15 Years' Application of NASA MODIS Imagery to
Detection and Impact Assessment of

Dust Storms in the Southwest USA
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Downloadable NRT data related to Dust Storms

MODIS 7/ Aqua

......

10.5067/MODIS/MYDO04_L2.NRT.061

MYDO04 12 L2 Aerosol. 5-min Swath 10km 0.16 L2 Aerosol Browse @ | N/A

e L oo o
MYDO9GQ ;iﬁ r:;it Surface Reflectance - Daily 18.82 :ig esczt:;f:cceesrowse :a;.g:wt-a
MYDOIGHK & | L2G Surface Reflectance - Daily 500m®@ | 1827 | N/A :{:‘2’? 43
MYDO9GQK & | L2G Surface Reflectance - Daily 250m & | 2548 | N/A :“7“.‘2’:“'3

10.5067/MODIS/MYDAODHD.NRT.061
MYDAODHD & 001 N/A N/A
= L3 value-added Aerosol Optical Depth L




December 15, 2003: Dust storm turned the
sky brown (or white or grey) over much of
west Texas.

Texas Tech University, Lubbock
Typical day December 15, 2003



First major case study: event of 15 Dec. 2003, ~150 discrete point sources of
dust were identified on a single true-color NASA MODIS satellite image.
Many of these individual point source locations were then visited in the field.
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By visiting satellite-detected dust point sources in the field, we can
Determine what the land use and geomorphology is of actual dust source spots
Learn how these characteristics may differ from other areas where dust didn’t blow as

much or wasn’t evident on satellite

Obtain soil samples to understand the physical and chemical characteristics of dust
source materials for source apportionment and health effects studies

And, of course, get the vehicle stuck, so it qualifies as a traditional field geology project ©




By overlaying the MODIS- identified point sources
with soil and land use data in a GIS, we can
systematize these observations.

JA. Lee et al./Aeolian Research 3 (2012) 459-466
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This was done not only in North America

but throughout the World, Bullard et al., JGR- Earth Surface, 2011
creating a global
classification system

of the land surface,
based on dust emissions.

Chihuahuan Desert, N. America

Lake Eyre Basin, Australia

Takla Makan Desert, China




We can quantify the
relative “dust plume
intensity” of different

land use and soil types.
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Relative emission of dust by land cover category. Number above bars is the
Dust Emission Ratio, percent of dust sources divided by percent area.

Lee et al., Aeolian Research, 2012

Main Geomorphology Code Importance  Area  Area %of
geomorphology sub-division for dust (km?) (%) dust
class emission plumes
Wet la Low 243 il
Ephemeral 1b High-Med o905 28 295
Lakes Dry - 1c Low - - -
consolidated
Dry -non 1d High-Med 3564 1.1 184
consolidated
Armoured, 2a Low - - -
incised
Armoured, 2b Low - - -
. . unincised
ngh Relief Unarmotred, 2c Medium 32 <01 0
alluvial systems . .
/ incised
Unarmoured, 2d Med-High 138728 43.0 | 20.7
unincised
Armoured - 3a Low - - -
incised
Armoured - 3b Medium - - -
. unincised
Lo.w Relief Unarmoured — 3c Low 436 0.1 0
alluvial systems . .
/ incised
Unarmoured- 3d Medium 64683 20.1 120
unincised
Stony surfaces 1 Low 141 <01 05
Sand Sheet 5a Low-Med 7178 2.2 1.8
Aeolian systems Aeolian sand 5b Low-High 9450 29 13.8
dunes
Loess 6 Low-Med - - -
Low emission 7 Low 89090 276 |32
surfaces

Baddock et al., Journal of Maps, 2011



That allows
us to map out
regions of
high,
medium, and
low dust
emission
propensity
over large
areas of the
landscape.
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These maps of ground-based dust emissivity can be geospatially
cross-checked against other MODIS products such as optical depth.
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distribution over 1 x 1° cells showing percentage of cell with geomorphology classed as medium- or high-emission
potential by Bullard et al. [2011]. Numbers 1-4 indicate dust hot spots in text.

Baddock et al., GRL, 2016



This creates the
ability for these
products to

serve as input and
initialization
parameters to earth
system models,
such as
meteorological
models used for
forecasting of wind
storms, and thus
improve prediction
of dust events.
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Much more; geospatial relationships of the locations of dust
plumes to drought intensity (also see Kandakji et al. poster)

Exploring the Relationship between Temporal and Spatial Dynamics of Drought
Intensity and Dust Storm Point Sources in New Mexico, Texas, and Oklahoma

Environmental Science and Engineering, University of Texas at El Pa
Texas Tech University,

2. Data & Methods
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Figure 1

2.2. Methods

2.2 1. Comparison of Areal Graph of Drought I to Freg istribution of
Dust Points: mdmmmmwmwmmm
yearly frequency disinbution of dust points by dassifying the dust poinfs info their respective
states.

2.2.2. Buffer Zone Analysis of Drought Intensity around the Dust Points: fo obfain
Mhstoryforeachdlhewdmpmu.wrdemﬂed neaveddrwgldbtamelto
the dust points using the Ei method, and obtainsd drought infensity at the fime
of the dust event as well as averages for 1-, 2-, and 5- years prior at the dust points and in
regions of 30, 60, and 60 km radius around the dust points.

Distance = y/ (Longpe — Longusoy ) + (Latge — Latyspw )?
223 Apphcanon of Scauerc g and Freg 'y Distrib the scaffer diagram
and fre db different L

dustpmi&wgﬂmﬁawmesnudeltoemmmmbembomdhedaa
2.2.4 Two-Sample Kol Si is Test: this

Geological Sciences, University of Texas at El Paso
Universidad Autonoma de Gudad Juarez,  University of Tulsa.

of spafial and temporal |
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3. Discussion & Results
3.1. Comparison of Areal Graph of Drought Int
of Dust Points

1. Eibedingil , J. Ceniceros , T. Gill

, I. Kandakji , M. Dominguez Acosta , A. Garcia , ). lee ,and ). Li

igeibedingil@miners.ufep.edu

3.2. Buffer Zone Analysis of Drought Intensity around the Dust Points
« For the nearest week. the desert exhibited the drought intensity of 3 and 4 for the buffer distance

from 0 to 60 km. For plains, going from 0 to 100 km leads to the skewness of the frequency

distribution to further to the left

in the 1 year prior to the dust events, the desert experienced a drought intensity of around 1.9
imespective of different spatial scenarios. The plains, similar to the previous temporal extent
consideration, the distribution is totally skewed to the left.

For the 2 years prior, in the desert most of the dust points are associated with the drought intensity
of 1.9 irrespective of different spatial coverages. For the plains, the high density of dust points &
shifted from around 0.1 to around 1.6.

in the 5 years prior, for the desert the dust points are extended from around 0.6 to around 2.2

imov Hypolhesu Test

mdwtmmmmh@e
times scales (greater than 1 year, or 2- 5 years)
= At the shortest time scale, drought has lesser
4 effect on influencing position of dust storm
source points.
= At every temporal and spatial scole the
drought intensities associcted with Southemn
High Plains and Chihuahuan Desert dust points
are significantly different.

4. Conclusnons & Future Developments
We investigated the temporal and spatial effects of drought using U.S. Drought Monitor data. to
gwﬂmﬁwmmofmmminmbﬁonpommzow in New Mexico, Texas, and

drought intensity and for the plains not changes from the previous temporal consideration.
4 14
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and
C'ﬂudaneseﬂandSaﬁlem Plains.

- deu;rpooBmOﬂuMDesmammhl’ghymmmWMMOfmmm
extreme drought while those in the Southem Great Plains span G wider range of drought
conditions.

There were an increased number of dust events om those areas which were expeniencing or
recovering from severe to exceptional drought conditions, especiaily in the Southwestem
Southemn High Plains west and south of Lubbock, G region dominated by non-imigated

cropland.
The effects of drought intensity on dust sources were seen more at large times scales (2 - 5
years), especially in the plains: Gt the shortest time scale (0 - 1 years), drought has  weaker
associgtion with the locations of dust storm initiGtion points.

= Increasing the spatial size of buffer distance around the dust points skews towards stronger
drought conditions in the desert, but weaker drought conditions in the plans.
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D¢ Certer, Whai - Drought?,” 2017. [Onine) Avalalie
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211 A Jee, M. C Baddock, M. 1L Mbuk, and T E Gill, “Geomornphic and land cover characteristics of asolian dust sources in

West Texas and eastern New Mexico, USA” Aeclian Res, vol 3, mo. 4, pp. 459-466, Jan. 2012




Relating MODIS- Based Dust Optical Depth to data from ground based air
quality monitoring networks
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On Wednesday, April 15, 2003, strong winds blew dust from northern Mexico up into the United States,
affecting Texas and New Mexico. In New Mexico at least two people were killed when blowing dust
reduced visibility and caused a multiple car accident. This true-color Moderate Resolution Imaging
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Spectroradiometer (MODIS) of the storm was captured by the Aqua satellite, and it shows the blowing dust

centered in the image.



AMS: Next Tuesday morning at 9:30

nnnnnnnnnnnnnnn

== AMS
wawsTom \V4 L\) Paper #4.5A

. : Amencan
“““““ BESC ] 99th ANNUAL MEETING
INTERMATIONAL | 6-10 January 2019

Estimation of Ground-Level Fine Particulate
Matter using Remotely Sensed Data
Augmenting Air Quality Monitoring

Network Data in the Western United States

lyasu G. Eibedingil® (igeibedingil@miners.utep.edu), Daniel Tong?, Robert S. Van Pelt?, and
Thomas E. Gill*
1. University of Texas at El Paso

2. George Mason University
3. Wind Erosion and Water Conservation Research Unit, USDA-ARS

‘FF P L/GEORGE QSDA
” UNIVERSITY ‘ January08, 2019



This is only scratching the surface

of what has been done...
thanks MODIS and NASA!

* Thanks to many other colleagues,
collaborators and students.

» Support for this work has come from
multiple NASA grants through ROSES, as
well as grants from the US EPA, State of
Texas, NOAA, and other agencies.
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Global frequency of dust derived from MODIS Deep Blue product



