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Abstract Dust aerosols have distinct impacts on the energy balance of the land surface by adjusting short wave/

long wave radiative processes, and thereby affect the meteorological elements over the near surface. In turn, the im-
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pacts are reflected by modifying the heat transfer processes between the land surface and the atmosphere. The semi-
arid area is known as the most typical region characterized by the remarkable aridity trend. It is also the region in
which sandstorm events occur frequently and is regarded as one of the main sources of sandstorms. The enhanced
observational meteorological data, radiative fluxes, and concentration of dust aerosols collected from the Tongyu
station, one of the international Coordinated Enhanced Observing Period (CEOP) reference sites in the semi-arid re-
gion of China from April to June 2006 are used to investigate the differences of meteorological elements and energy
budget in this area under different weather conditions, namely, clear days, light storm days, and sand storm days.
The results indicate that in the semi-arid area. dust aerosols have significant influences on the meteorological ele-
ments and energy balance of the land surface, which is different from the impacts in the arid areas in some aspects.
In the semi-arid area, a higher wind speed is identified in the duststorm period than that in clear days, while atmos-
phere relative humidity is lower in dust days. The land surface receives less net radiation during the duststorm peri-
od, as well as the latent/sensible heat fluxes. The correlationships between aerosol concentration and daily mean
sensible heat flux, relative humidity, and latent heat flux are significant. During the daytime, the daily mean air
temperature responds to sandstorm more significantly, while 2-cm ground temperature responds more significantly

at night. It is meaningful that the sensible heat flux is less during duststorm events in the semi-arid area, which is

Vol. 15

different from the case in the arid region.
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Table 1 Three typical weather conditions in 2006
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Fig. 1 The diurnal variations of meteorological factors at Tongyu station under three typical weather conditions: (a) Wind speed; (b)

air temperature; (c) 2-cm ground temperature; (d) relative humidity
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Fig. 2 The diurnal variations of the land surface energy budget
at Tongyu station under three typical weather conditions: (a)

Net radiation flux; (b) latent heat flux; (c¢) sensible heat flux
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Fig. 4 Variations of the surface fluxes at Tongyu station from 3

Jun to 10 Jun 2006: (a) Net radiation flux; (b) latent heat

flux; (c) sensible heat flux

G I B

SRR (2002) MWL, Wit
BETTR, BT R X ARG 00 N R IR R E —
B, HETREXAm RN Mg, A, W
IR ) 1 A AT, T R DX ARk 55 i s T
B SR X IXOR 25 5 0 — S 00 25 HE TR R
FTRXWPAERE, KPRk EEDE
m TR TR X B G = e B o T R X
SEEL, —RCE AL . B R T XA 2 K
T L, MR ER A, WAak 1M

AR AR TR S ECUR T R, R b
KL 585 1 5 38 3 T A L A AR T R R
B0 T M 2 D s SR I I s A
B . T RXHERK ST R,
RISt 5 DO ORI a2 LU AR 2. P 2
FCHEIT s M A S N M T AR A )
T R TR MR 2R, B R

T EAR I B . AR SCRT R B BORL T 30
W AERE IR, D HEE 2 54k,
AR,k — AR A 1 T 0 SR i B Ay L 5
BHINATRAL . RIS, 7545 B9 A o 255 1) PR
TUXS AR SCHE Y ) — SEAfE T8 HE A7 A ¢ B AL BEAG 56
JEELHY

SEZHEL (References)

THios, EXT, MATE. F 2003, 045 a REV R R RS
KA R ZEAT [T]. hETE, 23 (5): 306 - 310.
Ding Ruigiang, Wang Shigong, Shang Kezheng, et al. 2003.
Analyses of sandstorm and sand-blowing weather trend and jump
in China in recent 45 years [J]. Journal of Desert Research (in
Chinese). 23 (5): 306 - 310.

e, WKL 2002, PEAEDT T RARILAEE [T ]S
W5, 7 (1): 22 -29. Fu Congbin, Wen Gang. 2002.
Several issues on aridification in the northern China [J]. Climat-
ic and Environmental Research (in Chinese), 7 (1). 22 - 29.

freoet, mHEIE. 1995, A RRARLAIIR ERkR A fE s [T
KA B2, 19 (1) 117 - 126. Fu Congbin, Ye Duzheng.
1995. Global change and the future trend of ecological environ-
ment evolution in China [J]. Chinese Journal of Atmospheric
Sciences (Scientia Atmospherica Sinica) (in Chinese), 19 (1):
17 -126.

PR, FEMEAE, F4idR. 2006, du i T 245 AZE R [T].
HRF e ®, 16 (10): 1216 - 1223. Fu Congbin, Yan Xia-
odong, Guo Weidong. 2006. Aridification in the northern China
and human adaptation [J]. Progress in Natural Science (in Chi-
nese), 16 (10). 1216 - 1223.

ARG, KR, 2001, JFRT RGN AR A TR [ ]
Bk Bl AP R, 16 (1) 18 - 23. Hu Yingiao, Zhang Qiang.
2001. Some issues of arid environment dynamics [J]. Advance
in Earth Sciences (in Chinese), 16 (1) 18- 23.

BIREDT, BORME, TLEZE, 4§, 2002, 2000 4F 6 7 4 Hb R sk
BT SR T G R SR B P AT R IR AR L [J]. KRR
Bla#, 26 (1): 1-8. Hu Zeyong, Huang Ronghui, Wei Guo-
an, et al. 2002. Variations of surface atmospheric variables and
energy budget during a sandstorm passing Dunghuang on June 6

of 2000 [J]. Chinese Journal of Atmospheric Sciences (in Chi-



5RO OB R 15 %

288 Climatic and Environmental Research Vol. 15
nese), 26 (1); 1-8. ERY, F4HL A, % 2006 1 E PR RS KIS E
IPCC. 2007. Climate Change 2007 The Physical Science Basis. [J]. sk, 58 (2): 193-200. Wang Shigong, Wang Jin-
Contribution of Working Group I to the Fourth Assessment Re- yan, Zhou Zijiang, et al. 2006. Regional characteristics of dust
port of the Intergovernmental Panel on Climate Change [ M. events in China [J]. Acta Geographica Sinica (in Chinese), 58
Solomon S. Qin D, Manning M, et al. , Eds. Cambridge, U- (2): 193 -200.
nited Kingdom and New York, NY, USA: Cambridge Universi- FER, WEY, FRE. 2006, —kIPLBEITREFIDLRIBR
ty Press, 996pp. X R A S R R [T TREARS, 24 (3): 14-
X, ECR. s, 4. 2004, P EHX HAREM T 18. Wang Yujie, Huang Jianping, Wang Tianhe. 2006. The
BACRA P AW h” KIWmsess: (1], A 5REEm5, 9 influences of dust aerosols on cloud properties and radiative forc-
(2): 378-389. Liu Huizhi, Dong Wenjie. Fu Congbin, et al. ing in a sandstorm weather process [J]. Arid Meteorology (in
2004. The long term field experiment on aridification and the or- Chinese). 24 (3): 14 -18.
dered human activity in semi-arid area at Tongyu, Northeast B, doaEae. 1998, KA VARG TR [J].
China [J]. Climatic and Environmental Research (in Chinese) , EEA %, 17 (4): 347 - 354. Wei Li, Shen Zhibao. 1998.
9 (2). 378-389. The radiative characteristics of atmospheric dust observed from
Fids R, AR, FaRa, &5 2003. iF 3 4EFRE Vb K satellite [J]. Plateau Meteorology (in Chinese), 17 (4); 347 —
FRAMFER T (T [RSHHEMIL 8 (1) 107 - 118, 354.
Lu Juntian, Zou Xukai, Wang Jingui, et al. 2003. Analyses REREE, TUKEE, TRAKE. &R 2006, SA VAT A ] VR HE A
of the causes for frequent dust weather occurred in China during BEE M [T, WK%+, 28 (3): 443 - 449. Wu Jinkui,
the last three years [J]. Climatic and Environmental Research Ding Yongjian, Shen Yongping, et al. 2006. Energy balance in
(in Chinese), 8 (1): 107 -113. the irrigational intercropping field in the middle reaches of Heihe
kR, fRasat. 2005, A EFRARET R 10 4F PR AR R River [J]. Journal of Glaciology and Geocryology (in Chinese) ,
(7). HbBkMyP~4%, 48 (3): 519-525. Ma Zhuguo, Fu Con- 28 (3): 443 - 449.
gbin. 2005. Decadal variations of arid and semi-arid boundary in Zhang Renjian, Fu Congbin, Han Zhiwei, et al. 2008. Charac-
China [J]. Chinese Journal of Geophysics (in Chinese), 48 teristic of chemical composition of PM2. 5 in Tongyu, semi-arid
(3): 519-525. region in Northeast China in spring period [J]. Adv. Atmos.
Sokolik I N, Toon O B. 1996. Direct radiative forcing by anthro- Sci. » 25 (6): 922-931.
pogenic airborne mineral aerosols [J]. Nature, 381 (20): 681 RETE, BXEME, PNVEAE. 2004, JEARSRERVD A B RR SAREAE
- 683. RAFTSE (). S5, 9 (1): 101 - 115. Zhang
WiksE, 4. 1994, Vb X FZ= A RS IR I R Kb b S Gaoying. Zhao Sixiong, Sun Jianhua. 2004. Analysis of clima-
Wi AR ST [T ®IEA 4%, 13 (3): 330 - 338. tological characteristics of severe dust storms in recent years in
Shen Zhibao, Wen Jun. 1994. The atmospheric turbidity and the northern China [J]. Climatic and Environmental Research
the influence of the dust atmosphere on the surface radiation bal- (in Chinese), 9 (1) 101-115.
ance in desert in region spring [ ]J]. Plateau Meteorology (in JEFw, s, B, 4. 2002. 2000 AEF VR B R
Chinese), 13 (3): 330 - 338. fE (I hEAE (D #), 32 (4): 327 - 334, Zhou Xiuji,
Tegen I, Fung 1. 1994. Modeling of mineral dust in the atmos- Xu Xiangde, Yan Peng, et al. 2002. The dynamical character-
phere; Sources, transport and optical thickness [J]. J. Geo- istics of the sand-storm of spring in 2000 [J]. Science in China

phys. Res., 99 (D101). 22897 -22914. (Ser. D), 32 (4). 327-334.





