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RAMMPP Overview

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/~ryan/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.

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 the RAMMPP forecast and modeling activities listed above and support 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-Northeast
C,D

Wye River, MD

38.92 / 76.15
    10

NARSTO-Northeast
A,E

Shenandoah Nat. Pk., VA 
38.50/ 78.43
1100

NARSTO-Northeast
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 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.

2000 Operational Plans

For 2000 flight plans – conducted mostly on forecast high ozone/haze days – investigated the following:

1. the role of westerly transport in observed air quality over Maryland – specifically the Baltimore-Washington (B-W) urban corridor, by characterizing the early-morning chemical character of the atmosphere in the vertical along Maryland’s western boundary, where sources from industrialized regions to the west and south are expected to contribute, and subsequently surveying the vertical physical and chemical character of the lower atmosphere at other locations further east later in the day over and downwind of the B-W corridor where dynamical and photochemical transformations and urban area input might have occurred.

“Westerly Transport”
Research Flights, (RF): 01–11

2. the representativeness of wind profiler with Radar Acoustic Sounding System (RASS) with respect to regional atmospheric dynamics and vertical chemical structure – specifically performing vertical soundings (constant geographic position spirals) near the Fort Meade, MD MDE-ARMA PAMS site and comparing profiler retrieved winds and virtual temperature with aircraft results and calculated backward trajectories.
“Profiler Evaluation”
RF: 02, 04, 06, 08, 10–12
UMd Aircraft

[image: image1.jpg]



The Aztec-D 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.  An additional port is 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 "Restricted" category visual flight rules (VFR).

Aerosource Inc./University of Maryland Piper 23-250 Aztec-D 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
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: Pilot (left-front seat); mission scientist (rear seat);

 





(additional 2 optional) observers (right-front and rear seats)

Research endurance

 
Typically 4–4.5 hours

Primary research power

1600VA rotary generator (110VAC/60Hz)
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-D 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 between sampling inlets on upper fuselage

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)



* 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.

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.

RAMMPP 2000 Research Flight Summary
Introductory Nomenclature


This section describes airports relevant to the 2000 study.  Vertical survey spirals were performed above airports with a “missed approach” to the airport runway (usually about 15-20 ft AGL) at the low-altitude end of the spiral.  To assist reader interpretation of the flight summaries, each airport is listed, along with position (lat./long.) and elevation (in feet above MSL). 

1.  AM Airport code for “Westerly Transport” Flights (layover for lunch at CBE):

W29
Bay Bridge (Stevensville, MD)


38(58.754'N
76(19.785'W
(  15 ft MSL)

W45
Luray Caverns (Luray, VA)



38(40.024'N
78(30.035'W
(902 ft MSL)

OKV
Winchester Regional (Winchester, VA)

39(08.616'N
78(08.663'W
(727 ft MSL)

CBE
Greater Cumberland Regional (Cumberland, MD)
39(36.930'N
78(45.649'W
(776 ft MSL)

2.  PM Airport code for “Westerly Transport” Flights (layover for lunch at CBE):

CBE
Greater Cumberland Regional (Cumberland, MD)
39(36.930'N
78(45.649'W
(776 ft MSL)

FME
Tipton AFB (Fort Meade, MD)


39(05.073'N 
76(45.596'W
(140 ft MSL)

ESN
Easton Newman (Easton, MD)


38(48.295'N 
76(04.160'W
(  74 ft MSL)

W29
Bay Bridge (Stevensville, MD)


38(58.754'N
76(19.785'W
(  15 ft MSL)

3.  The following aeronautical charts are useful for following this summary document:


CG-21 World Aeronautical Chart, US Dept. Comm. NOAA, Washington, D.C.


Washington Sectional Aeronautical Chart, US Dept. Comm. NOAA, Washington, D.C.


Baltimore-Washington VFR Terminal Area Chart, US Dept. Comm. NOAA, Washington, D.C.

4.  "[ ]" indicates approximate spiral depth (lowest AGL-highest MSL, in thousands of feet, Kft) over airport pattern.  x < y indicates ascending spiral; x > y descending spiral.

5.  Performed altitudes quoted below are estimates above MSL, unless stated otherwise.  

6.  Research flight (RF) times given below are "takeoff-land" and in universal time (UTC).

Specific Flight Summaries


During summer 2000 under this project, 33.9 research flight hours were flown in twelve (12) research flights over six (6) flight operational days.  Details follow, along with a brief general narrative taken from the Mission Scientist post-flight summary notes. 
Thursday 06/08/2000
Mission Scientist:
Bruce Doddridge
RF‑01
1226-1602
216 minutes (min)

AM Flight track:
W29 ‑ W45[9.5–0.02] ‑ OKV[0.02–9.5] ‑ CBE[9.5–0.02] - CBE
Summary:  Moderate haze, visibility (vis) in planetary boundary layer (PBL) ~15 miles (mi).  Highest O3 ~80 ppbv in free troposphere (FT) over W45 and CBE.  In PBL O3 ~65 ppbv throughout.  Elevated SO2 at 9.0 Kft over W45 with moderate CO (stationary source?)

Equipment:  Performed OK.

RF‑02
1714-2007
173 min

PM Flight track:
CBE - CBE[0.02–9.5] ‑ FME[5.5–0.05] ‑ ESN[0.02–8.5] – W29
Summary:  Moderate haze, PBL vis ~10-15 mi.  Highest O3 ~75 ppbv in PBL over FME

Equipment:  CO instrument ran a bit noisy last half of PM flight (turbulence).

Friday 06/09/2000

Mission Scientist:
Bruce Doddridge
RF‑03
1210-1525
195 min

AM Flight track:
W29 ‑ W45[9.5–0.02] ‑ OKV[0.02–9.5] ‑ CBE[9.5–0.02] - CBE
Summary:  PBL haze thickening but still high moderate, PBL vis ~10-12 mi.  Highest O3 ~100 ppbv at 5.5-6.0 Kft over OKV and CBE (remnant FT transport?).  Elevated SO2 at 8.5-9.0 Kft near W45 and ~5.5 Kft over OKV and CBE.

Equipment:  PSAP (Bap) data acquisition failure on takeoff.  Fixed in flight and no spiral data lost.  CO instrument ran intermittently noisy.

RF‑04
1700-1945
165 min

PM Flight track:
CBE - CBE[0.02–9.5] ‑ FME[9.5–0.03] ‑ ESN[9.5–0.02] – W29

Summary:  Haze moderate-high, PBL vis ~8-10 mi.  Elevated SO2 at ~6.5 Kft over CBE (stationary source?).  O3 ~100 ppbv surface(sfc)-5.5 Kft over CBE.  O3 ~120 ppbv near sfc over FME.  O3 ~150 ppbv at 2.0 Kft for entire transect (30 mi) ESN–W29.

Equipment:  CO instrument ran intermittently noisy.  Reduced by enhanced cooling.

Saturday 06/10/2000

Mission Scientist:
Bruce Doddridge
RF‑05
1159-1516
197 min

AM Flight track:
W29 ‑ W45[9.5–0.02] ‑ OKV[0.02–9.5] ‑ CBE[9.5–0.02] - CBE
Summary:  More PBL haze than 06/09, PBL vis ~10 mi.  O3 70-100 ppbv on PBL over W45, OKV and CBE.  O3 60 ppbv at 9.5 Kft throughout western MD.  Elevated SO2 in PBL over CBE but no layers observed above ~6.0 Kft.

Equipment:  CO instrument ran intermittently noisy.

RF‑06
1659-2004
185 min

PM Flight track:
CBE - CBE[0.02–9.5] ‑ FME[9.5–0.02] ‑ ESN[9.5–0.02] – W29

Summary:  Haze moderate-high again, slightly worse than 06/09 with PBL vis ~8 mi.  High SO2 sfc-6.0 Kft over CBE, sfc-5.5 Kft over FME, and sfc-3.0 Kft and a layer ~5.5 Kft over ESN.  O3 90-100 ppbv in PBL over CBE.  O3 130-145 ppbv in PBL over FME.  O3 ~120 ppbv sfc-2.0 Kft over MD Eastern Shore (less O3 than 06/09).

Equipment:  CO instrument ran intermittently noisy.
Sunday 06/11/2000

Mission Scientist:
Bruce Doddridge
RF‑07
1200-1522
202 min

AM Flight track:
W29 ‑ W45[9.5–0.02] ‑ OKV[0.02–9.5] ‑ CBE[9.5–0.02] - CBE
Summary:  O3 ~80 ppbv in PBL over Baltimore-Washington (B-W).  Haze worse than 06/10 over western MD, PBL vis 6-8 mi.  O3 80-90 ppbv in the PBL over western MD.  Again generally elevated SO2 in PBL over western MD.

Equipment:  CO instrument ran intermittently noisy.

RF‑08
1701-2000
179 min

PM Flight track:
CBE - CBE[0.02–9.5] ‑ FME[9.5–0.02] ‑ ESN[9.5–0.02] – W29

Summary:  O3 ~100 ppbv in PBL throughout over B-W corridor.  Haze marginally less than 06/10 over B-W, PBL vis 8-10 mi.  O3 ~120 ppbv at 1-3 Kft over and east of FME.  O3 90-100 ppbv sfc-2.0 Kft over MD Eastern Shore.

Equipment:  CO instrument ran intermittently noisy.

Thursday 06/08/2000 – Sunday 06/11/2000 Summary
06/08 certainly a "setup" with moderate O3 but demonstrating westerly transport of pollution operative.  06/09 indicated continued W transport into the B-W region, along with remnant O3.  PM buildup of O3 to unhealthful levels.  06/10 under strong ridging the PBL over western MD showed large reservoirs of SO2 in the valleys and PBL, but less lower FT layering observed than yesterday (strong subsidence?).  Haze and visibility impairment were marginally worse.  Significant remnant O3 over western MD and values near or in excess of the 1-hr NAAQS observed throughout the PBL over and west of the B-W corridor.  06/11 showed slightly less haze than 06/10 with generally better air quality with respect to O3.  Stationary source signatures over western MD were maintained throughout the four-day period.

Sunday 07/09/2000

Mission Scientist:
Bruce Doddridge
RF‑09
1216-1554
218 min

AM Flight track:
W29 ‑ W45[9.5–0.02] ‑ OKV[0.02–11.5] ‑ CBE[11.5–0.03] - CBE
Summary:  Cloud cover ~20% high alt Ci, with moderate vis in PBL ~10 mi.  Attempted higher spirals at MD western boundary to try and observe again the interesting pollution layers >9 Kft observed in June.  Highest O3~70-80 ppbv in PBL over western MD, with 60 ppbv O3 consistently in the FT.  Throughout the Shenandoah Valley and over CBE was characterized by high CO, SO2 in the PBL, particularly below about ridgeline level (trapped emissions)?  No conclusive evidence of major westerly pollution transport observed, although some enhancements were noted in the FT over OKV. [Note: The synoptic conditions were not really consistent with maximum probability of this, anyway]  This was the first flight of the GWU spectroradiometer that performed well throughout the flight (see summary below).  Of interest to our National Park Service Colleagues, specifically included was a low-altitude pass over Shenandoah National Park near Thornton Gap.

Equipment:  O3 instrument malfunctioned above 10 Kft.

RF‑10
1741-2051
190 min

PM Flight track:
CBE - CBE[0.03–9.5] ‑ FME[9.5–0.02] ‑ ESN[9.5–0.02] – W29

Summary:  Lower atmosphere Cu cloud cover at ~50% showing some vertical development.  Highest observed O3 100-110 ppbv throughout PBL over FME and at the near surface level over the MD Eastern Shore near W29.

Equipment:  Performed OK.

New Measurement Report (from D.O. Fuller, GWU Geography Dept, 202-994-8073, dfuller@gwis2.circ.gwu.edu):  An ASD VIS/NIR spectroradiometer (330-1050 nm spectral range, 2-3 nm spectral resolution) was used to acquire upwelling radiance measurements from the surface.  755 spectra were collected over water, vegetation, and suburban areas as raw digital numbers during RF-09 and RF-10.  These spectra are converted to radiance and reflectance in order to investigate the influence of O3 and absorbing aerosols on crop and forest spectra.

Monday 07/10/2000

Mission Scientist:
Bruce Doddridge

A passage of a warm front overnight rendered a repeat of the July 9 plan of limited usefulness.  Although conditions were likely to become unstable it was decided to perform several regular survey spirals over the MDE-ARMA PAMS site at FME during the day while weather conditions allowed Visual Flight Rules (VFR) flight.

RF‑11
1152-1258
66 min

AM Flight track:
W29 ‑ FME[0.02–4.5] – W29
Summary:  PBL vis ~5 mi with haze.  Cu with 5.0 Kft base and scattered 5% Ci aloft.  O3 was ~75 ppbv and ~65 within the PBL and lower FT over FME, respectively.  Some SO2 observed in the lower FT, possibly transported.

Equipment:  Performed OK.

RF‑12
1720-1808
48 min

AM Flight track:
W29 ‑ FME[0.02–4.5] – W29
Summary:  Weather conditions deteriorated rapidly with Cu buildup over the B-W corridor during the afternoon.  This flight was cut short due to conditions degrading below VFR over FME.  O3 in the PBL over FME was quite constant at ~85 ppbv, and ~100 ppbv at 1.0 Kft over the Chesapeake Bay E of Annapolis, MD.

Equipment:  Performed OK.
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