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Field Test Locations
Sixteen locations were identified throughout the
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The Focus of the Research

- Digital Single-Lens Reflex (DSLR) Camera
- Sky Quality Meters - with Lense (SQM-L)
« SOM-UL-DL-+H Stations

« Night Sky Brightness Monitor

- Dark Sky Meter (DSM) Application

« Loss of the Night (LoN) Application

» Globe at Night (GaN) Web Application



Field Tesi lo‘t:ations

Sixteen locations were identified throughout the
city of Tucson-and surrounding areas for taking
measurements.

The locations had a complete range of sky brightness
- conditions, including parks, highly populated areas and

ohservatory mountaintops.
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Step One: Panoramas

Step Eight: Night Sky
Brightness Monitor
(NSB

Step Two: Zeniths

Sky Quality Meter':

Data Logger (SQM-DL) Sky Quality Meter

Step Three:
= Globe at
Night

Dark Sky Meter



Step One: Panorama
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Step Two: Zeniths

Raw Zenith Image from Kitt Peak

Processed Zenith Image
from Kitt Peak

Raw Zenith Image from
Pima Community College

Processed Zenith Image from
Pima Community College
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Measure light pollution in 3 easy steps.

SO
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\/Phoenix

Achérnar
Tucana

Ir: Loss of
t Android
I ic ati on Select if you can see it

Submit your data.

Measurement complete

You have performed 7 ocbservations and
your data will be submitted. This is
enough to give us a rough estimate of
how bright it is in your location. It would
now be very helpful if you provide us with
information about your vision by
registering.

Each additional observation improves the
accuracy of your measurements, so it
would be great if you measure more stars.
You can also measure at another time
from a different location, or on a different
day from this same location.

Continue
observing

Send data  Register now
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Step Six:

Sky Quality Meter

(SQM-L) ‘
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Step Eight: Night Sky
Brightness Monitor
(NSBM)




Example of Data Collected

Calculate % ;:f Calculate Calculate SQM-L (8161 SQM-L (5428 SQM-L (3829 SQM Data NSBM (Mount DSM Average DSM NELM  LoN Mag GaN
dsgm SKY) dsgQM-L  dsQM-L  Hand Held) Hand Held) Hand Held) Logger Hopkins) (IPhone)  Value (IPhone) (Andriod) NELM
(cd/m2) ) (cd/m2) (magfas2) (mag/fas2) (mag/as2) (mag/as2) (mag/fas2) (mag/as2) [mag/fas2) (mag) (mag) (mag)

Temp .
Location Date Time (Degrees Humidity.
(Percentage)

Farenheit) (mag/as2)
University Mall  June 17, 2014 8:52 PM - 0.01148 17.6 0.00953 17.81

- 9:01 PM 92.00 17.41

17.43

17.44

17.47

17.47

- - 17.44
- - - - - 0.03
NOAO Rooftop June 17,2014  10:36 PM 0.00619 18.28 0.00576 18.35 - -
- - 18.46

18.45
18.47
18.50
18.47

18.47

Camp Cooper  June 18, 2014 8:53 PM 0.00184 19.58 0.00154 19.78
8:55PM 0.00181 19.51 0.00152 19.8
B:57 PM 0.00181 19.61 0.00151 198

9:02PM

Gates Pass June 18, 2014  10:17 PM 0.00147 19.84 0.00105 20.2
10:19 PM 0.00151 19.81 0.00106 20.2
10:22 PM 0.00153 19.789 0.00124  20.02




‘ [ ]
Converted Globe at Night Data’ A n a s I s
from Limiting Mag (NELM) to

[ Mag/sq Arcsec (MPSAS):

B_mpsas = 21.58 - 5 log( .586-NELM/5)-1) |
] o

(Schaefer, B.E. Feb. 1990. PASP 102:212-225)
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Converted Globe at Night Data
from Limiting Mag (NELM) to
Mag/Sq Arcsec (MPSAS):

B_mpsas = 21.58 - 5 log(10*(1.586-NELM/5)-1)

(Schaefer, B.E. Feb. 1990. PASP 102:212-229)
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an zenith images (fisheye lens images
through Dr. Zoltan Kollath's program
0 get the range of luminance in cd/m
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Night Sky Brightness for all Instruments
(Magnitudes Per Square Arc Second )

SQM-L 8161 Comparison

25

23

21

19

17

15

13

y = 0.6987x + 6.0459—Linear (8161 vs DSL-R)
R? = 0.80025

'y =0.9996x + 0.0114  Linear (8161 vs 5428)
R? = 0.99537

y=1.0436x-0.7747 Linear (8161 vs 3829)
R?=0.99748

y =1.0596x - 0.8806  Linear (8161 vs SQM-DL)
R? = 0.98969

y =1.4591x-8.9439  |inear (8161 vs. Mt.

R2=0.91255 Hpkns NSBM)

V= 0.8562x + 2.5402  Linear (8161 vs DSM)
R? = 0.93569

Night Sky Brightness for SQM-L 8161
(Magnitudes Per Square Arc Second)

R? = 0.42839 (S.F.))
y = 0.9456x - 0.4405 h'gf:qr ((581;53} vs GaN
R? =0.75011 o
—Linear (1-1
_ . . Correspondence)
13 14 15 16 17 18 19 20 21 22 23




SQM-L 8161 Comparison (without Auto Mall Data)

25
y = 0.8994x + 1.9751 Linear (8161 vs DSL-R)
R? = 0.77562
23 'y =1.0025x - 0.0452 — Linear (8161 vs 5428)
RZ =0.99096

y=1.0436x-0.7747  |inear (8161 vs 3829)
R? = 0.99748

21

y = 1.0596x - 0.8806 Linear (8161 vs SQM-

R? =0.98969 DL)

[ ]
_~—= y=1.4591x - 8-9439‘—Linear (8161 vs. Mt.

Night Sky Brightness for all Instruments
(Magnitude Per Square Arc Second )

19 *0 -
. ., ** | R?=0.91255 Hpkns NSBM)
. ~ y=0.9x+1.673  Linear (8161 vs DSM)
'/+ ¢ R? = 0.88322
17 — T ®
. ®
/,.,x' y = 0.456x + 9.3392 Linear (8161 vs LoN
- R?=0.27388 | mag(S.F.)
15 - y = 1.1605x - 4.729 Linear (8161 vs GaN
—Linear (1-1
13 Correspondence)
13 14 15 16 17 18 19 20 21 22 23

Night Sky Brightness for SQM-L 8161
(Magnitude Per Square Arc Second)
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Mount Hopkins Time Series - 9-10PM Observations

M CalculatedSQM-L (mag/as2)

% SQM-L (8161 Hand Held) (mag/as2)

SQM-L (5428 Hand Held) (mag/as2)

SQM Data Logger Old (mag/as2)

B SQM Data Logger New (mag/as2)

NSBM (Mount Hopkins) (mag/as2)

A Sch Frmla: LoN Mag

® Sch Frmla: GaN NELM




Mount Hopkins Time Series - 10-11PM Observations

23.0
M CalculatedSQM-L (mag/as2)
22.5
-
o 22.0 #SQM-L (8161 Hand Held) (mag/as2)
] [
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v
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Q
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c
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A A Sch Frmla: LoN Mag
18.5
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23.0

22.5

22.0

21.5

21.0

20.5

20.0

19.5

19.0

18.5

18.0
12:42 AM

12:50 AM

Mount Hopkins Time Series 12:30-1:30AM

12:57 AM

B CalculatedSQM-L (mag/as2)

#5SQM-L (8161 Hand Held) (mag/as2)

SQM-L (5428 Hand Held) (mag/as2)

SQM Data Logger Old (mag/as2)

B sQM Data Logger New (mag/as2)

A Sch Frmla: LoN Mag

®5Sch Frmla: GaN NELM




Comparison of Types of
Measurel.s per Site

Auto Mall University Mall Pima CC East NOAD Rooftop

Reid Park San Xavier Tucson Airport

15 mooa-

i | . . NM|
< ooen 1 5000
5000 50000

| -
. . 0001 - — L
'- & o & . .
o e . .
-

Sagurarc National Park West Sapuaro Mational Park East Gates Pass

HDND 200000

15,0000 50000

50000

o+

Kitt Peak

100w

o
ey

M apdne 5-10pm
Wi b 10 Ldp

 BArmare: Lo 715

15tam

&




Mount Hopkins
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Uaiied ks

- All data was compared with SQM-L
#8161, The three SQM-L and the SQM
Data Logger compared well with one
another to the 99th perce

- The Night Sky Brightness Monitor
(NSBM) on Mt. Hopkins also compared

Connie Walker
well (91%) with the SQM-L data. cwalkerEnoac.edu
Mational Optical Astronomy Observata

Tucson, AZ, USA

« The Dark Sky Meter (DSM) app gave a
93% correlation to SQM-L #8161 data.

« The D5LR data provided an 80% SRy
orrelation to the same data set. p— .

_Night Sky Brightness Scale Comparisons
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- The Globe at Night data (GaN) Naked Eye
Limiting Magnitude and the Loss of the
Night (LON) app data had a 75% and 43%
correlation to SQM-L #8161, respectively,

an

" 1
£

i - Those data used Schaefer’s Formula for .'I 'i
converting from magnitudes to |
- magnitudes per square arcsecond. ||

+ The assumptions in Schaefer's Formula
plus a couple of challenges in the first
version of the LON app (which has since
been improved) most likely contributed to
the low correlation coefficlent comparin
LON app & SQM-L data.

Image Credit: Henk Spoelstra




- All data was compared with SQM-L
#8161. The three SQM-L and the SQM
Data Logger compared well with one

another to the 99th p ercerw ‘ . ‘

m - uthe RA2 coefficient.

- The Night Sky Brightness Monitor
(NSBM) on Mt. Hopkins also compared
well (91%) with the SQM-L data.

- The Dark Sky Meter (DSM) app gave a
93% correlation to SQM-L #8161 data. =

- The DSLR data provided an 80%
correlation to the same data set.



- The Globe at Night data (GaN) Naked Eye
Limiting Magnitude and the Loss of the

Night (LON) app data had a 75% and 43%
correlation to SQM-L #8161, respectively.

- Those data used Schaefer’'s Formula for
converting from magnitudes to
magnitudes per square arcsecond.

- The assumptions in Schaefer's Formula
plus a couple of challenges in the first
version of the LON app (which has since
been improved) most likely contributed to
the low correlation coefficient comparing
LON app & SQM-L data.



Night Sky Brightness Scale Comparisons

Factor

sky

1000

500

200
100

50

20
10

to natural

Sky brightness Approximate

mag/ mcd/m? Bortle Visibility of visible
arcsec? scale Milky way magnitude
14 300 05
200
1
15 100 ]
2
16 50 -
17 20 5
10
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1 45| I —— [ o
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E 22 E 02 ~ -
23 0.1

Number of
visible stars
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100
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1.000

2.000

5.000

10.000

Night Sky Brightness Comparison Nomogram (design by H. Spoelstra)

Image Credit: Henk Spoelstra
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