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Natlonal Centers for Enwronmental Information (NCEI)

Acquiring, Preserving, Monitoring, Assessing, and Creating Authoritative Environmental Data

The science-based NCEI organization produces and archives authoritative
environmental data to enable individuals, businesses, and governments to make
informed decisions.

In the SWFO and SW Next Program, NCEI will:
« Develop and manage the SWFO Science Center, with DSCOVR as heritage

« Develop and maintain the scientific product creation algorithms for SWFO, and the
operational product creation algorithms for SW Next.

* C(Calibrate, validate, and ensure scientific accuracy of all SWFO and SW Next data products

* Archive all SWFO and SW Next data products and provide data access for non-operational
users—scientists, researchers, general public, educators, etc.

a2 Provide scientific, instrumental, and product expertise
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Stewardship & Development
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Xue Wei (Software Dev)
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Elysia Lucas (~May 2023)
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Brooke Kotten (student)
Larisza Krista

Jamie Mothersbaugh
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Laurel is acting as GSDB Branch Chief for at least Jan to June 2023.
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William is acting as STP Section Chief.
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Branch Chief: Stephanie Herring
Section Chief: Laurel Rachmeler

Magnetic Fields
Paul Loto’aniu (lead)
Aspen Davis

Ale Pacini

Space Particles
Brian Kress (lead)

Juan Rodriguez (CIRES finance lead)
Thanasis Boudouridis
Trevor Leonard

Federal Billets

TBD (Heliophysics Data Steward, ~spring
2023)

TBD (Geospace Data Steward, ~late 2023)
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SWFO Product List (Archive)

Instrument Operational from SWPC Reprocessed/Scientific from NCEI Total Data Volume

CCOR-1 Day files: Day files: Ops = 1.3 TB/yr

(GOES-U) LO, LOb, L1a, L1b, L2, L3+ L1a, L2, L3+ Retro = 0.9 TB/yr
Tiers 1 and 2 Tiers 1 and 2

CCOR-2 Day files: Day files: Ops = 1.3 TB/yr
LO, LOb, L1a, L1b, L2, L3+ L1a, L2, L3+ Retro = 0.9 TB/yr
Tiers 1 and 2 Tiers 1 and 2

SWIPS Day files: Day files: Ops =0.2 TB/yr
LO, LOb, L1a, L1b, L2, L3+ L1b, L2, L3+ Retro = 0.2 TB/yr
Tiers 1 and 2 Tiers 1 and 2

STIS Day files: Day files: Ops=0.2 TB/yr
LO, LOb, L1a, L1b, L2, L3+ L1b, L2, L3+ Retro = 0.1 TB/yr
Tiers 1 and 2 Tiers 1 and 2

MAG Day files: Day files: Ops=0.2 TB/yr
LO, LOb, L1a, L1b, L2, L3+ L1b, L2, L3+ Retro = 0.1 TB/yr
Tiers 1 and 2 Tiers 1 and 2
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Cal/Val - SUVI Degradation
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NCEI uses comparable solar instruments (NASA’s SDO-AIA and NOAA’s EXIS-EUVSA) to
track the relative performance degradation of the SUVI instruments.
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GOES-18 SUVI Provisional PS-PVR, J. Darnel et. al




Cal/Val

GOES-16/SUVI uncorrected roll
angle variation compared to AIA
(May 2018 - March 2023)

Impact of a .2 degree variation
(i.e. outside of dashed lines) is
shown on the next slide.

Zooming in on 15 April - 15 May 2020
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- SUVI Roll Angle

GOES-16/SUVI 171 A roll angle offset compared to AIA

Roll Angle Offset [degrees)
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GOES-16/SUVI 171 A roll angle offset compared to AIA
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after correction in the science-reprocessed data

(offset from 0 is expected - compared to AIA, not Solar North)
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For a roll angle offset of 0.2°, all pixels
outside the white circle are displaced
more than 2.5 arcsec (1 pixel). Ignoring
the vignetted corners, about 80% of the
image area violates MRD2046.
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GOES-R Series Solar and Galactic Proton Sensor (SGPS) Cross Instrument
Comparisons with Legacy GOES Energetic Particle Sensors (EPS)

90.0

* These cross-satellite comparisons % “ T o
reveal systematic differences  © 025 [N o i
between SGPS and EPS £ r=0.9977 08
measurements. 53 02 60.0 &
o > :::
e They are critical for establishing 3§ 015 1072 50.0 5
continuity with legacy NOAA By 010 . 20 E
measurements and understanding 28 % 0
changes in long-term trends in 8¢ 00s- 10~ 73

Solar Particle Event fluxes. b oo 200

* They are also important for Oggps.g.ggc(2,11;153-;2\”t():/gmzf)ﬁs“‘:e;’ SGPS_XlF% (33(118-15;0M:v) " njz?s;_s_Mev) 10.0

accounting for changes in space

GOES-13 West Energetic Particle Sensor (EPS) vs. GOES-16 Solar and Galactic Proton
weather model results where

Sensor -X P8C scatter plots of simultaneous 5 min averages from 11-16 Sept. 2017

legacy GOES energetic particle using linear and log scales. A power law is fit to the EPS fluxes, and comparisons with
measurements have been used as the EPS spectrum are made at SGPS channel effective energies. The same data and
model inputs. OLS fit is shown in both panels. The SGPS fluxes exceed the EPS measurements by

approximately a factor of two [Kress et al., 2021, doi:10.1029/2021SW002750].
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Advancing Al Research to Operations (R202R)
Characterizing the Sun with GOES-16 Solar Ultraviolet Imager
.|

2020/08/11 08:00

2642 Thematic maps provide

automatic, real-time
classification of solar features,

which is useful for space weather forecasters. These
maps enable both real-time event monitoring /
prediction and long-term statistical studies.

GOES-16 Solar Ultraviolet Imager (SUVI) composite
images, observed in

six extreme ultraviolet

wavelengths, are input to a random forest algorithm to
generate a thematic map.

As seen in the histograms below, irradiance
distributions for different themes overlap in certain
wavelengths, but have distinct, separate profiles in
others. A random forest is an ideal solution to approach
the complexity of wavelength combinations that can be
used to isolate a given theme.

For some themes, such as flares and filaments,
irradiance information alone is insufficient for
classification. For these, we are investigating other
forms of machine learning incorporating temporal and

1714 195 A Thematic maps are publicly available on the GOES-R
a.0 Quiet sun Quiet sun . .
L Sright Region < Bright Region Space Weather Page, with example code to display the
2 Coronal Hole 27 Coronal Hole )
330 - data. The work of Hughes et al. describes the problem and
Filament = ] . .
Z2s 2 2s previous algorithms, and the code used to produce these
Bright Region 3 j: BN results can be found at github.com/imbhughes/thmap.
© ® 3
= os =, Please contact Alison Jarvis (alison.jarvis@noaa.gov) or Chris
o0 T3 3 3 3 e al——ﬁl 5 i 5 ¢ 7 3 Bethge (christian.bethge @noaa.gov) with any questions.
GOES-16 SUVI Thematic Map 2021-09-01 23:28:00 Channel Irradiance Channel Irradiance




What is Scientific Data Stewardship?

Scientific data stewa rdShlp “encompasses all activities FAIR: Guiding Principles for scientific data management and stewardship
that preserve and improve the information content, Findable Interoperable
accessibility, and usability of data and metadata”. Metadata and data should Data needs to work with

be findable for both humans applications or workflows for

Federally funded digital research data are required to be: SRS i) om0 e rocessing

preserved and secure; available, discoverable, and
accessible; credible, understandable, and interoperable;
usable and useful; sustainable and extendable; citable,
traceable, and reproducible .

o . Accessible Reusable
NCEI's scientific Stewardshlp of m and M Once found, users need to know The goal of FAIR is to optimise
space weather products meets all of these guiding how the data can be accessed data reuse via comprehensive
principles, with Findable, Accessible and Interoperable e
being the most efficiently verifiable (e.g. internet
discoverable and in internationally standard formats). . -
Reusability and Scientific authority are verified via user Scientifically Authoritative
feedback and literature reviews.

Arriving at the most scientifically correct and
analysis ready data is an iterative process,
incorporating User feedback and emerging science.

*Adapted from NCEI publication Peng et al. (2018),

oo
5@2 https://datascience.codata.org/article/10.5334/dsj-2018-015/
"5
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Scientific Stewardship

GOES-15 2019/04

mmmm QOperational
=== Science Quality

le—6

[
o
1

ot
o
1

4
i~
1

=
N
1

XRS-B Irradiance [W/m?]

0.0-
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Date in April 2019

Additional information available at Poster Sessions on Tuesday, 04/18, “Solar and Interplanetary Research and Applications,”
9:35-10:45AM and 2:45-3:45PM. “50 Years of GOES XRS Science-Quality Data”, J. Mothersbaugh et. al
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Interactive science, development

and stewardship use

Archive

NESDIS Common Cloud Framework (NCCF)
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f Overview Wi Visualize Data & Download Data

DSCOVR Space WEATHER DATA PORTAL

1. Space Weather Instruments
2. Data Descriptions

3. FAQ

4. Links

5. NCEI DSCOVR Team

The Deep Space Climate Observatory (DSCOVR) is the replacement satellite for NASA's Advanced Composition Explorer (ACE) spacecraft to continue
monitoring solar wind near the L1 point . DSCOVR observations are critical to our space weather ready nation. These data support forecasts and research of
phenomena that have the potential to disrupt and damage Earth-based infrastructure.

Here, data are archived, distributed , and visualized for magnetometer and faraday cup measurements. For realtime data, see the Space Weather Prediction

Center (SWPC) real time solar wind page . For information and data from the other instruments onboard DSCOVR, EPIC and NISTAR, see NASA's Atmospheric
Science Data Center.

Space Weather Instruments

DSCOVR is carrying the following space weather monitoring instruments:

Nickname Name Purpose
MAG solar wind ic field vector.
FC Faraday Cup

Provide real-time measurement of solar wind proton density, speed, velocity, temperature, etc...

tps://doi.org

aweather solar wind products. Space Weather, 20, e2022SW003085. ht

‘ National Environmental Satellite, Data, and Information Service

A Overview Wl Visualize Data & Download Data

Summary Plot

SHE Select date Select plot width:
st « B 3/27/2023 W 6 hour [ tday | 3days  7days | 1month

timeseries

Custom scatter

DSCOVR 1day summary
2023-03-27 00:00:00 through 2023-03-27 23:59.59
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yLoto'aniu, P. T. M., Romich, K., Rowland, W., Codrescu, S., Biesecker, D., Johnson, J., et al. (2022). Validation of the DSCOVR spacecraft mission space

10.1029/2022SW003085



Science Center (2/2)

Automated plotting example: XRS flare/event sst2-fMoc, g16: flars location 1wesk

2023-03-03 00:00:00 to 2023-03-09 23;59:59
® x

om

xrsf-12-avglm_g16: xrsb flux with flsum
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“Farth’s M3a

Correcting Geosynchronous Magnetic Field using Transfer Learning

Errors
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Outboard - Inboard time series for
the E-component (AE), the
P-component  (AP), and the
N-component (AN) for GOES-16
(a—c) and GOES-17 (d-f)

Inge.gglu and Loto’aniu, Space Weather, 2021
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Four clusters of anomalous data detected in

the Earthward-component of the magnetic field
data.

...due to Earth shadowing of the spacecraft
during eclipse seasons
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Correction via LSTMs using transfer learning

from GOES-17. The left panel shows the difference
between GOES-16 measured OB and corrected IB
E-component magnetic field values for each cluster. On the
right panel, we show the standard deviations calculated for
the offsets between the measured OB and IB (darker colors)
and also the standard variations in the differences between
the measured OB and corrected IB (hatched bars).




Standards and additional Collaborations

* Metadata
— NCEl requires ISO 19115-2 collection-level metadata for all data.
— In some cases (e.g. DSCOVR) our team has sometimes elected to create additional
metadata for standards tailored to this community, such as SPASE.
* SWFO Science Portal API

— Provides a superset of the functionality of Heliophysics API (HAPI), by including a

few additional items we need for our sites.
o Therefore it is relatively straightforward to write a converter to permit a HAPI
query to be answered via our API.
o For DSCOVR this type of mapping program was created (thanks Bob Weigel)
— This makes it possible to better support connections to VxOs and CDAWeb that are

expected to be using HAPI.
* Our team has a strong collaboration with CDAWeb as well as various VxO stakeholders.

National Environmental Satellite, Data, and Information Service



Backups
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Advancing Al Research to Operations (R202R)

Correcting Geosynchronous Magnetic Field using Transfer Learning

Errors Transfer Learning
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GOES-18 GMAG

Powered on : March 23, 2022 Provisional passed : September 16, 2022

NOAA/NCEI - CU/CIRES

Paul Loto’aniu, Aspen Davis, Alison Jarvis,

Ale Pacini, Fadil Inceoglu
 GOES180BB, Calibrated GOES-R MAG: Pair of boom-mounted 3-axis fluxgates magnetometers. —
| Sensor differences : Sampling rate = 10 Hz o - -

GOES-18 : Goddard Planetary Magnetospheres Lab magnetom%tgrs‘ (GM
" GOES 17 0B1B ’ ’ ’ -much better stability and much less daily variation in sensor differchge
RS

e ————— corie GOES-17 : MEDA MAG W’ —
-improved spacecraft magnetic cleanliness, impro¥éd ADC conversion and thermal stegbility,
OSSR : : : still variation in daily sensor differences GMAG-OB
(8.55m)
GOES-16 : Macintyre Electronic Design Associates magnetometers (MEDA MAG)

-ADC conversion and thermal issues, significant spacecraft interference, large

diurnal variation ranging -10 to 1onT
=> GOES-18 GMAG : has smaller mean sensor differences and better stability over 1.5 months

1 5 months Collocated IB-OB GOES-17/GOES-18 Comparison
of d ta GOES-17 IB-OB GOES-18 IB-OB
2

GOES-18 GMAG has significant reduction in background noise level 7 Mean : -0.43 +/- 0.03 nT | Mean : 0.09 +/- 0.21 nT

-amplitude of background noise is ~0.1nT
GOES-17 il 0 =
. Mean : -0.004 +/- 0.26 nT

| Mean : -0.008 +/- 0.11 nT

10
MLT (h)




CCOR Scientific
Pipeline

National Environmental Satellite, Data, and Information Service

Input LOb FITS files
v

Initialize CCOR Image class
x = CCORProc()

\

Bias subtract and
rectify
x.ccor_bias()

Apply linearity correction
x.apply_lincorr()

}

Create bad pixel
mask
x.make*_mask()

Calculate image
statistics
x.make_mask()

v

DN to MSB factor
x.msb()

\

L1a
CCOR-2 Operational Input

A\
Divide by Exposure
Time
x.expt_corr()

:

Compute Background
(using data from
previous 4 weeks)
x.calc_I1b_backg()

'

Remove Background
x.remove_backg()

L1b
CCOR-1 Operational Input

Divide by Exposure
Time
x.expt_corr()

l

Compute Background
(using data * two
weeks)
x.calc_|2_backg()

v

Remove Background
x.remove_backg()

l

Vignetting correction
x.flat_field

L2

Preliminary NCEI Pipeline Design (Python Class + Methods)




STIS Scientific

Pipeline

National Environmental Satellite, Data, and Information Service

Input LOb .nc day files

!

Convert counts to count rates

!

STIS L1a .nc day files

!

Calculate dead-time
correction

!

Apply dead-time
correction to count rates

!

Calculate channel
integral fluxes

|
' }

Calculate Calculate
energy-integr differential

al fluxes & fluxes &
uncertainties uncertainties

Calculate
contamination
correction l(ions only)

Apply contamination
correction (ions only)

'

Calculate HDR fluxes
and uncertainties from
AR1 and AR2 fluxes

v
STIS L1b .nc day files

'

Calculate pseudo-EPAM
band-integrated HDR
fluxes

}

Determine
spectrally-dependent
effective energies

l

Calculate uncertainties
for pseudo-EPAM
baIlds

STIS L2 .nc day files

!

Calculate 1-minute
averages of
pseudo-EPAM fluxes

Calculate uncertainties
of 1-minute
pseudo-EPAM averages

STIS L3 .nc day files



Input LOb .nc day files

SWiPS Scientific Pipeline e —

rates

b
SWiPS L1a day files

-

Dead-time correct rates

-

Background removal
(subtract
dark/background anode
rates from in-band)

Separate Llpha and
proton rates

l

Calculate distribution
functions

National Environmental Satellite, Data, and Information Service

l

SWiPS L1b .nc day files

l

Calculate moments

l

Correct moments

l

Moments coordinate
transformations

l

SWiPS L2 .nc day files




Input LOb .nc day files

Calibration file with Gain and offset (G and
Z matrices) and temperature

MAG Scientific Pipeline

Counts to nanoTesla conversion.
Gain and temperature corrections.
Orthogonall/re-alignment correction.
Offset removal.

\4

MAG L1a .nc day files

SIC to ECI, GSE, GSM
coordinate systems

A\

Sensor to S/C
transformation
(O matrix)

MAG L2 .nc day files

MAG L1b .nc day files

Preliminary NCEI MAG LOb to L2 Pipeline Design

National Environmental Satellite, Data, and Information Service



Example of Comparison of
spectra from GOES-16 Solar
and Galactic Proton Sensors
and GOES-13 Energetic
Particle Sensors.

Comparison of spectra from Geostationary
Operational Environmental Satellites
(GOES)-16 Solar and Galactic Proton Sensor
(SGPS), GOES-13 Energetic Particle Sensor
(EPS), and GOES-15 EPS at 7:30 UT near
the event peak flux during the September
2017 GLE. GOES-16, GOES-13, and
GOES-15 measurements are shown with
red, blue, and green traces, respectively.
East and west fluxes are shown by the thin
and thick traces, respectively.

National Environmental Satellite, Data, and Information Service
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GOES-16 SGPS 5-minute
Averaged Fluxes from the
September 2017 Solar
Particle Events

Full Solar and Galactic Proton Sensor (SGPS) September 2017 data set available
from the NOAA - National Centers for Environmental Information Geostationary
Operational Environmental Satellites-R website, including P1-P10 (differential) and
P11 E (500 MeV) integral fluxes from east- and west-facing SGPS units. The
complete September 2017 SGPS data set is available from the NOAA-NCEI
website at https://www.ngdc. noaa.gov/stp/satellite/goes-r.html.

102
> SGPS-X (west) —— P1(1.0-1.9 MeV)
¥ 10° —— P2A(1.9-2.3 MeV)
a —— P2B (2.3-3.4 MeV)
£ 1072 —— P3(3.4-6.5 MeV)
) P4 (6.5-12 MeV)
£ 107 P5 (12-25 MeV)
o s P6 (25-40 MeV)
s 10 P7 (40-80 MeV)
102 = — P8A (83-99 MeV)
> SGPS+X (east) —— P8B (99-118 MeV)
g 100 —— P8C (118-150 MeV)
& v\V — P9 (150-275 MeV)
o 1072 oy M A —— P10 (275-500 MeV)
£ | 5 AN, LA (T z
§ 10~4 ‘41#“ - ab it B Q‘;}b? "“ % " \
S
S 106
.
w
”é 6x 1071 SGPS P11 —— SGPS-X (west) P11 (>500 MeV)
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