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Abstract Enhanced observational meteOrolOgica1 ele— 

ments，energY fluxes and the concentration of dust aero— 

sols collected from the Semi．Arid Cliraate Observatory 

and Laboratory fSAC0L during a typica1 dust storm pe— 

riod in March 20 1 0 at Lanzhou were used in this Daper to 

investigate the impact of dust aerosols on near surface 

atmospheric variables and energy budgets．The results 

show that the entire dust storm event was associated with 

high wind velocities and decreasing air pressure，and the 

air changed from cold and wet to warm and dry and then 

recovered to its initia1 state．The response of energY fluxes 

occurred behind meteOrOlOgica1 elements．At high dust 

concentration periods the net radiation was significantly 

1ess in the daytime and higher at night．while the heat 

fluxes displayed the same trend，indicating the weakening 

of the land—atmosphere energy exchange．The results can 

be used to provide verification for numerica1 mode1 re． 

suits in semi—arid areas． 
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1 I ntr0ductiOn 

Arid and semi—arid regions account for more than 80％ 

of the total area of Northwest China(Dong et a1．．2006)． 
Dust aerosols suspended in the air during strong convec． 

tion weather in arid and semi—arid regions can influence 

the energy balance by absorbing and scattering solar ra— 

diation and 1ongwave radiation fOian et a1． 1 999)．The 
radiative effects of dust aerosols primarily include cooling 

of the land surface and heating of the aerosol 1ayer rCar1 

son and Benjamin．1 980)．Many studies have been con— 
ducted on the regions of China with frequent dust storms 

(W ang et a1．，2006a)that examine the variability of the 

decada1 frequency of these storms(Ding et a1．，2003)：the 

physical and chemica1 properties of dust aerosols and 

source analyses(Zhang et a1．．2oo8)with their radiative 

properties(Shen and Wen．1 994)；the response of mete— 
orological characteristics near surface(Hu et al一 2002； 
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Ling et a1．．20 1 01：the remote sensing of dust aerosol ob— 

servations and numerical simulation fWang et a1． 2006b； 

Wei and Shen．1 998)．but most of these studies were cen— 

tered on arid regions． 

As a transition zone of the eastern monsoon region and 

the inland arid region from southwest to northeast the 

semi—arid region of China is highly unstable in its dynam— 

ics．showing the properties of mutation，sensitivity，and 

recoverability，and thus a much stronger and earlier re— 

sponse to global environment change fFu and Wen．2002； 

Fu and Ye．1 995)．The aridity trend is worse in semi。arid 

regions fMa and Fu．2006)．for which most numerical 
model simulations are unsatisfactory,especially the errors 

of precipitation simulations，which have great uncertain— 

ties(Fu et a1． 2005)．Meanwhile because the radiative 

effects of dust aerosols on climate in the short term cannot 

be ignored．considering radiative effects in a land surface 

model and a radiative boundary laver parameterization 

scheme are important problems(Bao and Lfi．2006)． 

In this study．enhanced observationa1 data of dust 

aerosols，meteor0lo2ical elements and energy fluxes near 

the land surface collected from the Semi—Arid CIimate 

0bservatory and Laboratory fSACOL、were used to ana— 

lyze the interaction between dust aerosols and the near 

surface atmosphere to provide verification for numerical 

model results． 

2 SACoL and data 

SAC0L，from Lanzhou University f35．57。N 1 04．08。E 

1 965．8 m MSL)．is located in the northwest of the 

semi—arid region of China．where there is an annual aver— 

age precipitation Of 381．8 mm．The SACOL site．as a cli— 

mate observation platform based on international stan— 

dards．possesses advanced climate and environmental 

monitoring equipment and instruments as well as a well— 

qualified observation team．SO it can conduct a variety of 

1arge—scale experimenta1 observations． SACOL ofrers 

attractive opportunities to study certaln phenomena that 

are believed to be important in the drought process 

fHuang et a1． 2008)． 

PM 1 0(particles with aerodynamic diameter≤1 0 LLm) 

mass cOncentrati0ns were co11ected from an RP 1 400a 

(Thermo，USA)，which continuously sampled aerosols at 
a height of 3．5 m with aN output mass concentration every 
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five minutes in units of mg m_。．Meteorolo2ical elements 

were collected from a 35-m—high boundary 1ayer tower． 

on which seven—layer wind speed (014A．L Met One， 

USA)，air temperature and humidity(HMP45C L，Vaisala， 

Finland)sensors were installed at 1，2，4，8，1 2，1 6，and 32 

m together with a one—layer wind direction(034B—L．Met 
One)sensor at 8 m．The surface radiation monitoring sys— 

tern consists of upward and downward pyranometers 

fCM2 1．Kipp& Zonen Holland)for outgoing and in— 

coming short—rCG4．Kipp&Zonen)and 1ongwave radia— 
tion that were installed at heights of 2．0 m and 3．0 m．re— 

spectively．The heat fluxes were measured at a height of 

3．0 m from the eddy covariance system fEC1 with a 

three—axis Sonic Anemometer(csAT3，Campbell，USA) 

pointed toward the prevailing wind direction(L17500， 

LI—C0R Campbell1(Wang et a1． 2010)．To ensure the 

consistency of data for analyses．all observation data were 

interpolated into the output format of 30一minute intervals． 

3 Land surface factors 

3．1 Observed facts and background 

According to statistics from the meteorological obser． 

vatory of Lanzhou．1 6 dust days in 20 1 0 were recorded on 

1 2—1 4 March，1 6一l 7 March，1 9-22 March，29-3 1 M arch， 

4-5 April．9 April．and 14 April．Figure 1 displays the 

daily PM In concentrations at SACOL in March 20l0，and 

the dust weather days are marked out．The dust aerosol 

concentration was so serious that there was no record on 

1 9-20 March．Except for the 1OSS on 1 9-20 March．the 

daily PM 1 0 concentrations during the dust weather days 

were significantly higher than the other days in March． 

during which the most typical dust process was on 1 2—1 4 

March，with values of 507．44¨g m一 ，1 87．83 Ug m一 ，and 
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layer．and the isobars and isotherl3aS in the northwest to 

southeast direction were intensive which made the cold 

air jnvade the northeast．increasing the horizontal tern— 

perature gradient．which is beneficial for frontogenesis 

near the surface．Therefore．the interaction of the short． 

wave trough at high．altitude and the mesoscale depression 

system resulted in an available cyclonic shear and con— 

vergence updraft．which provided impetus for the occur． 

Fence of the dust storm． 

3．2 Meteorological elements 

Figure 2 shows the variations of meteorological factors 

at SAC0L from 13 to 15 March 2010．where we can see 

that meteorological elements had a good correlation with 

PM10 concentrations，thus providing the basis for the fo1． 

1owing diumal variation．Figure 2a shows that wind ve． 

1ocity has a significant difference of 1evel on dust storm． 

dust blowing，and sunny days，for which the daily mean 

wind speed fluctuated at approximately 5 m s～ 4 m s ． 

and 2 m s一．respectively．Before the dust storm，the wind 

velocity fluctuated approximately at the value of 5 m s 

and rose sharply to 6．6 m s at 1730 LS and the PMln 

concentration reached its maximum at nearly the same 

time．Then．the wind velocity gradually decreased ac— 

companied by a decreasing PM 1 0 concentration，except 

that the PM 1 0 concentration changed slightly,lagging be- 

hind the wind velocity．As a result the adiustment of wind 
velocity before the dust storm provided the basis for its 

rapid increase and better surface dust source while the 

high value of wind velocity provided a good impetus for 

dust uplifting during the dust storm ． 

The daily change of air pressure was not as obvious． 

but it showed an increasing trend over time．On 1 3 March． 

the air pressure decreased rapidly from 800 hPa at 0000 

52．48 Pg m～，which were treated as dust storm ，dust LST to 79 1 hPa at 1 530 LSL then increased sharply to 
blowing，and sunny days in this paper． 

According to the analysis，the center of this dust storm 

event was situated in front of a high．altitude shortwave 

trough，while the lower layer had a mesoscale circulation 

feature(figure omitted)．There was a strong depression 
center at 35。N．105。E near the front ofthe trough’s upper 
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801 hPa at 0000 LST 14 March．after which it showed a 

wavelike rise until the maximum of 809 hPa．After the 

minimum of pressure，the PM 1 0 concentration began to 

increase and reached its maximum three hours later．This 

dust storm event was under the process of decreasing 

pressure，indicating that 1ow pressure was the major factor 
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Figure 1 Daily PM t0 concentrations at SACOL in March 20l0 
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Figure 3 Variations of radiation and heat fluxes at SACOL from 13 to 15 March 2010．(a)Shortwave radiation；(b)longwave radiation；(c)net 
radiation and heat fluxes． 

solar radiation as a result of decreasing the net radiation， 

while at night．the longwave radiation took the dominant 

position．At night，the dust particles reflected the upward 

longwave radiation back onto the ground as a therrnal 

layer and emitted infrared radiatiO13_．which resulted in 

increased net radiation．The response of the heat fluxes 

decreased with net radiation，and the sensible heat flux 

responded more significantly．Because SACOL iS situated 

in a semi．arid region with little annual precipitation and 

less of a water vapor phase transition。the variation range 

of latent heat flux was not as large as the sensible heat 

flux，only showing that the latent heat flux was slightly 

greater on sunny days than dust storm days．The sensible 

heat flux changed more intensely：during dust storm days， 

the sensible heat flux was significantly less than on sunny 

days，which indicated the decrease of energy exchange 

between the land surface and the atmosphere．SACOL’S 

sensible heat flux results were contradictory to those of 

Tongyu station，another observation station in the semi— 

arid region of Northeast China．ORe possible reason for 
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this discrepancy is that the dust storm event studied in this 

paper occurred in March of the dry season at SACO L． 

while it occurred in June of the rainy season in Tongyu 

thus leading to the difierence of near surface energy ex 

change．During the rainy season，the water content of the 

1and surface was sumcient．and the sensible and 1atent 

heat fluxes nearly took the same proportion of net radia 

tion；during dust storm days．dust particles were lifted up 

from the land surface．which made the sol1 moisture and 

heat capacity decrease．The result was that the tempera． 

ture rose faster than the atmosphere which meant the 

increase of the temperature difierence and the enhance— 

ment of the sensible heat transference．In the dry season at 

SAC0L．the sand source was sumcient．the sensible heat 

flux was far more than the 1atent heat transference and 

the heat capacity of the land surface and atmosphere was 

so difierent that the dust particles suspended in the air cut 

the solar radiation reaching the land surface．which re— 

suited in decreased air temperature．Furthermore．particles 

entering the air could also have heated the atmosphere to 

some extent，decreasing the diffeFence of temperature 

between the land surface and the atmosphere and．ac． 

cordingly，decreasing the sensible heat transfeFence． 

4 Conclusions and discussion 

Enhanced observationa1 data of dust aerosols．mete— 

orological elements and energy factors near the Jand sur— 

face collected from SACOL were used to investigate the 

meteorological elements and dynamic factors during a 

typical dust storm at Lanzhou in March 20 1 0．The results 

were asfo11ows： 

The whole dust storm process was controlled by high 

wind velocity and the decrease of pressure，and the air 

changed from wet and cold to warm and dry and then 

recovered to its initial state．The response of energy ele— 

ments was snghtly later than meteorological elements． 

During dust storm days the net radiation was signifi— 

cantly higher than in sunny days in the daytime．while at 

night it was the opposite．Heat fluxes took the dominant 

position at SACO L．During dust storm days．the sensible 

heat flux was less than in sunny days．indicating the 

weakening of the heat exchange between the atmosphere 

and the Iand surface． 

This paper analyzed the interaction of dust aerosols in 

a semi—arid region within the context of the energY budget， 

and it obtained meaningful results．In further studies．the 

inclusion of more dust examples．the remote sensing of 

satellite data and the quantitative analysis of the vertical 

distribution of dust aerosols should be the key considera— 

t1ons 
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