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Ecosystem Health and Dust Emission Hotspots

Field et al. 2010



Ecosystem Health and Dust Emission Hotspots

Soil Erosion
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Ravi et al. 2011
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60cm

Ecosystem Health and Dust Emission Hotspots

60 cm of soil loss in a single wind event in the 

San Joaquin Valley, CA (Wilshire et al. 1981)

Photo by Sam Chase Wind speeds 

> 70 mph

Dec. 20, 1977

Fenceline



60cm

Ecosystem Health and Dust Emission Hotspots

Neff et al., JGR-Atmosphers, 2013 

March 14-28, 2011

Back Trajectory Analysis –

NOAA Hysplit Model

San Juan Mountains, Colorado, 19 May 2009

Photo courtesy of T. H. Painter

Field et al., Front. Ecol. Envniron., 2010 

Dust on 

snow



Painter et al. Geophys. Res. Let., 2010albedo = 0.72

albedo = 0.43

Photo: T. Painter



Characterizing Dust Emission Hotspots



Characterizing Dust Emission Hotspots

Lee et al. 2012

6:05 pm Apr 6, 2006

7:40 pm Apr 6, 2006

Amarillo

Lubbock

Roswell

27 erosion events were visible on 

MODIS satellite images from 2001-09. 

625 point sources were located.



Characterizing Dust Emission Hotspots

Lee et al. 2012

Amarillo

Roswell

Land cover

class

Area 

(%)

Dust 

hotspots 

Shrubland 31.8 104

Grassland 30.7 126

Cropland 32.7 359

Other 4.8 36

27 erosion events were visible on 

MODIS satellite images from 2001-09. 

625 point sources were located.



Photo: H.C Monger

Most probable locations and conditions for dust emission 

hotspots (from Gillette 1999):

1. Unvegetated and free of gravel

2. Sandy sediments 

3. Long fetch length

4. Smooth surface roughness (z0)

5. Disturbed sediment

6. Lacking soil moisture/aggregates  

7. Thick sediment deposits

8. Strong meso-scale winds

9. Topographically-forced wind convergence

* As reported by the Arizona Department of Transportation 

Data compiled by S. Munsen

Characterizing Dust Emission Hotspots

Central Valley, CA



P
o

te
n

ti
a
l 

d
u

s
t 

e
m

is
s
io

n
s
 

Potential contaminant concentration in dust 
Low High

H
ig

h
L

o
w

High

Low

Med

P
o

te
n

ti
a
l 

ri
s

k
 t

o
 h

u
m

a
n

 h
e
a

lt
h

  

a
n

d
 t

h
e
 e

n
v
ir

o
n

m
e

n
t

Forests

Rangelands 

& 

Grasslands

Dune Fields 

& Playas

Deserts & 

Shrublands

Natural 

Disturbances

Intensively 

Managed 

Ecosystems 

Desertified

Lands

Active Mine 

Tailings

Mining 

Operations
Construction

Dirt Roads 

& ATVs

Croplands &  

Agricultural 

Systems

Active  

Landfills

Capped 

Landfills

Remediated 

Mine 

Tailings

Feedlots & 

Abandoned 

Croplands

Natural

Anthropogenic

Natural and Anthropogenic Sources of Dust

Csavina et al. 2012



 Study site:  Santa Rita                          

Experimental Range, AZ

 Annual precipitation: 350 mm

Driest 9 months on record (<20 mm)

Dust Emission Hotspots: Land Use and Climate
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Dust Emission Hotspots: Land Use and Climate



Fire, Grazing, Drought
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Dust Emission Hotspots: Land Use and Climate
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Dust Emission Hotspots: Land Use and Climate

Woody Plant Canopy Cover (%)

Grassland Shrubland Woodland      Forest



Dust Emission Hot Spots: Las Cienegas NCA, Arizona

Annuals

Perennials  

& Shrubs

Mixed



Bare areas

Vegetated

Intermediate

Dust Emission Hot Spots: Las Cienegas NCA, Arizona
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Dust Emission Hot Spots: Las Cienegas NCA, Arizona
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Dust Emission Hot Spots: Las Cienegas NCA, Arizona
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Dust Emission Hot Spots: Las Cienegas NCA, Arizona
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Dust Emission Hot Spots: Las Cienegas NCA, Arizona
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Bare areas

Vegetated
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Dust Emission Hot Spots: Las Cienegas NCA, Arizona



Sacaton grassland soil salinity: Preliminary results

EC = 0.74

EC = 2.7

EC = 1.1

EC = 0.40

EC = 0.71

EC = 2.4

EC = 0.75

EC = 0.33

Bare ground

Sacaton cover > 50%

EC = dS/m



Na concentration in soil: Preliminary results

Na = 4

Na = 29

Na = 7

Na = 8

Na = 2

Na = 114

Na = 5

Na = 2

Bare ground

Sacaton cover > 50%

Na = ppm
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H
o
u
rs

Seeds
Buffalo grass (BG)

Arizona fescue (AF)

Quailbush (QB)

Mountain mahogany (MM)

Mesquite (MQ)

Catclaw acacia (AC)

Treatments 
1 15% Compost + Seeds

2 15% Compost + No seeds

3 20% Compost + Seeds

4 20% Compost + No seeds

5 10% Compost + BG & MQ

6 Unamended Control

Iron King Superfund Site at Dewey-Humboldt, Arizona

Photo: Juliana Gil-Loaiza



METHODOLOGY -Canopy Cover-
Methodology

Results for Passive Dust Samplers (Phase I)



METHODOLOGY -Canopy Cover-
Methodology

Results for Passive Dust Samplers (Phase II)
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Results for DustTrak Samplers (Phase I)
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Dust Emission Hot Spots: Playas

Pelletier and Field 2015
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* ln
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Law of the Wall

u(z) = fluid velocity at height z above the bed

u* = shear velocity

κ  = von Kármán constant (0.41)

Z0 = roughness length

Pelletier and Field 2015

Dust Emission Hot Spots: Playas



Dust Emission Hot Spots: Playas
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Law of the Wall

New equation for predicting Roughness

Length (z0) over multi-scale topography

Deviation from the Law of the Wall

Predicting Sediment Transport: Dust Models

Measured z0 values vs. predicted
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