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Spatial Variability using Structure Function. Figures below show the comparison of spatial variation observed during

In_trOd U Ctl(?ﬂ o | o | DISCOVER-AQ. Each color line indicates a different date and the thick black line is the average difference of targeted Figures below show the spatial variability
High resolution in-situ CO, measurements were recorded onboard the NASA P-3B during the DISCOVER-AQ (Deriving Information on resolution in the sites. The shaded box shows the possible ASCENDS resolution to see the spatial variability for with different time resolutions. As the time
Surface Conditions from Column and Vertically Resolved Observations Relevant to Air Quality) Field Campaigns during July 2011 over establishing measurements for future remote sensor. Some offset variabilities are shown by different weather or surface 'S further away from the morning peak
. : . congditions.  DAQ DC/Maryland Variogram DAQ Texas Variogram P L W traffic time, the spatial variability decreases
Washington DC/Baltimore, MD; January — February 2013 over the San Joaquin Valley, CA; September 2013 over Houston, TX; and July- &R | at most sites.
August 2014 over Denver, CO. Each of these campaigns have approximately two hundred vertical soundings of CO, within the lower Z . — o | g S T a01300 et e
troposphere (surface to about 5 km) at 6-8 different sites in each of the urban area. In this study, we used structure function analysis, which g — oo | g i A” T 1] gy s
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of CO, in the 0-2 km range (representative of the planetary boundary layer). These results can then be used to provide guidance in the - = e |8 ]| — : s DA H Wi
development of science requirements for the future ASCENDS (Active Sensing of CO, Emissions over Nights, Days, and Seasons) g - e | —=E g r-’ LR T ] g e
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variability of the CO, column-averaged optical depths in the 0-1 km and 0-3.5 km altitude ranges in the four geographically different urban bt S LT : I N "
areas, using vertical weighting functions for potential future ASCENDS lidar CO, sensors operating in the 1.57 and 2.05 um measurement ) DAQ California Variogram . Distance (k) Distance (k)
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To improve the interpretation of satellite observations in order to diagnose near surface conditions relating to air quality, low altitude in-situ ) "¢ DISCOVEB-AO z ¥ | W qCean 0 | | ) - | | | ! - | | | |
measurements on the NASA P-3B aircraft were performed at four urban sites: DC/Baltimore (July 2011), San Joaquin Valley, CA (Jan-Feb 2013), 0 20 40 60 80 100 : 20 ;?t k6° 80 100 0 20 . (k:) a0 0 20 ¢ = a0
Houston, TX (Sep., 2013), and Denver, CO (July — August, 2014). Distance (km) Sanwami o

Column and Surface Variability using OD calculation. Tables the Column Optical Depth and Variability for 3 different weighting functions (1.57u+3pm, 1.57u+10pm, and
2.06p) for Column (0-3.5 km) and Surface (0-1 km). *Equivalent Mixing Ratio (ppm) are compared with consistent 390 ppm at four different sites. The column variation shows
0.55-1.26 %(MD), 0.19-0.74 %(CA), 0.42-1.63(TX), and 0.64—-0.88 %(CO) and surface variation range 0.66 — 2.05 % at sites.
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2.05u 2.05 2.05u

(3pm)  (10pm) (3pm)  (10pm) (3pm)  (10pm) (3pm)  (10pm) (3pm)  (10pm)

Colm.Avg.(ppm)* 386.81 386.82 386.87 387.80 385.17 385.07 384.80 382.32 384.79 384.64 384.27 383.35 38492 384.81 384.52 386.32 386.18 386.11 385.96 387.41 386.48 386.46 386.45 388.61

Variability (%) 1.24 1.25 1.26 1.88 0.55 0.56 0.60 1.13 0.67 0.67 0.70 1.22 0.70 0.71 0.76 1.38 0.74 0.75 0.79 1.66 0.75 0.76 0.81 0.69

1.57p 1.57p
(3pm)  (10pm)

Weighting Fn. 2.05 u 2.05 u 2.05 u

Bakersfield Porterville Hanford Tranquility

Colm.Avg.(ppm)* 401.90 402.24 403.32 413.01 399.96 400.21 401.00 407.72 400.64 400.97 402.03 410.88 399.08 399.26 399.34 405.02 399.36 399.58 400.28 406.55 399.38 400.04 405.839 388.61
Variability (%) 0.63 0.65 0.74 2.05 0.28 0.30 0.38 1.18 0.39 0.42 0.55 1.49 0.23 0.23 0.26 0.66 0.19 0.21 0.28 0.92 0.41 0.43 0.51 1.32

Galveston Manvel Croix Smith Point Deer Park
San Joaquin Valley, CA Houston, TX Colm.Avg.(ppm)* 394.33 394.41 394.65 396.83 394.66 394.72 39493 396.90 394.27 39431 35444 395.71 398.44 39859 399.04 402.94
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and Denver sites show Z 101 g - - -
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Figures (above) show the spatial variation of in-situ CO, soundings with altitude at DC/Baltimore (left), CA (middle-left), TX (middle-right), and Denver, CO (right). Figures for similar column variability in . 2 ol % difference from apgonstan? 390 ppm OD (1%t figure). They
each location were represented by the mean with standard deviation as a function of altitude at the various spiral points (252 spiral points at DC/Baltimore, 169 spirals at range from 0.70 to 0.90 %, i show CO, enhancements varied from 0.6 — 3.6 % OD, or
Cglnfornla, 180 spirals at Texas, and 223 spirals at Colorado)_. These plots shows that W|th_|n a small geographical area emissions can vary by a lot, even at various locations and San_Jog_qum site shows  *°° DC  SJValley,CA Houston,TX Colorado Fort Collins  Platteville ~ BAO Tower equivalent column mixing ratios of 2.4 — 14.1 ppmv at
within the same urban area. Th_e color codec! numbers seen in the top and bottom of the figures are the percentage variations from the mean for each site listed in the legend least variability at 3.5 km ; Colorado profiles. The same profiles were used to evaluate
for the top and bottom of the spirals, respectively. coll_Jmn_. The surface column , _— : the impact of extending short profiles to the surface before
variability (0-1.0 km) was Rataleoimm EAnanlS- - calculating OD (2" Figure). Assuming these profiles
similar at all four sites with all w157 .+ 3 pm c - -
_ _ _ e W 157 11+ 10 pm = stopped 300 m above the surface, our extension technique
Structure Function and Data Filteri ng OPTICAL DEPTH CALCULATION 1.39 —_1.5;% % varla_ltlon. The %‘ 15 o % Introduced maximum errors of 0.8 % (3.1 ppm) at
_ _ 2 p weighting function shows 5 ' ..., ossoson 5 Colorado. Without missed approach, Galveston at Texas
The 2-way optical depth 7 of a gas is calculated as a little more sensitivity than | 0.45.057% = - (which is not shown here), and Platteville at Colorado show
f(Z y) =< ‘Z(x + y) — Z(X) ‘ > _— ATMOSPHERIC COMPOSITION others at below 3.5km | 8 biggest errors in column OD.
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where. <> denotes taking the average for data pairs Separated by — Quantification of Fossil Fuel CO, using continuous CO, and CO measurement with Radiocarbon
, >»Basic Concept 20110720 Highway Run
- - - - - - - - SPECTROSCOPIC PARAMETERS
distance y, Z is the variable of interest (CO, In this analysis) at a given Where [r:ﬂ J_ (co co, ) M g
- - . - —_ . . TRANSMITTED WAVELENGTHS - _ icQj 430 - ornin Noon ernoon
|0CatIOn X, |t represents the expected gradleﬂt (average dlﬁerenCe) for o = absorptlon CFOSS Sectlon HITRAN 2008 LINE PARAMETERS 2 ff obs EJ,EI' Use Emission Inventory of MD NEI 2008 value (19.1) i 9'.":3 2.89 Aft L 30 - 30
3 given reso UtiOn (distance y) n = number denS|ty Of the gaS http://www.cfa.harvard.edu/hitran/ g [ 04 1.2 - L - . :
. . . . . 57 = vertical bin size PATH LENGTH C-14 unavailable for DAQ e " 79 2.4 |2 | & |
For the airborne data analysis here, the distance y is considered to > ﬂ’L S W | 8 [ 8 ) e
] ] ] . L A Weiehting Fumet 3.5 km FOR P-3 aircraft : ! : - S — lﬂ: 1120 ™ o = ,§ .‘ g
represent satellite resolution and the average difference could 7T e bomtion Selegon o T ek o] O I II ﬂ # = (o :
represent the expected variability for given resolution. ; =k [ J @ }r | ’5-7 Sy
. . sof\ 1.571111pm +3pm MID - TROPOSPHERE J10% ?0.8’; co = et ; + 2, Co CO, bg =390 M 37goooo 55000 60000 65000 70000 7500(-)20 = s - - - v’
Data Filtration - 571111 pm + 10 pm BOUNDARY LAYER f Joss sene = =L 20g (€020 Ppm) T —— B
_ _ _ % R 20 +67pm  NEAR SURFACE E Jp . i
High resolution 1 Hz data (roughly 100 m resolution), below 2km AGL, - ] E During the highway run, the observed CO, values are shown with higher than background values at
data pairs taken less than 60 minutes to minimize the differences by o — | Morning and Noon, but it's lower than background value at Afternoon. | " I 1 A
: : : : ] FF CO, are almost consistent at 3 different time period, but the biogenic uptake signal, which is : £, 8
chemistry and transport, and data pairs with distance up to 100 km N N R M ARGV S shown much lower during afternoon, result in the lower observed CO, even in the highway.
were used with the assumed well-mixed boundary laver. o T e
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