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UMd Regional Research Strategy

At the University of Maryland College Park (UMd) we are developing a state‑of‑the‑art scientific research tool aimed at a more informed understanding of influences controlling air quality over the mid-Atlantic region of the United States. The Regional Atmospheric Measurement, Modeling and Prediction Program (RAMMPP) involves a number of integrated research elements:

Forecasting. Daily area air quality forecasts for ozone, an important and recalcitrant photochemical pollutant and respiratory irritant, are issued by UMd mid-May through mid-September.

<http://www.meto.umd.edu/~forecaster/ozone_fcst.html
>
Mesoscale Modeling. Year-round daily real-time numerical weather forecasts are produced for the mid-Atlantic area using the Penn State University/National Center for Atmospheric Research mesoscale model 5 (MM5) operating on a triply (36/12/4 km) nested grid with innermost domain centered on the Baltimore-Washington urban corridor 

<http://www.meto.umd.edu/MM5/newrealtime.html>

Measurements. Throughout the region we make observations at selected surface sites of meteorology; selected trace gases; fine particulate chemistry, microphysics and optical properties; in addition to upper air meteorology and chemistry using radiosondes, profilers and an instrumented light aircraft.


<http://www.meto.umd.edu/~bruce/rammpp01.html>

Chemical Transport Modeling. The three elements above are combined in our modeling program using the EPA Models-3/CMAQ framework, constrained and evaluated using assimilated field data.

University of Maryland conducts routine aircraft flights in support of several surface research sites as shown below.
University of Maryland Mid-Atlantic Surface Research Sites
Site


Lat./Long
Elev.

Project

Measurements*


((N / (W)
(m MSL)

Philadelphia, PA

40.04 / 75.00
    40

NE-OPS

A,B,C,D,E,F,G

Fort Meade, MD

39.08 / 76.76
    50

MARCH-Atlantic
A,B,E,F,G
Greenbelt, MD

38.99 / 77.13
    20

NARSTO

C,D

Shenandoah Nat. Pk., VA 
38.50/ 78.43
1100

NARSTO / NPS
A,D,E,G


* A: meteorology; B: RASS/profiler; C: balloon; D: column extinction; E: trace gases; F: aerosol microphysics; G: aerosol chemistry
Our program goal is to develop a better predictive capability for pollution events and severe weather impacting the mid-Atlantic region of the United States by gaining an improved understanding of the role of weather, emissions, and photochemistry on regional ozone and fine particulate haze pollution episodes.  This should improve forecast skill and enable adoption of more effective and efficient pollution control strategies.  In situ (aircraft and surface site) and remotely-sensed measurements play key roles in terms of: understanding better the role of weather/emissions/photochemistry on regional pollution episodes; improving existing ground-level ozone forecasts; evaluation and development of emissions control strategies; evaluating new ozone and particulate standards; and providing initial/boundary condition and model evaluation data.


It is clear from past experimental data and analyses that ozone and haze episodes over the eastern U.S. are regional in nature.  Surface data are usually limited in that they are usually not reflective of planetary boundary layer (PBL) character, pollutant origin and atmospheric transport, although the use of sophisticated statistical tools and sites at elevated locations can often be instructive.  Some important outstanding uncertainties limiting current understanding of pollution events include upper-level transport, diurnal variations in PBL height, nocturnal inversions and low-level jets (LLJ), all of which are observed routinely during summer over the mid-Atlantic and Northeast.  The ability of some current chemical transport model parameterizations to accurately emulate PBL evolution and height, strength and timing of nighttime LLJ, and micro-/meso-scale (1–30 km; time and space scales consistent with the urban corridor) effects are major unknowns.  Despite the critical importance of understanding such commonplace phenomena, and with newly emerging computational technology and methods capable of emulating such effects, there is a severe paucity of upper-air meteorological and chemistry data with which (i) to interpret observed surface station data in terms of PBL dynamics, photochemistry, and pollutant sources, transport, and fates – as well as (ii) to initialize, constrain, and evaluate chemical transport models used for air shed (SIP) planning, ozone/haze episode hindcasting, and investigating regulation/compliance scenarios.

An informed understanding of the dynamics and chemistry of the PBL and lower free troposphere (LFT) requires a combination of continuous operational surface monitoring of meteorological scalars and key trace species, along with lower-atmosphere profiling and intensive instrumented aircraft flights.
URF/UMd Research Aircraft
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The Aztec-F, owned and operated by University Research Foundation – Maryland Advanced Development Laboratory, is designed as a cost-effective small atmospheric research platform.  A key feature is the sampling inlet manifold mounted on the top-center fuselage with inlets for particle, trace gas and meteorological measurements.  Two additional ports are located on the aircraft underside that could support additional inlets, downward-looking radiometers or cameras.  Airframe modifications are FAA approved (Form 337.  Major Repair and Alteration), and the aircraft flies under "Normal" category visual flight rules (VFR).

University Research Foundation/University of Maryland Piper 23-250 Aztec-F N500Z Capabilities

Power plant



2 × Lycoming IO-540-C4B5 (250 hp at 2575 rpm)

Wing span



37.2 ft

Length/Height


30.2 ft / 10.3 ft

Ground speed range


100–150 mph 


Best rate of climb


1500 ft (460 m) min-1
Normal research rate of climb
300–500 ft (90-150 m) min-1 

 100 m min-1 preferred

Absolute ceiling


19,800 ft/6.1 km (supplemental O2 required above 12,500 ft)
Research payload


2200 lb/1000 kg (includes instruments and crew)

Crew




2–3: 1–2 Pilots in front seat(s); mission scientist (rear seat);

 




(additional 1–2 optional) observers (right-front and rear seats)
Research endurance

 
Typically 3.5–4.0 hours

Primary research power

2 x 1000VA inverter (110VAC/60Hz)

Secondary research power

24VDC from supplemental batteries
UMd Instrumentation

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

University of Maryland Aztec-F 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 lower fuselage

Static pressure

10 s

5 mb


transducer (Rosemount 1008)

Probe mounted on upper fuselage 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 on upper fuselage
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 on upper fuselage
Aerosol absorption
1 min

0.9(106 m-1

modified photometric (Rad. Res. PSAP)



Aerosol scattering 
1 min

0.1-0.4(106 m-1

integrating nephelometer (TSI 3563)
(3-( + bscat )



* From 10 s data

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

Temperature and relative humidity are 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 is measured using a Rosemount Model 2008 pressure transducer, capable of 5 mb precision, and calibrated regularly to a laboratory standard.  Pressure altitude is calculated from static pressure using the U.S. Standard Atmosphere approximation, normalized in-flight relative to known surface elevation and ambient static pressure averaged between takeoff and landing locations.

Ozone data are 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 is 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 is 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 is calibrated regularly 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 is 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 subsequent field and laboratory evaluations of 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 is 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 are 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 is 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 are made according to Bond et al. (1999).  The detection limit for S:N=2 is 0.9(106 m-1. Aerosol absorption data are logged as 1-minute averages during research flights using a dedicated data acquisition system.

Light scattering due to aerosol is quantified using an integrating nephelometer (TSI Model 3563) that measures total scatter and backscatter of aerosols at 450, 550, and 700 nm (Anderson et al., 1996).  The nephelometer is calibrated with CO2 and particle-free air each flight day, and corrected if necessary.  Total scattering data are corrected for nephelometer angular non-idealities (Anderson and Ogren, 1998).  At an averaging time of 5 minutes, detection limits for a S:N=2 are, bsp(450) = 0.44(106 m-1 and bbsp(450) = 0.25(106 m-1; bsp(550) = 0.17(106 m-1, and bbsp(550) = 0.09(106 m-1; and bsp(700) = 0.26(106 m-1, and bbsp(700) = 0.18(106 m-1.  Aerosol scattering data are logged as 1-minute averages using a dedicated data acquisition system.
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