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Abstract. Soil moisture content is one of the most important of soil moisture determines Bonn ratio of sub grid processes
parameters as input conditions in forecasting model systemand causes the flux of sensible heat, latent heat, and long
of dust storm, but it can not be directly obtained from daily wave radiation from the ground to atmosphere to change,
routine weather report. In this paper, a scheme is developethus influencing climatic changes. On the other hand, the
to calculate the surface soil moisture content in China by us<change of soil moisture content itself also affects the ther-
ing both precipitation and evaporation. Precipitation is di- modynamic character of the soil and the hydrological cycle
rectly from routine weather report, while evaporation is indi- of the land surface, making various physical and biochemi-
rectly calculated by using meteorological elements which arecal parameters change accordingly, thus further affecting cli-
also from routine weather report. According to the formula matic changes. Research results show that in the processes of
by Penman, evaporation can be considered as a linear conelimatic changes, the effect of soil moisture is only inferior to
position of dynamic evaporation and thermodynamic evapo-that of sea-surface temperature, and it also has an important
ration caused by radiation. First, an equation for calculatinginfluence on the formation and variation of regional climate
daily global radiation within China is given by using regres- (Yeh et al., 1984, Lin et al., 2001).

sion analysis and the data of global radiation and cloud cover |n the processes of wind erosion and dust storm develop-
from 116 meteorological stations in China. Then, an equa-ment, soil moisture content, by affecting the cohesion be-
tion for calculating evaporation within China is given by us- tween soil particles, influences the threshold friction velocity
ing regression analysis and the data of cloud cover, air temat which dust particles escape from the surface, and thus in-
perature, precipitation, relative humidity, and wind velocity fluences the amount of dust emitted into the atmosphere from
from 701 meteorological stations. Finally, a scheme for cal-the surface. However, in most sand-dust numerical mod-
culating soil moisture content within China is establishedels developed by Chinese, soil moisture content in China
by using regression analysis and the soil moisture contentis treated as a constant, namely the climatic mean value,
precipitation, and evaporation at 79 agro-meteorological stabecause it can not be directly obtained from routine daily
tions. Validation results show that the forecasting accuracyweather report. Obviously this is not reasonable.

of the Chinese dust numerical model can be improved by us- yp to now, there have been no directly observed data of
ing this scheme. routine daily soil moisture content, and calculation of soil
moisture content is also very difficult. Because of the impor-
tance of soil moisture in synoptic, climatic, and environmen-
tal studies, some scholars have studied the distribution char-
acteristics of soil moisture content within local areas based

As a key physical factor in land surface processes, soil mois®n & limited amount of exp_erimental and observational data
ture content is an important parameter to scientists in mangMatsuyama et al., 1997; Li et al., 2000). At the present, the
related fields. It plays an important role in adjusting and con-methods for estimating soil moisture content can be divided
trolling the interactive processes between the ground and thi1to three types. The first type is based on the relationship

atmosphere. On the one hand, the thermodynamic charact@etween meteorological factors and soil moisture by using
statistical analysis (Clapp et al., 1978; Lu, 1989; Wang et
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areas. The second type is based on the equilibrium equaty, wind velocity and evaporation from 701 meteorological
tion of soil moisture or hydrodynamic equation (Baier et al., stations in China between 1961 and 2002.

1966; Campbell et al., 1974; Lei et al., 1988; Pei et al.,1990;

Xie et al.,1998, 1999; Shen et al., 2003; Zhang et al.,2006)2.2 Research method

Because real-time soil moisture content data are hard to get, ] ] . ]
so the initial values of soil moisture content need to be de-1h€& most important factors affecting soil moisture content

duced by using other methods, such as remote sensing. TH¥® Precipitation and evaporation. In geography and clima-
third type is based on the retrieval of soil moisture contentt0l0gy; the ratio of annual (or monthly) precipitation to an-
from satellite remote sensing data (Kerstin et al., 1993; Jackual (or monthly) evaporation is used to indicate the wetness
son etal., 1996; Lin et al., 1994; Houser et al., 1998; Levitt etOf Soil (Liu et al., 2000). Based on the same principle, the
al., 1998: Liu et al., 1998: Gao et al., 2001 Yao et al., 2004;ratio of daily precipitation to evaporation can also be used to
Qiao et al., 2006; She et al., 2006). There are many methodsalculate daily soil moisture. S _

for soil moisture monitoring by using remote sensing. They N routine weather report, precipitation is given directly,
can be divided into two kinds: optical remote sensing andPut not evaporation. However, it can be calculated by using
microwave remote sensing. Optical remote sensing, the mo<f other meteorological elements. chordlng to the Penman
widely used kind so far, includes methods such as improved‘ormula (Chen et al., 1993), evaporation can be calculated as
thermal inertia, crop water shortage index (CWSI), and vegefollows:

tation index. The thermal inertia method is good for bare soil .

or land surface covered with sparse vegetation, but it suffersE 1= C(En+ En) @)
from the interference of cloudy weather. So, in practice, re- A Rg

mote sensing data within a period of 10 days are usually usedr = J/+—A A @)
to monitor soil moisture. The CWSI and vegetation index

methods are good for land surface covered with dense veg- A

etation. But they mainly represent the soil moisture in the ™ — y+A [0.37(1+ V/160](es —ea) ®)
root zone. The daily variation of soil moisture is weaker in

the root zone than at the surface. So, at present, soil moisturg — enex at 4)
monitoring by remote sensing is manly used in drought mon-* 0&Xp 27316+t —b

itoring and the climatic evaluation of soil moisture. So, this

type is good for drought monitoring and the climatic evalu- €a = rh e e (%)
ation of soil moisture, but not so good for daily soil mois-
ture content retrieval. Therefore establishing a reasonablds = 1 —®)Q — F (6)

scheme for estimating soil moisture content is an importantwhereE is total evaporatiorE, is thermodynamic eva
and urgent task in current synoptic and climatic numerical T P h y P

i i i i — ¢a (6463_
simulation studies (Sellers, 1996). oration, E,, is dynamic evaporationA= Tn( T, 3.927),

Research results show that precipitation is the most impory =g sz » Rsis net radiation . is the latent heat of vapor-
tant of all meteorological factors which influence soil mois- ization per unit massy is wind velocity,e, is actual vapor
ture content (Chen et al., 2005), and the influence of prePressureg; is saturation vapor pressuig,b, andeg is con-
cipitation on surface soil moisture content does not last ovestant,z is air temperatureth is air relative humidity,e is
a month (He et al., 2002). In this paper we use the Pensurface albedo is global radiation, and" is effective radi-
man formula, statistical analysis, and available meteorologation-
ical data in China to develop a scheme for calculating daily According to Eq. (6),« and F are needed to calculate
soil moisture content, with the aim to improve the numerical RS but they can’t be obtained directly from routine weather

forecasting accuracy of dust storm events. report. Generally, effective radiatiof is proportional to
global radiation, and surface albedas proportional to veg-

etation cover rate and indirectly related to global radiation.
2 Data and research method In order to simplify the calculation, net radiatidty can be
assumed proportional to global radiation
2.1 Data
Ry = Do + D10 (7)
Dat_a used in this study are as follows: (1) the data of SO“RepIacing (6) with (7), we get:
moisture content O to 10 cm depth, measured by oven dry-
ing, from 79 agro-meteorological stations in China betweenE —C A 0.37(1+ V/16 _
1981 and 2002; (2) global radiation data from 116 meteoro- © _ ~ y + Al037d+V/ O1es = ea)
logical stations in China between 1961 and 2000; (3) the data A Do+ D10
of cloud cover, air temperature, precipitation, relative humid- + Yy +A L
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A Do A 1 .
=C———+4+C——[0.37(1+V /16 — = andé can be calculated as follows:
A L T A 037V /160](es—er) p
A D10 1
y+A L — = 1.00011+ 0.03422 co#) + 0.00128 sirdo
Yol
Let: Bp= HAA % +0.000719 cos @ + 0.000077 sin 2y (15)
A
B1=C A 8§=0.006918-0.399912 c08p+0.070257 sirfg
v+ —0.006758 cos&y + 0.000907 sin &gy (16)
_ ~ADy —0.0002697 cos& + 0.000148 sin 8y
B2 = CV+A
E1 = [0.37(1+ 1£)] (es — eq) (8)  wherefo=2r(d,-1)/365,d, is the order number of the day,
counted from 1 January to 31 December.
Ep = Q 9) To sum up the above discussion, a scheme for calculating
L soil moisture content in China can be developed according to
then Er=Bo + BLE1 + BoEs (10) the following four steps:

First, a method for calculating daily solar radiationcan

whereE1 can be calculated by ground wind speed, air tem-be established by using global radiation and cloud data avail-
perature and air relative humidjtgnd E, can be calculated ~able from some meteorological stations in China.

by global radiation and the latent heat of vaporization per Second, a method for calculating total evaporafigncan

unit massL. But the value ofC, Do, and D1 is uncertain.  be set up by using dynamic evaporatiBp and the thermo-
For this reasonBg, B, and B> need to be calculated by sta- dynamic evaporatior®, which can be calculated from rou-

tistical regression tine meteorological elements available from some meteoro-
There are no radiation data at most meteorological station#ogical stations in China.
in China, so we need to calculate global radiat@nWhen Third, a scheme for calculating soil moisture content can

solar radiation enters into the atmOSphere, itis Usua”y Weakbe established by using the data of precipitation' total evap-

ened by the reflection and absorption due to many meteoropration, and soil moisture content available from some agro-
logical factors, among which cloud is the most important. Someteorological stations in China.

global radiation can be calculated as follows: Fourth, validation of the established scheme.

Q = Soll — (Ao + A1Cy + A2CL)] (11)

where C,, is total cloud cover(, is low cloud cover, and ' . o
So is astronomical radiationAo, A; and A, can be calcu- 3 Establishment of the scheme for calculating soil mois-

lated by statistical regressiofi can be calculated as follows ture content
(Wen, 1997):
o I 3.1 Calculation of global radiation
So =/ —Zsinh@ dt
_:O P There are only 116 meteorological stations in China with
_ / 0 ﬂ(simpsina + COSp COSS COSw)d! (12) available global radiation data. By using the data of total
1o P2 cloud cover, low cloud cover and global radiation from the

116 meteorological stations, we get the coefficiedgsAj,
wherelo is the solar constant and is equal to 1367 W/my  and 4, for these stations through statistical regression based
is solar altitude angles; is the correction to the average sun- on equation (11). The results show that the value of the mul-
earth distancey is geographical latitudé, is declination w tiple correlation coefficienR of this regression equation is
is the azimuth angle of the sunyp-s the time of sunrise, and  from 0.5715 to 0.8592. All regression equations of the 116

tg is the time of sunset. From Eq. (12) we have: meteorological stations can pass the significance test at the
Tlo level of «=0.001. The coefficientsig, A1, A> at the 116
So = — (wo Sing siné + cosy €oss sinwo) (13)  meteorological stations are different from each other, but
P they are all related to latitude, longitude, elevation, annual
whereT=86 400, -y is the azimuth angle of sunrise, and Mean temperature, annual precipitation, annual mean total
wo is the azimuth angle of sunset. cloud cover, and annual mean low cloud cover (denoted by
X1, X2, ... X7 respectively, and the same applies below) from
wp = arccos—trgprgs) (14) 116 meteorological stations. By using the above parameters
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Fig. 1. Average delay-cross-correlation coefficients between pre-t0 x1, x2, ..

cipitation and soil moisture for 79 agro-meteorological stations in
China.

35 7 9 11131517 19 21 23 25 27 29 31 33 35 37

timefd

02 04 06 08 1 12 14 16 18
D

(a)

(b)

Fig. 2. Average correlation coefficient of soil moisture content and
the compound effect of precipitation and evaporation for the 79
agro-meteorological stations in China. (a. correlation coefficient
distribution withC and D when N=16. b. correlation coefficient
variation withN whenC=0.64,D=0.62.)

as independent variables and, A1, A, as dependent vari-
ables, we get a group of regression equations as follows:

Ap=0.17412+-0.0010343,—0.000019%3
+0.00554694—0.000050%k5 R = 0.7494

A1 =0.01392— 0.00111794 + 0.00001035
+0.006597%¢ — 0.00641797 R = 0.7840

Ay = 0.01810— 0.000001%3 + 0.00044124
—0.00247866 + 0.004332G7 R = 0.7589

17
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and (9), we obtain daily thermodynamic evaporationfor
the 701 meteorological stations.

By using the data of daily observed evaporatidty,
and E> for the 701 meteorological stations, the coefficients
Bo, B1, B> and multi-correlation coefficienR of the 701
meteorological stations can be obtained based on equation
(10) through statistical regression. The valueRfanges
from 0.73 to 0.97, so all the regression equations pass the
significance test at the level of =0.001. The coefficients
Bo, B1, B> (dependent variables) of the 701 meteorological
stations are different from each other, but they are also related
. X%(independent variables). By using regression
analysis we get a group of regression equations as follows:

Bo= 3.77802-0.0630421—0.011743>
—0.000454:3—0.08514%4+0.0005525 R=0.7331

B1 = 3.86344— 0.056688 + 0.008792>
—0.09539G4 — 0.0000925 R = 0.8636

By = +0.74944— 0.002038:, 4 0.00887 14
—0.000068;5 — 0.03979%¢R = 0.6656

It can be seen clearly from (18) that the equations also pass
the significance test at the level ®£0.001. By putting (18)

into (10), daily total evaporation in China can be calculated
by using daily cloud cover, wind velocity, air temperature,
and air relative humidity.

(18)

3.3 Calculation of soil moisture

In China there are only 79 agro-meteorological stations with
available soil moisture data (non- routine weather report).
Based on equation (4) to (5), (13) to (16), (11), (18), and
(8) to (10), we can calculate evaporation for the 79 agro-
meteorological stations, By using the data of daily cloud
cover, wind velocity, air temperature, and air relative humid-
ity from the 79 agro-meteorological stations.

According to the above discussion, soil moisture content
can be calculated by using the ratio of daily precipitation
to daily evaporation. The influence of precipitation on soil
moisture content declines with time. Figure 1 shows the av-
erage delay-cross-correlation coefficients between precipita-
tion and soil moisture for 79 agro-meteorological stations in
China. In other words, the influence of precipitation on the
day which isK days ago on soil moisture is also related to

It can be seen clearly that Eq. (17) also passes the signifthe sum of evaporation since then. Thus, the combined effect

icance test at the level @f=0.001. Putting Eq. (17) into
Eq. (11), we can calculate daily global radiation in China
by using daily cloud cover data.

3.2 Calculation of evaporation

By using the data of daily wind velocit, air temperature,
and air relative humidityh from 701 meteorological stations

of precipitation and evaporation can be defined as follows:
])

K
K
Z Er,
Jj=1

where Py is precipitation ofK days agoEr; is evaporation
of j days ago. The compound influence of all the precipita-
tion events and evaporation in the pastays on soil mois-

Zk (19)

in China, based on Egs. (4), (5), and (8), we obtain dynamiGre content can be defined as follows:

evaporationEs for the 701 meteorological stations.
By using the data of daily cloud cover from 701 meteo-
rological stations in China, based on Egs. (13) to (16), (11)

Atmos. Chem. Phys., 7, 5193206 2007
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In order to obtain the best values®f C, andD, we first take
C=0.02, 0.04, 0.06; -,2.0; D=0.02, 0.04, 0.06, -,2.0; and 501
N=1,2,3;--,38; then we calculate the daily valueXffor the
79 available agro-meteorological stations in China by using
Eqg. (20). And then the correlation coefficient betweeand
soil moisture content is calculated. Calculation results show
that whenN=16, C=0.64, andD=0.62, the average value  *
of the correlation coefficients of the 79 agro-meteorological
stations is the greatest (0.4909) (see Fig. 2) 204
From Fig. 1, it can be seen that when lag time is more ‘ . . L
than 7 days, the delay-cross-correlation coefficients between 80 o0 100 10 120 120 140
precipitation and soil moisture becomes so low that it can't
pass the significance test at the levekcf0.1 (average sam-
ples=448, so,,~0.078). But this don’t mean the influence
of precipitation on soil moisture does not go beyond 7 days.
When we use the compound factor X (see Egs.19 and 20) tq) scheme without cloud data
consider the influence of precipitation on soil moisture, we
find the cumulated influence reaches it maximum value at 16/hen cloud data are absent, olly can be calculated. The

20

Fig. 3. Soil moisture content distribution when there is no rain for
along time.

days. compound effecK is given as follows:
As a result, Eq. (20) can be concretely expressed as fol- 06 06
lows:
12
0.64, 0.62 _ Pk
X = KZl § (24)
16 = Eq;
P 1
X=12 |z (21) =
K=1 Z ETj
o A =150-0.732¢4 + 0.018¢5 + 1.771xgR = 0.6786 (25)

B =4.45—-0.02%,R = 0.6762

Assuming that soil moisture content has a linear relationship2 Sch ith onlv cloud d o
with X, we have ) Scheme with only cloud cover and precipitation

If there are only cloud cover and precipitation, oly can

S=A+ BX 22 N
+ (22) be calculated. The compound effétis given as follows:
wheresS is soil moisture content, whild and B can be ob- 0.70. 0.68
tained through regression analysis. The values ahd B of
the 79 agro-meteorological stations are different from each 16 Px
other, but they are all related to longitu@e), annual mean X = Z K (26)
temperaturexs), annual precipitationxg), and total cloud K=11 Y Ey;
cover (). By using regression analysis, we can obtain the j=1
values of A and B as follows: A =102 0736, + 00185 + 184rsR = 06768 .,
A=1.21-0.758¢4+0.018t5+1.81x¢ R=0.6742 23) B =9.81-0.061x2R = 0.5902
B=6.56—0.04x; R=0.5332

3) Scheme with only precipitation

It can be seen clearly from (23) that the equations pass th
significance test at the level a=0.001. Based on Egs. (4) .. .. . ; .
0 (5), (13) to (16), (11), (18), (8) to (10), and (21) to (23), ;:(;;l)lgsvt;c.m is available. The compound effektis given as
the daily soil moisture content in China can be calculated by '
using the data of daily cloud cover, wind velocity, air tem- 12, p 070\ 074
perature, air relative humidity and precipitation from routine X = <Z (%) ) (28)
weather report. K=1

However, sometimes one or two of the meteorological el- , _ g7 _ 0.738¢4 + 0.018vs + 1.96x5R = 0.6876
ements needed for the above calculations is not available ing _ 3 5 _ 0.023,R = 0.6189 (29)
routine weather reports, so simplified schemes are needed
to replace the original scheme. Three kinds of simplified According to Eq. (22), the value of in Egs. (23), (25),
schemes are given as follows: (27) and (28) should be the lowest soil moisture content.

?Ne have to consider evaporation as constant when only pre-

www.atmos-chem-phys.net/7/5197/2007/ Atmos. Chem. Phys., 7, 52082007
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Fig. 4. Observed and calculated soil moisture of 2 stations in China
from 1990 to 20024 HuanXian;b HuailLai).
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But, it's not the case in reality. The value df is higher ~ Fig. 5. The comparison between observed and calculated soil mois-
than the lowest soil moisture contenSM) for the 79 agro- ture in the east of Gansu from 2003 to 208X({feng b Chengxian).
meteorological stations. In order to fit the situation in which

there is no rain for a long time, Eq. (22) needs to be modified. , .. . .
Let: RA= A/ LSM stations in China from 1990 to 2002. It can be seen that the

calculated soil moisture accords well with the observed soll
moisture. This demonstrates that the modification of Eq. (22)
by using Eq. (30) and (31) is reasonable.

Through statistical analysis, we filRlAis correlated with
altitude(g), so we get:

RA = 3.0 — 0.0005¢3 (30)
Therefore, Eq. (22) can be modified as follows: 4 Validation and application
S=A/RA+RAeBX when<A/B/RA or RA<=1 4.1 \Validation with observational soil moisture

S=A+ BXwhenX >= A/B/RA andRA > 1 (32) _ ) )
In order to validate the established scheme for calculating

Figure 3 shows the distribution of the lowest soil moisture soil moisture, calculated and observed soil moisture con-
content in China calculated by using Egs. (23) (30) and (31)tent data from 2003 to 2005 are compared for 7 agro-
It can be seen that the lowest soil moisture content is less thameteorological stations in the east of Gansu Province in
5% in northern China and most part of western China excepChina (see Table 1). The results show that the correlation
Northeast China. Specially, it is less than 0.5% in the Tak-coefficients of 6 stations pass the significance test at the level
limakan Desert. The results calculated by using Egs. (25)of «=0.001, but that of the Maqu station only passes the
(27), and (29) are very similar to that shown in Fig. 3 significance test at the level @f=0.01. The variation of

Test by using historical data from 1981 to 2002 for the 79 calculated soil moisture content from 2003 to 2005, for 7
agro-meteorological stations shows that the average error isgro-meteorological stations in the east of Gansu Province in
between 2% and 16% for the 79 agro-meteorological station€hina, accords well with the variation of observed soil mois-
in China. Of the 79 stations, there are 35.8% stations whoseure content. Figure 5 shows the calculated and observed soil
average error is less than 5%, and there are 81.5% stationgoisture content time series of Xifeng and ChengXian from
whose average error is less than 10%. Figure 4 shows a con2003 to 2005. This demonstrates that the established scheme
parison between the soil moisture observed and that calcuean be used to calculate ground soil moisture content.
lated by using the modified scheme for 2 agro-meteorological

Atmos. Chem. Phys., 7, 5193206 2007 www.atmos-chem-phys.net/7/5197/2007/



K. Z. Shang et al.: A Scheme for calculating soil moisture content 5203

Fig. 6. The comparison of the soil moisture calculated by our scheme with that from NOAA CPC in China during March 2006 to May 2006
(a, ¢, e calculated by our schemk; d, f, from NOAA CPC; a, b, March 2006; c, d, April 2006; e, f, May. 2006).

Table 1. Correlation coefficients between estimated and observed soil moisture content at 7 ago-meteorological stations in the east of Gansu

ago-meteorological station Dingxi Huanxian Xifeng Tongwei Maqu  Tianshui Chengxian

Latitude/C N) 35.58 36.58 35.73 35.22 34.00 34.57 33.75
Longitude/¢ E) 104.62 107.30 107.63 105.23 102.08 105.87 105.72
Correlation coefficient 0.662 0.759 0.800 0.748 0.337 0.688 0.717
Numbers of samples 75 75 75 75 75 75 75

4.2 Compare to the soil moisture estimated by hydrologicalCPC. The isoline of soil moisture content at 5% in Figs. 6a,
model of NOAA CPC ¢, and e accords well with that in Figs. 6b, d, and f. In north-
west China (with the exception of north Xingjiang) and mid-
In NOAA climate prediction center (CPC), global soil mois- dle Inner Mongolia, the monthly soil moisture calculated by
ture is estimated by a one-layer (1.6 m in thickness) hy-our scheme and that from NOAA CPC are both less than 5%
drological model. The unit for soil moisture is millimeter from March 2006 to May 2006. The soil moisture calculated
(mm). Global monthly soil moisture can be downloaded by our scheme is less than that from NOAA CPC in most
from NOAA CPC. Dividing this monthly soil moisture by part of China, especially in northeast China and the west of
1600, we get soil moisture in percentage. Figure 6 showQinghai-Tibetan plateau. In spring, sand dust frequently oc-
the comparison between calculated monthly soil moisture bycurs in North China, so the soil moisture calculated by our
our scheme and that from NOAA CPC during March 2006 to scheme may be closer to reality than that from NOAA CPC
May 2006. It can be seen that the distribution of calculatedfor sand dust forecasting.
soil moisture in China is very similar to that from NOAA

www.atmos-chem-phys.net/7/5197/2007/ Atmos. Chem. Phys., 7, 5208-2007
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Fig. 7. The variation of soil moisture observed, that calculated by "=
using our scheme, and that from NOAA CPC between 1990 and
2002 @ GuYuan;b Xilinhaote). (b)

Dust flux (ug/m?/s) 08—04—10 14:00 (CAWAS)

Figure 7 shows the variation of the soil moisture actually
observed, the soil moisture calculated by using our scheme, =
and the soil moisture downloaded from NOAA CPC from -
1990 to 2002 for 2 stations in North China. It can be seen .. '
that the soil moisture calculated by using our scheme ac- ..
cords better than that from NOAA CPC with the observed
soil moisture, especially when observed moisture is low.

EE)

4.3 Validation of the scheme

From 8 to 11 April 2006, a strong dust storm event occurred
in North China and Mongolia. We have simulated this dust
storm event by using the CUACE/Dust system. Figure 8 (c)
shows the actual dust storm distribution and simulated dust

flux distribution at 10 April 2006, 06:00 (UTC), with two o )
Fig. 8. The actual dust storm distribution and simulated dust flux

soil moisture values as input conditions for the simulation.” = > | ) . . : »
distribution with two kind soil moisture contents as input condition

It can be seen that the sand dust occurred in two areas. The[ . N
. . . . at 10 April 2006, 06:00 (UTC).athe actual dust storm distribution.
first area was in South Mongolia and North China. For P (UTO)A

: . - ; . 1,2,3 represent actual floating dust, blowing sand and dust storm re-
this area, the dust flux simulated in Fig. 8c is closer to theghetively:b the simulated result with original soil moisture con-

actual sand-dust distribution than that simulated in Fig. 8b.tents as input condition; the simulated result with soil moisture
The second area was in the Taklimakan. For this area, theontents calculated according to our scheme as input condition)
simulated results by using both soil moisture values are all

close to the actual sand-dust distribution.. The above results

show that the forecasting accuracy of the CUACE/Dust

system for East China can be improved by using our scheme.

Because the accuracy of sand-dust forecasting in East China

is more important than that in West China, so our scheme

can be used to improve the CUACE/Dust system.
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5 Conclusions Kerstin, R., Leif, K., Sune, A., and Thomas, R.: Estimates of deni-
trification in soil by remote sensing of thermal infrared emission
(1) The influence of precipitation on surface soil moisture at different moisture levels, Biology and Fertility of Soils, 16(3)

content can reach to 16 days. 193-197, 1993.
Lei, Z.D., Yang, S. X., and Xie, S. C.: Soil Water Dynamics, Tsing-

(2) The compound effect of the ratio of precipitation to  Hua University Press, Beijing, 1988.
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ties, Journal of Shihezi University (Natural Science), 4(4), 331—
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