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Abstract
Using NASA’s MERRA2 atmospheric reanalysis and the am
radia7ve transfer model, we have developed a new tool that
predicts the sky brightness temperature and opacity
anywhere on Earth for any date from 1970 to the present. We
validate MERRA2 by comparing our predic7ons with longbaseline opacity measurement campaigns and quan7fy the
accuracy of our predic7on tool. Finally, we have created a
command line tool and web interface for researchers to
generate predic7ons independently.

Results

Relevance to CMB-S4
•

How accurate are the MERRA2-based predic1ons?
•

We compare our MERRA2 sky brightness temperature predic7ons to 850 GHz 7pper measurements
taken from 1998-2017 at South Pole (Fig 2), Chajnantor Plateau, Cerro Chajnantor, and Mauna Kea.

•

Site Characteriza1on: Our tool can provide predic7ons of any
poten7al site’s opacity or brightness temperature to determine
viability as a future observing loca7on.
• Recent work has been done to compare exis7ng CMB
observing loca7ons with new sites, including Summit
Sta7on4 in Greenland, Ali5 Observatory in Tibet, and Dome
A in Antarc7ca.
Telescope Calibra1on: Zenith brightness temperature
7mestream can be used to calibrate or es7mate real-7me
sensi7vity at current CMB observatories (Figure 5).

Introduction
•

•
•

•

Ground-based CMB telescopes observe through the
atmosphere, which absorbs a signiﬁcant frac7on of the mm/
sub-mm cosmic signal and adds thermal noise.
Atmospheric turbulence also adds noise ﬂuctua7ons to
incoming radia7on.
We determine the atmospheric state using MERRA2.
MERRA2’s focus on the atmospheric water vapor is ideal for
this applica7on.
We validate MERRA2’s predic7ons by quan7fying its
uncertain7es against long-baseline historical 850 GHz and
225 GHz opacity 7pper3 measurements.

Figure 2 Le#: Time-series comparison of MERRA2 brightness temperature predic7ons to real 7pper data every 3
hours from February to April 2015 at South Pole. Right: One-to-one comparison and best-ﬁt line for a full year.

•
•

•

The median 7pper uncertainty is 7-10 K (5-6%) at all sites, and remains below 10% over 93% of the
7me at Mauna Kea and South Pole and over 88% of the 7me at the Chajnantor sites.
We assign the MERRA2 predic7on an uncertainty rela7ve to the 7pper’s known uncertainty.
Modeling the residual’s variance as the sum of the 7pper σt2 and the MERRA2 σm2 variances,
calcula7ng chi-squared values of the residuals allows us to solve for the unknown σm (Fig 3):
χ2 = (7pper measurement - MERRA2 model predic7on)2 / (σt2 + σm2)
If MERRA2 were a perfect model, we would expect χ2 = 1 (i.e. σm = 0). For all sites, we ﬁnd χ2 = 2 – 6
which suggests the MERRA2 model has between 1 and 2.3 7mes the 7pper uncertainty (Fig 4).

Figure 5: Brightness temperature predic7ons at South Pole in 2015 for the
BICEP/Keck Array 100/150/220/270GHz bands.

Publicly Available Tool
•

Figure 3: Residuals
for Fig 2-len at
South Pole from
February to April
2015, with a χ2 of 3.

•

•

Figure 4 (below): χ2 values for the above residuals at each of the sites. A median χ2 of 2.9 (as in SP and MK) means the
standard devia7on of the MERRA2 predic7on is 1.4 7mes that of the 7pper. A χ2 of 6 (as in Chajnantor) implies a predic7on
uncertainty 2.3 7mes the 7pper’s uncertainty.

Figure 1: Transmission spectra of the atmosphere with varying levels of
precipitable water vapor (PWV). Transmission drops signiﬁcantly as
atmospheric PWV increases, which is why we need to iden7fy low-PWV sites.

Web Interface (see below) and command line tool currently in
development; beta version at h$ps://goo.gl/czB24x
User inputs a loca7on, date range, and bandpass, and receives
an output ﬁle and plots with the brightness temperature and
PWV predic7ons at 3-hour intervals.
Future Work: We are adding the capability to make predic7ons
for future dates using GFS6 forecasts, to upload custom bandpass
ﬁles. We are also working on a paper describing the detailed
methods and valida7on of this tool.

Method
•
•
•

•

Interpolate 3-hour MERRA21 data products (e.g. ver7cal
proﬁles of pressure, temperature, water mixing ra7o, and
other relevant quan77es) to any posi7on on Earth.
Use the 2D MERRA2 products to obtain ground values of
the atmospheric proﬁles.
Run the am radia7ve transfer model2 on these proﬁles to
generate frequency-dependent atmospheric transmission
spectra, along with PWV value.
Integrate these spectra over an instrument bandpass to
predict the sky brightness temperature for that
instrument.
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