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Why Light Pollution Matters in the Tropics?

e No previous monitoring of brightness, color, and spectrum ground-based
data exists for the country or in Central America.

e Light scattering behaves differently than in large urban centers in
developed countries.

e Excessive nighttime brightness affects the behavior of bats, moths,
migratory birds, and insects.

e Blue-rich LEDs increase attraction, disorientation, and habitat
fragmentation.

e The Canal basin mixes forest, port, and urban zones with high ecological
sensitivity.

e Quantitative measurements of brightness, color, and spectrum are needed
to understand impacts.



Measurement Framework

Ground-Based Observations

e Photometry: all-sky images and zenith night sky brightness (mag arcsec—2).
e Spectrometry: 375nm in the near UV to 750 nm in the near IR.
e Droplet size distribution (mm).

Remote Sensing

e Drone: high-intensity source identification.

e |SS imagery: full color information.

e VIIRS / DMSP-OLS: calibrated upward radiance.
e AVIRIS-NG: mapping of streetlight sources.



Instruments

e Ground-Based:

e QHY calibrated all-sky imaging (UBVRI)
e Nikon D5600a (RGB)

e TESS-W and 4C

e TASS photometer

e ALPY spectrometer

e OTT laser disdrometer

¢ Remote Sensing:

e ISS imagery (Iternational Space Station)
e VIIRS and DMSP-OLS

e Drone

e AVIRIS-NG (Day-Night image, Feb 2025).



Research: Interdiciplinary Nature
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e The objective of this research is to establish the first light pollution monitoring
station in the Republic of Panama.



Resea Question.

How do light pollutants interact with nocturnal pollinators at the forest-urban
interface in the Panama canal route?.
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Ground-Based: Interoperability, Data Integrity, and Security.

https://github.com/INDICATIC-AIP/Ground-based
* Master's thesis: Alexandre Olivié. Bordeaux, INP, Enseirb-matmeca.



https://github.com/INDICATIC-AIP/Ground-based

Ground-Based: Interoperability, Data Integrity, and Security.

https://github.com/INDICATIC-AIP /Ground-based
* José Corné (Japan), former assistant, Chiba University and Alexandre
Olivié.
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https://github.com/INDICATIC-AIP/Ground-based

Ground-Based: QHY16200a Transmission Channels

https://store.andovercorp.com/product-category/johnson-bessel-ubvri-filters/

Johnson/Bessel UBVRI Filters
(]

U filter
B filter
V filter
R filter
1 fitter
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https://store.andovercorp.com/product-category/johnson-bessel-ubvri-filters/

Ground-Based: QHY Camera

February 13, 2026, 20:26 (Panama).

Johnson U Johnson B




Ground-Based: Nikon D5600a Transmission Channels

https:/ /www.astroshop.eu/astromodified-dslr-dsims/
nikon-camera-dslr-d5600a/p,53133
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https://www.astroshop.eu/astromodified-dslr-dslms/nikon-camera-dslr-d5600a/p,53133
https://www.astroshop.eu/astromodified-dslr-dslms/nikon-camera-dslr-d5600a/p,53133

Ground-Based: Nikon D5600a

Nikon D5600a, NIKKOR 10.5 mm f/2.8G diagonal fisheye (180°
diagonal), ISO=100, exposure time=10 s, site: Pacific,
2026-02-14/19:08, pointing (zenith).

NEF image

Raw view

Demosaiced RGB Elevation > 30°
Controlled analysis region
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Ground-Based: TESS-4C Transmission Channels

https://guaix.fis.ucm.es/~jaz/TESS-4C/report_LICA_TESS-4C filters_202205_V1.pdf

1.0
(.5
— (1} TES5-W
= |2} UVIRS5D
506 — 5B
e — R
4 === gthethic & [UVIRGS0-E-R)
2
e
= 0.4
0.2
J "
0.0 : == —=

] T I | = | I |
350 100 450 500 340 600 G50 Ton 750 S0
wavelength [nm]

15


https://guaix.fis.ucm.es/~jaz/TESS-4C/report_LICA_TESS-4C_filters_202205_V1.pdf

Ground-Based: TESS-4C Photometer
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https://tess.dashboards.stars4all.eu/d /0gUheXrnk /tess-4c?orgld=1&var- TessMC=
stars1315& from=now-2y&to=now

https://tess.dashboards.stars4all.eu/d/0gUheXrnk/tess-4c?orgld=1&var- TessMC=
stars1315&from=now-2y&to=now
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https://tess.dashboards.stars4all.eu/d/0gUheXrnk/tess-4c?orgId=1&var-TessMC=stars1315&from=now-2y&to=now
https://tess.dashboards.stars4all.eu/d/0gUheXrnk/tess-4c?orgId=1&var-TessMC=stars1315&from=now-2y&to=now
https://tess.dashboards.stars4all.eu/d/0gUheXrnk/tess-4c?orgId=1&var-TessMC=stars1315&from=now-2y&to=now
https://tess.dashboards.stars4all.eu/d/0gUheXrnk/tess-4c?orgId=1&var-TessMC=stars1315&from=now-2y&to=now

Ground-Based Preliminary Data (TASS): Baseline.
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Ground-Based And Preliminary Data (TASS): Balboa And Gam-
LGLER




Ground-Based: Panama City Nighttime Image




Ground-Based, ALPY Spectromter (uncalibrated), Panama
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Ground-Based: Reference Night Sky Image (Nikon D5600a)

Autor: Jose Robles, 150 5000, 30 segundos de expasicion, Mariato, Punta Duarte, Veraguas, Panama.
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ALPY: Calibration

Object image + offset + darkframe +flat fields + Calibration lamps and
laser. 20 images.

Offset (Bias) = I .
Short exposure, shutter closed emove electronic offset
Dark Frame Remove thermal signal
Same exposure (10 s) & temperature
Flat Field Spectrum { Correct, pixel response }
Tungsten / Halogen lamp and slit illumination
Calibration Spectrum { Define wavelength solution }
{ Ne / Ar / H lamp Me)
Reference Star Spectrum { Derive instrumental response }
{ Vega, Feige 110, BD+28 4211 ey
Object Spectrum { Science spectrum }
Science target F()) 2




QHY 16200A and Nikon D5600a: Calibration

Raw image + offset + dark frame+ Flat image + Aperture photometry. +
20 images and 10 s.

Measure target signal

(stack or time-series)
Short exposure, shutter closed

Remove electronic offset
(median combine, >20)
Remove thermal signal
Dark Frame and hot pixels
Same exposure & temperature as science
(median combine, >20)
Correct pixel response
and vignetting
Tntegrate flux in aperture
subtract local sky

Time series, differential photometry
or calibrated magnitude

Raw Image
(Science frames, ~20 images)

Offset (Bias)

Flat Image
Uniform illumination
(median combine, >20)

Aperture Photometr;

Outputs

Instrumental flux / magnitude
(per star, per frame)
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Ground-Based: OTT Disdrometer (Secondary
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Ground-Based: Baseline Night Sky Quality




und-Based: Baseline Night Sky Quality

Remote sensing

Satellite
VIIRS repeat-orbit radiance
time series

i Airborne
) GeoBoyndaries B 8 .
Context layers Drone day—night imaging
GRIP4 roads .
hot-spot mapping
A\
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Milky Way zenith reference
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Remote Sensing Techniques

I
International Space Station: 1SS

Background image: 135057-E-126546, 2018:12:08 03:03:04, 24mm f/1.4G ED
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Remote Sensing Techniques: ISS Imagery.

(a) (b)

Figure 1: Luminarias de Panamd en 2012. ISS072-E-797729.

Figure 2: Luminarias de Panamd en 2025. ISS030-E-167962

https://eol.jsc.nasa.gov 2


https://eol.jsc.nasa.gov

Remote Sensing Techniques: ISS, VIIRS, and DMSP OLS Im-

agery System

* Bachelor’s thesis: José Jaén (Universidad Tecnoldgica de Panama,
UTP). https://github.com/INDICATIC-AIP /Remote-sensing.
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https://github.com/INDICATIC-AIP/Remote-sensing

Remote Sensing Techniques: ISS, VIIRS, and DMSP OLS Im-

agery System

https://github.com/INDICATIC-AIP/Remote-sensing.
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https://github.com/INDICATIC-AIP/Remote-sensing

Remote Sensing Techniques: VIIRS Imagery, 2013-01.

ttps://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements /viirs /



https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/viirs/

Remote Sensing Techniques: VIIRS Imagery, 2016-01.

ttps://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements /viirs /



https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/viirs/

Remote Sensing Techniques: VIIRS Imagery, 2021-01.

ttps://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements /viirs /



https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/viirs/

Remote Sensing Techniques: VIIRS Imagery, 2025-01.

ttps://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements /viirs /



https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/viirs/

AVIRIS-NG Applications

e Coordinated day—night hyperspectral campaign.
e Partial nighttime spectral inventory of streetlight sources.

e Daytime reflectance characterization of materials and urban—tree
interfaces.

e Spectral diagnostics data to support Panama’s emerging nighttime
illumination policy (in coordination with MiAmbiente).

e lIdentification of neighborhood-scale light pollution hotspots.

*Elvidge et al. (2024); Kruse et al. (2011); Kruse (2012).

36



Draft Light Pollution Policy Framework

e Institutional coordination with MiAmbiente (Ministry of Environment of
Panama).

e Technical guidance from the National Policy Directorate.

e Draft regulatory framework for nighttime illumination (under review).

e National Scientific Committee established to provide evidence-based
recommendations.

e Ongoing development of scientific criteria and environmental impact
metrics.

Energy efficiency addresses consumption. Environmental integration addresses ecological and

health consequences.
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Integrating Measurements With STRI

e Future deployment of a light pollution sub-station near Gamboa. BatlLab:
Dr. Rachel Page.
e Fieldwork in visible-band photometry.
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Ecological Link: Nocturnal Pollinators And Other Species

Photometry and spectrometry changes influence flight-path decisions.
Ongoing selection of focal species (bats, moths, and spiders).

Other data use: migratory birds (requires international efforts).

Goal: quantify behavioral change under measured light regimes.
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Research Team

INDICATIC, Dr. José Robles.
Smithsonian Tropical Research Institute, STRI, BatLab, Dr. Rachel Page.
Universidad Complutense de Madrid, UCM, Dr. Jaime Zamorano and

Sergio Pascual.

Universidad Tecnoldgica de Panama, UTP, Dr. Alfredo Campos, Reinhardt
Pinzon, and Franchesca Gonzdlez.
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e Deployment of a permanent monitoring sub-station at the Pacific entrance
of the Panama Canal.

e Completion of the first fully calibrated radiometric dataset (Nikon + TASS
+ TESS).

e lIdentification of dominant nighttime illumination focal points relative to
Milky Way visibility.

e Expansion of collaboration on tropical nocturnal ecology and lighting
regulation.

e Commitment to open-source tools and open-data dissemination.

Thank you.
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