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MWV Group
• Supernova host galaxy properties (IFU)

• Peculiar supernova classification

• Cosmological bias estimation

• LSST preparations with DESC

• Photometric calibrations / image simulation

• PISCO / SweetSpot / SDSS surveys



LSST Project/NSF/AURA





LSST DES

First Light in 2021 2013-2018

8.4-meter telescope 4-meter telescope

9.6 square degree FOV 3.8 square degree FOV

3.2 gigapixel 520 megapixels

1,000 visits / night over 10 years 50 visits / night over 5 yrs

0.5 % Photometric repeatability 1 % Photometric repeatability

18,000 deg2 coverage 5,000 deg2 coverage

6 Filters ugrizY 5 filters grizY

15 to 20 TB a night over 10 years 400 Gb a night



Two years and counting down!
• First light in 2021 – full operation in 2023

• Photometric calibration is a primary goal
• Sub milli-mag photometry!

• There is no obvious cadence choice

• We need tools that can handle the data flow

• Image simulation still in progress



Project Goal
“Use dual band GPS measurements of localized PWV to 

simulate the atmospheric absorption due to H2O as a 
function of date and time.”

Project deliverable must also be:

1. Easily extensible to user definable locations
2. Intuitive and simple to use
3. Conducive to a collaborative effort 



Why PWV?

• Dominates 700 to 
1,200 nm

• 02 Has Fewer 
Features

• Aerosols and 
Rayleigh scattering 
have smoother 
seasonal 
transmission

Blake, Shaw 2011
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Image Calibration



Image Calibration
• Images are traditionally calibrated against catalogs

𝑖 = 𝑖! + 𝑘"# ⋅ Χ + 𝑘"## 𝑏 − 𝑣 ⋅ Χ
𝑧 = 𝑧! + 𝑘$# ⋅ Χ + 𝑘$## 𝑏 − 𝑣 ⋅ Χ

• Isolate color airmass term:
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• Correction for atmosphere:
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Image Calibration
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Dual Band GPS
• Dual band signals pick up phase shift
• Clock shift
• Doppler effect
• Atmospheric contribution

• Zenith Total Delay (ZTD)
• Zenith Hydrostatic Delay (ZHD)
• Zenith Wet Delay (ZWD)

• PWV = Q(T) * ZWD

Frequency Independent





https://mwvgroup.github.io/pwv_kpno/

https://mwvgroup.github.io/pwv_kpno/
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Package Features
• Automatic download and parsing of new SuomiNet Data

• PWV transmission model for given date, time, and airmass
• 3,000 to 12,000 Å at 0.5 Å resolution

• PWV transmission model for given PWV

• Transmission models can be easily binned

• Guided process for adding and sharing user defined sites

• Black body spectral energy distribution with atmospheric features

• Full, online documentation, examples, and validation overview



Model the Atmosphere:

Download Data from SuomiNet:



From install to transmission function in minutes.
So how does it work? 

And how well?



Bi-Hourly PWV 
Measurements

Package InstallationSuomiNet International 
GPS Network

Download and parse new 
SuomiNet data

Create new PWV model for 
Kitt Peak

Interpolate PWV along line 
of sight

User Specifies
datetime and airmass

Calculate transmission 
using beer-lambert law

Return transmission 
function

Measure delay in dual-
band signals and isolate 

PWV contribution

PWV 
available 
within 1 

day?

Exit with 
error

Yes

No

User calls update_models



1. Kitt Peak National Observatory (KITT)

2. Amado Arizona (AZAM)

3. Sahuarita Arizona (P014)

4. University of Arizona (SA46)

5. Tohono O'odham Community College (SA48)



• Atmospheric Models for each site are averaged together

• Users can include as many or as few supplementary sites as desired

• No modeling for data gaps of 1 day or longer



SuomiNet Data Isn’t Perfect
• Rounding Error in public data
• Add 0.025 to all reported errors

• Unidentified error increase in 2013

• Duplicate data records (uncommon)
• Isolated to specific instance
• Ignore disagreements, keep agreements

• Hourly data for Conus, but daily for international

• Subject to PWV spikes for hardware malfunctions



Available Data:

1. Date

2. PWV

3. PWV Error

4. Zenith Delay

5. Temperature

6. Pressure

7. Relative Humidity







Custom Site Modeling

Includes options for:
1. Site name (Site ID)
2. Primary and supplemental receivers
3. H2O cross sections
4. Data Cuts



Custom Site Modeling

Add your new site to the package:

Easily switch between different sites:







Moving Forward
• We can do it – but how well? How does this apply to milli-mag 

levels?

• How does this compare to other calibration methods?

• Can this be combined with other ongoing efforts?

• Primary challenge is acquiring appropriate data
• (Contributions welcome!)



Thank You!



Calculating Transmission
• Optical	depth	of	material
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• In terms of PWV:

𝜏234 = 𝜎 5!⋅6"#$
7"#$

𝑃𝑊𝑉8 Χ.:
𝑁&= 6.02 E23 (1 / mol )
𝜇'() = 18.0152 (g / mol)
𝜌'()= 0.99997 (𝑔 / 𝑐𝑚^3)


