
The Value of Accurate, Detailed, and Timely Sky 
Condition Measurements 
by Josh Walawender1, Carlos Alvarez, and Greg Doppmann (WMKO) 

Accurate, detailed, and timely information about current sky conditions, especially at the 
sky location where data is being taken, are valuable data products which the Keck 
telescopes currently do not produce. Information about sky conditions provides 
important context and speaks directly to the provenance of the data. 

This is particularly important for archive users who have only header information about 
the observations, comments on sky conditions are often stored in the classical 
observer’s notes or in other data which is neither directly associated with the relevant 
FITS file nor specific to the pointing on the sky.  

Thus, it would be valuable for the observatory to provide the following quantitative 
measures: 

1. measured sky brightness (in magnitudes per square arcsec) in one or more 
photometric bands at the pointing of the telescope 

2. measured atmospheric extinction (in magnitudes) in one or more photometric 
bands at the pointing of the telescope 

3. measured seeing (in arcseconds) delivered by the atmosphere to the aperture of 
the telescope at the pointing of the telescope 

4. detection of satellite trails which may impact the science field of view 
5. the precipitable water vapor (PWV) of the atmosphere at the time of the 

observation 

Many classical observers take notes on conditions during the night and try to guess at 
these quantities from various inputs. For example, asking the OA to estimate cloud 
extinction or examining the Maunakea Seeing Monitor values and estimating what the 
delivered seeing will be to the instrument. Quantitative, reliable, and location specific 
values would be far superior. 

Archive users will benefit from this information when selecting or interpreting archival 
data. For example, an archive user may want to select data from only photometric 
nights, where the sky background was below some threshold, or where the PWV was 
within certain range. 

Most importantly, observers and OAs will be able to make optimal operational decisions 
based on this information which would supplement quick look reductions of the science 
data. For example, if a quick look pipeline indicates low throughput relative to 
expectations, this could be due to atmospheric extinction, slit loss from poor seeing, slit 
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loss from poor slit alignment, or other instrument problems. Comparing a throughput 
estimate from a quick look pipeline with an independent measure of atmospheric 
conditions breaks some of the above degeneracies and would provide actionable 
information to observers. 

If Keck were to evolve to an operational model which included any form of queue or 
cadence, then this real time information could directly feed in to a target selection tool 
for the queue and inform which target (or DSI Observing Block) should be observed 
next. The recent KPF Cadence proposal would be an obvious use case. 

Variations of the amount of water vapor in the atmosphere have a significant impact in 
thermal infrared observations (L and M band), and to a lesser extent in the J band. The 
impact is twofold, not only by blocking photons from astronomical sources, but also by 
increasing the atmospheric radiance on the spectral regions with abundant water vapor 
molecular transitions. Hence, real-time PWV data are fundamental to assessing the 
quality of astronomical observations in the thermal infrared.  In addition, observers could 
prioritize observations in the M band on those nights where the PWV is low. 

Satellites impinging on the instrument field of view during an observation may have 
already impacted Keck science. A paper claiming possible detection of a gamma ray 
burst at z~11 in a MOSFIRE observation (astro-ph/2012.06937) has already been 
disputed as a likely satellite (astro-ph/2102.13164). Detecting these cases and alerting 
the science user will become increasingly important in a future which includes satellite 
constellations such as Starlink. 

Obtaining the above measures would require only a modest investment.  The first 4 can 
all be extracted from imaging data obtained with a small (~0.25-0.5 meter) aperture 
telescope co-mounted on the main Keck telescopes such that it images the same region 
of sky as the science instrument in use. A pipeline could reduce the data in near real 
time (<<1 minute). Photometric analysis could provide sky brightness, extinction, and 
seeing measures and a streak detection algorithm (possibly combined with 
foreknowledge of satellite orbits) would provide satellite and meteor detection. None of 
these are particularly challenging to do and could be built using existing software tools. 

Those needs would at best be only partially addressed by an all sky camera as has 
been procured for the UNO project. The all sky camera is a color camera (which uses a 
Bayer color filter array), so it is not photometrically precise and would have much lower 
sensitivity to satellite trails thanks to coarse pixel scale and a small aperture. 

While two PWV monitors exist on Maunakea, neither is controlled or maintained by 
Keck and neither is reliable. The one at SMA (formerly the CSO PWV monitor) is online 
only some of the time and the JCMT monitor is mounted in their receiver cabin and thus 
only operates when they are open and operating. A single unit operated by Keck using 
GPS signals or a tipping radiometer could provide PWV condition measures valuable to 
our infrared science. 


