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IMPROVING DATASET DISCOVERY

¢ Problem: GES DISC has an absent linkage between scientific publications and related data due to the lack of
dataset citations in those papers. This prevents data findability and discovery, as well as research reproducibility
from accumulated knowledge.

¢ Proposal: creating a knowledge graph (KG) database of publications, datasets, collections, instruments,
platforms, authors, and science keywords.

¢ Objective: These knowledge graph relationships can help to identify datasets in the paper texts, discover the
datasets through publication search, and improve search for the datasets in the data center.



DATA PREPARATION PIPELINE

e The GES DISC citation management system contains publications citations that have been reviewed by science
experts to identify associated datasets and dataset measurements.

¢ Publications are taken from the citation management system

o They are labeled with dataset short names and Global Change Metadata Directory (GCMD)
(https://gcmdservices.gsfc.nasa.gov/Keyword Viewer/) science keywords.

¢ To populate KG, ~1200 publications from the year 2016-2021 that used the NASA Giovanni
(https://giovanni.gsfc.nasa.gov/) service were selected.

¢ NASA Common Metadata Repository (CMR) (https://cmr.earthdata.nasa.gov/search) was queried with the
dataset short names to gather information about collections currently available for the public search.

¢ Collected metadata for publications and datasets is broken into edge and vertex files, in that format required by
AWS Neptune.

o The vertex files contain the publication, dataset, collection, etc. information

o The edge files create a directed relationship between two vertices such as publication related to a dataset.
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CREATING KNOWLEDGE GRAPH

KG Model:

Representation of the vertices and connections of the Graph:

Dataset Platform
ScienceKeyword Source
ScienceKeyword:
Dataset
Instrument
Publication
Category Collection
Author

e Category and Author info come from Publication metadata (Giovanni)

¢ Source, Collection, Instrument, and Platform info comes from Dataset metadata (CMR)

e Science Keyword and ScienceKeyword: Dataset comes from a combination of both.

Science Keywords:

e GCMD Science Keywords are used in Collection Metadata to identify major measurements offered by a dataset.

o Identifying these measurements in publications and mapping them to science keywords together with other
features can help to identify the datasets used in the paper.

¢ Publications often only use certain measures from a dataset

o Create pairs of dataset and science keywords to represent the usage of a specific measurement from a
dataset

o Allows additional KG connections and better understanding which data was used for research.

¢ Science keywords in our KG follow GCMD keyword hierarchy

o Allow for keyword search through graph traversal.

AWS Framework:



e AWS Neptune allows creation of graph databases.

¢ Gremlin Graph Traversal Language can quickly and easily query for specific vertices and edge connections.

¢ To create a graph in Neptune, an AWS S3 Bucket must store the vertex and edge CSV files created by our data
pipeline.

o AWS also allows straightforward development of applications and services that use the graph database.
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KNOWLEDGE GRAPH APPLICATIONS

Two Demo Web Applications were created to demonstrate the potential uses of the KG.

They are proofs of concept for the improvements provided by the knowledge graph built with Flask backend on AWS

EC2.

Demo 1:

o Allows users to find a publication and immediately see DOI, abstract, authors, related datasets/collections,

platforms, instruments, measurements, and data services.

¢ Provides links to allow user to directly access publication, related datasets, or science keywords.

¢ Improvement over the current GES DISC search services that do not show these connections.

Knowledge Graph Database
Publications

Publication Title
Impact of COVID -19 pandemic lockdown on distribution of inorganic pollutants in selected cities of Nigeria
Spatial and temporal gradients in the rate of dust deposition and aerosol optical thickness in southwestern lran
Study of aerosol optical depth climatology using Modis remote sensing data.
Evaluating Antarctic marine protected area scenarios using a dynamic food web model
Particulate trace metal fluxes in the center of an oceanic desert: Northeast Atlantic subtropical gyre
Dirty air offsets inequality
Fifty-six years of Surface Solar Radiation and Sunshine Duration at the Surface in Sdo Paulo, Brazil; 1961&ndash;2016
Satellite validation strategy assessments based on the AROMAT campaigns
Spatio-temporal assessment of ambient air quality, their health effects and improvement during COVID-19 lockdown in
one of the most polluted cities of India
Subtle Impacts of Temperature and Rainfall Patterns on Land Cover Change Overtime and Future Projections in the
Mara River Basin, Kenya
Afunctional size-spectrum model of the global marine
Validation of OMI seasonal and spi i | variations in
AERONET data
The spatio-temporal evolution of black carbon in the North-West European ‘air pollution hotspot
The Relationship between Ultraviolet Radiation and Meteorological Factors and Atmospheric Turbidity: Part 1. Role of
Total Ozone Content, Clouds, and Aerosol Optical Depth
Temporal Characteristics and Patterns of Sea Surface Temperature and Chlorophyll in the Ligurian Sea (NW
Mediterranean)
Surprising Changes in Aerosol Loading over India Amid COVID-19 Lockdown
Study of regional heterogeneity_of cloud properties during different rainfall scenarios over monsoon-dominated region
Spatiotemporal patterns of N2 fixation in coastal waters derived from rate measurements and remote sensing
Spatiotemporal observations of CH4 and CO2 over Iraq using Atmospheric Infrared Sounder (AIRS) data
Source Apportionment of Aerosol at a Coastal Site and Relationships with Precipitation Chemistry: A Case Study over the
Southeast United States

that resolves

e over using

Demo 2:

Impact of COVID -19 pandemic lockdown on distribution of inorganic pollutants in
selected cities of Nigeria
Authors

« Fuwape, I. A.
+ Okpalaonwuka, C. T.
« Ogunjo, S.T.

DOI: 10.1007/511869-020-00921-8

Abstract: The COVID-19 global pandemic has necessitated some drastic measures to curb its spread. Several countries around the world
instituted partial or total lockdown as part of the control measures for the pandemic. This presented a unique opportunity 1o study air pollution
under reduced human activities. In this study, we investigated the impact of the lockdown on air polution in three highly populated and industrious
cities in Nigeria. Compared with historical mean values, NO2 levels increased marginally by 0.3% and 12% in Lagos and Kaduna respectively.
However, the city of Port Harcourt saw a decrease of 1.1% and 215.5% in NO2 and SO2 levels respectively. Elevated levels of O3 were observed
during the period of lockdown. Our result suggests that there are other sources of air pollution apart from transportation and industrial sources. Our
find that the COVID- ible for a decrease in NO2 levels in two of the locations studied. These results
presents an opportunity for country wide policies to mitigate the impact of air pollution on the health of ciizens.

Source: AURA OMI
Datasets:

* OMV/Aura Ozone (03) Total Column Daily L3 Global 0.25deg LatLon Grid NRT

* OMV/Aura NO2 Cloud-Screened Total and Tropospheric Column L3 Global Gridded 0.25 degree x 0.25 degree V3
(OMNO2d) at GES DISC

* OMV/Aura Sulfur Dioxide (SO2) Total Column Daily L3 1 day Best Pixel in 0.25 degree x 0.25 degree V3 (OMSO2e)
at GES DISC

Science Keywords:

+ NITROGEN DIOXIDE
* SULFUR DIOXIDE

o Takes an excerpt of text from a publication, extracting all key terms corresponding to vertices on the graph:

Science Keywords, Platforms, Instruments, etc.

o It searches the KG with these terms, querying to find datasets.

o If none of those key terms are found, it matches words in the titles and abstracts

¢ After querying, it returns the most likely datasets and science keywords associated with that publication.

o This is based on which datasets and keywords appear most in our queries results and well as which are

more popular in general (most connections)

¢ Important step toward automating our dataset classification.



Publications Knowledge Graph Database

Publications Dataset Science Keyword Search

(OMI) time series of area-averaged methane (CH 4 ) mole fraction in the air for March—June 2020 over 20-21° N, 85-86° E shows no

€
during the observation period (Fig. §3).

1 change in CH 4

Science Keywords:
« METHANE

« NITROGEN DIOXIDE
+ AEROSOL EXTINCTION

« REFLECTANCE
+ SULFUR DIOXIDE

Dataset Short Names:
TO3d : OMI/Aura TOMS-Like Ozone, Aerosol Index, Cloud Radiance Fraction L3 1 day 1 degree x 1 degree V3 (OMTO3d) at GES DISC
MNO2d : OMI/Aura NO2 Cloud-Screened Total and Tro ree x 0.25 degree V3 (OMNO2d)

ROS|
JAERUVd ; OMI/Aura Near UV Aerosol Optical Depth and Single Scattering Albedo L3 1 day 1.0 degree x 1.0 degree V3 (OMAERUVd).
MSO2e : OMI/Aura Sulfur Dioxide (SO2) Total Column Daily L3 1 day Best Pixel in 0.25 degree x 0.25 degree V3 (OMSQ2e)
TOSs OML mm&ww&aﬂwymgmgmmm

(03) DOAS Total Column Daily L3 1 day
JMMJM_A R MI/Aur: gth Aerosol O Mm_a_iﬁ_h ul QMQAM_QEYMME_@ ree x 0.25 degree V3 (OMAEROe) at GES DISC
UVB : OMI/Aura Surface UVB Irradiance and Emhgmgl Dose Daily L3 Gl ggg Gridded 1.0 degree x 1.0 degree V3 (OMUVB) at GES DISC

OMNO2 ; OMV/Aura Nitrogen Dioxide (NO2) Total and Troy
QMHQHgM QMI/Aurg Formaldehyde (HCHO) Total gglumn Daily. L3 Weigl ied Mean Global 0.1 deg Lat/Lon Grid V003 (OMHCHOG) at GES DISC
wra Sulphur Dioxide (SO2) Total Column Daily L2 Global Gridded 0.125 degree x 0.125 degree V3 (OMS02G) at GES DISC
AERO : 0 I/Aura Multi Aerosol Optical Depth and Single Scattering Albedo 1-orbit L2 Swath 13x24 km V003 (OMAERO) at GES DISC
MNO2G : OMI/Aura NO2 Total and T Column Daily L2 Global Gridded 0.25 degree x 0.25 degree V3 (OMNO2G) at GES DISC
ERUV : OMI/Aura Near UV Aerosol Optlcal Depth and §| gle §cat|en g Albedo 1 ovblt L2 §wa\h 13x24 km VOOS OMAERUV) at GE§ DISC
102 : OMI/Aura NO2 Tropospheric, Stratosy 1.(OM! )_aLQES_IlLiQ
| MINDS NO2d : OMV/Aura NO2 Tr mnhgnc §tratg;pngncg TQ(@I gglumn; MIND$ Dg yMaj_id_QdM_d_egie_OJ_@Q&g 1 (OMI_MINDS NO2d) at GES DISC
TO3 ; OMI/Aura Ozone(O3) Total Column 1-Orbit L2 Swath 13x24 km V003 (OMTO3) at GES DISC
HCHO : OMI/Aura F (HCHO) Total Column 1-orbit L2 Swath 13x24 km V003 (OMHCHO) at GES DISC
ISO2 : OMI/Aura Sulphur Dioxide (SO2) Total Column 1-orbit L2 Swath 13x24 kr ).at GES DISC
UVB : OMI/Aura Surface UV Irradiance 1-orbit L2 Swath 13x24 km V003 (OMUVB) at GES DISC
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GRAPH VISUALIZATION

¢ Each vertex category is color coded and represented as a dot., all graph edges are the gray lines.

¢ The knowledge graph has 11 different types of vertices (Datasets, Publications, Authors, Source, Platform, Year
etc.)

¢ The knowledge graph has 15 different types of edges

o Ex: HasPlatform (Source — Platform)

¢ Below is a publication vertex with all immediate connections.

¢ The paper is connected to its authors, science keywords, datasets, category, sources, collections used, and
science keyword dataset pairs.






CONCLUSIONS & NEXT STEPS

¢ A significant advancement toward automating our dataset identification and bridging the gap between
publications and datasets.

¢ Plan to continue expanding graph to include more publications
¢ Improve classification ability of our applications

o Graph CNN

¢ Develop applications for use in automated classification and search that can be deployed to real settings



ABSTRACT

The NASA Goddard Earth Sciences Data and Information Services Center (GES DISC) archives and distributes hundreds of
Earth Science data collections to the public. These collections are used in research, resulting in the publication of thousands
of scientific papers each year. As new users come to GES DISC for data, it is important for them to understand how prior
research used the data. To help researchers, a knowledge graph (KG) was designed and implemented to connect publication
citations with dataset metadata. The relationships created in the graph have the potential to allow the Web applications that
utilize this information to directly connect the publication to the GES DISC datasets and services. These relationships are
demonstrated using a web application prototype. In addition, the graph can also make connections between publications,
datasets, and measurements based on the mentions of datasets and their attributes in the publications. To demonstrate this
capability, a web application was created that takes the excerpt from the publication and returns a most likely dataset and
measurement pairing, ranking the results based on how often these datasets and measurements were used in prior
publications.



