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A Study of Liquid Water Path and Precipitable Water Vapor in Lanzhou
Area Using Ground-Based Microwave Radiometer

HUANG Jianping, HE Min, YAN Hongru, ZHANG Beidou, BI Jianrong, and JIN Qinjian

Key Laboratory for Semi-Arid Climate Change of the Ministry of Education, College of Atmospheric Sciences, Lanzhou Uni-

versity s Lanzhou 730000

Abstract Both liquid water path (LWP) and precipitable water vapor (PWV) are two important variables descri-
bing water source in the air, which are key elements in the energy budget and the workings of the hydrology. Cur-
rently, direct and continuous observations of LWP and PWV are few, especially for the Loess Plateau arid and semi-
arid areas. The measurement of microwave radiometer at the Semi-Arid Climate and Environment Observatory of
Lanzhou University (SACOL) is used to analyze the diurnal and annual variations of cloud liquid water path (LWP)
in the semi-arid area. Firstly, Liljegren et al. retrieval method (Liljegren et al., 2001) is introduced and improved,

and then used to calculate the retrieval coefficients suitable for the Loess Plateau, and LWP and PWV are computed
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using the modified retrieval method in the past two years. Compared with the artificial neural networks retrieval re-

sults of TP/WVP-3000, the improved Liljegren et al. retrieval results in this paper have smaller errors from the re-
ality. The results show that 95% of LWP is below 150 g/m’, and 95% of PWV is below 3cm at the SACOL. Be-

cause of the influence of Asian monsoon on precipitation, the daily average of LWP is the smallest in winter, the lar-

gest in autumn, The diurnal variation shows two peaks, which is due to local climate features, such as temperature

inversion and thermal convection. Furthermore, the authors compare the annual variations of LWP derived from

Terra and Aqua satellite with that from microwave radiometer, respectively. The results indicate that the satellite-

derived results are close to the ground-based retrievals. Therefore, using LWP retrieved by satellites data to analyze

the water source in the air over Northwest China is a relatively reliable method.

Key words liquid water path, precipitable water vapor, microwave radiometer, diurnal variation, CERES
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Fig. 1 Scatter plots of ARM SGP Lamont microwave radiometer products: (a) PWV comparison between ARM standard products and im-

proved Liljegren’s (LIJ) retrieval results; (b) LWP comparison between ARM standard products and improved Liljegren’s retrieval results
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Fig. 2 Scatter plots of SACOL microwave radiometer products: (a) PWV comparison between artificial neural networks (ANN) and im-

proved Liljegren’s retrieval results; (b) LWP comparison between artificial neural networks and improved Liljegren’s retrieval results
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5 RETKBERELSFE

FIH SACOL R AF (1) 1 B fl 8t 12 S XL 52 11 9%
B (2006 4% 5 H ~2008 4 5 H)» FIASCHY 5 I
RS KB, SACOL fif Frigh X, puz
. 12 A~2 Ah%ZE, 3 A~5 A hEZE, 6 A~
SHRHEZ, 9 H~11 HREkZE, 4 3litoE
WA KRN HARIE O . A B R A0, 3
T ORI Py 2 T 25 32 B 25 B K B2 Il ST 45 R
REVERIIC R LIRS =K AE . BrAAE T3 R 4
R T A B AR R .

&l 5 2 SACOL TR 4 S i B e i v s 25 7K
2 HARRE , HHFESY 109, 127 g/m*, Ky
R 2B RIS K B AR S TR 1 /N N AR
HEZERIN

HT bR 28, HH ARG A IE 45 Fh &+
. EAFRMRIERT. BHAWEE, =&,
2 AR A IR KA . FRATHE A1)
WASKEERTERL, Geit ot T ERH 2k, IANE
AR T =K SR AE— H 4B BEAY 43 A R
AR A 1, B L HEZAT (6 Bf~8 B R
H 53 (18 Bf~21 B 430 B — K il oK
FEAE AU AE

SACOL Ui AT A5, Va8 i, & 0A],
W TR AR LR . BB B IRZ . X2
T 2 KR B 1) ik, Fe iR )2 T4,
PRTE H 2 A0 7K B i A s Bl K BH |
Tt M AR T E L RS E R BRI, X0 i
IKEAUUR PR F 3082 5 0T LA i) B 8 1 b %

140 E T T T T T
E Mean=109.127 3
Std dev=8.73192 3

1

1 1 1 1 1

1200 1600 2000

Time (LST)

0000 0400 0800
5 SACOL W&z KR (LWP) /) H 224K
Fig. 5 Diurnal variation of LWP at SACOL in the whole year

B ZWHEZIHEG TR T RS
AT

BEMs 73 T — R OK BH RS T il B2 A
s 2R TR P E 2 1, 25 A
R A B TR W 2 AW IR, 250
M 0 2RI A A R e e BRI B TR R BN I 5 T
TR IK OB » A AN R UL R IR S K
BT — H S AN IE(E

o2 T LS e H RS A S TR JEE AR A
P AL . N — H NARIEZE I A AL 1 DU
TEPI AN IEAEAL IR IE 22 R R I . RS /K AR
1 H AR E . SACOL BiliA = FH AT HRE
FIEEHE T+ AH i T2 A8 . KRR GERI AL
PESE IR . A 2 MRS S e B H R I
AHERA BRI TE B .



PN W 34 15
556 Chinese Journal of Atmospheric Sciences Vol. 34
250 - 250
Spring Mean=110.506 Summer Mean=122.107
Std dev=15.1480 Std dev=28.8506
200 200
E 150 E 150
) )
= =
2 100 - = 100
S50+ 50
0 0000 0400 0800 1200 1600 2000 0 0000 0400 0800 1200 1600 2000
Time (LST) Time (LST)
250 250 -
Autumn Mean=136.264 Winter Mean=75.1984
Std dev=10.8117 Std dev=2.09920
200 200
£ ‘SO'W =
) )
= =
2 100 | = 100 |
S50+ 50
0 0000 0400 0800 1200 1600 2000 0 0000 0400 0800 1200 1600 2000
Time (LST) Time (LST)

5 6 SACOL A2 A KERFE R H A2 4k
Fig. 6 Diurnal variations of LWP at SACOL in different seasons

6 23l 26 0 T DA 21 R AR B AR 1 H AR
FAE L . FRZEIRAS K & 4 {E & 136. 264 g/m”,
P ER R, BEMERRZ. 400 122. 107
g/m’ fl 110. 506 g/m”, Z&ZRMIEAK #4275, 198
g/m’, BFEMTHMTN ., B FHBRESKE EARE
ZEEWEHR R, B BOZEIRZ , 42D,

SACOL i fi; F I 2 R IX i 2, 228 H
SRAL, ABIEL T, B, KET. RETR L
R B TR TR B K VA RE — EL % B N Bl X, SACOL
S B H B RER RS s K AR T 3 4 A A 04
. HEFHRIZEZMNETRAREN, 55
TERT G HOT IR SR IMEG . H AR b 05 B dAH R
K, WATKEEREN B AR 22 2 U2 i kK
M), &ZEZS5HKKRERED. Wl W ae
ANy iDL H PSS = K B AR S DU 2R R/ N 5 T
HAE4ZE, SACOL 3 K AL Tk 77 ¥ 5 e i 4 1l
ZF, RARZERE, #RRR G, AR
[IFRER AN

6 MESDEREWILER

PRAR Sty w5 B B 1 P AC HB X ) = K B, T2
M2 FRATTHRAE T e B T8, (HU TR I 25
HERAPE R AR . ST SR AT BRI 1y 45 2R ok
AL,

T LT A I R | 4S 6] 23 R A AR
KIZES . RG-S DTEMEMRE, FRATHIE RAERE
A B[] 25 0 25 ] S B2 mT LA . 7E Dong
et al. (2002) i GOES #t 1 T EWRFIE E A
AR RS (ARM) oS50t k3, Dith s oy
Hty, 30 km>X30 km Jy A% v %) TR BEREIR S ] -
By, AL ARSI Z A ot s BT /NP2 A
PO R EF XTI R . T SACOL B #R75 %
BHAA L s ASCH R AT Dong et al. (2002) A [F]
R G s R

Bl 7t 1T VISST 55k Je 15 2 1) CERES
SSF %464 H iR A /K B 42 F1 SACOL 35 TR 6 55



3 TRV R b B RB B S S =2 DX RAS 2 7K A R ] AR K () 2B A 5T

HUANG Jianping et al. A Study of Liquid Water Path and Precipitable Water Vapor . .. 557

No. 3
200
| (a) m SACOL-LIJ
@ CERES-Aqua
150 -
)
8
§° 100 -
= L
2
50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

| (b) m SACOL-LIJ
@ CERES-Terra

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

E 7 SACOL ik (Ffa) 5 CERES SSF R (M 4
KgfE ORED HEBAEHIHT: () 5 Aqua TR SZE R
H; (b) 5 Terra T2 R4S R R

Fig. 7 Comparison of LWP annual variations between improved
Liljegren’s retrieval results (black) and CERES SSF products
(gray) at SACOL: (a) Compared with Aqua CERES SSF re-
trievals; (b) compared with Terra CERES SSF retrievals

TR RS K AR I A 3. TR A s
KBRS b S T 5 A A 2SR, Aqua S
FESHA R R R ZE R HIAE 12 H, 292 —46.0
g/m’, Terra TREMERANRZENIAE 1 H, 2152
49.6 g/m’, HAH M4 xR ZE# T/ NF 40 g/m’,
TR RS T 0 SR B E 22 LU R s
Ml : (1) SR INAS B AR e M (2) KRR (udh
TR GG A AN s P AN W OB =X e iy
WS KA R B AT E P (3) R IT A
BTk, AR, IR 25 K B S MR S /K
RRIEIRZE K (Marchand et al.,, 2003), 4545
MRS KRR /NEF (<100 g/m?), J iR 25—
B 4E 40 g/m® (Turner et al.,, 2007), i F
SACOL 3l {7 T e [ 2 1 54 X AR U8
P, B EIKEBUN, WS KR ZEUE T
HRAR/IN s eI B A TS /K B AR 1 1 DR T
W/, NF 150 g/m” [ H BUARERHET 95 00, T AT
ToaKERBRKN s RERKEERE<100 g/m?),
VR AR B A 00 R P s R AT T iR A R —

AMERL, PRI, S TR AN B 2 T2 SACOL
TR SIS K B AR AR 22 e ) R B

IR, Aqua Fl Terra 75 51 B S K B A2 5 3
BATIEZE S HEANTAFZ OB S LR & .
iz A TR S R A K B AR R o M T P L M X Y
R R GHR B —RE IR 22, (R HA
TR LRI {5

7 g

AR SCRI A SACOL 35 195 4F (14 S ik 4 S0 ASOURY 9%
by AT T A X RS 2 K AR AT R K
(AR ALARAE . FEELBUR

(1) M4 ARM SGP kg3 UE, FIA Lilje-
gren et al. (2001) #& 1 FZEIH A 1 I = K 4R
AR 5 IR, 25 2 /K AR B/ IN T 1000
g/m” B, ZHE WG, B s KBRERT
1000 g/m” I, FR5r REAEA BRI 225 . X A& B
R mK AR K, RS A REK R A K RL
TR, XA B E R .. AR5,
ASCHTR R 71 R 2% B8 T 7K KR LA A
WSO R SR T Ry s T T 8 Bk &R
HITE DL . W] BRI X FU A BUAR XS T 2 /K B AR R )
PSR ZE 4, 3t i 7t Fl T 2K 9 A 08 T AT 5 3¢
%, SOHEF AR T 2K B2 B

(2) WAL 5 TP/WVP-3000 H %
TS ENAEAH LA, A ST R B FAER A AR
FRRIRRZE 28 T o AR SO RO 25 S LA 2 4 A (B
X BN, FEREEEA I T, R S
B ASCROE AR REE 1S B = K BR AR RO (E, TR
BT 1 ol 22 D 28GR (R 235 SR O,

(3) 7EH H R . 95% Bz K BARIEHTTE
150 g/m” DT, 95 %6 i A] Bk B (HARFE 3 em AT,
AR A AR A AR R T X458

D) WEDKBEEIERRH B ZE (8 1)
PRt H 5 Z J5 (20 B, 430 S B AN (B . J3 A
A H 2 BRI 32 22 R A 2 5 /i
W), RIS E B 55, 2. B FRNPXRE
Ko WUZEMRASIKIEAR B XEM R B IMRIK - B
H. &4, x5 SACOL 37 T 22 K X 341 4%
K,

(5) LR# T Hb e S i A CERES A =
KRR ZE AR S . W AR L S L)



P 34 %

558 Chinese Journal of Atmospheric Sciences

Vol. 34

B RARZERMBEL T, Hil. WSz KR
5 VR AN B 5 P BT AR R 22 S 9 2 i

o

X

S %3k (References)

Cimini C, Westwater E R, Keihm SJ, et al. 2003. Empirical Evalu-
ation of Four Microwave Radiative Forward Models Based on
Ground-Based Radiometer Data Near 20 and 30 GHz [C]. Thir-
teenth ARM Science Team Meeting Proceedings, Broomfield, Col-
orado, March 31 - April 4.

Curry ] A, Hobbs PV, King M D, et al. 2000. FIRE Arctic Cloud
Experiment [ J]. Bull. Amer. Meteor. Soc., 81: 5- 29.

Dong X, Ackerman T P, Clothiaux E E. 1998. Parameterizations of
microphysical and shortwave radiative properities of boundary lay-
er stratus from ground-based measurements [ J]. J. Geophys.
Res., 103 (D24): 31681 - 31693.

Dong X, Minnis P, Mace G G, et al. 2002. Comparison of stratus
cloud properties deduced from surface, GOES, and aircraft data
during the March 2000 ARM cloud IOP [J]. J. Atmos. Sci., 59:
3265 - 3284.

R, i, 1999, REREA S E AR WA R (M. b
o K4 H#E.  Fu Congbin, Yan Zhongwei. 1999. Globaliza-
tion and the Future Survive Environment in China (in Chinese)
[M]. Beijing: China Meteorological Press.

Huang J, Zhang W, Zuo J, et al. 2008. An overview of the semi-
arid climate and environment research observatory over the Loess
Plateau [J]. Advance in Atmospheric Sciences, 25 (6); 906 — 921.

Kuo Y H, Guo Y R, Westwater E R. 1993. Assimilation of precipi-
table water measurements into a mesoscale numerical model []].
Mon. Wea. Rev., 121: 1215-1238.

Liljegren J C, Clothiaux E E, Mace G G, et al. 2001. A new re-
trieval for cloud liquid water path using a ground-based microwave
radiometer and measurements of cloud temperature [J]. J. Geoph
Res, 106 14485 - 14500.

Lin B, Rossow W B. 1996. Seasonal variation of liquid and ice water
path in nonprecipitating clouds over oceans [ J]. J. Climate, 9:
2890 - 2902.

Lin B, Wielicki B, Minnis P, et al. 1998. Estimation of water cloud
properties from satellite microwave, infrared and visible measure-
ments in oceanic environments. I: Microwave brightness tempera-
ture simulations [J]. J. Geophys. Res., 103 (D4): 3873 - 3886.

XIFT, ik 2007, 2T TRMM/ TMI Y IE 1 Z=REK AR5 [T ]
HhER 2 (D . Bk B¥), 37 (1): 111 - 122, Liu Qi, Fu
Yunfei, 2007. Study of rainfall of summer in Asia based on TRMM/
TMI [J]. Science in China (Series D), 37 (1); 111 - 122.

Ma, Z G, Fu C B. 2003. Interannual characteristics of the surface

hydrological variables over the arid and semi-arid areas of northern
China [J]. Global Planet. Change, 37; 189 - 200.

Marchand R, Ackerman T, Westwater E R, et al. 2003. An assess-
ment of microwave absorption models and retrievals of cloud liquid
water using clear-sky data [J]. J. Geophys. Res., 108 (D24),
4773, doi: 10. 1029/2003JD003843,

Mark H, Robert M, Snider J B. 1987. Field evaluation of a dual-
channel microwave radiometer designed for measurements of inte-
grated water vapor and cloud liquid water in the atmosphere [J].
J. Atmos. Oceanic Technol., 4 (1) 204 -213.

Min Q, Duan M. 2005. Simultaneously retrieving cloud optical
depth and effective radius for optically thin clouds [J]. J. Geo-
phys. Res., (110): D21201, doi: 10. 1029/2005JD006136.

Solheim F, Godwin ] R, Westwater E R, et al. 1998. Radiometric
profiling of temperature, water vapor and cloud liquid water using
various inversion methods [J]. Radio Science, 33; 393 - 404.

Trenberth K E, Jones P D, Ambenje P, et al. 2007. Observations:
surface and atmospheric climate change [ M]// Solomon S, Qin D,
Manning M, et al. Climate Change 2007; The Physical Science
Basis. Contribution of Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cam-
bridge, United Kingdom and New York, NY, USA. Cambridge
University Press,

Turner D D, Vogelmann A M, Austin R T, et al. 2007. Thin liquid
water clouds: Their importance and our challenge [J]. Bull. A-
mer. Meteor. Soc., 88: 177 —190.

R, Bk, ARIBEWT, S5, 1984, F 1. 35 AR b 1o 6 et S
PRI A KRS B i [T, KRRk, 8 (4): 418 - 426,
Wei Zhong, Xue Yongkang, Zhu Xiaoming, et al. 1984. Sound of
the total water vapor and its distribution using ground-based mi-
crowave radiometer with 1. 35 cm wavelength [ J]. Chinese Journal
of Atmospheric Sciences (Scientia Atmospherica Sinica) (in Chi-
nese), 8 (4). 418 - 426.

Wei C, Leighton H, Rogers R. 1989. A comparison of several ra-
diometric methods of deducing path-integrated cloud liquid water
[J]. J. Atmos. Oceanic Technol., 6;: 1001 - 1012.

M, Bk, BNEAE, S 1982, KA HE AT B Ik B
[M]. dt3T. Bl 4k, Zhou Xiuji, Lit Daren, Huang Run-
heng, et al. 1982. The Theory of Atmospheric Microwave Radi-
ance and Remote Sensing (in Chinese) [ M]. Beijing: Science
Press.

BAAR, T, AELL, 2 1981 IR KSR IE RS BT
[J]. K%k, 39 (2): 217 - 225, Zhao Bolin, Yin Hong, Li
Huixin, et al. 1981. Studies on the ground-based microwave radi-
ometry and its measurements of the atmospheric humidity profile
and total water vapour content [ J]. Acta Meteorologica Sinica (in

Chinese) . 39 (2): 217 - 225.



