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Technical note

Dust emission inventory in Northern China
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Abstract

This paper deals with mineral dust emission inventory from surfaces of Northern China. The inventory was calculated
with a US EPA formula by inputting the pre-processed Chinese data of pedology and climatology. Mainly, the emission
factor (emission rate) of the dust particles whose diameters are less than 0.03 mm increases from east to west of the area by
"ve orders of magnitude and there are two strong emission regions, one is in Takelamagan desert, Xinjiang Province, and
the other in Central Gobi-desert, western part of inner-Mongolia plateau. The maximum rate is at center of the
Takelamagan desert, i.e., 1.5 ton ha yr~1. Also, the total annual emission amount of the area is equal to some 25 million
tons, and spring is the worst dust-emitting season in the area, which takes more than half of the annual emission amount.
The results are in good agreement with the previous calculations using a di!erent US EPA formula (Xuan, J., 1999. Dust
emission factors for environment of Northern China. Atmospheric Environment 33, 1767}1776). ( 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

The suspended particulates of the air are not only
harmful to the human respiratory system but also e!ect
important atmospheric processes, e.g., the global climate
change (Saxena, 1997) and the regional acid rain. For
example, in Northern China where calcium ion Ca2`

concentration of aerosols is much higher than in Europe,
the calcium ions successfully neutralize the acidity of the
rainfall though the emission amounts of acid gases SO

2
and NO

x
are also very large in the area (Peking Univer-

sity, 1995). A recently published paper on acid rain re-
ports the same result in South Korea (Lee et al., 2000).
Those calcium ions are of desert dust origin from North-
ern China.

Through weather records of sandstorms (Geng, 1985)
and chemical analyses of aerosol samples (Zhang et al.,
1997), it is well recognized that the major sources for
Asian dust lie in deserts of Northern China. However,
little information is available on the quantity of dust
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emissions in the source regions (source strength distribu-
tion). It seems that the only paper calculating the dust
emission rates in the region was recently published in this
journal by the "rst author of the present paper (Xuan,
1999). Using a US EPA formula (OAQPS, 1977), the
author computed both distribution of the emission rates
and the total emission amount of the dust smaller than
50 lm in diameter (in short as TSP

50
) in Northern

China, concluding some basic characters for the dust
emissions in the area.

For the purpose of comparison and con"rmation, we
did a similar computation for TSP

30
using a di!erent US

EPA formula (Cowherd et al., 1979), whose results are to
be discussed in this paper. It seems that present results
are in close agreement with the previous ones. This
quantitative agreement can be considered to support the
reliability of our calculation results as the two formulae
are rather di!erent. It also means that the two formulae
are suitable to use in so vast a region.

2. Methodology

The following equation is the EPA formula used for
our TSP

30
calculation, which has been rewritten with
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Fig. 1. Annual dust emission rate Q@
%

(ton ha~1 yr).

standard units:

Q@
%
"0.2058esf/PE2, (1)

where Q@
%

denotes the annual dust emission rate,
ton ha yr~1; e the erodibility index of di!erent soil types,
ton ha yr~1; s, the silt content, i.e., the weight percentage
of particles smaller than 75 lm (%); f the threshold wind
speed ratio, i.e., the time percentage of mean wind speed
u higher than a threshold value of 5.4 m s~1; and PE the
Thornthwaite's precipitation-evaporation index.

A great di$culty of using the formula exists, i.e., the
above input parameters are not available from Chinese
climatic and pedological data. For example, the soil
parameter e (erodibility index) which scientists and en-
gineers in the United States have precisely tested for
di!erent soil types, are still at a very beginning stage of
study (Liu et al., 1999). The same situation exists for the
climate parameter PE. My previous paper (Xuan, 1999)
has described the technical details about how to do
pre-processing of the Chinese pedological and climatic
data so as to obtain the erodibility index e, the Thornth-
waite's precipitation}evaporation index PE and some
other parameters.

The other two factors in the present equation are a soil
parameter s, named silt content, and a climatic parameter
f, named threshold wind speed ratio. According to
American soil data, the value of s is ranged between 13.6
and 20 for di!erent soil types, its mean value of 17 was
adopted in our calculation. As for f, it needs to be pre-
calculated to "nd the percentage frequency of mean wind
speed u at each weather station. Unfortunately, this kind
of work has not been done with the huge amount of
original wind speed records stored in the Chinese State
Meteorological Administration. So, we have to follow the
idea of probability distribution of mean wind velocity at
a point suggested by Xu (1984) for the f computation, i.e.

f"exp[!(<
c
/M)k], (2)

where <
c

denotes the threshold wind speed
("5.4 m s~1), and the exponent k is obtained from re-
gression of the mean wind speed u:

k"0.74#0.19u. (3)

The mode M is calculated from the following equation:

M"u/C(1#1/k), (4)
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Fig. 2. Dust emission rate in spring Q@
1

(ton ha~1 spring).

where C is the Gamma function. So, the three Eqs. (2)}(4)
were used to obtain the threshold wind speed ratio f with
only the data of the mean wind speed u. It has been
argued since the very beginning that the threshold wind
speed <

c
may be of di!erent values for di!erent surfaces.

However, we adapted the suggested value of 5.4 m s~1 by
the author of the formula as no other values seemed more
reasonable, and we found the results of the computation
rather good.

3. Results and analyses

We calculated the dust emission rates of 92 locations of
Northern China. We also divided the annual rates into
four seasons, respectively, on its percentage of the
seasonal value of the ratio f/PE2. Fig. 1 shows the
contours of the annual dust emission rate Q@

%
. Figs. 2}5,

respectively, show the contours of the four seasonal dust
emission rates: Q@

1
(March}May, spring), Q@

2
(June}

August, summer), Q@
3

(September}November, autumn)
and Q@

4
(December}February, winter). In all the "gures,

the highest and second highest emission rates are
shown.

It can be seen from Fig. 1 that, because of the joint
e!ects of climatic aridity and soil texture, the dust
emission rate Q@

%
increases from east to west as much as

by "ve orders of magnitude. And, the contours of
Q@

%
"10~1 ton ha yr~1 in the "gure show us the two

strong emission areas, the "rst of which is at the center of
Takelamagan desert and the second in west part of In-
ner-Mongolia plateau (the famous Central Gobi-desert).
It is in good agreement with the most frequent sandstorm
areas observed by meteorologists (Xu and Hu, 1997). The
spatial distributions of the four seasonal dust emission
rates are of similar patterns. Also, there is a maximum
annual emission rate, 1.5 ton ha yr~1, at the center of
Takelamagan desert.

The total dust emission amount of Northern China
roughly equals 25]106 ton yr~1, and the total amounts
for four seasons are: 15]106 ton in spring, 1.4]106 ton
in summer, 5.7]106 ton in autumn and 2.9]106 ton in
winter. It seems that spring is the worst season for dust
emissions. It accounts for more than half of the annual
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Fig. 3. Dust emission rate in summer Q@
2

(ton ha~1 summer).

emission amount. The results are in good agreement with
weather records (Xu and Hu, 1997).

We have compared the results with our previous calcu-
lation for TSP

50
(Xuan, 1999), in which a di!erent US

EPA equation was used (Cowherd et al., 1979)

Q
%
"ecCK¸< (5)

where Q
%

denotes the annual dust emission rate of
TSP

50
, ton ha yr~1; c the TSP content, i.e., the

weight ratio of particles smaller than 50 lm in diameter
to total erodible soil particles; C the climatic factor,
C"0.504 u3 PE~2; K the surface roughness factor, 1 or
0.5 for smooth or rough surfaces, respectively; ¸ the
unsheltered "eld width factor, 0.7 or 1.0 for "elds of
width 300 m (and less) or 600 m (and more); < the
vegetation cover factor, 1.0 if no vegetation. It is very
encouraging to "nd that the main characters for TSP

30
and TSP

50
emission rates agree with each other,

though computed with di!erent equations. For example,
the two strong emission areas are nearly the same for
both TSP

30
and TSP

50
and the total emission amounts

of TSP
30

and TSP
50

are compatible: the latter amounts
are 43]106 tons annually, 25]106 tons in spring,
2.5]106 tons in summer, 8.6]106 tons in autumn and
7.4]106 tons in winter. Furthermore, the maximum dust
emission rates are comparable too: 1.5 ton ha yr~1 for
TSP

30
, and 1.8 ton ha yr~1 for TSP

50
. The good agree-

ment seems to support the reliability of our calculation
results.

The two equations are di!erent in some aspects. The
Thronthwaite's precipitation}evaporation index is the
same. Also, the soil factors are the same in the two
equations, except for the TSP de"nitions: TSP

30
for the

factor s in Eq. (1) or TSP
50

for the factor c in Eq. (5).
The main di!erence between the two equations is in the
function of the mean wind speed u, the principal factor
a!ecting dust emission processes. The factor f in Eq. (1)
suggests that the dust emission rate is proportional to the
time percentage of wind speed u which is higher than
a threshold value of 5.4 m s~1, while the factor C in
Eq. (5) means that the rate is proportional to the third
power of mean wind speed u3. Both the above rules are
well recognized; however, it should be pointed out that

4568 J. Xuan et al. / Atmospheric Environment 34 (2000) 4565}4570



Fig. 4. Dust emission rate in autumn Q@
3

(ton ha~1 autumn).

the threshold wind speed ratio f in Eq. (1) depends also on
soil conditions because the threshold wind speed <

c
is

a soil factor. There is still one more di!erence that the
three surface parameters in Eq. (5), K, ¸ and <, are not
included in Eq. (1). In spite of the di!erences, calculations
with the two equations have given very similar results,
the agreement strongly supports our calculation results.
In reality, the results are also compatible with the pre-
vious Saharan data (Junge, 1979), i.e., the total dust
(TSP

50
) emission amount from Sahara desert is esti-

mated to be between 60 and 200 million ton yr~1 while
for global emissions it is between 100 and 500 million
ton yr~1.

There exists signi"cant error in dust emission estima-
tion because of the investigation di$culties, e.g., the
uncertainty factor for previous Saharan dust emission
data is usually 2}3 (Junge, 1979). I am also unable to
quantify the total error because some formulae and data
used in my calculating procedure were o$cially pub-
lished with no error information on them. However, at
most an error of 100% should be supposed when one
uses the calculation results.

4. Conclusions

(i) The mineral dust (TSP
30

) emission rate in Northern
China increases from east to west as much as by "ve
orders of magnitude. A maximum rate appears in
central Takelamagan desert, equaling some 1.5 ton
ha yr~1, and the total amount of the dust emitted
into the air every year in the region is estimated to be
some 25 million tons.

(ii) There are two strong emission areas in the region:
the "rst one is in Takelamagan desert and the second
in the western part of the Inner-Mongolia plateau.

(iii) Spring is the worst season for dust emissions. Its
emission amount is about 15 million tons, more than
half of the annual amount.

(iv) The two US EPA formulae are suitable for comput-
ing dust emission rates from surfaces so vast in area.

(v) Among others, the soil factors, e (erodibility index),
c (TSP content) and s (silt content), and the climatic
factor PE (Thronthwaite's precipitation}evapor-
ation index) are the principal determinant factors to
dust emission computing. The mean wind speed u is
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Fig. 5. Dust emission rate in winter Q@
4

(ton ha~1 winter).

also a principal determinant factors, however, it pro-
duces close results in our case to take into considera-
tion its third power u3 or its threshold wind speed
ratio f.
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