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The Future is Here:
Knowledge-Powered Data Science

m Focus shifted from data to models
- Model characterization, reuse, and integration

B Need to incorporate model-centered science
knowledge about phenomena and context

- Knowledge about physical, geological, chemical,
biological, ecological, and anthropomorphic
factors

- Knowledge about the user goals and context
B This would enable novel forms of reasoning,
integrating, visualizing, managing, learning, and
discovery with geosciences data
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Outline

B The need for integrated modeling in geosciences
B Diversity of models across disciplines

B MINT: knowledge-powered data science for integrated
modeling

B Intelligent systems for geosciences



Understanding Natural-Human System Interactions:
Water Use, Land Cover Changes, Food Insecurity,...
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A Grand Challenge for Geospatial Data
Science

/ Feonomic \ Integrated Modeling
/

Models
/ Agriculture Social
Model
= Models B Increased demand
B Months or years
Natural
Models Infrastructure m Currently a craft

B Integrating pairs of natural models is very hard

- Eg, surface water models + ground water models

B Integrating natural and human models is even harder

- Eg, agriculture + socioeconomic models of human behavior

Credit: Deana Pennington, Cybershare Project, UT El Paso
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B The need for integrated modeling in geosciences

O Diversit_y of models across disciplines

B MINT: knowledge-powered data science for integrated
modeling

B Intelligent systems for geosciences




A Representative Hydrology Model

m PIHM hydrology model

Needs data on essential
terrestrial variables: slope,
vegetation, etc.
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A Representative Agriculture Model

Prim a ry Modules I Environmental Modifications |
...' ) Df ;E ;»"l‘ 4—' Planting |
- -
- rd \ > Weather I Harvesting |
4»' Irrigation |
44 Fertilizer Application |
44 Residue Placement |
Land Unit
- Management ; ;
SoilDynamics
Module — y |
——l Soil Temperature |
—>| Soil Water |
——| Soil Nitrogen & Carbon |
g Soil " Template Crop Model
(The Land Unit y emp EluE I'Op Puels
" Module is called by h /
the Main Program 7 Soybean /
to perform each step
of processing and in / Peanut
turn calls each of the L /
Primary Modules.)
// Dry bean /
> Soil- Plant - Atmosphere
P // Tomato /
// Othercrops /
+—V Pest & Disease Damage

> CROPGRO Plant Template Plant Modules

CERES Maize

CERES Wheat

m |

SUBSTOR Potato

> Plant

CERES Rice

|

Othercrops




A Representative Social Model

X »..u::u'-..... =
A, A,
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3. B, B, B,
Bith: 101 Birth: 107 Birth: 109 Birth: 113
Ceath: 174 Death:177 Death:187 Death:194
| |
. o Cs C, e
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Modeling in Different Disciplines: Diversity of
Approaches

* Modeling methodology
* Empirical (from prior data)
* Mechanistic (first principles)
*  Mixed

/ At / . Representat?ve quels | | / Economic \
Models * Many dimensions of diversity Models
« Model variables

 Some standards in some domains
« Data requirements and availability

* Integration approaches
* Very diverse

Social
Models




Integrated Modeling:
Bridging Across Disciplines

Diversity across disciplines:

Modeling approaches
Representative models

Model variables
Integration frameworks

Mediation at many levels

Problem
framing

Model
selection
Variable
mapping

Data ingestion

Runtime
coordination

Models Models

Natural / Agriculture

Economic
Models

Social
odels

Infrastructure
Models

Model
Coupling

(Interleaved Execution\

Sliced execution by time tic:
first one model, then another,

Model
Combination

(" Result Chaining )

The result of a model is input
to another model, asin a

Collection of equations that
are designed to be solved together,
then a solver runs them.

\ eg: CGE economic models )

in a round-robin way workflow
\_ eg: CSDMS ) \_ eg: pSIMS, CEMSA )
Implicit Interleaving 4 Output Comp arison )

Results from several models (or

the same model) are aggregated
(eg, an ensemble)

\ eg: regional weather prediction j

([ Code Merging

MPI code to implement all

models
\_ eg: earthquake simulations )

( Shared Memory )
Models share a R/W memory

eg: Synthetic Information

\. J

4 Output Analysis )

Same model is run with many
configurations or parameter
values, to do parameter
estimation, sensitivity analysis,

or uncertainty quantification

Model
Distribution

(Code Parallelization

The model is implemented
as parallel code (eg to
process each grid cell

separately)

\
Interleaved Behavior)

Individual agents proceed
based on information made
available to their
simulation environment

\ Ex: agent-based frameworks /

(Integrated Behavior )

Agents are given several
behavior models that

determine their actions

- J




How Can We Facilitate Model Integration?

Problem
framing

Manual definition \

Very diverse approaches

\ Very diverse scope

Model
selection

/
/
/ Variable
/

Manual selection

Very diverse variables \

mapping Manual mapping

Data
ingestion

Very diverse data needs
Disconnected tools




Outline

B The need for integrated modeling in geosciences

B Diversity of models across disciplines

B MINT: knowledge-powered data science for integrated
modeling

B Intelligent systems for geosciences



Knowledge-Powered Data Science for
Integrated Modeling

Problem Structured frameworks
for scenario scoping

framing

Semantic descriptions
of models and
assumptions

mapping variables and relations

Knowledge-guided information
extraction and integration

Data
ingestion

Model
selection
/ Variable \Ontologies of




S MINT: Model INTegration [Gil et al IEMSs’18]

mint

model integration

http://mint-project.info

Collaboration with Daniel Garijo, Deborah Khider, Craig Knoblock, Ewa Deelman, Rafael Ferreira (USC/ISI), Vipin

Kumar (UM), Scott Peckham (CU), Chris Duﬂ & Armen Kemanian (PSU), Kellz Cobourn (VT), Suzanne Pierce (UT)

User creates scenarios
and guides the model
integration process

Reports (eg,

flood index) /
Uncertainty

analysis

/

Causal Analysis Graph (CAG)
contains variables of interest

Results and
Provenance

Model Graph has selected
quantitative models for CA

\

Workflow identifies data sources
& includes data transformations

G variables

Deep
Learning
for
Remote
Sensing
Data

(WM TA3)

‘cm:?.—....:alzmzz,‘nm [ e
“ o ol
emfm dp T T
MINT Model Integration
Model & Data Workflow Model Workflow
Selection Composition Parameterization Execution
MINT Data Catalog e MINT Model Catalog )
’ Spatiotemporal queries . Biophysical models based on expert scientific

Data transformations

0

(

Principled Ontologies ]——) .

knowledge

- Climate, hydrology, agriculture, economics
Machine learning models from historical data
Models built from text extraction (WM TA1) )
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Problem Structured frameworks
for scenario scoping

framing

Semantic descriptions
of models and
assumptions

mapping variables and relations

Knowledge-guided information
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Data
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selection
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¢ Knowledge-Powered Data Science for
" Integrated Modeling in MINT

Problem Structured frameworks
for scenario scoping

-

framing

Model
selection
/ Variable \Ontologies of

Semantic descriptions
of models and
assumptions

mapping variables and relations

Data
ingestion

Knowledge-guided information
extraction and integration




TGDS: Theory-Guided Data Science

[Kumar et al 2017]

B Machine learning to generate physically consistent models

B Physics laws guide deep learning
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Physics-Guided Neural Networks (PGNNSs)
[Karpatne et al 2017]

Model
> ~ Ypred Ytrue (
Labeled - ~\ output)
Data Recurrent Neural Networks (RNNs) with LSTM cells and Iayea
: Observations-
D _’. —»
e based loss
Physics-based
input layer // loss
\_ hidden layer 1 hidden layer N W,
/~ Physical constraints and laws
) Soil
Objective Function := 2 infiftration A4
. 2 capacity conservation
Observations-based loss (Ypred, Ytrue) & mass
bal
+ A xF(Model complexity) e
+ Physics-based loss (Yvred, Physical constraints & laws " omm D

—— PGRNN
— GLM

Predicted temperature
] ] o]

i
w o

Karpatne et al., “Physics-guided neural
networks (PGNN): An Application in Lake i
Temperature Modeling,” arXiv: 1710.11431, 2017. b a0 0 w0 =0 1000

Year 1992-1994




Automated Data Transformations
[Knoblock et al 2018]

r—=——==771

—_— —_— —_—
xlj wfp_food_prices_ethiopia | | |
A B G D E F G I I I
1 |date .lcmname unit category price currency country I A 4 A 4
2 #date #item+name #item+unit #Hitem+type #Hvalue #currency  #country+nar
3 7/15/05 Sorghum - Wt 100 KG cereals and ti 238 ETB Ethiopia I Read
a4 8/15/05 Sorghum - Wi 100 KG cereals and tu 250 ETB Ethiopia [
5 9/15/05 Sorghum - Wt 100 KG cereals and tu 248 ETB Ethiopia
6 10/15/05 Sorghum - Wt 100 KG cereals and tu 233 ETB Ethiopia
7 11/15/05 Sorghum - Wi 100 KG cereals and t1 252 ETB Ethiopia

wfp_food_prices Filter

D-REPR ym file

UnitTrans

|
* %R wfp_food_prices_ethiopia.modified
A B G D E
1 sdmx-dimen:sdmx-attribute:refArea  sdmx-atdcat-dimension:thing dcat:measure_1_value
2 7/15/05 Ethiopia - Addis Ababa  $/kg  Sorghum - Wholesale 0.082134514
3 8/15/05 Ethiopia - Addis Ababa  S/kg  Sorghum - Wholesale 0.08627575
4 9/15/05 Ethiopia - Addis Ababa S/kg  Sorghum - Wholesale 0.085585544
5 10/15/05 Ethiopia - Addis Ababa  $/kg  Sorghum - Wholesale 0.080408999
6 11/15/05 Ethiopia - Addis Ababa  $/kg  Sorghum - Wholesale 0.086965956
7 12/15/05 Ethiopia - Addis Ababa  $S/kg  Sorghum - Wholesale 0.087311059



Table Understanding
[Vu et al WWW’19]

Classify Cell
Types
-~ i
Detect Layouts l
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Ontologies for Modeling Variables
[Peckham & Stoica 2019]

Object: Soil

Processes (related to verbs):
Aeration, Bioturbation, Creep, Drainage, Erosion, Fertilization, Formation, Gelifluction,
Movement, Slumping, Solifluction, Tilling, Weathering

Process Quantities: State Quantities: Properties:
creep_speed age color
erosion_rate alkalinity fertility
fertilization_time brooks-corey c_parameter

tilling_depth clay_volume_fraction

depth (to bedrock)
Property names are

hydraulic_conductivity
organic_matter_volume_fraction
porosity

* Anindex or scale
numerically quantifies a

Quantity is a subcl.assI of oressure_head !oroperty (egf drought

Property. (Numerical, sand_volume_fraction index, flood index)

oftep has units.) | saturated_hydraulic_conductivity | ° Index is a subclass of
A pairing of an object Quantity

nominalizations of
adjectives.

) o water_volume_fraction
with a quantity is a

variable.




¢ Knowledge-Powered Data Science for
" Integrated Modeling in MINT

Problem Structured frameworks
for scenario scoping

/ framing \ \
Model
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Variable Ontologies of
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Data
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Knowledge-Rich Catalogs of Models
[Garijo et al eScience 2019]

Model invocation
Data formats

Model variables
Constraints
Adjustable parameters
Interventions

[

Model Catalog

mint
Search on
Q, Ssearch models Full text v
1version The Soil & Water Assessment Tool (SWAT) & -

Category: Hydrology
Type: Theory-

The Soil & Water Assessment Tool (SWAT) is a small watershed to river
basin-scale model used to simulate the quality and quantity of surface and
ground water and predict the environmental impact of land use; land
management practices and climate change (https:/swat.tamu.edu/ 2019)

Keywords: Soil. watershed, surface water, ground water, en.. More details

2 versions

Caegry Ariulture

Cycles @ -

Cycles simulates the productivity and the water-carbon and nitrogen
balance of soil-crop systems subject to climate conditions and a large
array of management constraints

Category: Economy
Type: Theory-

Type: Theory- Keywords: agriculture, cycles, crop growth, weather, soil, cr.. More details
4 versions Economic aggregate crop supply response model (EACS) =%

The Aggregate crop supply response model (EACS) describes the
aggregate crop supply response model for the country of South Sudan.
This is a regional-scale aggregate model of agricultural supply for a
specified set of crops (cassava; groundnuts; maize; sesame seed; and
sorghum).

Keywords: economy, land use, crop production, fertilizerc.. = More details




1) Model Invocation

B Configuration: selected processes
B Setup: calibrated for specific areas

AGROECOSYSTEMS MODEL

Creation date: 2016
Category: Agriculture
Model type: Theory Guided

«§ Cycles /7

Cycles simulates the productivity and the water,carbon and nitrogen balance of soil-crop systems subject to climate
conditions and a large array of management constraints. Overall the model is set up to be daily. Some processes such
as water balance are temporally nested (subdaily)

+ Authors: Armen Kemanian

* Publisher: The Pennsylvania State University

Select a configuration -

'4 Cycles configuration (v0.9.4) exposing weed fraction and fertilizer rate @

Select a configuration setup

‘Q Cycles calibrated model (v0.9.4) for the Pongo region with planting dates. Weather file can be ¢ @

Overview Parameters and Files Variables Assumptions Compatible Software Technical Information




2) Data Formats

gPAGROECOSYSTEMS MODEL

Creation date: 2016
Category: Agriculture
Model type: Theory Guided

Overview

Parameters and Files

«§ Cycles /

Cycles simulates the productivity and the water,carbon and nitrogen balance of soil-crop systems subject to climate
conditions and a large array of management constraints. Overall the model is set up to be daily. Some processes such
as water balance are temporally nested (subdaily)

+ Authors: Armen Kemanian

* Publisher: The Pennsylvania State University

Select a configuration
d Cycles configuration (v0.9.4) exposing weed fraction and fertilizer rate

MNO)
Select a configuration setup
°<I Cycles calibrated model (v0.9.4) for the Pongo region with planting dates. Weather file can be ¢ @

Variables Assumptions Compatible Software Technical Information

Output files

Name
cycles_outputs
cycles__crop
cycles_nitrogen

cycles_water

cycles_weatherOutput

cycles_season

cycles_soilProfile

cycles_som

cycles_summary

Description

Cycles season configuration file

Cycles crop output file

Nitrogen file. Results in this file are for the sum of all layers in the soil profile, i
Cycles water file

Cycles weather output file

The season.dat file provides information about each crop harvest.

Results in this file are for the sum of all layers in the soil profile, including surf
Cycles annual SOM file. This file provides annualized measurements of the cs
ratio by soil layer. One column will be created for each layer in the soil profile
heading indicates LAYER 1..x

The summary file provides a summarized output of total C inputs over the du
annual rates for N cycling processes.



3) Model Variables

B Ontology of standard scientific names [Peckham iEMSs 2014;
Peckham & Stoica 2019]

« HEg SSN:watershed outlet water_ volume outflow rate iS
more precise than “streamflow” or “discharge”

cycles_soil  Cycles soil description file. Soil files typically have a suffix of .soil, but any naming convention can be used as long as it matches the soil file ne

Label Long Name Description Standard Name Units

RV rock Rock volume expressed as volume over soil_rock__volume_fraction m3 m-3
volume total volume

Dz soil layer Soil layer thickness soil_layer__thickness m
thickness

SLOPE slope of Average slope of field of interest land_surface__slope m m-1
the field

LAYER soil layer Soil layer number from 1 to an integer
number that is user defined (or database defined)

SOM soil organic Soil organic matter per unit of non-rock soil_matter~organic__mass_fraction kg kg-1 x-
matter soil expressed as percentage over total 100

mass

SILT silt Silt mass per unit of soil mass (no rocks) soil~no-rock_silt__mass_fraction %
percentage and expressed as a percentage

BD bulk Soil mass dry and wihtout rock divided by soil~no-rock~dry__mass-per-volume_density Mg m-3
density the sampled volume

CLAY clay clay particle size fraction size fraction of soil_clay_particle__volume_fraction %
percentage each soil layer in %.



4) Constraints and Preconditions

B Daily rainfall data vs monthly rainfall data

Must use the same forecast dataset

st
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5) Drivers and Adjustable Parameters

B Drivers are typically input data files (eg weather forecast)

B Adjustable parameters are those useful to explore what-if
scenarios

Parameter
start_year
end_year

crop_name

start_planting_day
The range is from 1 to
365

end_planting_day
The range is from 1 to
365

fertilizer_rate
The range is from 0 to
1250

weed_fraction
The range is fromoto 1

use_forcing

Description
Year when the simulation started
Year when the simulation ended

Name of the crop to run the simulation for. Accepted values are: Maize, Sorghum,
Peanut

Day of the year for the start of the planting window

Day of the year for the end of the planting window

Mass of nitrogen fertilizer added each year (kg/ha)

Areal fraction of weed

Use forcing data from a hydrology model (when available)

Relevant for
intervention

Planting Windows

Planting Windows

\¥eed Control

Value on setup @
2000 (default)
2017 (default)

Maize (default)

100 (default)

149 (default)

0 (default)

0 (default)

FALSE



6) Interventions

B Associated with specific input parameters

Parameters:

Parameter
start_year
end_year

crop_name

start_planting_day
The range is from 1 to
365

end_planting_day
The range is from 1 to
365

fertilizer_rate
The range is from 0 to
1250

weed_fraction
The range is from o to 1

use_forcing

Relevant for
Description intervention

Year when the simulation started

Year when the simulation ended

Interventions that force specific target planting
Name of the crop to run the simulation for. Accepte @ N R XN S T AR Rt lee (o o

Peanut start or end planting date

Day of the year for the start of the planting window Planting Windows

Day of the year for the end of the planting window Planting Windows

Mass of nitrogen fertilizer added each year (kg/ha)

Areal fraction of weed Weed Control

Use forcing data from a hydrology model (when available)

Value on setup @
2000 (default)
2017 (default)

Maize (default)

100 (default)

149 (default)

0 (default)

0 (default)

FALSE



Knowledge-Rich Catalogs of Models
[Garijo et al eScience 2019]

. Model invocation
. Data formats
. Model variables

1
2
3
4. Constraints
5. Adjustable parameters
6

. Interventions

and much more!!

[

Model Catalog

mint
Search on
Q, Ssearch models Full text v
1version The Soil & Water Assessment Tool (SWAT) & -

Category: Hydrology
Type: Theory-

The Soil & Water Assessment Tool (SWAT) is a small watershed to river
basin-scale model used to simulate the quality and quantity of surface and
ground water and predict the environmental impact of land use; land
management practices and climate change (https:/swat.tamu.edu/ 2019)

Keywords: Soil. watershed, surface water, ground water, en.. More details

2 versions

Caegry Ariulture

Cycles @ -

Cycles simulates the productivity and the water-carbon and nitrogen
balance of soil-crop systems subject to climate conditions and a large
array of management constraints

Category: Economy
Type: Theory-

Type: Theory- Keywords: agriculture, cycles, crop growth, weather, soil, cr.. More details
4 versions Economic aggregate crop supply response model (EACS) =%

The Aggregate crop supply response model (EACS) describes the
aggregate crop supply response model for the country of South Sudan.
This is a regional-scale aggregate model of agricultural supply for a
specified set of crops (cassava; groundnuts; maize; sesame seed; and
sorghum).

Keywords: economy, land use, crop production, fertilizerc.. = More details
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Decision Making Process
[Pierce et al 2019]

ﬁrame ,p Focus [~ ,P Model .PAnalyze ............. | ........................... — ;P Cho|ce

x A

Bargain

DECISION MAKING STEPS:

Frame: Recognize and identify key issues

Focus: Define the context, key variables, reference behaviors, and decision problem
Model: Construct/Run Analysis Pipeline — run base case

Search: Explore solution space, consider interventions

Rank/Filter: Select interesting solutions

Analyze: Create summary of solutions explored, assess uncertainty

Judge: Adjudicate possible actions

Bargain: Consider tradeoffs

Choice: Make recommendation, take action, converge on decisions

WO NOUARWNH

Iterate to refine/reframe/refocus modeling goals



Knowledge-Driven Problem Framing:
Indicators and Adjustable Variables

» ETHIOPIA Explore Areas Prepare Models

Browse Datasets Use Models Prepare Reports

MESSAGES B

LOGOUT MINT@ISI.LEDU

Modeling threads ::

For a given task, you can investigate different initial conditions
new modeling thread for that task. Read more

Average conditions

Average conditions with a large number of runs

Crop Production :

Fertilizer cost

Problem statements ADD
Choose an existing problem from the list below or click add to crd TASKS ADD
Crop elasticities for the Econ model Several modeling tasks can be created for a given -
2018-01-01 to 2018-12-31 problem statement. Read more
Forecasting potential crop production in Baro region Potential Crop Production: Ethiopia: 2018~ /@
2018-01-01 to 2018-12-31 01-01 - 2018’12‘31 , =
. - . U
Response of maize to fertilizer with no
Forecast flooding in the Baro region weeds /@
2018-01-01 to 2018-12-31 . . . .
Potential Crop Production: Ethiopia: 2018-
Crop production with crop elasticities 01-01 - 2018-12-31 VN | /@
2018-01-01 to 2018-12-31 Average Cond|t|ons
Indicators/Response of interest  Adjustable Variables

<

Note on fertilizer cost: Interventions concerning fertilizer subsidies
can be expressed in this model as a percentage of fertilizer prices




Forecasting and Interventions

2 versions, 2 configs Cycles @ -
Cycles simulates the productivity and the water;carbon and nitrogen balance of soil-crop systems subject to Files.
climate conditions and a large array of management constraints. Overall the model is set up to be daily. S .
processes such as water balance are temporally nested (subdaily)
JocroecosrsTems wooEL
Cati 2 A Lty
Fype Theory Guided Keywords: Agriculture, crop yield, crop failure, weather. fertilizer, crop management Input files
1version. 1 config MODFLOW & Name Description Value on setup @ Format
2 Modflow is a popular ope flow model by the US. survey
cycles_weather Cycles weather file - weather
<
Category: Fiydrology cycles_soil Cycles soil file pongo.soil  soil
Type: Theory Guided Keywords: groundwater modeling, steady and nonsteady flow, areal recharge, evapotranspiratio..  More detail
2 versions, 2 configs Penn State Integrated Hydrology Model (PIHM) & = cycles_crops Cycles crops file crops.crop crop
PR — The Penn State Integrated Hydrologic Modeling System (PIHM) is a finite volume code used for simulating the
distributed hydrologic states of a given watershed or river basin. PIHM accounts for many physical processes
including: land surface processes i i land/ch: L Out
flow coupled to groundwater flow. PIHM can include reservoirs and flow control structures. PIHM applies
adaptive time stepping and uses the method of lines to solve the system of implicit equations. Pa ramete rs.
Category: Hydrology . . . 3
Type: Theory Guided Keywords: channel routing, surf: land flow, flow, snow melt, evap.. More details
1version, 1 confi isit @ = T
g Decision Support System for Agrotechnology Transfer (DSSAT) I y Name Description Value on setup @
Decision Support System for Agrotechnology Transfer (DSSAT) is software application program that
comprises dynamic crop growth simulation models for over 40 crops. DSSAT is supported by a range of
utilities and applications for weather: soil; genetic; crop and i i data.
Includes example data sets for all crop models. The crop simulation models simulate growth; development H H i
Inclices eample dala scte for sl crop 5ro simulation Models simuiate 9 crop_name Name of the crop to run the simulation for Maize (default)
Cate : Agricultt
T@,,??’,}’m%’ﬁﬁi;;’j Keywords: Decision Support System, crop growth si ion, weather, soil, .  More details 1 . d .
start_planting_day Day of the year when the planting started 100 (default)
The range is from 1 to 365

end_plantin ]
P | Variables:
fertilizer_
A
(2] O p cycles_weather  Cycles weather file ~
T T e S S Wy W weed_fracti
i stog Label

Long Name Description Standard Name
o vglis .
< min ‘t RHn  relative relative atmosphere_air_water-vapor__min_of_relative_s:
. humidity humidity
Torecasting vestigae ood et tooding s e @B the orge Modol Catogory  Caliraton Region model integration . ond
socutyinsounsudantor 0,4 JEEZID e | 4 oysrvas- sorgotosnConpurston gy oS South minimum minimum
August 2017
BEIRmEL e r i Solar  solar Shortwave land_surface~horizontal_radiation~incoming-~shoi
petea il o TopoFiow3s- ol L ; N
e [— o o Tl radiation of incoming
w:::::mm ' :f‘””’“ seuecreo i ™ s e w
gl T e Processes and Configurations:
e Selected configuration
e ——— — — Cycles ion (v0.9.4) exposing weed fraction and Input files 3 Outputfiles 9 Parameters 8
e s o o o i o oo Jp— [ fertilizer rate
° :..“.;”2:." . e . Wind Cycles configuration (version 0.9.4) exposing additional parameters such as weeds fraction and fertilizer rate
e, WP = Authors: Rafael Silva
Lol Gromnara: serghur: « Time interval: 1 day
ETR P e O e O o O e e | + Grid details:
o Type: PointBasedGrid
i step i for setingup and i th madels et you selcted st
Setup Models ~ o Dimentions: 0D
Model: PIHM v2.2 - Pongo Basin Calibration g TS 01 g ORI Fer G 01

o Spatial resolution: Point
« Processes: Respiration, Nitrogen mineralization and immobalization, Biomass growth, Humification, Transpiration,
Land Area (ha) Nitrogen uptake, Precipitation, S.olav radiation, Management, Nitrogen transport
groundrnuts » Download: cycles-0.9.4-alpha.zip?raw=true ®
. o0, e miza
e -

[——

Modol: PIHM v2.2 - Pongo Basin Configuration

Selected configuration setup

"3 Cycles calibrated model (v0.9.4) for the Pongo region with Inputfiles 3 Outputfiles 9 Parameters 8
o | i planting dates. Weather file can be chosen
- wl Cycles calibrated model (v0.9.4) for the Pongo region. Planting dates can be selected as parameter values and the weather
= Subsidies for sorghum frtizer il decrease sesame production || 3 . file can be chosen as an input

If sorghum prices fal, sesame and maize production increase =
«If sesame prices fal, groundnuts production wil increase

Authors: Rafael Silva

« Region: Pongo Basin (South Sudan)
« Time interval: 1 day




MINT User

Interaction

0 Identify results of interest

hat flooding is expected in the Pongo Basin for the 2017 lean

Models Datasets Setup

his step is for selecting driving and response variables for your analysi
1at you're interested in. An optional driving variable indicates the kind g

fariables

Response Variables™ +

<«

European Flooding Index

Driving Variables +

<

Precipitation

Notes

I/\\
\I iu W

mint

model integration

soason? @ 1dentify relevant models

Runs Results Visualize

onsas

Models

Model

vl PIHM v2.2 - Pongo Basin Configuration

U PIHM v2.2 - Pongo Basin Calibration

@ TopoFlow 3.5 - Pongo Basin
- Configuration

[ COMPARE SELECTED MODELS ]

Notes

Setup

Category

Hydrology

Hydrology

Hydrology

What flooding is expected in the Pongo Basin for the 2017 lean season ?

Runs Results

This step is for selecting models that are appropriate for the response variables that you selected earlier.

Calibration Region

Pongo Basin (South
Sudan)

Pongo Basin (South
Sudan)

Pongo Basin (South
Sudan)

T\ [¢lJM SELECT & CONTINUE

Selected the models that have been manually configured for the region.

Visualize

The models below generate data that includes the response variables that you selected earlier: European Flooding Index.
Other models that are available do not generate that kind of result.

Relevant
Output

Flooding
Index

Flooding
Index

Flooding
Index
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MINT User Interaction (Cont’d mint

Find and transform datasets
= — Adjust model to explore

interventions, identify
problem areas

Found 2 results

South Sudan Rivers and Ports

Scuth Sudan Rivers and Ports

Craative Commons Attution
Cassava: Maize:
Land Cost Adjustment: 0 Land Cost Adjustment: 0
‘South Sudan Rivers and Ports
Nitrogen Fertilizer Cost Adjustment: 0 Nitrogen Fertilizer Cost Adjustment: 0
South Sudan Rivers and Ports.
Crop Price Adjustment: 0 Crop Price Adjustment: 0
Creative Commons Atuton
Groundnuts: Sorghum:
Land Cost Adjustment: 0 Land Cost Adjustment: 0
Set up and run models
Crop Price Adjustment: 0 Crop Price Adjustment: 0
What flooding is expected in the Pongo Basin for the 2017 lean season ?
Production (kg) © 00008 Total Nitrogen Fertilizer Use (kg)
" 0008+
8.0000+8 8.0000+7
This step is for setting up and running the models that you selected earlier. 6000018 6000047
Land Area (ha)
Setup Models # sanmee samoer M cassava
groundnuts
. . . 2.000e+8 2.000e+7 .
Model: PIHM v2.2 - Pongo Basin Calibration * maize
Setup the model by specifying values below. You can enter more than one value (comma separated) if you want several runsy 0.000e:0 . | N N 0000210 N g sesame
& 5 & & & M sorghum
§ 7 &
Adjustable Variabl Vali i il
jjustable Variable alues 20000 Yield (kg/ha) 1000 _Nnrogen fertilizer use (kg/ha)
Adjustment to precipitation
0,10, -10 00 ]
This is a percentage. The range is from -20 to 20 15000
Adjustment to temperature 0.10. -10 600 o
This is a percentage. The range is from -20 to 20 v 10000
400
Model: PIHM v2.2 - Pongo Basin Configuration 5000 o
Setup the model by specifying values below. You can enter more than one value (comma separated) if you want several runs,
N N




Future Work in MINT
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2017.01

Grain Yield (Mg/ha)

m Causal models
m Forecasting

B Interventions
B Uncertainty
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¢ Knowledge-Powered Data Science for
" Integrated Modeling in MINT

* Knowledge-guided machine learning
* Knowledge-rich catalogs of models and data
* Knowledge-driven problem framing

Problem \ Structured frameworks

frammg for scenario scoping

Model
selection
/ Variable \Ontologies of

Semantic descriptions
of models and
assumptions

mapping variables and relations

Knowledge-guided information
extraction and integration

Data
ingestion




Outline

B The need for integrated modeling in geosciences
B Diversity of models across disciplines

B MINT: knowledge-powered data science for integrated
modeling

B Intelligent systems for geosciences
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Many aspects of geosciences pose n [ U ~»
systems research. Geoscience data i : i e ,;fa-é”-‘“«’a:t&'ﬂfﬂ,:hare
to be uncertain, intermittent, sparse &, : -
scale. Geosciences processes and ob
spatiotemporal boundaries. The lac
model evaluation, testing, and comp)|
these challenges requires breakthro
transform intelligent systems, while
geosciences in turn. Although there
beneficial interactions between the i

geosciences communities, '~ the po

research in intelligent systems for g
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Report of the
2015 NSF Workshop on
Intelligent Systems for
Geosciences

March 26-27, 2015
Arlington VA

http://www.IS-GEO.org

Co-Chairs:
Yolanda Gil (gil@isi.edu)

Suzanne Pierce (suzpierce@jsg.utexas.edu)



Al Opportunities Across Scales

Interactive Workspaces

* Interactive model building
» Synthesis studies
« Specify high-level research questions

Theory-Guided Learning

« Large but minuscule datasets
« Extreme events
* Multiple scales

Trusted Threads

 Many locations & data types
« Georeferenced & curated data
* Interlinked information

R — MOdel-DI‘iven Sensing

N  Selective data collection
 |Inaccessible locations
« Optimize experimental design



Open Knowledge Networks
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The Future is Here:
Knowledge-Powered Data Science

m Focus shifted from data to models
- Model characterization, reuse, and integration

B Need to incorporate model-centered science
knowledge about phenomena and context

- Knowledge about physical, geological, chemical,
biological, ecological, and anthropomorphic
factors

- Knowledge about the user goals and context

B This would enable novel forms of reasoning,
integrating, visualizing, managing, learning, and
discovery with geosciences data

Continue the conversation at http;//www.IS-GEO.org




A 20-Year Community Roadmap for
Artificial Intelligence Research in the US

Yolanda Gil, USC, AAAI President
Bart Selman, Cornell, AAAI President-Elect

https://arxiv.org/abs/1908.02624

Computing Community Consortium // AAAl
Catalyst Baon o e e




