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Correction for the cirrus cloud top height of MODIS based on
CALIPSO in Beijing-Tianjin-Hebei region

YANG Bingyun LIU Jian JIA Xu
National Satellite Meteorological Center, Beijing 100081, China

Abstract Cirrus plays an important role in atmospheric radiation. It affects weather system and climate change.
Satellite remote sensing has great advantage in cirrus detection, relative to traditional observation. As a passive
remote sensing instrument, large deviations are found at thin cirrus cloud top height from MODIS (Moderate
Resolution Imaging Spectroradiometer). Comparatively, CALIOP (Cloud-Aerosol Lidar with Orthogonal
Polarization) aboard CALIPSO (Cloud—Aerosol Lidar and Infrared Pathfinder Satellite Observation) which is an
active remote sensing instrument, can acquire more accurate characteristics of thin cirrus cloud. In this study,
MODIS cloud products in Beijing-Tianjin-Hebei region from 2013 to 2017 are selected. Using CALIPSO cirrus
cloud top height data, a linear fitting method is obtained based on cross-validation method, and MODIS cirrus
cloud top height is corrected. The difference between MODIS and CALIPSO changes from -3~2 km to -2.0~2.5
km. Moreover, the maximum difference changes from about -0.8 km to about 0.2 km. In the context of different
vertical levels and cloud optical depth, MODIS cirrus cloud top height is improved after correcting, which is more
obvious at lower cloud top height and optical thinner cirrus.
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Bt TR EY EEAFRZEN TR, BT&EESR, ERRNhIEE =EEZM O,
5 BT LLIE R SR PR S, A BA R ARSI IR, B EIRAR, TR AR RS
FARAR RS, R EINHCRSMAER, xR e & BT AR IR S
A AEARA P A5 (Liou, 1986), PRI 35 22 AR KU U A A A N R A5 ] 2

B oAEERAF R P m g HFHEOK, fErALLRE 60 B2 im], KA HITE =4
20%, TMVKzd 40%24 2 (Heidinger and Pavolonis, 2005). %5z & /K-F- 20 A v e
H— ML 2R AT, AP AR, T E MG/ (Ei45, 2011, H—#5
G BEAFEE, —HaEs FiE P IRS o XS0 = AR PRI A
mo PIT B RSN FIR I T BAE I 2 1 Je ARG LIRSS . B Rl == N T H
D HEERI . R BAEEBIINGE, "RE SR mm. o RS A
PR, R RESMMIESE. NTHIMES NWEEABZRE R, Gz &,
ARG W T, BB S RE, AR AT o b3 58 B BRI LA i (e
BEEEMELF RS, AFRHOG = A LA RA . 2RSS, E U B RS 5
FIMTm XALE, M EERN (BEAEESE, 2012; BIRf 0145, 2012; EfE4F, 2016),
SR M UL 7 o YO R DS, 1 LIRS 5 2 B IR = IR T R 06, 145 5 = = T e
PR MME AW 2 (B3RS, 20105 # WA%SE, 2015). FAEEBOWNNMER IR, 5
Hi LA B A R (75 (B B 5 1, % 2= TS B R A 1 o ) 0 36 22 1 % Fh
FEPEHEAT St AT VRO B S, AT RIS = 1 B2, T B AT DLIR1SAG = el 3R L
WG B FE R k245 (King, 1987; Nakajima and King, 1990). H:dr, #zhfaf
WL AR S A3 AE Terra i1 Aqua i1 T & 1) MODIS(Moderate Resolution Imaging
Spectroradiometer)) #RME B FEREH ZTH, UG o o280, il m) b5 R SR ] 2
Fr ZRA D EARG:, DRSS h RN S T WM EESE R, fREss
T B i B w2 (Sassen and Campbell, 2001). fF 4338 8 CloudSat & #4525 ()
B =Kk #HiL CPR (Cloud Profile Radar) & CALIPSO PR MEOLFHIL CALIOP
(Cloud-Aerosol Lidar with Orthogonal Polarization) £ H.74 1R 5% i3 B AE /3 (Wang and
Sassen, 2002), F[UFEERZWEE, KA. mEEESEHSEMER, ERBOF
FHEERIEHE TR T IR 7T (BRESE, 2014; 5kHE%, 2015; #HukiE)%, 2014, 2017,
2019). F BN AE = = T BRI IR R %S (Nazaryan el al., 2008; Haladay el al.,
2009; Heidinger el al., 2010; Thorsen el al., 2011), JtH& CALIOP i 2= £ 58 £k,
Xof 35 7 7 T B A SE N HER (Weisz el al., 2007), 2 HISRAE sl e s i 6 56 5
¥ - Holz et al.(2008 )3 HY 2006 4= 8 H F1 2007 4 2 H AERAFIZ: £ 75 1f) MODIS 1 CALIPSO
I E P, AT RN 2 T B KT 5km (624 = K1, MODIS #i%t -+ CALIOP
ARG = TR BRI . Menzel etal. (2013) F|H] CALIOP ##i%f MODIS ) MODO6 7 fiti it
TR, R I MODO6 [ =T £ 5 CALIOP AHELAEAE B I fiudw 22, X T =M & fd 22
EHR . BB FURAE R XS AN FBT FE XIS B, {EXEE MODIS #1 CALIOP S )& = -

T ) &P MODIS /£ —E Mz, A LEXH MODIS & iE K45 = = T & 1T
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Aqua F1 CALIPSO B A [Fl4b7E A-Train RAVPE b, RIS AIET, HARD) 2 [A)5E
A A ROz . PREER G K 1 B, CALIOP MR NIIEE A, 72 MODIS K&
B BRI H R A . CALIOP Xt 45 2 6 15 i I AR W 68 75, AH WL 72 ) 8 452 70
Aqua/MODIS F W = 8] 78 a5 Y0 B, (B = T, e i == 1 2 0L e B TR R A
JE A4 CALIPSO/CALIOP. i |l CALIPSO 35 =47k B s (Al 3%, %f MODIS % = =
T JEREATAT IE, TR AE MODIS FRINE ) FrI4RE a2 AT 0 I 2 AN 28
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(A7 km, 212579 CALIPSO #iE)
Fig.1 Image of cloud top height from MODIS at 05:25, Jan 1, 2017
(unit: km; red line is the orbit of CALIPSO)

WE T REAREE, SRR, AFEAUEXIRN S 2 R IE AR IR R ZE 7.
SRS X AL T i A B RCR R AR B, A a by s AR A, AP b ) AR B AR O L s
FELLAIRAT ik, AR IR, SR BAREMFENZR, EFERIGNEZ N, XFT-A TR
AR (AT, BRI X SR MU ) N T2 R SAENL X, T 2 (1) e FE AN 3 A R X 2
SN LRI RA NN A8 b EE MRS L (BREEEE, 2014). AR, VDR a3 X B
EHAEVTPORRIE, [IERES RN HESCE R R GRS, 2017); FREEKK
T 2 T i 2 52 S RS AE el %2, 40 Wang et al. (2016) 48H, ¥ ARAEIER,
MODIS kiHKIHE = = s S CALIPSO [HZE(EE K. A EH X Aqua/MODIS i
CALIPSO ¥¥E{Efai B8, SRJ5 iR CALIPSO X 5tid 3 Hh[X MODIS % 7 2 T B 1
ITITIERI 7, B a4 3T TR 5 1) 22 T v FE AROos L 234
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2.1 MODIS. CALIPSO ¥i#

A-Train &5 T EZEEE ERSHFE—H0E L2 B TEE, HiifEusirm 3%z
f13% OCO-2. GCOM-W1. CloudSat. CALIPSO. Aqua. Aura2%. Aqua AT 2002 4£ 5
H 4 Hk4S, HE#H®RT AMSR-E. MODIS. AMSU-A. AIRS. CERES %MLk, H
H MODIS - 43 HE GG E A, BRIERE A 0.4 pm £ 14.4 pm, 3 A 1E 36 DILRE B EL,
A LASREL = mﬁﬂx KA. HEEESHSE (Bames el al., 2003). MODIS Z T5/< & 7 i
EHL 5 ANLLAMEE, R 2 S BE KT, KA CO, ik T ) i#H (Menzel el al., 2013) .
R IAUESG, FIH NECP &RRTIR R4t (GFS) ¥u¥i, #HL N IR EM &R E. |
TR AN EIE AT 2 T B R, 04 = 1 2 IR A R 22 . AR SO (12 Aqua
MODIS L2 % 6.0 hitz= 7l (f&#x MYD06) , 73 ##% )y 1 km.

CALIPSO A&7 2006 4 4 H 28 H M, H E#5% 7 CALIOP. WFC. IIR &L,
Hrt CALIOP & —#BAU & R mARBO G Bk, nl DRI B 2 R0 i 1) e 2 L4y e
Lk, X4z ORI N (Winker el al., 2009; Hagiharael al., 2014).

ASCHHE I CALIPSO T2 L2 202 27/ CAL_LID_L2_01kmCLay-Standard-\V4-10,
KAy 1km, BdE X ERE S BRI Z TN 2R & R USR5 5
24 (Maughan el al., 2004), HAr A IR R B & @i 1875 532 nm #1064 nm #4>
Wt WO TE IR G MU AL BE SRS (Liu el al., 2004). F§Rh & i i e v Y
N 2013-2017 4.

22 % =HIR

AW E T MODIS $l 1135 =1k B3 % ISCCP 1 =2 ZbnifE (Rossow and Schiffer,
1999; Cho el al., 2008), Bl = Y24 2 i 0~3.6, z= i JE 7£ 50~440 hPa 2 [8] . % T CALIPSO
ol 1345 = HIH S Meenu et al. (2011 $2H 1) 57%: (1) H2¥E Feature_Classification_Flags
FIR R =, WA % (2) CAD (Cloud Aerosol Discrimination) $F4:7E
80~100 2 [i]; (3) FFQC (Feature Finder Quality Control) {E &7 0; Hir 5 i &b v % B
FHER M BA R &SGR T 22 S TRIKE E R ERE(E 5 2 2 2 T2 2= B #20 T
B, RURAEBENZZNEZNEN, B8R ER () MZ2Es (UEZAER).
2.3 MODIS. CALIPSO $#E LA 5

£ A-Train & & Jperh, CALIPSO fEMLIN [A]_E¥ j5 Aqua K& 3 73, P9 T A 720
DR T6) %) 22 57 o] 2006 ANt . MODIS #9496 5 0y 2330 km, CALIPSO LA L2 %%
ZIEFEMIR T RPN L kmo KA SUUCEC R, #R4E CALIPSO Hf &4
VLEZ MODIS &7c, ULREC bR E = FEA s AR P EdE . A iE. MODIS
CALIPSO 7= i [ B H1 1% H 45 25 B R RE AR 34T UL AL
24 nmNEEIT BT E

WUk A] 2013-2017 AF4dE, Hod 4 FHERE A EEMINZGEGE, 1 PR EAR LS
P o F LM [E] )9 AN 22 ESAIE (Cross-validation) J77%:%} 2013-2017 4£[#) MODIS. CALIPSO

Lo E A TIE, BT IEREA, REBIER NG vk, BIfEEE M 2013-2017 4F
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Fig.2 Linear fitting of cloud top height

14 16

(x and y axis in the five figures represent cloud top height of MODIS (CTH_MOD) and CALIPSO (CTH_CAL),

with unit of km. a, b, ¢, d and e represent fitting results from four of five years excluding 2013, 2014, 2015, 2016,

2017, respectively)

R 1BWEEITEMEGSH K

Table 1 Parameter of linear fitting method of cloud top height

ket RIHIE PR PTEIN R iR *EX;Z*E
2014-2017 2013 1343 y =0.720x+3.584 0.546 1.062 0.101
2013, 2015-2017 2014 1713 y =0.720x+3.606 0.397 1.051 0.099
2013-2014, 2016-2017 2015 2454 y= 0.757x+3.184 0.444 0.924 0.088
2013-2015, 2017 2016 2414 y= 0.652x +4.231 0.360 0.930 0.088
2013-2016 2017 1984 y= 0.683x+3.960 0.384 0.796 0.077

5



M5 HIYE LRI UE H, R A FEAE 0 B 15 B R4 & R 2 R A K, 3R
FEFREEAEAS K - #4E MODIS T IE{H Al CALIPSO 143 il it5 2013-2017 45K 28 XIGAERT 5
MW GBI AR Z AR S 7R R 22, Horh 07 iR 22 I 45 AR 1.062. 1.051,
0.924. 0.930. 0.796, AHXIITTRRZER S5 RMK Xy 0.101. 0.099. 0.088. 0.088. 0.077,
Forrbh 2017 FEEGE RIS HE, 2013-2016 A 0L A i BT 21 MODIS = il FE
IERZER/DN, IEFRE R AR IERA,

3 &RE®

3.1 ZT MODIS MIB = =R EITIE

Bl 3 &R FH T IERERAG 2 2017 4F Ui b X 36T MODIS (5 176 = = Ui JE 1T IE
iR, WNE =R MODIS JE46{E . 1T IEfEAT CALIPSO Sl (K 3a) wLLEH,
MODIS z T i £ SR 48 A CALIPSO fH 73 M JEASHHIE, ATl BEAE 6~15 km Z[8], WE&fE H
ILAE 9 km Fffi. CALIPSO M)z Til s 704 PMEAE, 73 i7E 10 km A1 11.5 km iz, 17
1EJG (] 3b), MODIS = Tii = FEVEAETE 11km FfHif, 5 CALIPSO {H MIREZ 434 ih 48 B 52k,
SAARETIXEA 10~11 kme HUbFER, &EE 9 km PUFRENEEE 5 mEd, 5
CALIPSO {HAHLUAFAE — E i 22

M MODIS =il 5 545 . MODIS =Tl BT IR 5 CALIPSO Z{E M H~E (&
3c) LA, MODIS JF46{H 5 CALIPSO ZAE7E 0 km LA N i %, (A2 B 7w 2,
1M1 1EJ5 5 CALIPSO I ZAEA BT/ Ne X LA N AR itk (K] 3d), MODIS
JRUA{E 5 CALIPSO ZEE 113 A5 X 18] A-3~2 km, W{E 7E-0.8 km Fffil, i) 1E1H 5 CALIPSO
ZAH W A2 A M wAs, AV N-2.0~2.5 km, IEEEEHLE 0.2 km FfHiZ, M 0.2 km
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Fig.3 Correction for cloud top height in 2017
(a and b represent scatter distribution and probability distribution of cloud top height (CTH) for raw MODIS
(Origin, blue), corrected MODIS (Calib, red) and CALIPSO (CAL, green). c and d represent scatter distribution
and probability distribution for the difference between cloud top height (BIAS_CTH) of raw MODIS and
CALIPSO (Origin-CAL, blue), corrected MODIS and CALIPSO (Calib-CAL, red))
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Fig.4 Comparison of correction for cloud top height of cirrus at different altitudes in 2017

(a b, c, d, e and f represent the correction at raw MODIS cloud top height < 8, 8-9, 9-10, 10-11, 11-12 and > 12
km, respectively, x axis represents the difference between cloud top height (BIAS_CTH); dotted and solid line
represent probability distribution for the difference between height of raw MODIS and CALIPSO (Origin-CAL),
corrected MODIS and CALIPSO (Calib-CAL))
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Fig.5 Comparison of correction for cloud top height of cirrus at different cloud optical depth in 2017
(a, b, c and d represent the correction at raw cloud optical depth <1.0. 1.0~2.0. 2.0~3.0. 3.0~3.6, respectively, x
axis represents the difference between cloud top height (BIAS_CTH); dotted and solid line represent probability

distribution for the difference between height of raw MODIS and CALIPSO (Origin-CAL), corrected MODIS and
CALIPSO (Calib-CAL))

3.2 TERES = s MRENEEYLh

M 2013-2017 4 5T E S X AT IR /TG 06 = = 0 B AR P 0 Aok A, bR, &
W F L AR B AR AR B (] 6as b)), i AbALER AR A, Jbnt. th& kSt
HOTIEMREE R, M AR B ARG IT IEMEE RN (B 6c). B 7 4 TITIERTG
Lo TE BN S R, KPS 5iTIEMEARSCH 4288, FTLVEH, iTIE)E
(R348 25 2 T v P AR T Kk, i 9.35~10.30 km %4 % 10.15~11.05 km, & KAl
i 9.55 km A 47 (X% 0.113) #K3] 10.50 km A A7 GAF] 0.171), J3A5 [X 1] ff) B4R TG A
Fr4i e AT IEJG ST IEFT 228 20 A6 X 184 0.69~1.07 km, JLrhirE 0.91 km BT i 70 A £
.



42°N 42° N

41° N 41°N
40° N 40° N
39° N 139°N
38°N 138°N

37°N 1 37°Np

Ml=<94 []96-98 [ |10.0-10.2[0 10.4-10.6
Blos-96[ ]98-100[ ]10.2-10.4l >10.6 km

42° Nf
41° N}
40° N}
39° N
38°N-

37° Nt J§

114° E 115° E 116° E 117° E 118° E 119° E
<080 080-085[ ]085-0.90[ ]0.90-0.95l >1.08 km
6 2013-2017 fF1T IEFT 546 2= 2= Tl e BE (R AR~ F- 2 43 A
(a. by ¢ APRITIERT. WTIEE. WTIEE ST IERMZEED
Fig.6 Distribution of raw and corrected cloud top height of cirrus during 2013-2017

(a, b and c represent raw height, corrected height, difference between corrected height and raw height,

respectively)
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Fig.7 Probability distribution of raw and corrected cloud top height of cirrus during 2013-2017
(a represents raw height and corrected height, dotted and solid line represent raw height (Origin) and corrected
height (Calib), respectively, x axis represents cloud top height (CTH); x axis of b represents the difference between

corrected height and raw height (BIAS_CTH))
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