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Abstract: The diurnal variation of cloud macro parameters over the Tibetan Plateau is
affected by the combined effects of large-scale circulation, local solar radiation and surface
processes, and has an important influence on the radiation budget, transmission of radiation
and the distribution of sensible and latent heat. Due to the lack of continuous quantitative
observation means, the understanding of the diurnal variation characteristics of cloud macro
parameters in various weather systems is still very insufficient. Ka-band cloud radar of
APSOS (Atmospheric Profiling Synthetic Observation System) is the first radar to realize
long-term cloud observation in the Tibetan Plateau. In this paper, data of APSOS Ka-band
cloud radar in 2019 are used to study the time-domain and frequency-domain diurnal
variation characteristics of cloud frequency, single-layer cloud top height, cloud bottom
height and cloud thickness under the influence of westerly trough, shear line and vortex
system. Main conclusions are as follows: (1) The daily mean cloud frequency is 56.9% for
the westerly trough system, 50.8% for the shear line system and 73% for the vortex system;
(2) Although the genesis of westerly trough and shear line system is different, the diurnal
variation trend and main harmonic period of cloud macro parameters of the two systems are
similar: the diurnal variation trend is sinusoidal, the minimum value appears before sunrise
and the maximum value appears before sunset. The main harmonics of cloud frequency are
diurnal (24 hours) and semidiurnal (12 hours) harmonics, and the diurnal harmonics have
the largest amplitude among the main harmonics of cloud top height, cloud bottom height
and cloud thickness; (3) The diurnal variation characteristics of cloud macro parameters in
vortex system is different from that in the first two systems. The diurnal variation of cloud
parameters in the vortex system is multi-peak type. Although the harmonic amplitude of
diurnal period is the largest among the main harmonics of cloud frequency, single layer
cloud top height and cloud bottom height, the spectrum distribution is discrete, and the
maximum harmonic period of cloud thickness amplitude is 4.8 hours; (4) The statistical
regression equations of diurnal variation of cloud frequency, single layer cloud top height,
cloud bottom height and cloud thickness are given.

Key words: APSOS, Ka-band radar, cloud macro parameters, diurnal variation, westerly

trough, shear line, vortex
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T RS R e B R E R KGR BSOS IR R, EEGE R M3
IR F R e T R 70 - RS R R 2 Bk A W 5
W CH5E AR S, 1979; Adler et al., 2003; REHEZE, 2018),

B ZIREE ST AN 2 )R 2 W S50 B AR Z BIRRFERAG . i R BH%E
S AN H R I FE A B A R, OB RS b s EARAE I 0 A . R e AR . MR RS
S (VEE-EABERE, 1994; Wu and Liu, 2003). BFAESE0 HASLERE, A BT
T s T L, A BT B A R U AR BRI (eSS, 2003;
WEEEE, 2014).

ZARWEmEHIE (W Ka BB UMM AR EL (Houze, 2014). 2006 4F 3 [E [H ZK F A
Jai (NASAD Kt B =40 TLEE CloudSat _EFEEIH Wik Bt = B4 % ik CPR (The Cloud Profiling
Radar) 7] LUVLIN 75 5 5 R 2 2 M B8 (Stephens et al., 2002). —S&{EF ] H ™ 5ot
J i S 2 BT LS HEAT TR, R R e SR v R R R R KU 2 R ZE R T b (CF
FEASSE, 20100, MFARWFRIX . EIEZRIX . PUAEACTREZ KX AN 6 AN A ] X 38 2
B o~ E AN R FTRRHE A GES%E, 20110, LR iy Ji b X ORI 40 et b A0 i 4
X 25 22 T B A4S MRAE S HLZ T AR AL RRE AT L (Yan et al., 2016) %%, {H&, T Cloudsat
KPR AT HE R BRE], CPR N BEIEF MRRAT G & i b2t ToikiE e i = 1) 0P
K HARACIE. 4k, W B = T kAN Ka B = T I8 AR B3k, B HEE B 5 80
AT B AR, Cloudsat FHERLTCIE AN 2 2 Tl = BEZE R M 2. 5km P [MiK = (Chan
and Comiso, 2011).

TR B = T e J5 K SRHAARES A 7 — 0 Ka R TRIA, UL 7 SRR B
MR B = JFE 5% 2 2800 H AR RHE (RIBRTAE, 2015, WA FIZ85% R, 2016;
sRESE, 20190, BT iR REEFEME, TERBEFEEFETERRIRGsSHA
UG TRE

AEARIRG BT BNLEIARFE, =280 HBRHESFEZER . 20 TSR RAR
GUNA SR DIREEE . ST E A o 5 HARRAE, 5 T AT LA & H B I R R
SRGEYE, 57 DO RS RGN AT BB 7T S A 25 B0 I 2 S I S s
fiE. HmRE EEPRS ARG OFETE NG, VIBL. K. TAMENE, ARRGEERES
TR, 76X RS R BRI AR 10 HERE 5 H, YRR, IR RN 16 e 22 X 3 2



sy 6 H&E 9 H (MRS, 1977 ZFEE, 2002; ZEKESE, 201D. HATCSAN
HMTTEERE ZANGIRD, AR RZRRRRG, 6 LBANEFA TP

o [ ok 2 e KA B 5T BT 2 S T ) (1 [ 5% R KR 35 B 8« 20 B 2 KU 430
ZEE R 248 (Atmospheric Profiling Synthetic Observation System, f&FK APSOS) ” AJ LA
X R OZ AR AT W . X R G2 A% 7R v R E )\ JE [ B 5w 2 0 )
(30.21° N, 90.43° E; ¥k 4300 2K) (Lu et al., 2018). APSOS 2 #5eit i) T A4E SN
PR, BIRHOLEIE 5, Ka WERATIE, KR 2ZB IS O IS, For
Ka BB IA T 2018 45 7 H AP WL, S 2y ¥ S 1 0d 75 i i 2 4 A1 AN 1] W Wl ) 2 K =
TiE. 1M HAHE T CPR, Ka B FIAMERE /AN, e K S ZEIER LT, w LRSS Nt
W =S8 FRKEE Y FI X ME R BRIE L | 2017 EAFEREE. ZRKEE. =FEHE
AR UKOK S GERKEE, 2019).

FF 2019 4 APSOS [1) Ka 3 Bt = Tk S Bk, RSO3 T 2019 4575 56K = i
PHXAE . DI FGis R =R EERARGAH o BRAERE K = 87 K = AR KN B
M T s R 2 SR H ARG SR o AR T8 % 2 2800 H AR A I SslRp A 19 8 2250
IR ARFE, X% 2500 H AR BT 78000, 3958 7 AR S SHH FIE R BiR - &R
REZERR R I . IR — DR R E TS, Sl T &S H A R T,
PRALBUE AL SR AL
2 BREHE

H T 7 i e SR e A A e, R FH B IRl BERL I T R R R G T e SRR IR E . A
B 50 SR FH RO PP S R AR TR ol i I 2 2 0 (I TR) AR 1 /I, 2 [A) 0 938 0. 25°
*%0. 25° ) [ ERAS HJ 500hpa 173 15 7 MK X BERER A 2019 4575 XU L AR A1 D) AR 2
R4 (LU IR =R R G0 52 APSOS SR 1B R] o /i1 1 %% KSR Gust it (A Be 4 APSOS
(¥) Ka % Bt = T IR S U SO 22 R 2040, THEAS B R RGN [0 B A A = I B A
N B EEMEZaNBKEE. sUEE. sBES8. BRI Ka BBOREHE X
Tk, P AR B AR R A KIS R T 0. % KRR GERE APSOS itk L IR [H) 4 5
JiiEs Ka W BTRIEFE N R B E WS EOHEINENTTF

2.1 BRSRGEFN APSOS ki 7] B 1 i ik

R 1B T =R ARG )\ APSOS SR I [8] A0 45 S 8] 54 Wibr ik K 2019 SR
BIRBRARK . =R G % A IH KBTI [R], b R IR 3R 40 25 R PR /K R T



B FEIRIE R 227 /N, RUIAI X L 5REAT 2 S8 H A Ge i 45 R B A B AR
P
1 VU AR AI)ARZL R GE RN APSOS 3 1 Iy T AR 40 Wi o o S S PG
Table 1 criteria for judging the start time and end time of APSOS station influenced by Westerly

Trough, Vortex and Shear Line

A WA i Faas61E/ 2019 SR BB RBFROK)ER
MNAEEY KPR
RGL4TR gER %A /R N NN D)
APSOS {7
APSOS 3 f7 2 AN SEAE RIS A2/
[yl T 1 a7 X 29 ¥k /1328 1170
TFE T B IADEKEAT 2
1%
APSOS ¥kifr
PIAF L - T R 37 U)o R A/ AN R 15 ¥%/295 247
A X
APSOS st {7
LIRS (i 2 AN [ s 2/
f&im T W IR 17 ¥%/321 297
%, B IADEKHEAT 2
IX N

2.2 Ka WEB TN ko BZWSHEHE T &

2.2.1 Ka B = FEFE N

APSOS 1 Ka 3% Bt == B ik K AN A M L B0 S 07 M BT =2, 3R1G 55 30U 5 Z [A]
T AR S MM R IR L s, KR ESEIIERE 2 . AL 1 2019 4
7 XAl )38 28 R I R0 APSOS St R B P9 A% 76 3 AU S5 35 S B 3R IR P58l « N T TR R R
ZRRGWFE, B 18 (a) (b)) (o) Fralgs T IR, DIAR 2SR Ratssmy %
Kz B RS SR IR FHEAE, 7T LUE H 70 XAl R G = A VIR R G = R BHERS, (H g 3R DL
FErAE, KIRRG s KEREE, =RENER.

% 2 Ka WBCRABIES T SRR

Table 2 Parameters of Ka-band FMCW Radar

SR AR FAAL EALIE]
HiA LMK cm 0. 86

A 8] 73 e 2R s 0.125
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Figure 1 Radar reflectivity characteristics of clouds under the influence of (a) westerly trough (b)

shear line (c) vortex system
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2.2.2 nERSHHE T

) FH IR 19 21 1) T 18 S5 RO S 2 R T HUR i 8 =R RGN IE SR HBL A S &R
ZMBREE ZTEEM AT BAREEN: SHUE— A 200 R % N s, iR
RBE B R AR IR 2 ) I, S SR R e FTESE 5 ANEA G S, I H SO
2 R T AR T B s B RABUE, WA FEFTTE = 2N 2 B B, 4haLig E ) -
FWT, W0 SRFANPE B AE 5 A R0 EH RHES: 5 ANPEER A A G S, T s 12 P s
FERENE R B m T o WS V4 S e 1) B, ARRUAEE =, S = HIE%%
0 25 B e FEE AR 2 T v P35 2 0o 56 i 80— B 20 1) 6 20k S O 30 R 5080 Y [0 7 v kA1 Wi L
BEER, BOH—ERAAERR LA E NE Z 4.
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p MR R AT AR R N B2 & po 5 FEE W p” AU, B p=pstp”
3 ZRARLGH = HF H ALK SR SR
3.1 BHRAFME

K 2 (a) (b) () 4FRIAH T XM, DIBLAKIRASHE =MRMHZ L, HIE =
WA ST EIR 5D DARILA A2 . B — /NN 2 30056 38 SOMAZ /NI 2 /N i 42
PN I LB N A I 20T 5 T 0 B, U Ka A TR A AR =R RS MM T A
=R ZIGHH R RS R AARGE MR AL, KKK 2 (2 (b) (o) FREALHUR.
Vi XREAT 2= 4% AR o Bl AR 7Y, (B R ILAE 8 I Dy 38% (AR ST N [) 15y 24 3 3
DI, VEAE AR 17 B 74%. DI =A% H AR 2.t/ BRude By A, 23 M INAE 7
I 30%, WA HIAE 17 Iy 73%. RIRA =R H AR & N Z g2 /88, 8-20 W AH =
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Figure 2 Diurnal variation characteristics, main harmonics and regression equation of cloud
frequency of (a)westerly trough, (b)shear line and (c)vortex system
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RGN .
*3 AN, DRERMRAGE ZMRBEEMH MM ERD EMETEIERSE
Table 3 amplitude of DC component , main frequency parameters of Fourier decomposition and for

diurnal variation of cloud frequency in westerly trough, shear line and vortex system

RARG
P 7 XU DALk {907
E 7 E R (o) 56. 9 50. 8 73.0
—RIEBARIE (%) 12.5 17.6 9. 50
JA 1 OO \BIFAL (rad) 24\1. 60 24\1. 89 24\2. 30
TIREBARE (%) 5.50 5. 40 —
JAIH GNP \BIFE AL (rad) 12\~1. 50 12\-1. 54 —
TR VEBARE (%) 74 - 5.50
JA 1 OO \BIHEAL (rad) 4.8\0. 074
ZUEBAIRE (%) - - 4.00
JA ] N \BIFEAL (rad) 8\0. 83
BUCE BAIRE (%) - " 3.80
A OO \BIFEAL (rad) 3.4\2.75
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4.1 BHSASAE

MAREET RN, ZRAGEAUREZNE, TRERGLEoREE, = &M
=JEHARHE 7 b B, 1B 3 25 1Y T VIR IR AR RG R o F AT (B3
r EERINBRI R ) . PR BRE . P EERESHEEUE RN HAR L. X RS
PRAZWREE. RSN R AR 22 g AL, A EIEAR I BUE H AT, WME
BUE HVE AT, #2380 UL BRI, AN VN VIR R G R = T
R TR A JR A 2t LU PR R, A (BB B L T, e HH e
I, S HE VS HAAA IR, B RO WNG o 2508 B[R] U8 R e HH I
I 2 HIORE A K FEB N BRI TR B 5 08 A R G IR RS E S Tm . SR
. ZEABHILS TR RS EEAE, 2-12 BaTiEE., ) REEHANRIK, KR
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Figure 3 diurnal variation of cloud base height, cloud top height and cloud thickness in westerly

trough, shear line and vortex system
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HHER 4, BT R A G IR 4 (a) (b) (e) Hfm. PHRIE RS HY
IR LSS 3. 84 1km, T EEEY A I EFE HAR ML 2 H AL 6 A1 8 /N Y, &1 EE A2 0. 87,
HE R IR B 2. 234km, T ZLESA Y05 HA A HALRA Y, a2 0.82. HIY
=552 1.554km, EEEFEAMEE HALRML. 6 F1 8 /NI, AR 0.55. YIBL RS
H =T 2 4. 0T4km, T ELERSA W0 HARM . 8. 6 /NRF AT HAML R, &L=
0.91. HYZJRFEEAE 2. 670km, FZAEE IR HARL. 8. 6 /NI, AR 0. 77,
HIZ 552 1. 348km, EEAEBA A AL, FHAL., 4. 6. 2. 18 M 8 /MM, #Ll&
RPEER 0.67. (KIAARS H I =R L2 4. 080km, EEEB MR 00, 8 /M, fHAR
6 2. 4.80 30 L6 /MBI, AR 0.4, HBZKEER 2. 523km, I H MG
FEHAZ EHAR A 8 /N I, WAILER 0. 34, HIYZEARZ 1. 565k, T EHE P M6
Fi4.8v 6 /B, BHL 114 HAM, L7, 20 L4, 8 /DR, BIAHER 0. 28,

B2, A s RO R4 VIRL RS X RS, TRl
F PRI IR L R S8 (R R G R RS, H Tz B HERFE KOOI RS, 1
RIE RS VIR ARG HERR S TSR T, 78R R0 A e, I
ARG P AT T EL VIR ARG B RG T B IREEIE A el h, =)0 0 A
B BRKIR R G = IR R B2 4. 8 /NI BRI, ot = 240 H A iR i oK1
B3y A AR J S O
x4 VIR, VBA G RGERE T E . mREE . =5 B B 8 £ 2E s 25
Table 4 DC component , main frequency parameters of fourier decomposition of cloud top, cloud bottom

and thickness of single layer cloud of westerly trough, shear line and vortex system

RARG
7 I PIAR 2 it
I 24
ﬁ% FL & (km) 3.841 4.074 4. 080
E§ F EEPARNE (km) 0.751 0. 679 0. 849
JAIH CNED \BIAE AL (rad) 24\1. 825 24\1. 522 24\1. 137
0.188 0.129 0. 453
12\2. 445 8\0. 578 8\0. 625
0.174 0.107 0. 396
6\-0. 890 6\-0. 552 12\-1. 224
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Figure 4 diurnal variation of cloud base height, cloud top height and cloud thickness of (a)westerly trough,
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Table 5 The regression equation and goodness of fit of daily variation of cloud frequency,
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line and vortex system
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