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BRI Chirp Burst
TAEH (GHz) 35.89 35.83
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1 KAZRMNEIE /MR E S
Figure 1 Minimum detectable reflectivities for the two modes of KAZR

826

MR R A gy R
dBZ =10log(Pr) +10l0g(C) + 20l0g(R), (1)
K, CR 5 IR BIRE S50 bR 5L,
co 512In(2)A*
10 ART’ |K[* *PGGGrLoLobLur
Ko, PORIEE IR, A & FHE K, AR I B 73 Hk %,
KK BT G118 58, oM R GE R, Gl kb k48
b, GAHRLMILE, GBI 25, Lok & ST HLIR
FE, Lx WIRUCERIAAE, Lue WUBIEERIAAE. RV BEAN K
e B T ) B S, Py [T TR

K (D) g S & N dBZXF R P fE, B
IR B/ MR T 3P . X T chirp” 5% burst” 18 iA,
C 1Y 55 {8 43 % B 0.0024#10.0199, #] LA 15 3| KAZRTE
AT B I B NI . B Lol il 2 = A X
(D815 2] 1 KAZRABUZA: Bifi 5 B AR Ak 4 A\l LA
F B0 25 KA S R 0 BRI TR R — B
B IR TR 1 Fe/INABZ I o B B N B AR, #E 2 kg B
PLE, S B UL i 2k 9 0% 20 B a8 R UM A g g
PR, AE2 ke BE LR UL AR 0 % h 32 5 R
S () — e L i . “ Chirp” Fl1“burst” il 75 km
e B ) B /NI 2 53 28 [R5 43 531] Sl —68F1-64  dBZ,
X—H (/N TARMZ HIAS kmitb-49 dBZM*fY)
B/NEIE, FERFNKAZRE T W )% 55
2.2 kWHJEIKA(Extended Interaction Klystron Ampli-
fier) it K 2%, ¥ K TARM = 5 15100 W i U4 {f 3
KM, KAZRZH X TRZE = &R 10

X 55 )2 2 I HURYE TLARM 2 B IA B8 A 3 35 kit

)

1.2 Wk

XK AZ RN f1 Jir s 22385 $ A 33 53 3 oK 2 B
— YRR R, A5 B R IR 00D AR At Y R AR T
(dBZ) ., -3 B (v ) R 5 3 5 (07 ). 2Rk il fi 1L
(linear depolarization ratio, LDR)} J5 [l &5 1 2% fy
H. KEWAe iz . {54 (signal-to-noise ratio,
SNR)if i T A B A LR 1 015 51l 5 1% AR S 4 e s
DR WAET . BRI F RO T R R R A% 2= T
For A LT BUR BE 1 RN, 238 Bl v R
TORLTAR A B KN, B R RS AR R T
Y V& K B 5 KR TR B S N g
B o7 N TR IS A A AR R 22 W R A3 Ui S
SEBME TR, BT = R S sh i g ZetkiR



i FE 55 FARRL T BYFEAR | AT ] A B 1) A5 5K

1.3 R%ds

TR ¥R Ad F T CloudSat 5 CALIPSO 1L /2
R =7 R, CloudSat 5 CALIPSO & A-TrainH
W RE X = EAT R S A T, X T g ek ek
X35k 2 et Al o0 A A BB . CloudSat T2 15 4%
(194 GHzZ K% = 75 ik (Cloud Profiling Radar, CPR)
ERESREIE E AT 237081 HA (292 h), WHLE |

T4 R R 1.1 km, ESHLE PR 1.4 km,
AT PR 0.24 km' 40 1] DRI IR | SRR

FE O WASEOK S R BRI A R, AR S
F {1 1] 2B-GROPROF™ fift H1 = Azl 7 ity | 7 38 S S
RN T%4BH. CALIPSO TR #5#— > XU Bt (53271
1064 nm) ELAT IEAS R IR I 68 71 19 = - S Ot B
A (Cloud-Aerosol Lidar with Orthogonal Polarization,
CALIOP), HeAtmiA~ ik B 0 I 1) i e R 2k, DL &
532 nmill B i £ 1R e U I ELERZR, A5 B = AR
VRSB AT L O R B s BT AR SO
CALIPSO Level 27 i 143 BE3 S 1 kmi 2 7™ i Al
I JZ /346 77 (vertical feature mask, VFM), £
AR EEL . =0 2 T e BE DL S At — S 4 B 245
2 AL

B A B WOLAE 32 32 A3 3% 1 i 45 5 1 ) Asf 2 327
M rs MRS G2 R T A RN AN T PR
HAZSAL P i e . g py B AR 1  OR AR L TR
AT A AR R LG B R 2T A AR R A b
NATHE. h T e A as W b 52 B = A 30U B
G B 2R AT R S A = U 4 A . Clothiaux 55
NPV % 1y Z5 K (cloud mask) 77 3 B ARM 3% Fi 1
R IE S RN A 55 S AR SCRI T
FEARFI, BT X KAZREE 115 5 L5 T
1. KAZR = 3% =253 w20

55— 20 SR (L)X S R R AT FE B 1T IE,
32 P D3P, 38 H N R B IR AT A IE R
(1#12), 0 A 2% S e e K e B8 AL 1 3O I 1] (O o,
W L 18.7~19.6 km, KT SACOLL X i )/2
TG, FRATT30 3 A N M B AN A AE 5 40 A P B2 i
B T Th 28R R i e s H DATH S R S (E m
Wi o, WL LA — TP fE 5 cloud
mask H 4 1% B LI 3 0.16, B 5 & Sl Oy HE %

K2 ERSmEIR
Figure 2 Thenormal distribution diagram

T 5 W R A S B (E I — A b v 22 50U (m+ o) ik A7 X
Fo: #HE—UTRIPAE R Fm+o, WA LY TR BE
A S5 B, JRRZIE T TR cloud mask(E 1% A
1, RZINNEFH BTN, TS IESA Y
MR, T 16% I I 1] S AR5 — B g R
K mfis, bR iy 2 A ) A S (8] b A7 A Ak
KIRAE A0 R T TR = A S AR S, WHZ
W TR A A G T R B T BE AR AE — B R B
5. M, R (] - 1] g O s R AT DE
AT LA S5 R ) W 7S {5 B an B 3R, X
TR, BRBOZ 5 SR ) 244 5574 Ji—5x5
FITETE RS, XTI U8 I 2% T 78 35 1 254> s, I s
cloud maskH 15 B S LAY HER 40.16, 15 & A Ol

B3 HifE O 1 ALY 5x5 Hiks
Figure 3 The 5x5 box composed of 0 and 1

827



i % B & 2017438 $62% %81

HER 4 0.84. oyt — MR A K
P = (0.84)™ (0.16)", (3)
I FH 254 A5 B O 000 0 F 780 2 iff o oo B T R A
FA RSG5 W, Hrdnghcloud mask kOfg~%K, ny
JLAEC t=X(3) T LA H PR/, (B R Off s i
A, SR AR IR I AE S AT Rtk K. Clo-
thiaux % A P 7E 2 ycik 56 19 22 6l b, 25 B (E
Piresn=5x 1072}, 1242 R 1] [F MK £10.15%, T 4 K1k
F]14%. [Kl 42 L HLK 2014451 H 26 H ) 283 ik
A T A S S B A S5 R . K 4@ s, 4t
B — LR IR Fm+ol i 155 )5, BUR R A7 fE
KM, YR A, WA TERE
SR E I 5 15 2 K 4(b), T LAE 2 A5 2] T AR I3

S, SEI T A5 A RGR .

3 &

3.1 MRS

T ER KM T, X 201444 K AZREE
EAT TALBE. T T b A T AR R, RRE
ZHEShRNH R, 3 kmEENFE KBRS
B AR 5. % R JURFUNAME 7= A4 ) LDRE — %
KFRZ K= RILDRIA, FIHF 8B w s, K
Hi T 3 ki [l N LDRAK T 150 87 [ 1IA A 2 B i = A
T, DN LS AR 04T T 9028 2B, 15 8l
(R 25 K60 7= i, IR R — 2 R 2 i AR )y 12,
HIBT oS, S, IR b, R AR E
K7 2R L F 028 R T2 kmBE R/
F6 kmil =& UK Z, ZIRMF2 km/EE & T6
kmi) = 8 A EJE = kAL T2~5 kmy BN fil =

JEE# 5 kmit = 50 3@ X = M = . 7ESEPRsy
Brep, BT EE B RAESRIARIL, U 1.2%. FitE
TR . F = AT = B A A

FEI5E20144FE =K . 2= T0UA 2= JEE il o 8 118 3 A K
HAEARERRIE. BAR L, K. =& A MRA A
WEMH, =& A I KR A I o i 1.515.5 kmkk, =
T 76 5 4l 171 2.5F118.5 kmk, WA 45 R 43 5] Ky 4.8%F1
8.9%. )2 JFELE Sy AT SR B JE B K I i REAIR, 1T67.1%
Bz B AR TE2 kmJE BN . H 44 = i R FE 1E3.9~5.0
kmZAEfk, 38 T B G H 5 7E5.4~6.8 km. =K. = T
FEEART R T EKZN, UL RS ]
BRI S IR Tz 2, A1 SACOL Y
23 WA 2= RN S R A) 45 0 X 2 & AR R R A
T & R B s =R R A AR
1.2~1.9 km, FARLRHES 2 % 2 T AU,

KI6H =K. = BRI JR0.5 A EAE AR 2=
() HASABRAE. DU 2 i . 2 T B AR AP A — e 1
HASLRRAE, 2% 2 IO B2 N 2 H B )5 2212
BEAK, HYEE BT, =% A H YK e A 5% W
BT, &l s EIERER R B, 5%
= 0 BB H s, H 5 R FAR, = H AL
G, IR A RK TR, BT TR 2 i & AR
s —3, 78 H R eRAL, WG JFin s
m, sEREEREIKTFAX, &FaTEEFEHHE
IETISAHBRAR, oK EZEE LT, ERsREE R
TN, ETZ A% SREEAERFAELS km, mJE s
00 B AEAS TR 27 1) H AR AR AR AE I e TR Rl 277 =
FIZREL | KRR ARG KBRS mAs ik, &&FFT
=22 B RN, JBERK, FrEmfk A
RNV, KEREEX —F05RE, 28Eds

K4 20144 1 H 26 H (HEME. () WAl IEREAbBERTAYIE, (b) 2o M uE I m BO 1S
Figure 4 The binary mask image on 26 January 2014. (a) Theimage of the original cloud mask; (b) the mask image after applying the filter
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E5 =k(a). = Th(b)i BRIz )25 BE () 1 43 A B AR A ARRAE (d)
Figure5 Thedistribution of cloud top (&), cloud base (b), cloud thickness (c) and annual variations (d)

E6 =EnIEENSZEERERES@E. EF0). FkFQ). LZ(d)iH2FHE
Figure 6 Thediurnal cycle of cloud top, cloud base and cloud thickness for spring (a), summer (b), autumn (c) and winter (d)
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Figure 7 The mean thickness (a) and annual variation (b) of all cloud, low cloud, middie cloud and high cloud; the frequency of occurrence (c) and

annual variation (d) of different cloud layers
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B8 KAZR((a), (d), (9)), CloudSat((b), (€), (h))FEIY Tk 4T3 H F5CALIPSO((c), (f), (I))IVFM™= . VEMP=f R (fih 2% m = )2,
S (N YFRRIBIE, KA 7 IR G520, BREHl 6)FRtR TH. W R FXNAHE% 3 A 29 H((@), (b), (c), 5 H 16 H((d),
(e), )R 12 A 10 H (@), (), (). (@), (d), (@) P BEILIR TR Z]; (b), (©), (e), (), (h), (i) R AL FIRSACOLM A (E

Figure 8 Radar reflectivities observed by KAZR ((a), (d), (g)) and CloudSat ((b), (€), (h)), and CALIPSO VFM product ((c), (f), (i)). (c), (f) and (i),
yellow represents cloud, green represents aerosol, gray region is for the attenuated signal and black represents subsurface. The figures from the upper to

the lower panels are for the case of 29 March 2014 ((a), (b), (c)), 16 May 2014 ((d), (€), (f)), and 10 December 2014 ((g), (h), (i)) respectively; the black
linesin (a), (d), (g) indicate the time when satellite passing by; the black linesin (b), (c), (), (f), (h), (i) are the |atitude of SACOL
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%2 KAZRE5CloudSat, CALIPSORMMI = THi s Ef =R 5 &

Table 2 The height of cloud top and cloud base detected by KAZR, CloudSat and CALIPSO

HEE (km)

H =25 IR/
KAZR CloudSat CALIPSO

03-29 1 = 6.12 6.17 5.57
=K 4.86 4.73 4.85
05-16 1 = 8.81 8.93 8.67
PaiS 6.38 6.29 6.69

2 = 4.32 4.37 ¥

PaiS 1.98 2.21 ¥
12-10 1 = 7.46 7.35 7.29
PiS 2.73 2.79 4,52
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BUAH R A AR k. 3R Ak B2 B TN (] 2715 118 B 2 L
il B 32 A BH 4 55 58 553 28 1 1) 5%

() Mg = )22, H P BB EIRAENR A
44.4%~75.9%, Kz, Bz FE = 1 & A 508 455 50
13.4%, 29.5%F134.2%. k% = 2538, kAR
Bk, 2w M2 M=2 s 58 B0 97.6%,
HKENZ 2 RAEET G, U0 R %R
RERS, 755 ML 2 = )23 HA A0 .

(4) CloudSat#4 i £l ) 7 i == T i3 i 5 KAZRE
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5% 30k
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Cloud macrophysical properties from KAZR at the SACOL
ZHU ZeEn, ZHENG Chuang, GE JinMing’, HUANG JianPing & FU Qiang
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Clouds are one of the most important components in the climate system through their profound effects on the radiative
energy budget. However, due to the lack of accurate representation of clouds in global climate models, they are the major
source of uncertainties for the future climate projections. Millimeter wavelength Cloud Radars (MMCRs) are powerful
instruments that can resolve vertical structure as well as microphysical properties of clouds. The wavelength of MMCRs,
which is shorter than those of weather radars, allows an excellent sensitivity to cloud droplets and ice crystals while being
much longer than lidar wavelengths enables MM CRs to penetrate multiple cloud layers. Ka-Band Zenith Radar (KAZR),
which has been deployed at the Semi-Arid Climate and Environment Observatory of Lanzhou University (SACOL) since
July 2013, has been continuously operated for three years. By applying a cloud mask algorithm that is operationally
employed in the Atmospheric Radiation Measurement Program to distinguish radar echoes from noise, we analyze the
macrophysical properties of clouds above the SACOL site by using the KAZR observations through 2014. It is shown
that the occurrence of cloud base pesaks at both 1.5 and 5.5 km while the cloud top peaks at 2.5 and 8.5 km. About 67%
of the cloud thickness is within 2 km. The heights of cloud base and top in spring and summer are higher than autumn
and winter. The diurnal cycles of cloud top and base are significant in summer and autumn but not in spring and winter.
In summer, both the cloud base and top heights increase after sunrise and then decrease from mid-afternoon to midnight,
while the cloud base and cloud top heights increase from noon to midnight in autumn. These seasonal features of diurnal
changes may be closely related to the cloud formation mechanism and seasonal variations of solar radiation. Clouds over
the SACOL can be classified as low, middle and high clouds based on the cloud height and thickness. The monthly mean
occurrence of al clouds varies between 44% and 76%. The occurrence of low, middle and high clouds is 13%, 30%, 34%,
respectively. The occurrence of middle and high clouds does not show a significant difference except for spring when the
high clouds occur more often than middle clouds. Low clouds, however, occur less frequently throughout the year than
the other two cloud types. Clouds can a so be classified based on the number of cloud layers. Clouds with layers less than
three contribute to ~98% of the total clouds and multi-layer clouds occur frequently in summer and autumn. This may be
a result of the convection that is more likely to happen in summer and autumn and will induce a vertical distribution of
clouds. The cloud base and top heights detected by KAZR, CloudSat and CALIPSO are aso compared in this study. We
find that the differences in cloud base and top heights between CloudSat and KAZR are less than 0.12 km. The
reflectivities detected by CloudSat are comparable with those from KAZR. CloudSat cannot detect clouds with weak
signal less than —30 dBZ due to the limitation of its sensitivity. This part of missing clouds can be captured by CALIPSO
but CALIPSO lidar signals can be attenuated in thick clouds leading to an overestimation of cloud base.

Ka-Band Zenith Radar (KAZR), signal recognition, cloud macro-physical properties, CloudSat, Cloud-Aerosol
Lidar and Infrared Pathfinder Satellite Observations (CALIPSO)
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