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Satellite / Balloon
Coincident Overpasses

Step 4: Confirm Query Result

Occultation Type Temporal constraints Spatial constraints.

2020-08-13T00:00:00.000000Z to 2021-01-14T23:59:59.9999997 50°N, 40°S, -115.2°W, -95.2°E

Lauder, New Zealand

Boulder, Colorado

= 58 coordinated balloon flights = 17 coordinated balloon flights

= 17 with a NOAA FPH water vapor sonde
= 17 with an En-Sci ECC ozonesonde
= 7 with a NOAA CSL POPS aerosol sonde

= 33 with a NOAA FPH water vapor sonde
= 57 with an En-Sci ECC ozonesonde
= 19 with a NOAA CSL POPS aerosol sonde

=  Average difference in time, Lat, Long POPS 8 =  Average difference in time, Lat, Long
= 10.9 hours, 2.5° Lat, 5.0° Long  Aerosol : Radiosonde = 11.3 hours, 1.8° Lat, 5.6° Long




NOAA Frost Point Hygrometer (FPH)

Boulder has the longest

continuouswater vapor record
+* 1980 — present

Lauder: 2004 — present

Hilo: 2010 — present

Weight = 850 g (cryo + batts)

Surface to ~ 28 km

o Vertical resolution™ 10 m

vy Miror with Frost Layer 1980 1985 1990 1995 2000 2005 2010 2015 2020 < 6 % uncertainty in
Year Dale Hurst stratosphere (20)

Stainless Steel

styrofoam Dewar intake Tubes "~ Boulder Water Vapor Record

522 soundings
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Lﬁ%ﬁ, Lauder, NZ, 2019-04-25, SAGE Il vs ECC Ozonesonde
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LA177, Lauder, NZ, 2019-04-25, SAGE Ill vs NOAA FPH 40
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i H,0

: SAGE-FPH
: Boulder
: (Sunrise)

: £95%
-®- Confidence
¢ Interval

+  H0
:SAGE-FPH
. Boulder
! (Sunset)

+95%
-@- Confidence
Interval

Water Vapor

Statistically significant bias
between SAGE Ill and
NOAA FPH
5-10% (0.2 -0.5 ppm)
= 100 - 20 hPa (sunrise)
= 120 - 20 hPa (sunset)

-20 -10 0 10 20 -20 -10 0 10 20
Median Diffs (%) Median Diffs (%)
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POPS Optical Particle Counter

Optical particle counter
* Particle size distribution (140 — 2500 nm)
* Bin sizes changed from being evenly spaced in log detector signal
space to evenly spaced in log Dp (hnm) Aug 15, 2019 (BLD) and Jan
1, 2020 (LDR)
Weight ~ 1 kg (with foam and battery)
Power<5W
15 size bins transmitted at 1 Hz with iMet radiosonde
Flow rate ™~ 2.0 — 4.5 cc/sec (altitude dependent)
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Boulder, CO, 2020-09-30, BU855, POPS STRAT C

——Raw Flow Asc

——Corrected Flow Asc
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POPS Balloon Launches in Boulder, CO

Boulder, CO, POPS Particle Concentration Profiles

Preliminary POPS data good up to ~ 25km
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23 balloon launches with
POPS in Boulder

Photo credit: Jim Elkins
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Boulder, CO, POPS Particle Concentration Profiles

POPS Balloon Launches in Boulder, CO
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Preliminary POPS data good up to ~ 25km

0.1

Particle Concentration (#/cc)

100

Less variability above 20 km
e Starting to see the
stratospheric baseline

Photo credit: Jim Elkins
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POPS Balloon Launches in Lauder, NZ

Lauder, NZ, POPS Particle Concentration Profiles

35
Preliminary POPS data good up to ~ 25km e 7 balloon launches with POPS
30 [ in Lauder
[ * Particle concentrations > 40
o | #/cc were rarely observed,
> [ —+-2019-04-25 even in the lower troposphere
3 —2019-04-30
Y
220 ~-2019-09-03
3 ~-2020-01-27
<15 |} ——2020-03-29
¥ ——2020-06-19
© 2020-07-23
10 F
0 . e TN L e TP
0.01 0.1 1 10 100 1000 10000

Particle Concentration (#/cc)
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Boulder and Lauder POPS Comparison

Boulder and Lauder Particle Concentrations

Boulder (40N) and Lauder (45S)
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Preliminary POPS data good up to ~ 25km

o\
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e Similar stratospheric aerosol
profiles > 20 km
e Lauder shows lower aerosol
particle concentrations < 10 km
e Boulder has much higher
tropospheric concentrations
* Concentrations > 100 #/cc
were frequently measured
up to 9 km in Boulder
* Partially due to ongoing
wildfires in the western US
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POPS Balloon Launches in Lauder, NZ

Lauder, NZ, POPS Particle Concentration Profiles

Preliminary POPS data good up to ~ 25km
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Ulawun EruptionJune 26, 2019




CALIOP /CALIPSO [11-20AUG—-2019] Raikoke Eruption
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e 22June 2019

25 e Kuril Islands
Py * Latitude 48.3°N
£ * Tropopause height
~ 20 - ~11 km
b i * Ash plume ejected
.g up to ~13-17 km
< 15 =
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SCATTERING RATIO@3532nm

. |
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Figure: Jean-Paul Vernier
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Boulder, CO, 2019-06-28, BU779, POPS unknown

B | Preliminary POPS data good upto~ 2
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Boulder, CO, 2019-08-27, BU790, POPS STRAT 1

-®-6/28, 140-300nm
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e Distinct plumes observed at 16-18
and ~20 km above Boulderon 27
Aug 2019

* x10.increase in concentrationat17
km in August (61 cm3) compared
to June (6 cm™3)

* Size distribution peak near 300 nm
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Comparing Particle Concentration to Extinction

Boulder, CO, 2020-03-12, BU818, POPS STRAT 3

i ‘ Preliminary POPS data good up to ~ 25km |
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SAGE I11/1SS, Boulder, CO, 2020-03-13

* Ran Mie scattering code for the 9 different SAGE Il wavelengthsbetween 384 — 1544 nm
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I SR
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= ..l .-l
£ ., ™ ;
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S 15 m 384nm \} .l.J I
= ® 449nm
< = 521nm . ‘..- , |i-'l
G1o || 602N f ::E.lﬂf
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756nm =g 'l
| ]
5 869nm n L
= 1021nm ..
m 1544nm
0 [ Laal L L L1 a1l L L L 111l L L L1 a1l
1000  0.000001 0.00001 0.0001 0.001 0.01 0.1
Extinction (km™)
Calculating POPS Scattering
* Used 3 different refractive indices = 1.33, 1.45, and 1.55 (pure water, sulfate, dust/sea salt)

* Calculatedscattering coefficient (Qscat)
e Calculated POPS scattering at each of the 9 different SAGE Ill wavelengths:
* Scattering = (t/4) * Qscat * (particle size(nm)”*2) * (particle concencentration (#/cc))
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BU790, Boulder, CO, 2019-08-27, RI = 1.45, SAGE vs POPS
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Smoky Boulder POPS Flight
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Figure: Lizzy Asher

4 5 6 7 B 9

Particle Diameter Dp (nm)

2

Preliminary POPS data

Aug 4", 2020

West coast fires + local
Colorado fires
200 — 550 nm peak
particle diameter near the
surface
Maximum particle
concentration
* between 4-5.5 km
e Particle diameter
near 440 — 540 nm
Clean air layer at 11 km
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orariont BU847, Boulder, CO, 2020-08-04, Rl = 1.45, POPS vs SAGE IlI

Table Mountain Aerosol Site 75 —
Aligne P B DD = Preliminary POPS data good up to ~ 25 km
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 Table Mountain Surface Aerosol site
shows much lower scattering values
just 12 miles north of balloon launch
facility
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What a balloon launch looks like in Boulder, CO

https://www.youtube.com/watch?v= fdEOdexw2A&feature=youtu.be

Video: Patrick Cullis A one minute video showing what a balloon launch looks like in Boulder

20


https://www.youtube.com/watch?v=_fdE0dexw2A&feature=youtu.be

e L
' Summary

\ » We have many successful coincident balloon flights since 2017
» 58 flights from Boulder
» 17 flights from Lauder
» Significantstratospheric water vapor biases between SAGE Il vs NOAA FPH ' :
» 0.2-0.5 ppm (5-10%) : ' _ )
» No significant biases in SAGE Ill stratospheric ozone vs balloon Ry % ——t
| » POPS aerosol instruments attached to the water vapor and ozonesonde
- package provides a nice set of data on each validation overpass flight
» Feb 2019 — Boulder

» April 2019 - Lauder
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Extra
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BU818, Boulder, CO, 2020-03-12, RI Comp, POPS Strat 3
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