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MOTIVATION

To better understand how land-use change and biomass burning contribute to aerosol concentrations, we also need

information on the underlying aerosol transportation process. Both of the data sources for aerosol concentrations are

incomplete, but we can use them together to make-up for the insufficiency of the individual data sources.

Idea: Use MOZART output to develop a statistical model that describes atmospheric transport, and then use this

statistical model to relate emissions to aerosols.

Basic Strategy:

CONSIDERATIONS FOR THE MODEL

ÅThe space-time dependence structure of aerosol AOD is not constant across space or time. Thus, we need a

nonstationary and anisotrpic space-time statistical model.

ÅAerosol concentrations next to each other will impact each other more strongly than aerosol concentrations further

apart. Aerosols also have a directional movement, thus concentrations will be more strongly affected by those

aerosols moving in their direction. Our model must therefore contain a distributional process to account for this

movement.

OVERVIEW

We are using MISR aerosol optical depth (AOD) data of 17.6 km resolution

optical depth, size and shape of aerosols. Using angstrom component and

single-scattering albedo retrieved from MISR, we want to determine changes in

aerosols over time, particularly to determine the change in the amount of black

carbon aerosols over Southeast Asia due to biomass burnings.

OVERVIEW

MOZART (Model for OZone And Related chemical Tracers) is a numeric model

developed at NCAR, the Max-Planck-Institute for Meteorology, and NOAA/GFDL

designed to simulate the earthôsatmospheric transport. The model output we

used is on a T170 (0.7 deg.) grid with 28 pressure layers (as pressure ŷ,altitude

Ź)every 3 hours. We hope to use transportation information from this simulated

process to make inferences about the actual process we observe with the MISR

AOD data.

ADVANTAGES

ÅComplete data (no missing observations or time steps)

ÅSet desired specifications (specific date, resolution, and emissions)

ÅMultiple atmospheric pressure levels allows a better understanding of the

aerosol transportation process

DISADVANTAGES
ÅActual emissions cannot be used as inputs to MOZART since they are not

observed completely
ÅThe MOZART algorithm is too computationally intensive to run it under various

emissions scenarios in order to ómatchôobserved aerosols patterns, and
ómatchingôis not straightforward given the resolution differences

STUDY AREA 

ÅMainland (peninsular) Southeast Asia

Å93 to 109 E, and from 10 to 25 N

Å5 Countries: Burma, Thailand, Laos, Cambodia, and Vietnam

PHYSICAL GEOGRAPHY 

ÅFragmented mountainous and

semi-mountainous terrain

dominated by steep slopes and

highlands

ÅMonsoon wet season May to

October with heavy rainfall and

flooding; Dry season between

November and March

OVERVIEW

It is increasingly recognized that social and physical processes must be

conceptualized and studied as an integrated system. Land-atmosphere

relationships represent one major class of such integrated systems.

Knowledge of these relationships is more developed for some

phenomena than others. Large datasets exist on the relationship

between land-use change and carbon dioxide (for a summary, see

IPCC, 2001). On the other hand, the information on aerosol production

resulting from land-use change is more limited, including how such

changes will affect aerosol transportation patterns, precipitation states

and efficiency. The Fire-Land-Atmosphere Modeling and Evaluation for

Southeast Asia (FLAMES) Project is focused on exploring the relative

effects of biomass burning (BB) in mainland Southeast Asia on the

levels of carbonaceous aerosols within the region, directly accounting for

the spatial structure of the biomass burning-aerosol relationship given

air transport patterns.

DATA SOURCES

ÅRemote Sensing Data

o MODIS Fire and Thermal

Anomalies Product

o MISR Aerosol Product

ÅNumerical Model Data

o MOZART Aerosol Simulator

STATISTICAL MODEL

where s is a particular location and t is a point in time.

Aerosol Redistribution Process Kernel:

The redistribution kernel can be represented as follows:

whereА(s) andɫ(s) are the mean and covariance matrix of the distributional kernel that are allowed to vary smoothly

in space.
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The figures to the right illustrate

the mean (a) and covariance

(b) of the distributional process

kernel in space. The mean

shows the average direction the

aerosols are moving and the

covariance shows the

correlation length of the space-

time dependence structure.

OBJECTIVES

ÅDevelop a hierarchical Bayesian statistical framework using MISR AOD

data and MOZART Output to study the association between local BB

and regional carbonaceous aerosol concentrations

ÅContribute to the understanding of the implications of current land-use

changes in Southeast Asia given the measured effects of BB in the last

5 years on regional aerosol concentrations

a. b.

STEP 2:

Learn About the Model 

Parameters

STEP 1:

Fit Model to 

MOZART Output

STEP 3:

Refit Model with MISR 

AOD and MODIS Fire 

Occurrence Data

ADVANTAGES

ÅReflect actual emissions

DISADVANTAGES

ÅLarge amount of missing data

ÅData available only on certain days and

certain times

Colors represent contours of black carbon levels:

Red ï8ppb; Green ï4ppb; Blue ï2ppb

http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/
http://www.stat.osu.edu/~flames/

