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Why do we care about dust deposition?
❑ Dust deposition is crucial for understanding the dust impacts on ocean 

biogeochemical cycle and climate change.



Why do we need satellite remote sensing?
Satellite remote sensing has clear advantages in spatial and 
temporal coverages: routine 3-D observations on regional or 
global scales over decades
❑  Dust deposition is highly heterogeneous in both time & space.
❑  In situ observations are scarce & over short periods, esp. in 

remote oceans.
❑  Model simulations remain very uncertain.

 Most of dust processes are highly parameterized without adequate obs. constraints, 
e.g., scavenging, emissions.
Data assimilation, being widely used to constrain aerosol loading in the atmosphere 
(e.g., AOD), does not constrain the dust deposition.



o Dust particles are  
large in size & 
irregular in shape.

 
o We use 

satellite-measured 
particle size & 
shape parameters to 
derive dust

Sensor Technique Observables Methods

MODIS multi-spectral
AOD & particle 
size

Yu et al. (2009) 
 Ginoux et al. (2012)

IASI/AIRS thermal IR
AOD at 10 𝜇m & 
height info

DOD=AOD at 10µm

IIR/CALIOP thermal IR AOD at 10 𝜇m Zheng et al. (2021)

CALIOP
polarization 
lidar

Vert. profiles & 
particle shape

Yu et al. (2015a,b)

MISR
multi-angle, 
multi-spectral

AOD & particle 
shape

Non-spherical AOD
(low bias over land)

size-b
ased

shape-
based

Caveat:
Dust-pollution internal mixture could have large size but spherical shape. 
The size-based methods count it as dust, while the shape-based methods may 
count it as pollution. MODIS IASI

How do we measure airborne dust from space?



Climatology (2007-2016) of  Dust Optical Depth 
CALIOP     MODIS     MISR IASI

Yu et al. (JGR, 2019)



Basin-Scale Comparison of DOD
                     shape-based vs. size-based

Shape-based DOD (MISR, CALIOP) is 25-28% smaller than MODIS 
size-based DOD.
This difference is consistent with different treatments of dust-pollution 
mixture.



Estimates of Dust Deposition from Satellites
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One satellite snapshot of dust plume doesn’t 
tell us how much dust is deposited.

MODIS/Aqua AOD, December 1, 2019

DOD ≠ Deposition

Dust deposition is 
determined by DOD 
gradient, when there is no 
dust source along the 
transport route. 

The method can be applied 
to oceans, but not deserts.

CALIOPCALIOP
MODIS
MISR
IASI



Satellite-based Dust Deposition Climatology
CALIOP MODIS IASIMISR

Yu et al. (JGR, 2019)
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Comparison with in-situ climatology

Yu et al., “Estimates of African dust deposition along the trans-Atlantic transit using the decade-long record of aerosol 
measurements from CALIOP, MODIS, MISR, and IASI”. J. Geophys. Res., 2019.

sediment traps

65-83% of satellite-based estimates agree with in-situ climatology within a 
factor of 2.
Differences are larger near the African coast than in remote region.
On average, in-situ data are ~20% larger than satellite-based estimates.

Locations of in situ observations



Caveats / Limitations
•Distinguishing dust from other aerosol species has larger uncertainties 
than the retrieval of total aerosol (e.g., internal mixing).
•Dust deposition can only be derived at relatively coarse spatial and 
temporal resolutions (monthly & 200km x 500km); impossible for 
daily and finer spatial resolution.
•Assumptions are needed to convert optical quantity to dust mass (e.g., 
MEE).
•Dust deposition is just a first order quantity for studying response of 
ocean ecosystems to aeolian dust deposition, because satellites don’t 
tell how much bioavailable nutrients are contained in dust.
•Satellite measurements are not sensitive to whole spectra of dust size 
(e.g., super coarse/giant particles).



(a) Satellite - 2010 (b) Satellite – 10yr ave. (c) DustCOMM - PM20

(d) DustCOMM - PM10

(m) BCC-CUACE

(f) EC-Earth3(e) CAM5-ATRAS
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(t) ECMWF-CY46
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(q) GISS-MATRIX
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(u) INCA-4DU(s) OsloCTM3

(k) SPRINTARS (l) TM5
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Evaluating 
models [1]
 - dust 
deposition



o Comparison of dust deposition (or DOD) doesn’t tell full story about model 
deficiencies, because emissions & removals collectively play the role.

o A further look into dust loss frequency allows to separate emissions from removals.

 

Evaluating 
models [2]
 - dust loss 
frequency



Evaluating models [3]
 - what factors cause 
high bias in the 
modeled dust loss 
frequency?

- rainfall
- vertical profile
- scavenging

rainfall Vertical profile



Perspectives from Future Satellite Missions
•EarthCare – profiling vertical distributions of dust (filling potential gaps 
after CALIPSO decommission) 

•PACE – improving dust characterization through its multispectral and 
polarization measurements 

•EMIT – providing soil minerology, which can be used to constrain nutrients 
associated with dust deposition

•AOS (formally A-CCP) – improving 3-D dust characterization with 
advanced measurements from polarimetry and lidars  


