrators (LA) "nﬂ
0 Actor Users (AU) Global Administrators InterACTWEL
Science Gateway
= End users are most closely related to the impacted community ‘.. (Graphical User
members (e.g., residents of the watershed, tribal communities), " Interface)
actors in each of the FEW sectors (i.e., farmers, water utilities) and n
other interested actors from the public (e.g., researchers, students). Local Administrators

= Interaction with the ScG is limited to the visualization and evaluation
of the model results from the experiments through a visualization

GUL. ;i%

Actor Users



Overview of technology
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components and computational resources

Back-end is supported by Apache Airavata

0.0 High-performance
’.‘ Apac“e Custos Computation Resources
n ) (e.g., Jetstream)
Global Administrators InterACTWEL
Science Gateway 4_‘ e i
. ' (Graphical User xecution Services
'_. Interface) f\
n Apache Airavata \\%‘
APl Appllcatlons o -
Local Administrators Experiments & Data Processing | Scientific & Optimization
\ DataCatalogs ~ Services Models

Actor Users

JSON (MongoDB)

Extracted Features ESDMUTEAE kit

t Fo lation
(MySQL Airavata) Case Study Formulation &

Model Data

e o e s v o B S S

\_____

Global Administrators

Water Data
=

Local Administrators
(DEQ)

l

s

Shareable with all users

Shareable with only group users and Global Administrators

Shareable with only Global Adminstrators

Execute
Run

A

o
.
@

Actor Users

Local Administrators

(Farmers) Local Administrators
(Energy Utility)

I
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Simulation and Optimization
of Adaptation Plans

O Plug-n-play modeling platform to simulate Impacts of actors,
decision and perturbations in systems diagram

O Land and water management model: Soil and Water Assessment Tool
(i.e., SWAT; Neitsch et al. (2011))

Soil & Water SWAT !
:,/,,Assessment Tool ‘

4 Northwest Power and

O Ener model: Ener ortfolio planning model (Northwest Power & . -
oy &b P g ( Conservation Councill

Conservation Council)

O Economic model: Input / Output Economic Model (OSU)

Sub-system 1 Robust, Dynamic

Optimization (Robust so/ut/ons)
0 An open-source and decentralized multi-disciplinary design X [ Vb o |, l
.. . sMD2 | (Compromise solutigns) I
optimization (MDO) framework was used to develop a Fio Gior Xaa' FEW system-love

Compromise

multi-objective optimization formulation of the conceptual model

. search
Fae Gao Xcz_a Xoq vs. X=X,
(Compromise solutions) 1 T

A

= Models of different spatial and temporal resolutions are coupled .
. . . bust solution
by using a dynamic planning approach Sub-system 2 Robust Dynomic - - o

Optimization

= A top-bottom approach is used to combine different optimization DI Smplficdmndsrofaamemt " colutons propesedby compromisescarch
. . . . i Response surface method for sub-systemi Vi Coupling functions
approaches (i.e., NLP, Evolutionary algorithms) are used to find PG Obectveandconsrnfuncioneesof o1 Tpellsenstviy

solutions proposed by sub-system i M; M, Machine learning models of actors a; and a,

I R [ I .



Conceptual Socio-economic Modeling of decisions and impacts Quantification of an

y . 5o . 0
system’s Actions/Decisions (i.e., Model Inputs/Outputs) Actor’s Impacts
SWAT+ Aug 14 2018 MODULAR Rev 2018.55
How much? When? What type?
jday mon day yr unit PLANTNM YIELD
op_typ mon day B e 365 12 31 1983 1k corn  1699.888
2 name 365 12 W 1983 2 onin 1710.660
autoirr str.s 3 elemn 365 12 31 1983 3 wwht  1714.649
T i1l 4 30 g ;1;“';?3 365 12 31 1983 4 swhy  1743.294
s 365 12 31 1983 5 scrn 1771.090
fexrt 4 30 6 urea
Y 5 30 7 46_00_00 365 12 31 1983 6 alfa 1683.579
o 8 3300 00
Pote ntl a I m‘}' 10 30 3 31:13:00 orgnin kg orgnout_kgN no3in_kg no3out_kg
. skip 12 30 12 zg_ig_gg 0.5735E-01 0.3521E-01 0.1267E+07 0.0567E+00
_15_ 0.5735E-01 0.5730E-01 0.1244E+07 0.1102E+00
aCtlonS for an g 2:_32_;8 0.5735E-01 0.0989E-01 0.1568E+07 0.0035E+00
individual/group — EEE
16 25 03 00
17 24 06 00
18 22 14 00
19 20 20 00
20 18_46_00

Fertilizer amount (lbs)
= 1.64 - 2.35

2.35-3.48
3.48 - 87.34 —

87.34 - 551.59
551.59 - 1746.62

908

T
)

904

2
I
I
R

0094444




InterACTWEL: SWAT Model

s 1) ,e'A-rIinf;ton

* Model boundary A e
« Watershed Boundary Dataset (WBD) — USGS |

* Elevation ..__,,
- Digital Elevation Model (DEM) — USGS

e Streams
» National Hydrography Data (NDH) — USGS

 Land use :
» Cropland Data Layer (CDL) — USGS (NASS)
» National Land Cover Dataset (NLCD) — USGS
e Soil
» Soil Survey Geographic Database (SSURGO)
— USGS (NRCS)

 Many more types of data s
» Water rights, crop yields, field management
data, water quality/quantity, dam operations, -

etc.

Sundale =P st Boardman

Bambing Range

Shutler

Mayvill

:—,::::-:i:—_::— 53



InterACTWEL: SWAT Model

Hydrologic Response Units (HRUs)
« Unique combination of soil, slope, and land
use (i.e. crop)

Field level HRUs
« Each field may be independently managed
« Crop choice
* lrrigation source/application technology
 Fertilizer type/amount
« Tilling practices
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InterACTWEL:
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InterACTWEL Gateway

Projects Plans Community Help

Learn

Learn about how adaptation can help FEW
actors in watershed communities be resilient

Prepare

Create portfolios of community wide
adaptation strategies using advanced
scientific models and machine learning

Instructional Videos

Join a New Project

Adaptation Stories

Generate New Plans

Documentation

Review Saved Plans

Support

Frameworks & Models are packaged as
“Applications” in the ScG.

Global administrators can create or
choose an existing “Application” that will
be used in their community’s project.

.p' I InterACTWEL Dashboard ¥ &
& Workspace
&% Groups

& Data Parsers

¢ Settings

M InterACTWEL Dashboard

Visualize, evaluate, recommend, identify and
adopt community preffered adaptation plans

Share Plans

Participate in Group

Participate in Events

InterACTWEL Gateway

Dashboard

APPLICATIONS

InterACTWEL_SWAT

Test SWAT module for InterACTWEL

*

Samuel Rivera ¥

Oregon State University

College of Engineering

X
’nﬂ

Global Administrators

.p' & Workspace ¥

MY RECENT EXPERIMENTS

Test_Parser

Testing data parser script.

*



Dashboard usability
testing and redesign

Heuristic Evaluation

September 2020

Plans What's with all these tabs?

| —— [ ————

Problem Severity Heuristic
Low visibility of 1 Flexibility and efficiency of
create button use

When looking at projects, users got confused about
what each category/tab was for. They were confused

This s the same problem:as the Projects page. about the ownership and privacy of the projects.

Users can't see the create button unless they scroll
down. We recommend moving it to the top-right
of the page to increase its visibility. One user was also confused about the difference

between projects and plans.

Problem Severity Heuristic
Extrastep 2 Flexibility and efficiency of
use

What's the intention of showing the map before
creating a plan? This step might cause a little
confusion.

Usability Testing

October 2020

"I assume that these are all my projects and they're private... I'm
not sure about projects though because s it just projects I've
created?"

[on assigned projects] “I'm not sure how different it is from the.
other tabs..”

“I don't know what invited projects would be.”

MyProjects Invited Projects  Explore Projects  Create New Project  Assign Projects.

Oregon State University

College of Engineering

New Mockups
November 2020

Cut the map into half and add the
project details in the middle

Project Preview

“Visualize” button changes to
“See project data” and move to
the top-right

Communication / membership
related functions are grouped
and given their own space

Add a "Generate new plan"
button to direct people to
the Plan page

Show the definition of
projects (1-2 sentence)

fe1n Aocation Of Wate For rigtion

gz

‘We weren't sure about what to
show in the details. Here are just
some random thoughts.




Projects

Project dashboard

Actions
. B3

7 S T S feinavied”

What are Actions? Hide panel

ey
[ select All Adaptation Actions are management actions that adjust Walla

the allocation of resources, operations, and assets. These

Feedback Share Goal:
5 S 6  ljesne

Choose Actions

Please choose from the drop-down menu the actor for which you want to define the possible actions management actions are formulated to adapt to changing
basin conditions that effect quality, quantity, and
Selected actors Available actions accessibility of water, energy, and land resources. These

adtions include a variety of approaches - from
infrastructure  building, adopting new  technologies to
raising awareness.

Farmer with Columbia river water rights
[JNo changes to current water right

Farmer with other surface water rights In Step 3, think about types of actions would be of interest
to the actors you selected in Step 2 and select from the
options available on the list. Please note that your Y
adaptation plans (in Step 4) may include additional actions. ) O \ ¢ e Adaptation Plan 3
But more on that when you reach Step 4! ' 3 2

allocations Adaptation Plan 2

(A=A I A [Jincrease the volume of non-Columbia

surface water

[ Decrease the volume of non-Columbia £ il . Adaptation Plan 4
surface water

Adaptation Plan 5
[ Increase the volume of groundwater
[ Decrease the vélume of groundwater Adaptation Plan 6

Increase the volume of Columbia surface
water

Decrease the volume of Columbia

surface water

W W
T3 v

3 I (i

,’47’{1‘ w

User dashboard

InterACTWEL Gateway o-

InterACTWEL Dashboard ~ & Samuel Rivera InterACTWEL Ga(eway

Home Projects

Adaptation Plan 1 Region

Project: Umatilla Region Adapts To Changes In Allocation Of Water For irrigation i InterACTWEL  Project: Umatilla

Water Rights ~ Cropyield ~ Nfertiizer  Pfertiizer  Irrigation  Groundwater Recharge

Total yield (kg) of planted crops in watershed Total yield (kg) of planted crops in watershed

W Siender Whestgrass I Al
W Speing Canola-Poish Ml Osts [ Winter

M Onion [ Garden or Canning Pess [l Radish

M Sping Bariey M Hoy I Other arops
W Speing Wheat 1 M
40000000

35000000
30000000
25000000
20000000
15000000

]

Celery W Spring Sariey M Hay [ Other cops 1 Celery
M Con M Posto

|
10000000
5000000 i
o Ml EsE

et I Spring Cancla-Poiish [l Osts I Winter Whest

25000000 !
- 2 20000000
15000000
10000000 [
o Bm
s

Feedback
5 adaptaion pans

Evaluate Adaptation Plan ()

What factors might prevent you from taking
the recommended actions listed in this plan?
(check all that apply)

© Close

Infrastructure costs

Permits or other regulatory approval processes and
ost

<
Reliznce on other stakeholders to take action

Long time period before seeing positive results

Public disapproval of the actions listed in the plan

M Stender Wheatgrass I Alfate

What factors might prevent you from taking
the recommended actions listed in this plan?

1 Onion M Garden or Canning Peas [l Radish (chesk al that apsty)

W Spcing Wheat B Mt I Com I Potato Notatall () Satisfactory () Neutnl
40000000 Well () Very Wel
35000000

30000000 How likely are you to implement the actions
recommended in this plan?
Notatall () Satisfactory () Neutral
Well () Very Well

How likely are you to work with other
stakeholder groups to implement this plan?

P IO EED D DS > o
FESELE ST FETEEE LSS Notatall () Sstisfactory () Neutrs
el () Very Wl
vears Years
Rate this plan
s

Projects in the tabs below include the community adaptation projects that you are a member of (My Projects) projects that you have been invited to participate in (Invited Projects), and the other ongoing community adaptation projects globally that

are using InterACTWEL (Explore Projects). If you are an administrator, you will also be able to Create New Project for your community, and invite InterACTWEL members to join your community project via Assign Projects.

My Projects  Invited Projects  Explore Projects  Create New Project  Project Users  Assign Projects  Project Requests  Assign Plans

Unnatilla Region Adapts To Changes In Allocation Of Water For | Plaui® eaRee thes Piemy

imigation Umatilla Region Adapts To Changes In Allocation Of Water For irrigation Plan9

Umatilla Region Adapts To Changes In Allocation Of Water For it

ation

= Plan 10 Goals
View Project Data ‘ + ‘ « Improve surface water quality
Plan 11 « Increase recharge to shallow aquifer
—| v + Ingrease agricutre productiy
1 i J « improve ecological habitat
Project Details
Umatilla Region Adapts To Changes In Allocation Of Water For ors Selecte
! Actors ors Selected
irrigation
mer: Surface water (SW)
« Farmer: Columbia River (CR)
Location: Umatilla A mer: Groundwater (GW)
Latitude: 45.914930 L |
Hermiston ,
. Actions

Longtitude: -119.349861

o Farmer: Surface water (SW)

Pendleton “
.

« Farmer: Grouncwater (GW)

o Increase the vol

olum

olum
(cR)

e volume of non-Columbia surface water

e of groundwater

olumbia surface water

ol
o Decrease the volume of non-Columbia surface water

o Decresse the volume of groundiater

me of groundwater

« Farmers: Surface Water (SW)
o Incresse th

eof

-Columbia surface water

2

Umatilla Region Adapts To Changes In Allocation Of Water For irrigation |

Please share any additional thoughts about
the alternative plans or the plan builder tool

MO~ W interACTWEL Dashboard & Test User ~

Plans Plans are different scenarios of recommended adaptation decisions and strategies for the different community projects that you are a member of.
Under each Project tab, you can Generate New Plan with assistance from InterACTWEL as well as view details on plans previously saved by you.

Feedback View More v

Feedback Provided on: 2021.05.21 : 0751

Actions taken by each actor through time

SO Fermer: Columbia River (CR) Farmer Surface water (SW) Sk Farmer: Groundwater (GW) 5

1e °
2001 2002 2003 2004 2005 2006 2007 2008 2009 201

Time
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Gateway development and integration
plan

Eroma Abeysinghe
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InterACTWEL
Infrastructure

ECSS Symposium
Sept/21/2021
Eroma Abeysinghe and Eric Coulter
Indiana University, CIRC




o

e
Y 4

InterACTWEL Gateway

e Setup of < % e Simulation e Visualization ¢ Feedback

production of “._ : community S NN and of and
knowledge d  projects ~ b, | distributed Adaptation Evaluation of [

optimization Plans Adaptation
of adaptation Plans by

plans Community

- Gateway is hosted with SciGaP (https //sugaporg/) with Apache
Airavata (https://airavata.apache.org/) as the middleware.

- Range of non-traditional users, non traditional gateway.
- Less focus on computations more on visualization and sharing.

APACHE

AIRAVATA




Security and Extendability

N e LN
s~

The gateway was developed

e Different levels of users, using Django framework.
e Easier to modify, extend.

administrators, policy makers, & . .
researchers with multiple levels ¥ ° misRrALTEL reee gr) ViUl ZIng

e

~|  capability for all its different
of access.
, users.
* Uses Custos security framework | | Pl and the team designs
( | reviews and develops the user
) for security features. interfaces.

-, APACHE
N LIAI RAVATA



https://airavata.apache.org/custos/
https://airavata.apache.org/custos/

Data Handlmg & Sustainability

Frequent stakeholder feedback
sessions.
& * Active development and

. Computed output to post
process for visualization.
e Data framework used for data

parsing and depositing to "~ improvements.

database. e Enables seamless development
e Parsers are executed in Docker and integration.

containers. e Continuity beyond ECSS

consultation.

XSEDE

¢ APACHE

N, AIRAVATA

e
a v




HPC infrastructure in the Cloud

. WS N D

- Virtual HPC Infrastructure deployable on Openstack clouds
- Focussed on a handful of open research clouds
- Deployed ~30 production VCs

- From Quantum Chemistry to Textual analysis

- Training and education on all sides of the spectrum (Admin -> Users)

- Combine with containers for portability across the resource spectrum




XSEDE CRI Virtual Cluster

s Container
. ] Registries
L]

fetstream

XSEDE-like User

Environment
>3 ) ARISTOTLE

=




The building blocks:

N O NS TS

. OpenHPC (https:/phpc.community)
« SLURM (https://slurm.schedmd.org)

- MPI implementations
- Singularity

. Jetstream - ( ) and
.« Openstack ( )



https://jetstream-cloud.org
https://openstack.org

Deployment

N O N S

. Simple scripts for creation/destruction (~10 minutes to running jobs)
Headnode instance and Openstack infra is created
SLURM+MPI+Singularity are installed & configured
Optional shared storage is created

. A cluster-specific image is created to base compute nodes on (via Ansible)
Ready to roll!
https://github.com/XSEDE/CRI_Jetstream_Cluster/




Supporting SWAT

N O D e

Buildihg SWAT n Liux is non-trivial! (in some sénse)
- Took a few days, but we were able to get a workflow established
Passed on to Sammy and Meghna, hands-off since
Next step is to containerize this for greater flexibility

- This will also create a record of the painful steps involved in getting SWAT
working on a Linux environment!




Questions?

with XCRI in the subject for XSEDE Q’s
for Gateways questions

- to talk to me

This work funded and supported by Extreme Science and Engineering Discovery
Environment (XSEDE), under National Science Foundation grant number ACI-1548562
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« InterACTWEL as a “safe digital space” for coordinating design of
scenarios of community adaptation plans

— Sustaining long-term stakeholder engagement and community interactions.
— Maintaining privacy and transparency in decision-making
— Enabling continual discovery of community insights

— Sustaining improvements in data analyses and underlying models for scenario
development

« Future Directions

— Build community of practice (researchers and community end-users)
— Advance Artificial Intelligence capabilities to support InterACTWEL workflows

Stage 1 Stage 2 Stage 3 Stage 5

e Co- e Setup of e Simulation e Visualization * Feedback
production of community and of and
knowledge projects distributed Adaptation Evaluation of

optimization Plans Adaptation
of adaptation Plans by
plans Community

Conceptual
Systems
Diagram
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