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Background

MMS, together with the oil and gas industry, 
has collected a variety of meteorological, air 
quality & emissions data for the Gulf of Mexico 
(GOM) region

The data span the years 1988 to present, and 
have been used to support various air quality 
related data analysis and modeling activities

The amount and type of data varies throughout 
the period and a fully integrated assessment of 
the data had not been conducted



Key Objectives of the Data 
Synthesis & Integration Study

Assemble meteorological, emissions & air 
quality data for the GOM region into a coherent 
dataset so that the data can be more fully 
“mined” to

Provide an improved understanding of the 
relationships between meteorology, emissions & air 
quality in the region
Support future regulatory data & modeling analyses 
related to ozone, fine particulate matter (PM2.5) & 
regional haze

Conduct selected air quality data analyses



Project Overview

Key technical elements of the study:
Establish & maintain a Science Review Group (SRG)

Design & develop an integrated database 

Design & conduct basic data analyses that make use 
of the integrated dataset to examine air quality issues 
for the GOM region

Document the study



MMS Data Synthesis 
Study Area & Period

Database includes routine & “special studies” data for 
the period 1990–2004



GMAQDB Datasets

Special Studies Data:
MMS 1993 Gulf of Mexico Air Quality Study 
(GMAQS) data

MMS/OOC Atmospheric Boundary Layer (ABL) data 
(1998-2001)

Breton Area Monitoring Program (BAMP) (2000–
2001)

Emissions data for Gulf of Mexico (2000 and 2005 
Gulfwide offshore emissions inventories)



GMAQDB Datasets (concluded)

Routine Data:
AIRS/AQS ozone, PM10, PM2.5, speciated 
particulates, SO2, & CO for coastal TX, LA, MS, AL 
& FL

IMPROVE data for Breton & other coastal sites

SouthEastern Aerosol Research and 
CHaracterization (SEARCH) data for MS, AL & FL

NWS surface & upper-air meteorological data for 
coastal TX, LA, MS, AL & FL

Meteorological buoy data for the Gulf of Mexico



Overview of MMS Synthesis 
Database Preparation
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GMAQDB Tool

Oracle database includes > 280 million data 
points from more than 1,400 monitoring 
locations (~ 28 GB)
GUI consists of menus, forms & reports 
developed with Microsoft Access 2003
Emissions data features: Retrieve specific 
subsets of the data based on a variety of 
criteria (e.g., platform/non-platform, year,
area, complex ID)

Export data to MS Excel files
Emissions data maps



GMAQDB Tool (concluded)

Monitoring data features: Retrieve specific 
subsets of the data based on a variety of criteria 
(e.g., date range, location, parameter type) 

Export data to MS Excel files
Plots and reports (preview on screen or print)

Data availability summary report
Statistics report (min, max, mean)
Diurnal plots
Time series (single & multiple parameter) plots

Monitoring location maps

Users can load new monitoring data from routine 
datasets (e.g., AQS, IMPROVE & NCDC)











Example GMAQDB
Analysis Products

Buoy 42035

Pensacola



Example GMAQDB
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Data Analyses

Data summaries
Statistical and graphical overview of the 
meteorological & air quality data

CART analysis for the Breton NWA
Classification and Regression Tree (CART) analysis 
to probe the relationships between meteorology, 
PM2.5 and visibility (regional haze)

CART analysis for coastal ozone non-
attainment areas

Examination of the relationships between onshore 
and offshore meteorological conditions and ozone 
air quality in coastal non-attainment areas



Data Analyses (concluded)

Air quality trends analysis
Information on the effects of meteorology & 
emissions changes on onshore 8-hour ozone and 
PM2.5 air quality

Case study analyses (MM5 evaluation)
Comparison of existing MM5 results with the 
special studies meteorological data



Monitoring Sites Highlighted 
in Today’s Presentation

BRETON

42007
GALVESTON

42035

= Ozone, PM2.5 and sfc met = Visibility = Buoy (met)



Monthly Average Diurnal
Profile for Ozone

Typical Profile for 
Coastal Sites
(Pensacola)

Typical Profile for 
Urban Sites

(New Orleans)
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Annual Variations in 1-Hr & 8-
Hr Ozone for 4 Different Areas

Average Max 1-Hr & 8-Hr Ozone
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Annual Variations in PM2.5
for 4 Different Areas

Galveston New Orleans

Pensacola Tampa

 Avg Daily & Avg Maximum PM2.5 by Month
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Average Monthly Rainfall Totals

Average Total Precip
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Annual Average PM2.5
Galveston New Orleans

Pensacola Tampa
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Visibility, PM2.5 & Relative 
Humidity: Breton NWA
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Example Findings from
Data Summaries

Considering regulatory standards, the key air 
quality issue is ozone (many areas have 
design values above the current 8-hour 
ozone standard)

Air quality metrics have some features that 
are characteristic of the GOM region (e.g., 
seasonal & diurnal ozone profiles) or 
common for the southern U.S. (e.g., PM2.5 
predominantly SO4)



Example Findings from Data 
Summaries (concluded)

Air quality values vary among the selected 
areas (due to difference in emissions and 
other geographical/ meteorological factors)

Data suggest that the relationship between 
ozone, PM2.5 or visibility is rather complex 
(no single meteorological parameter or group 
of parameters easily defines this relationship)



Ozone & Wind Distributions 
(Ozone Season): New Orleans

WD N NE E SE S SW W NW
WS (m/s)

<1 60
1-2 72 78 53 67 80 53 58 56
2-3 74 79 56 42 55 52 82 63
3-4 69 72 42 49 52 58 63 82
4-5 69 70 70 56 53 54 73 72
5-6 62 69 53 61 46 44 67 80
6-7 58 63 51 58 46 48 60 50
7-8 54 56 40 46 31 24 55
8-9 45 64 44 68 51
9-10 47 50
>=10 27 48

Surface Winds
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PM2.5 & Wind Distributions 
(Annual): New Orleans

Surface Winds

Calm = 0%
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Effect of Recirculation (Possible 
Gulf Breeze) on Ozone
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Effect of Recirculation (Possible 
Gulf Breeze) on PM2.5

Persistence = index of recirculation = u / | u | 
24-hr average PM2.5: 0.3 to 1.5 ug/m3 greater for days 

with recirculation (possible gulf breeze)
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Classification & Regression
Tree Analysis for Ozone

 
CART 8-Hr Ozone Parameter Importance: 

Average Over All Areas

0 20 40 60 80 100

RECIRC

WD (Upper)

WS (Upper)

T850

DT900

DZ700

CLOUD

RAIN

SLP

PERSIST

WD (Sfc)

WS (Sfc)

RH

TAVG

TMAX

YO3_Reg

YO3_Local

Relative Importance

Important parameters:
Prior day ozone
Relative humidity
Stability
Temperature
Wind direction (sfc & aloft)
Persistence

Classification accuracy 
lower by only 3 percent 

with met only



Classification & Regression
Tree Analysis for PM2.5

Important parameters:
Prior day PM2.5
Wind speed (sfc)
Temperature
Relative humidity

Classification accuracy 
lower by 6 percent 

with met only

 
Average CART Parameter Importance: All Areas
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Classification & Regression
Tree Analysis for Visibility

Important parameters:
Prior day PM2.5
Wind speed (sfc & aloft)
Relative humidity
850 mb temperature

Classification accuracy 
lower by 7 percent 

with met only

 
CART Parameter Importance: All Three Areas

0 20 40 60 80 100

RECIRC

WD (Upper)

WS (Upper)

T850

DT900

DZ700

CLOUD

PRECIP

SLP

PERSIST

WD (Sfc)

WS (Sfc)

RH

TMIN

TMAX

YPM_Reg

Relative Importance



Example Findings from
Data Analyses

Considering all areas 
Higher ozone concentrations occur under 
conditions of low surface wind speeds and W to 
SE winds aloft
Higher PM2.5 concentrations occur under 
conditions of low surface wind speeds and N to E 
winds aloft

The gulf breeze circulation contributes to air 
quality issues along the Gulf Coast



Example Findings from
Data Analyses

CART analysis results indicate that there are 
multiple pathways to high ozone and PM2.5

A key distinguishing factor among different 
types of high ozone days is wind direction

Different mechanisms lead to high PM2.5 
concentrations during different times of the year

Regional build up of PM2.5 important during warmer 
months
Low temperatures, low wind speeds and stability 
important during colder months



Meteorologically Adjusted Air
Quality Trends: Ozone
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0

20

40

60

80

2000 2001 2002 2003 2004

N
o.

 o
f D

ay
s

Actual Adjusted

New Orleans

NW Houston
 # 8-hr Ozone Exceedance Days: Baton Rouge

0

20

40

60

80

2000 2001 2002 2003 2004

N
o.

 o
f D

ay
s

Actual Adjusted

Gulfport

Baton Rouge

 # 8-hr Ozone Exceedance Days: New Orleans

0

20

40

60

80

2000 2001 2002 2003 2004

N
o.

 o
f D

ay
s

Actual Adjusted

 # 8-hr Ozone Exceedance Days: Gulfport

0

20

40

60

80

2000 2001 2002 2003 2004

N
o.

 o
f D

ay
s

Actual Adjusted



Meteorologically Adjusted Air
Quality Trends: PM2.5
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Example Findings from
Trends Analyses

Met adjusted values vary less from year to 
year than actual values

High observed ozone for 2000 and low ozone 
for 2002 attributable to meteorology

Year-to-year trends between 2000 and 2004
Relatively flat for ozone
Slightly upward for PM2.5 for Houston
Downward for PM2.5 for other areas

Trends consistent with slight decreases in 
onshore emissions between 1999 and 2005



Data Synthesis & Integration
Study Documentation

User’s Guide – provides information on 
functionality and features of the tool

Technical Reference Manual – provides 
information on

System requirements
Installation & maintenance of the tool
Oracle database and ACCESS 2003 options

Data Analysis Report (Draft) – summarizes 
methods & results of data analyses
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