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Instrument Suite

The University of Maryland research-grade instrument suite is summarized in the following table, with individual instruments detailed more specifically below.  

Table. University of Maryland Aztec-D Proposed Instrument Suite

Parameter

Temporal
Detection

Technique (Instrument)




Resolution
Limit

Receiver mounted on upper fuselage

Lat./Long.

10 s

15 m


GPS (Garmin GPS-90)

Mounted on upper fuselage

Static pressure

10 s

5 mb


transducer (Rosemount 1008)

Probe mounted between sampling inlets

Temperature

10 s

0.5C


thermistor (Rustrak RR2-252)
Relative humidity
10 s

2 %


thin capacitive film (Rustrak RR2-252)
Samples from rear-facing inlet
O3


4 s

  1 ppbv


UV photometric (TEI 49C)
CO


1 min*

20 ppbv


modified NDIR/GFC (TEI 48)

SO2


1 min*

30 pptv


modified pulsed-fluorescence (TEI 43C)

Samples from front-facing isokinetic inlet
Aerosol absorption
1 min**

0.9(106 m-1

modified photometric (Rad. Res. PSAP)
* From 10 s data

** From 1 s data

Position was measured and stored using Global Positioning System, GPS (Garmin GPS-90).  Latitude and longitude were recorded at 10 s temporal resolution within the GPS unit, downloaded post-flight to a laptop personal computer (PC) and subsequently integrated with the other flight data using commercial software. 

Temperature and relative humidity were measured using a thermistor and capacitive thin film, respectively, with a regularly calibrated Rustrak RR2‑252 RH probe (EIL Instruments Inc., Hunt Valley, MD).  The instrument is capable of 0.5C precision in temperature and 2% precision in humidity with a 30 s response.  Pressure was measured using a Rosemount Model 2008 pressure transducer, capable of 5 mb precision, and calibrated regularly to a laboratory standard.

Ozone data were acquired by a commercial optical instrument using absorption of UV radiation at 254 nm (Thermo Environmental, TEI Model 49, Franklin, MA), modified for increased (4 s) temporal response.  This instrument was routinely compared to an in-house primary O3 calibrator (TEI Model 49PS) being fed on zero grade air (Scott-Marrin).

For observations of CO, a high‑performance modified (Dickerson and Delany, 1988) commercial (TEI Model 48) nondispersive infrared (NDIR) gas filter correlation analyzer was used.   This instrument has a detection limit of ~24 ppbv (S:N=1:1 for ±2σ noise) for a 1‑min mean of 10 s data, and was calibrated using CO working standards (1-2 ppmv CO in nitrogen; Scott‑Marrin, Riverside, California) in turn referenced to a National Institute of Standards and Technology(NIST)/Standard Reference Material (1677c 9970 ppbv CO in nitrogen, certified; NIST, Gaithersburg, Maryland). This instrument is capable of ~1% precision determined for a 1‑min mean of 10 s data. The CO instrument has undergone formal international calibrations (Novelli et al., 1998) under a WMO protocol (Doddridge, 1995).

A modified commercial pulsed-fluorescence detector was used for measurements of ambient SO2.  Modifications, the most significant of which is to add a zeroing filter a chemical (carbonate) scrubber for SO2 to the commercial instrument, and the subsequent field and laboratory evaluations of the modified system prototype are reported by Luke (1997).  The instrument is capable of a detection limit of 30 pptv for averaging interval on the order of 25 min, expected to be significantly higher at 1 min integration times typical of research flight data, but still useful for emissions work.

Data acquisition for the continuous meteorological and trace gas instruments at 10‑sec time resolution was effected using a Rustrak Ranger II (EIL Instruments Inc., Hunt Valley, MD) data logger.  Raw data are viewed by the mission scientist in flight as a real time status check of instrument performance and ambient air characteristics.  Data were downloaded after each flight to a laptop PC for initial field processing under Windows NT then processed further on a DEC AlphaStation networked UNIX workstation using established routines.

Light absorption due to aerosol was be measured using a Particle/Soot Absorption Photometer (PSAP, Radiance Research, Seattle, WA), by transmission of 565 nm light through a filter in turn through which sample air is drawn.  Corrections for signal non-linearity and aerosol scattering were made according to Bond et al. (1999).  The detection limit for S:N=2 is 0.9(106 m-1. Aerosol absorption data were logged as 1-minute averages of 1-second data during research flights using custom acquisition software.
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Original Flight Plans

Several flight plans were selected at project inception, assuming operations commencing from the FBO at Raleigh-Durham International Airport (RDU) 35º52.654'N, 78º47.245'W, Elev. 435 ft.  An abridged subset of these original draft plans are listed below, as they provide a useful reference for the flight summary immediately following.

Plan A:  Point Source/Triad


This plan supports objectives 2.–7. by characterizing transport from point sources along the NC-VA border, while investigating air quality along Charlotte-Greensboro and Triad-Triangle (Raleigh, Durham, and Chapel Hill) transport corridors, and evaluating continuous tower and radar profiler measurements in the vicinity of Raleigh.  Ideal meteorological conditions would be a ridge-induced stagnation event with clear sky and light westerly to southwesterly winds.  The aircraft will depart RDU and perform vertical profile spirals from the surface (low approach to ~10 m AGL over the active runway; see runway elevations listed below) up to 2.7 km MSL at 100 m min-1 climb rate over the following airports:

   5W5

Triple W



35º37.225'N, 78º42.013'W, Elev.   240 ft MSL

   EXX

Davidson County


35º46.866'N, 80º18.181'W, Elev.   720 ft MSL

   MWK
Mount Airy Surry County

36º27.580'N, 80º33.178'W, Elev. 1250 ft MSL
   W63

Marks Municipal


36º35.748'N, 78º33.609'W, Elev.   420 ft MSL


Traverses between spiral locations will be performed at minimum allowable altitude (3,500 ft MSL to the west and 1,500 ft MSL to the east), this in order to further characterize the PBL.  The spiral location ordering in this pattern, similar to those below, is designed to maximize the possibility of a Lagrangian observational result.  That is, under prevailing wind conditions (assuming that weak southwesterly to westerly flow will characterize most regional pollution episodes studied here) the same air parcel might perhaps be sampled in the vertical twice at different geographical locations, facilitating mesoscale transport model evaluation and cross-corridor mass balance calculations.  Operating in the afternoon will characterize the most active photochemical ozone and particulate haze production.  Morning flights can be conducted as a contrast to PM operations, to investigate AM development of the PBL, mixing down of remnant stratified pollution layers aloft, and in situ photochemical smog production over the region.

Plan B:  Raleigh Area

This plan supports objectives 3.–7. by characterizing air quality upwind and downwind of the city of Raleigh, and evaluating continuous tower and radar profiler measurements in that vicinity.  Ideal meteorological conditions would be a ridge-induced stagnation event with clear sky and light westerly winds, although winds from the southwest would suffice.  The aircraft will depart RDU and perform vertical profile spirals from the surface (low approach to ~10 m AGL over the active runway; see runway elevations listed below) up to 2.7 km MSL at 100 m min-1 climb rate over the following airports:

   5W5

Triple W



35º37.225'N, 78º42.013'W, Elev.   240 ft MSL

   JNX

Johnston County


35º32.457'N, 78º23.422'W, Elev.   170 ft MSL

   5W8

Siler City Municipal


35º42.179'N, 79º30.319'W, Elev.   610 ft MSL

   HNZ

Henderson-Oxford


36º21.689'N, 78º31.755'W, Elev.   530 ft MSL

   RWI

Rocky Mount-Wilson Regional
35º51.295'N, 77º53.574'W, Elev.   160 ft MSL

Again, traverses between spiral locations will be performed at minimum allowable altitude (1,500 ft MSL to the north and 2,500 ft MSL to the south).  A mid-plan brief (usually less than 20 minutes) refueling layover may be required, this depending somewhat on the strength of westerly winds encountered aloft on the westerly traverse 5W5–EXX.  As above, afternoon operation will characterize the most active photochemical ozone and particulate haze production, but morning flights can be conducted to investigate AM development of the PBL, mixing down of remnant stratified pollution layers aloft, and anthropogenic (industrial/transport/other) pollutant input across the city of Raleigh.

Research Flight Summary
Times are UTC.  Spiral heights are in K feet MSL and approximate.

00/08/08 RF-01
00808-01.xls

Plan: FerryW29-RDU

Flight time:  1243-1456 (133 min)

Spirals:

u/d

Time



Height

5W501

dn

1424-1448


6.5

00/08/08 RF-02
00808-02.xls

Plan: WWW Survey Profile

Flight time:  1826-1916 (  50 min)

Spirals:

u/d

Time



Height

5W502

up

1840–1901


6.5

00/08/08 RF-03
00808-03.xls

Plan: A. Point Source/Triad

Flight time:  1938-2253 (195 min)

Spirals:

u/d

Time



Height

EXX01

up

2020–2053


9.5

W6301

up

2142–2159


6.5

5W503

dn

2230–2244


6.5

00/08/09 RF-04
00809-04.xls

Plan: A. Point Source/Triad

Flight time:  1237-1604 (207 min)

Spirals:

u/d

Time



Height

5W504

up

1252–1316


6.5
EXX02

dn

1351–1432


9.5

W6302

up

1522–1540


6.5

00/08/09 RF-05
00809-05.xls

Plan: B (variant.) Cross-Raleigh Corridor Transport

Flight time:  1822-2100 (158 min)

Spirals:

u/d

Time



Height

DAN01

up

1848-1907


6.5
TDF01

dn

1914-1934


6.5

5W505

up

1958-2015


6.5

JNX01


dn

2022-2044


6.5

00/08/10 RF-06
00810-06.xls

Plan: Ferry RDU-W29

Flight time:  1159-1342 (103 min)

Spirals:

u/d

Time



Height

None

NC Research Hours
14:06

Spirals:

AIRXX
AIR = airport identifier (see below)



XX  = profile identifier (chronological/numeric)

Airports:

5W5

Triple W



35º37.225'N, 78º42.013'W, Elev.   244 ft MSL
DAN

Danville Regional


36º34.286'N, 79º20.194'W, Elev.   572 ft MSL


EXX

Davidson County


35º46.866'N, 80º18.181'W, Elev.   733 ft MSL
JNX

Johnston County


35º32.457'N, 78º23.422'W, Elev.   165 ft MSL

TDF

Person County



36º17.095'N, 78º59.049'W, Elev.   609 ft MSL

W29

Bay Bridge



38º58.574'N, 76º19.785'W, Elev.     15 ft MSL
W63

Marks Municipal


36º35.748'N, 78º33.609'W, Elev.   421 ft MSL

SUMMARY OF KEY SCIENCE RESULTS

1. Summer 2000 Synoptic Summary

For a summary of the 2000 summer ozone season, including hypertext links to weather products and other potentially useful resources see 

http://www.meto.umd.edu/~ryan/summary00.html 
2. Aircraft-WRAL Tower Comparison:

Profile

Profile Time

Comments on Agreement

(EST)

5W501
0924-0948

Excellent
5W502
1340–1401

Poor (tower ~ aircraft + 25 ppbv)
5W503
1730–1744

Poor near surface (T ~ AC  8 ppbv) and aloft (T ~ AC + 15 ppbv)
5W504
0752–0816

Fair (within 5-10 pbbv)
5W505
1458-1515

Poor (T~ AC + 20-25 ppbv)

It appears 5W5 profiles are not always comparable to WRAL Tower.  This seems worse during the afternoon.  The WRAL tower is situated 15 km from 5W5, and borders a major interstate highway (US-70) The possibility exists that auto emissions contribute to local O3 characteristics.


















