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RadiaGve	Effect	of	Dust	

troposphere through ascending motion,
accompanied by a quick descending. For
example, a dense dust layer was
observed above 5 km during a dust event
from 14 to 17 March in the Yangtze River
Delta [J. Liu et al., 2011a]. Dust aerosols
originated in northwestern China can
significantly enhance seasonal mean
aerosol extinction near the surface and at
higher altitude in spring in the Yangtze
River Delta [Liu et al., 2012].

To capture direct evidence of the impacts
of dust aerosols over Asian arid and semi-
arid regions, dust samples collection
along dust pathways and observations
have been made at a few highly
instrumented supersites and mobile
facilities (see Figure 1b). The Semi-Arid
Climate and Environment Observatory of
Lanzhou University (SACOL) established in
2005 [J.-P. Huang et al., 2008a; Guan et al.,
2009; Z. Huang et al., 2010; Bi et al., 2010;

G.Wang et al., 2010] is an international long-term climate observatory located in the inland of loess and close to
the major source regions of Asian dust—the Gobi Desert. In addition, extensive studies concerning Asian dust
and anthropogenic aerosols were conducted during two field experiments: the East Asian Studies of
Tropospheric Aerosols: An International Regional Experiment (EAST-AIRE) [Li et al., 2007a] and the East Asian
Studies of Tropospheric Aerosols and its Impact on Regional Climate (EAST-AIRC) [Li et al., 2011a]. In the EAST-
AIRE, the properties and climate effects of dust aerosols over their source regions in northern and western
China [J.-P. Huang et al., 2010; W. Wang et al., 2010] and over downstream regions as far as across the Pacific
[Guo et al., 2010; C. Li et al., 2010a, 2010b; Liu et al., 2010; Logan et al., 2010] were investigated. Based on these
measurements, several studies were carried on concerning dust properties [Wang and Huang, 2009; Sun et al.,
2010; K. Huang et al., 2010; Fu et al., 2010; Hansell et al., 2012], radiative forcing of dust aerosols [Ge et al., 2010],
and direct and indirect effects of mixtures of dust and anthropogenic aerosols on regional climate [Qian et al.,
2009; Gu et al., 2010; S.-H. Wang et al., 2010; L. Zhang et al., 2010; J. Liu et al., 2011a; Fan et al., 2012].

As will be discussed below, the vertical distribution of dust aerosols can be an important factor determining
their radiative effects. Besides observations using lidar from ground and space, however, there are very
few aircraft measurements of aerosols over the deserts in East Asia. The data from the EAST-AIRE aircraft
campaign over northern China during the dust season in spring 2005 helped to reveal elevated dust layers
above the boundary layer downwind of the major dust source regions [Dickerson et al., 2007; Li et al., 2012].

3. Direct Radiative Effect

Direct radiative effect (DRE) of dust is defined as the effect of all anthropogenic and natural dust aerosols
on the radiative flux at the top of the atmosphere and at the surface, and on the absorption of radiation
within the atmosphere (Figure 3), which are determined by the aerosol optical depth (AOD) or extinction
coefficient, the single-scattering albedo (SSA), and the asymmetry parameter or phase function. In addition,
heating rate of dust aerosols is also used as an index to estimate dust DRE.

3.1. Radiative Forcing

Figure 4 summarizes dust RFs from several studies in different climate regions. On the global scale, estimate
of the annual mean DRE of mineral dust is !0.1Wm!2 with the uncertainty range from !0.3Wm!2 to
0.1Wm!2 [IPCC, 2013]. A study by H. Zhang et al. [2010] and L. Zhang et al. [2010] reported that the global
annual mean direct forcing is!0.4,!1.46, and +1.86Wm!2 at the top of atmosphere (TOA), the surface and
within the atmosphere, respectively. Reddy et al. [2005] estimated that the global annual mean all-sky

Figure 3. A schematic depiction of the direct radiative effect of
dust aerosols.
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Impacts of mineral dust – Deposition on ice

� Surface impurities including dust explain 73% of the observed spatial variability in albedo and are responsible for 
the Greenland dark zone itself [Ryan et al,. 2018].

� Greenland Ice Sheet albedo has declined substantially in recent decades due to the increase in the deposition of 
light-absorbing impurities, particularly dust and black carbon [Tedesco et al., 2014].
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The	indirect	effect	of	dust	as	cloud	condensaGon	nuclei	and	biogeochemical	effect	
of	dust	as	nutrient	are	not	considered	in	the	work	presented	herein 
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Last	Glacial	Maximum	and	Holocene	

drives a weak global annual temperature response in the Holo-
cene comparable to or weaker than the total trend (∼0.5 °C), and
their sum (Fig. 2 A–C, gray) largely reproduces the warming
trend under the full forcing (Fig. 2 A–C, black). As expected, the
warming trend in the Holocene is forced mainly by the retreating
ice sheet (Fig. 2 A–C, green) and the rising GHGs (Fig. 2 A–C,
orange). The discrepancy between the cooling trend in data and
the warming trend in models reflects the Holocene temperature
conundrum, and demands a critical reexamination of the global
annual temperature trend in the Holocene in both the data
and model.

Uncertainty in Temperature Reconstruction
We first examine if the cooling trend in M13 could be attributed
partly to biases in the temperature reconstruction, in particular,
the sea surface temperature (SST). Previous studies have sug-
gested significant uncertainty in annual mean SST recon-
structions because of the diverging trends between the alkenone-
based SST and Mg/Ca-based SST (12, 13). This uncertainty is
particularly problematic for the Holocene because of the small
changes of annual SSTs in this period. Indeed, in the Holocene,
alkenone reconstructions from the eastern tropical Pacific Ocean
and South China Sea show SST warming from the Early to Late
Holocene (13), whereas the Mg/Ca reconstructions from the
western Pacific warm pool show a cooling trend (14). In the
North Atlantic, alkenone reconstructions suggest a strong cool-
ing trend through the Holocene, whereas Mg/Ca reconstructions
show relatively stable SST or a slight warming (13). In the few

available records from the Southern Hemisphere, both proxies
suggest SST cooling in the Early Holocene (15, 16). These
discrepancies are likely related to the different ecological (e.g.,
depth habitat) and seasonal (e.g., production season) biases of
the proxy carriers, as well as the regional distribution of the
different proxy records (12, 13, 17). Therefore, the true annual
SST trends in these regions remain unclear. To test the potential
impact of this seasonal bias on the cooling trend, we construct
an artificial seasonally biased global temperature stack in our
models. This biased stack samples the surface air temperatures
from the models in annual mean and the seasons suggested by
the original authors, except over the Northern Hemisphere
ocean sites, where the SST takes the boreal summer season (Fig.
S1 and SI Text 2). It is interesting that the biased stack reverses
the global warming to a cooling (Fig. 1, red) and bears some
resemblance to the M13 reconstruction. A further examination
shows that this global cooling trend in the biased global stack is
associated mainly with the summer bias in the Northern Hemi-
sphere. Fig. 3 shows the temperature evolution in the Holocene
averaged over the globe, Northern Hemisphere (30–90° N),
tropics (30° S–30° N), and Southern Hemisphere (90–30° S). The
global cooling trend (Fig. 3A) is contributed overwhelmingly by
a large cooling trend (1 °C) in the Northern Hemisphere in both
M13 and the biased model stack (Fig. 3B). Physically, in the
Northern Hemisphere, the seasonal insolation changes by over
∼10% throughout the Holocene and is the dominant forcing for
the trend of seasonal and regional temperature; a similar strong
cooling trend in summer temperature has been produced in
climate models over large areas of the Northern Hemisphere
(3, 5). We also tested other biased schemes in the model and
found that the cooling trend in the biased stack is caused mainly
by replacement of the annual SSTs by the summer SSTs in the
sites of alkenone in the Northern Hemisphere (Fig. S2). From
the data perspective, these alkenone-based SSTs are the proxies
of the five largest cooling trends in the M13 proxy stack. The
removal of these five SSTs leads to no net cooling from the Early
to Late Holocene in the data, whereas the removal of about half
of the cooling sites leads to virtually no cooling trend left even
after the Mid-Holocene (Fig. S3). This indicates that the cooling
in the entire Holocene is very sensitive to the few alkenone-
based SSTs in the Northern Hemisphere, whereas the cooling
after the Mid-Holocene appears to be much more robust in
the data.
It should be noted, however, that the seasonally biased stack,

although improving the model-data discrepancy of temperature
trend in the global mean, does not improve model-data in-
consistency significantly across individual sites. The spatial cor-
relation of the temperature trends across the 73 sites of M13
stack between the data, and the ensemble model temperature for
the seasonally biased stack (0.01) is not significantly different
from that for the annual temperatures (−0.16) (Fig. S4, Table S1,
and SI Text 3). These poor spatial correlations across sites reflect
the much larger data-model discrepancy at individual sites as
studied in previous works (18). Therefore, despite the significant
differences of the SST trends in different regions and across
different proxies, averaged over the globe, or simply in the
Northern Hemisphere, the seasonal bias of SSTs can poten-
tially contribute to a systematic cooling trend in the M13 re-
construction (SI Text 1).
In addition to the SST reconstruction discussed above, the

Holocene annual cooling trend has been inferred in terrestrial
proxies (Fig. S1), although there has been no systematic study on
potential seasonal biases across different types of terrestrial
records. The terrestrial temperature in the M13 stack shows
a cooling evolution similar to the global, a significant portion of
which, however, is indicated with summer biases [figure S11 and
table S1 of M13 (1)]. Annual temperature inferred from bore-
hole temperature in Greenland ice cores tends to show a cooling
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Fig. 1. Evolution of the global surface temperature of the last 22 ka: the
reconstructions of M13 (1) (blue) after 11.3 ka and by Shakun et al. (11)
(cyan) before 6.5 ka, the model annual mean temperature averaged over the
global grid points (black), and the model seasonally biased temperature
averaged over the proxy sites (red). The models are the CCSM3 (7), FAMOUS
(8), and LOVECLIM (9), with the ensemble mean shown by heavy solid lines
and individual members shown by light thin lines [the LOVECLIM (○) and
FAMOUS (□) are marked]. Each temperature curve is aligned at 1 ka. The
ensemble mean model annual temperature averaged over proxy sites is also
shown (yellow, individual models for the Holocene in Fig. 3), whose similarity to
the model grid average demonstrates the insensitivity of the temperature trend
to the average scheme. (Inset) Expanded part after 2 ka, with the addition of
the last millennium experiment in the CCSM4 (gray), which is forced addition-
ally by volcanic aerosol and solar variability (10). ann, annual.
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Early	and	Mid-Holocene	We`ng	in	North	Africa	and	
Arabian	Region	

Lézine	et	al.	(2014)	 

to, at least, maintain lowlevel water bodies or provoke secondary
lake extensions. The role associated with groundwaters is never-
theless hard to prove due to the vast heterogeneity of hydro-
geological conditions (e.g., related with geology, geometry, flow
properties) met in the studied region. Assessment of this would
require detailed study of every site in the database. This is well
beyond the scope of present paper. Hydrological modeling exper-
iments by Grenier et al. (in preparation) support this hypothesis
and provides estimates of refill and discharge times of the order of
1500 Yrs. Considering the further aridification phase, for such
favorable depressions as those containing the Ounianga lakes in
northern Chad (Kröpelin et al., 2008a) and considering pure aquifer
discharge, the aquifer inputs were maintained during several tens
of k-years and groundwater input rates to the lakes only varied
within less than one order magnitude between a filled up aquifer

case and a reduced water level situation. For other modeled
depressions within the same basin, simulations showed that
groundwater inputs turn to zero when the water piezometric level
gets lower than the bottom altitude of the depression. In all cases,
the time scale associated with the main reduction in groundwater
inputs as a result of the recharge stop is within a 500e1500 year
time period. This time range is confirmed considering the classical
hydro-geological literature dealing with aquifer discharge (e.g.,
Dewandel et al., 2003) and NSAS parameter values. So the main
mechanism explaining the time lag between lake maximum (9 kyr
BP) and maximum wet zone extension (6 kyr BP) is probably
aquifer recharge leading to high groundwater levels. The time
scales estimated from the NSAS confirm this assertion. For zones
located closed to mountain ranges (e.g., Tibesti and Hoggar), the
former groundwater effect is reinforced (Pachur and Hoelzmann,

Fig. 6. The AHP in western Africa during the last 18 kyr. A: The paleohydrological records. This figure shows the number of dated records (cf. Fig. 2). Superimposed is the measure of
the probability space corresponding to 0.85 isoprobability (the blue curve) at similar time interval. This space includes only 85% of the dated records. In red is shown the insolation
curve (Berger and Loutre, 1991). B: The lake level reconstruction for Lake Bosumtwi. Lake Bosumtwi level fluctuations have been considered as being in equilibrium with local
climate conditions and reflecting rainfall variations (Shanahan et al., 2006). In absence of other continuous paleohydrological records over the last glacialeinterglacial transition and
the Holocene in the western African lowlands, it is considered here as representative of the southern edge of the Sahel. Shaded areas show correspondence between “dry” periods in
both areas (the Gulf of Guinea and the SaharaeSahel) during the Younger Dryas, then at 8.2 and 4.5 kyr BP.

A.-M. Lézine et al. / Quaternary Science Reviews 30 (2011) 3001e30123008

5 



Impact	of	Sahara	Greening	on	the	Mid-Holocene	(MH)	Climate	

Arabian Sea, and East Asia were much lower compared to the
late Holocene (Albani et al. 2015). To maximize the impact of
dust reduction on the ocean circulation, dust loading over the
whole globe is simply set to zero in experiments MHND,
MHNDSH, and MHNDGR. Liu et al. (2018) took a similar

approach using CCSM3 and tested the influence of removing
different fraction of dust; they showed that the climate impact
was almost linearly dependent on the fraction of dust removed.
We do not do such tests here because, as will be described later,
the impact of dust on global climate simulated by CESM1.2.2 is

TABLE 1. Summary experiment parameters and results. African TS, Prec. and P 2 -E are the annual-mean surface temperature,
precipitation, and net precipitation (precipitation minus evaporation) averaged over North Africa and the Arabian Peninsula (118–338N,
158W–608E).

Experiment

PI
control
(PICtl)

MH
control
(MHCtl)

No
dust

(MHND)

Add
shrub

(MHSH)

Add
grass

(MHGR)
No dust and add shrub

(MHNDSH)
No dust and add grass

(MHNGGR)

Orbit 1950 6 ka 6 ka 6 ka 6 ka 6 ka 6 ka
CO2 (ppm) 280 280 280 280 280 280 280
CH4 (ppb) 760 760 760 760 760 760 760
N2O (ppb) 270 270 270 270 270 270 270
Dust (%) 100 100 0 100 100 0 0
Vegetation Desert Desert Desert 100% shrub 100% grass 100% shrub 100% grass
Duration (yr) 2000 2000 1000 1000 1000 1000 1000
TS (8C) 13.00 13.10 13.19 13.50 13.35 13.57 13.41
Prec. (mm day21) 2.648 2.655 2.681 2.689 2.683 2.721 2.713
African TS (8C) 22.63 21.98 22.85 24.35 23.13 25.21 23.93
African prec.
(mm day21)

0.51 0.78 0.64 1.76 1.55 1.87 1.58

African P 2 E
(mm day21)

20.48 20.36 20.50 0.13 20.04 0.10 20.12

Max. AMOC (Sv) 18.22 19.57 18.35 20.76 20.51 20.60 20.02
TS trend [8C
(1000 yr)21]

0.126 0.042 0.068 0.087 0.077 0.128 0.069

AMOC trend [Sv
(1000 yr)21]

0.46 0.43 0.14 0.29 0.78 0.96 20.38

FIG. 2. (a) Prescribed annual-mean atmospheric dust loading (unit: g m22) and (c) percentage of annual vege-
tation coverage over North Africa and the Arabian Peninsula for the preindustrial (PI) climate in CESM1.2.2. The
green rectangular box indicates where the vegetation coverage is changed to 100% shrub or 100% grass in the
experiments carried out herein. (b),(d) Diagnosed annual-mean clear-sky surface albedo changes due to changing
vegetation type over the Sahara and the Arabian region to 100% grass and 100% shrub, respectively. Regions with
.90% confidence level (calculated by a two-tailed Student’s t test) are stippled with black dots.
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Remove	global	dust	and	increase	vegetaGon	over	North	Africa	and	Arabian	Peninsula 



Temperature	Response	to	Dust	Removal	and	Sahara	Greening	
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Zhang,	Liu*	et	al	(2021,	J	Clim)	

7 



Response	of	AMOC	to	Dust	Removal	

(a) MH Ctrl (b) Dust removal  19.6 Sv -6.2% 
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Zhang,	Liu*	et	al	(2021,	J	Clim)	



Mechanism	for	the	AMOC	Change	

9 

1)	weakens	African	summer	monsoon	

Dust	removal		

2)	Freshens	the	North	AtlanGc 



Impact	of	Dust	on	LGM	Climate	

QuesGon:	 if	there	were	no	dust,	how	would	the	
climate	change?	
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(a) LGMND – LGM

(b) LGMND - LGM

 

Ĕ 5.6 7a8LGMND͜ϣżŻěę̹ɫƂʥȾ@ LGMCtl͜ϣʞŰƆ7Ìd�°C8�7b8
LGMND͜ϣżŻě�σɃ7Precipitation minus Evaporation8EżŻěϞĚ7850hPa8ʥȾ
@ LGMCtl͜ϣʞŰƆ6�MϜ̜3σɃ9Ìd mm/day�ʮή3 850 hPaʞϞĚ9Ìd3

m/s6 

(a)  (b)  (c)  

 

Ĕ 5.7 ʥȾ@ LGMCtl͜ϣ9ÚǊɊŚó7LGMND87a8ı̾ɔżŻěɞ̹7̹ţ 100 mʞ
Żě9Cñ8ɫƂʞäÅ7Ìd��857b8ı̾ɔżŻěɞ̹ʠƂʞäÅ7Ìd�psu�8“

7c8ı̾ɔżŻěɞ̹ŎƂʞäÅ7Ìd�kg m-386 

Response	of	AMOC	and	Surface	Air	Temperature	
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Zhang,	Liu*	et	al	(2022,	GRL)	



Response	of	PrecipitaGon	
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北京大学博士学位论文 
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(a) LGMND – LGM

(b) LGMND - LGM

 

图 5.6 （a）LGMND 试验年平均地表温度相比于 LGMCtl 试验的差异（单位：°C）；（b）
LGMND 试验年平均净降水（Precipitation minus Evaporation）与年平均风场（850hPa）相比

于 LGMCtl 试验的差异。其中颜色为降水，单位 mm/day；矢量为 850 hPa 的风场，单位为

m/s。 

(a)  (b)  (c)  

 

图 5.7 相比于 LGMCtl 试验，去掉沙尘后（LGMND）（a）大西洋年平均海表（表层 100 m 的

平均，下同）温度的变化（单位：℃）、（b）大西洋年平均海表盐度的变化（单位：psu；）和

（c）大西洋年平均海表密度的变化（单位：kg/m3
）。 
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EvoluGon	of	Earth’s	ConGnents,	VegetaGon	and	Climate	

Three	periods	are	picked: 

240	Ma 	superconGnent	&	warm 

130	Ma 	broken	&	cool	 

80	Ma 	very	broken	&	warm 

Earth-Science Reviews 215 (2021) 103503

2

changing ratios of 18O /16O in benthic foraminifera to describe the 
changing temperature of the world’s oceans and the growth of the polar 
icecaps. For an excellent summary of the science of oxygen isotopes see 
Grossman (2012a). 

The oxygen isotope record is strongly biased towards tropical regions 
and measurements of temperature derived from localities above 40◦ N or 
S are sparse; therefore, paleotemperature curves that exclusively use 
δ18O data (Song et al., 2019; Verard and Veizer, 2019; Veizer and Pro-
koph, 2015; Grossman, 2012a&b; Royer et al., 2004 ) are measurements 
of tropical temperature, not global temperature. Only the Phanerozoic 
paleotemperature curves of Scotese (2016), Mills et al., (2019, 2020), 
Wing and Huber (2019), and Valdes et al. (2018) (Fig. 1), either adjust 
the isotopic temperatures to compensate for the difference between 
tropical and global temperatures or use non-isotopic temperature in-
formation (e.g., HadCM3 paleoclimate model simulations, Valdes et al., 
2020). 

These curves are in good agreement and show the classic “double 
hump” Phanerozoic temperature history shown in Fig. 2 (Fischer, 1981, 
1982, 1984; Frakes et al., 1992, fig. 11.1; Scotese et al., 1999; Sum-
merhayes, 2015). Temperatures are high during the Early Paleozoic. 
Cooler temperatures prevail during the Late Paleozoic, followed by 
warmer Mesozoic and early Cenozoic temperatures, finally returning to 
cooler temperatures in the Late Cenozoic. This pattern is linked to the 
“Wegener Supercontinent” cycle (Nance et al., 2014; Van der Meer et al., 
2014, 2017), namely: the breakup of the supercontinent, Pannotia, 
during the latest Precambrian (Powell et al., 1993; Powell, 1995; Sco-
tese, 2009; Nance and Murphy, 2018), the formation of Pangea during 
the late Paleozoic (~300 Ma), its subsequent breakup (~200 Ma), and 
the assembly of the modern continental configuration. 

Specific features that the curves in Fig. 1 share in common are: 
1) A broad sinusoidal pattern with peaks near 20 Ma, 50 Ma, 90 Ma, 

245 Ma, 370 Ma, 420 Ma, and 500 Ma, with the highest peaks occurring 
at, 90 Ma, and 245 Ma. 

2) Broad troughs link the 370 Ma and 245 Ma peaks and the 245 Ma 
and 90 Ma peaks. 

3) The three youngest peaks (i.e. 90 Ma, 50 Ma, and 20 Ma) decrease, 

Fig. 1. Estimates of Phanerozoic Global Average Temperature (GAT). Sources: Wing and Huber (2019), Valdes et al. (2018), Mills et al. (2019), and This study.  

Fig. 2. “Double Hump” pattern of Phanerozoic Climate (Fischer, 1981, 1982), I 
= icehouse, G = greenhouse. 

C.R. Scotese et al.                                                                                                                                                                                                                               

Scotese	et	al.	(2020,	Earth-Sci	Rev) 
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Modeled	Dust	Emission	and	Atmospheric	Dust	Loading	

Atmospheric dust loading 

Dust emission 



Modeled Dust Emission versus Aeolian Deposits (dunes) 

130	Ma 80	Ma 



Influence of Plant Evolution on Dust 

No	Angiosperms	and	C4 Present-day	vegetaGon 

Dust	emission	changes	liXle	(not	shown)! 



Influence of Climate on Dust 

Cold	climate,	fixed	veg	 Cold	climate,	dynamic	veg 

The	dust	loading	during	the	Pangea	superconGnent	era	would	be	less	
and	similar	to	that	of	today	if	the	climate	was	as	cold	as	today		 



Influence of Climate on Dust 

VegetaGon	coverage	increases	when	climate	becomes	colder 
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•  There	was	no	land	vegetaGon	
before	400	Ma,	dust	emission	
could	be	10	Gmes	that	of	
present	day	

Liu, Liu# et al. (2020，Nature Communications) 
0.01  0.02  0.05  0.1    0.2    0.5     1      3       5   (g/m  )2

Pre-industrial	 Last	Glacial	maximum	

Before	400	Ma	

Climate	Impact	of	Dust	before	Land	Plant	Appeared	
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Liu, Liu# et al. (2020，Nature Communications) 

Global	mean	surface	temperature	is	reduced	by	~10	°C	

Colors	are	sea-ice	thickness,	contours	are	annual	mean	surface	temperature.		

Solar	constant	is	94%,	CO2	=	2000	ppmv,	control	climate	is	relaGvely	warm 

Climate	Impact	of	Dust	before	Land	VegetaGon	Appeared	



21 Liu et al. (2021，J Clim) 

•  When	the	control	climate	is	cold,	dust	has	liXle	impact	on	the	surface	temperature 

•  The	meridional	temperature	gradient	is	significantly	affected	by	dust,	which	in	
turn	affects	the	westerlies	and	the	sea-ice	transport 

Surface 500	hPa 

Climate	Impact	of	Dust	before	Land	VegetaGon	Appeared	
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Summary	

Ø  Dust	likely	has	a	cooling	effect	during	warm	interglacials	but	a	warming	effect	
during	cold	glacial	periods	

Ø  The	global	dust	emission	is	affected	mainly	by	the	distribuGon	of	land	within	the	
subtropical	region,	and	liXle	by	the	evoluGon	of	vegetaGon	

Ø  Ocean	dynamics	is	important	in	transmiGng	and	amplifying	the	climate	impact	of	
dust	and	vegetaGon	

Ø  More	dust	emiXed	when	climate	is	colder	but	the	atmospheric	dust	loading	may	
be	less	(e.g.	for	Pangea	superconGnent)	
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UncertainGes	

1.  Idealized	experimental	setup	(e.g.	uniform	surface	erodibility)	

2.  Did	not	consider	the	influence	of	soil	change	and	lakes	

3.  Did	not	consider	the	indirect	effect	of	dust	

4.  The	size	distribuGon	as	well	as	radiaGve	property	of	dust	may	be	different	
from	those	simulated	by	the	model	

5.  There	could	be	glaciogenic	dust	sources	(e.g.	during	LGM)	

…
…
	


