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DUST-DROUGHT NEXUS



More dust with drier conditions today

STANDARDISED PRECIPITATION EVAPOTRANSPIRATION INDEX
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• Unit decrease in 2-
month SPEI 
associated with 
0.22–0.43 µgm−3 

dust increase 



Unprecedented 21st century drought risk in the 
American Southwest 
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Were megadroughts dustier?

MEGADROUGHTS



PART 1
Paleo dust reconstruction

PART 2
Paleo model analysis

PART 3
Paleo model/data comparison



PART 2
Paleo model analysis

• Community Earth System Model
• Last Millennium Experiment
• Dust module
• Megadroughts
• Role of age uncertainty

PART 3
Paleo model/data comparison

• Spatiotemporal comparison
• Dust during megadroughts

PART 1
Paleo dust reconstruction

• Lake network San Juan Mnts
• Grainsize and composition
• Compare to dust-on-snow
• Last 15,000 years
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Routson et al. (2019)
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Dust from lake sediment

Drought from tree-rings

MEGADROUGHTS ALL OTHER YEARS 

(except last 200 years)

NO STATISTICAL 

DIFFERENCE



PART 3
Paleo model/data comparison

• Spatiotemporal comparison
• Dust during megadroughts

PART 1
Paleo dust reconstruction

• Lake network San Juan Mnts
• Grainsize and composition
• Compare to dust-on-snow
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PART 2
Paleo model analysis

• Community Earth System Model
• Last Millennium Experiment
• Dust module
• Megadroughts



DUST = WIND + SOIL MOISTURE + BARE GROUND
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Paleo model
• Bare ground is the 

primary control of 
dust emissions in the 
SW

• Limited influence of 
soil moisture

SOIL MOISTURE

WIND 

BARE GROUND SUITABLE FOR DUST MOBILIZATION

R
EL

AT
IV

E 
IM

P
O

R
TA

N
C

E



SPRING
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Pu and Ginoux (2017)



PART 1
Paleo dust reconstruction

• Lake network San Juan Mnts
• Grainsize and composition
• Compare to dust-on-snow
• Last 15,000 years
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Paleo model analysis

• Community Earth System Model
• Last Millennium Experiment
• Dust module
• Megadroughts
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• Dust during megadroughts



Paleo model and data agree
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Why weren‘t past megadroughts dustier?
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• Errors in differentiating between
dust and locally derived material

• Error in radiocarbon dating

• Transport processes

Paleo data

• Wetter climate than observed

• Does not include all variables
Model



Vegetation and soil crust



Implications
• Paleo data and model agree.

• Weak dust-drought relationship during past megadroughts.

• Main difference between then and now: land disturbance.

• With continued disturbance of crust and vegetation, can expect more 
dust during drought.



Thank you!
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Paleo model dust

Community Earth System Model Last Millennium Experiment

Last Millennium Experiment

Lake network (Arcusa et al. 2019)

Blue Lake (Routson et al. 2019)









Annual reconstruction
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