ES modelling & the Semantic Web:
Toward interoperability of ES data & models




Interoperability

“the ability of data or tools from non-cooperating resources to
integrate or work together with minimal effort”

— Wilkinson et al. 2016

How well do you think we do this today?
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FAIR data principles (Wilkinson et al. 2016)

Findable
Accessible
Interoperable
Reusable

Good data repositories do
much of F & A

ARIES aims to help us do
better especially at | & R

Box 2 | The FAIR Guiding Principles

To be Findable:

F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1 the protocol is open, free, and universally implementable

Al1.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

1. (meta)data use a formal, accessible, shared, and broadly applicable lanquage for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles

13. (meta)data include qualified references to other (meta)data

To be Reusable:

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards
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s it “just semantics”?
How do we connect knowledge?

“It's just semantics”

— Easy way to quickly end a
minor disagreement about what
to call something

“Data collection and preparation
takes up 60% of the time needed
for environmental modeling”

— Apocryphal




Classic semantics in science, with: (1) standard names,
(2) relationships between things defined
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Much harder, but not impossible, to do in interdisciplinary
science
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Managing data semantically

Advantages of treating it like this?
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How we treat (most) scientific
data & models today




How well do we share data & manage it
semantically right now?

ESP Visualization Tool (Drakou et al. 2015) has
been online since January 2015, and currently
hosts 30 ecosystem service maps derived from 10
studies

Zulian et al. (2018) did a nice study on how to
customize ESTIMAP models at multiple sites
around the world

INVEST keeps a database for sediment and
nutrient regulation model parameters as an Excel
spreadsheet summarizing past use of these models
Great efforts, but minimal efforts to
streamline/systematize data reuse

- What are our incentives for data sharing & reuse?
- None of these are machine readable, and we have

good accepted standards for that! 5
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How well do we use semantics in science now?
I
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Figure 1: Distances Between Countries According to Google Search.

Janowicz et al. 2015 “Why the data train needs semantic rails”



Semantic web: Making data & models
interoperable

® 127001 deler wer cfw3sy de=id v @ | Q cer [} 9O =
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Put your data & models online, . =
where they can be found by people o A

and computers (through search) B T W
Label them consistently, so people & By

& computers know what they are,
without having to make guesses

Develop & use apps that can
assemble data & models to fit a
user’s needs for different places,
times, and scales




Big data

* Not just large datasets:

— H ig h VO I u m e ( h u ge Real-Time Checklist Submissions
amounts)

— High Variety
— High Velocity (coming
in fast)
* How to manage the
data tsunami? =

Citizen science

mySoil
App | Growing our knowledge

mySoil gives you access to a comprehensive
European soil properties map within a single app.
Discover what lies beneath your feet and help us to
build a community dataset by submitting your own
soil information.
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Standard data & modeling flow

* First time running an environmental modelers:

Policy analysis; :
Download & Parameterize & Calibration, disseminate results Arr%rggglg ?E}r? nd
preprocess input run models validation, to stakeholders & metadata g
data sensitivity analysis scientific dard
community SLaNdalces

e Second, third, fourth time:

Y analysis; :

Download & Baran ninate results Aﬁ@g:g%ﬁf i
| Same process! |-
data " cientific dard
ymmunity SIENCAICS

- At the end of the project, budgets are tight, and people want to -
get the paper/report out without worrying about proper archiving




Semantic data & modeling flow

® First time modelers:

Download & Semantically
preprocess annotate data &
input data models

Policy analysis;
disseminate

results to Parameterize &
stakeholders & run models
scientific
community
\ Calibration,
validation,
sensitivity
analysis

Second, third, fourth time modelers:

Policy analysis;

disseminate
results to Parameterize &
stakeholders & run models
scientific
community

Calibration,
validation,
sensitivity

analysis

« Archival work is up front, after that it's usable by

anyone



Cloud-based data and models:
Toward context-aware modeling

 Many global & national datasets served by Web Coverage
Service (WCS)/Web Feature Service (WFS)

w GeoServer
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= @ E] ARIES:global_globcover_2005_2006 OpenlLayers KML Select one
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g. e ‘ 0 U ARIES:big_island_vegetation Openlayers KML GML | Select one

\ AAAAA :colorado. _reservoirs OpenLayers KML GML | Select one
User Modeling
. . . ARIES:rwanda_globeland_landcover_2010 OpenLayers KML Select one

Common Formats  All Formats

Authentication  Engine
Local @ E ARIES:usa_canopy_height_2001 OpenLayers KML Select one
MOdellng @ n U n U AAAAA :colorado_rusle_c_factor OpenLayers KML | Select one
Engine
ARIES:usa_percent_silt OpenLayers KML Select one
Data Upload ~ Knowledge
& Sharing Management ARIES:usa_canopy_height_2008 OpenLayers KML Select one

Client (modeler, user) side Cloud infrastructure




Automating data & model assembly: Opens door for
machine reasoning, pattern recognition

Query available

Set conte>§t: models Raw Reclassified
Runoff, Big : precipitation precipitation
Island, Hawaii data data

Found 2 models:

Wet & dry

tropics

IF annual precipitation < 2,500 mm
RUN MODEL A, OTHERWISE RUN
Find & query MODEL B

annual
precipitation
|dentify data needs to run each model
(DEM, precipitation, soils, vegetation,
Identified 3 etc.)

digital elevation
models (DEMS)

l Select appropriate datasets to populate -
DEM 3: Study area DEM, 5 m

models; run models
Integrated modeling . . resolution, reliability score = 90
results & provide Data integration y

\

Run Run
Model A Model B

DEM 1: Global DEM, 90 m
resolution, reliability score = 70

DEM 2: State DEM, 10 m
resolution, reliability score = 85

provenance diagram




What can we do to make this everyday best practice?

1. Understand what big data is and isn’t

2. Get comfortable with use of data-intensive
science/inductive modeling when it's
appropriate

3. Collaborate on and use semantics

4. Share, serve, annotate data to facilitate
cloud-based semantic modeling

5. Fund computer science-based work on
ecosystem services

Attributes of a cloud-based, big data ecosystem
service modeling system

1. Be modular & independently expandible

2. Be semantically consistent

3. Support multiple modeling paradigms

4. Support context-aware modeling (Al &
machine learning), i.e., be data-driven

5. Balance speed and accuracy (quick
assessments/novice users), and support for high-
level modeling (scientists/advanced users)
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Streamlining science through interoperability &
the semantic web

JANUARY
$ Semantic Web Expert

contributin Rt
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data & models

Data repository

Status quo Al & semantic web-supported

(, 1 collaborative modeling



Thanks!

To read more, check out:
http://aries.integratedmodelling.org/?p=1458
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