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Correction for Cirrus Cloud Top Height of MODIS Based on CALIPSO
Dataset in the Beijing-Tianjin—Hebei Region
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Abstract  Cirrus clouds play an important role in atmospheric radiation and affect weather systems and climate change.
Satellite remote sensing has considerable advantage in cirrus cloud detection, relative to traditional observation. As a
passive remote sensing instrument, large deviations in the thin cirrus cloud top height data from the Moderate Resolution
Imaging Spectroradiometer (MODIS) are detected. Comparatively, the Cloud—Aerosol Lidar with Orthogonal Polarization
(CALIOP) aboard the Cloud—Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO), which is an active
remote sensing instrument, can acquire more accurate characteristics of thin cirrus cloud. In this study, MODIS cloud
products in the Beijing—Tianjin—Hebei region from 2013 to 2017 are selected. Using the CALIPSO cirrus cloud top height
data, a linear fitting method based on the cross-validation method is obtained, and the MODIS cirrus cloud top height data
are corrected. The difference between MODIS and CALIPSO changes from —3 to 2 km to —2.0 to 2.5 km. Moreover, the
maximum difference changes from approximately —0.8 km to approximately 0.2 km. In the context of different vertical
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levels and cloud optical depths, MODIS cirrus cloud top height data are improved after correction, which is more obvious

at the lower cloud top height and optically thinner cirrus clouds.

Keywords Cirrus, Cloud top height, Correction, Moderate Resolution Imaging Spectroradiometer (MODIS), Cloud-
Acrosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO)

1 518

o TrRET EEMEFRZEN TR, BT
mIEw, ERAGRSETEE BEEMAG, BB
DUIE I S S K BRI S S A 1) 3R A0S RE R
A, REIRA, (RIS BRI WS 2 AR SR S K
BRI, RBINHRIMER, AT 2 ERAEE Y
TS ST DA R RS B GEAV S AR AR AL 7 AR B4 (Liou,
19860, PRl xf 36 2= (4RI S DR Rk 7 AUk i 44 A
M A5 7] R

G ERRAF R AmE SRR, £
R ALAE 60°2 18], KR EFTA =H 1) 20%, Tk
= 40% 7245 (Heidinger and Pavolonis, 2005) .
G RGN AT, H— R 2R A
KA SRR, B A e Oulsin 455,
201D, H—#nr&= R AAENN, —HrEs
N IR o X PRS0 B R AR
RS HME R, DRI 75 22 R AN [ RN T B AE I 2 43
PR ARG B . BN EZE S HIANTH
S HOEUI . R0 TR R IO %, AT 3R
BB om0 S 2 URR I A 22 JRFE
WP RESMIESE. N T H@ET A K255
WrzoRAE 2, G, BESTASE =0
T AHEE SRR, ANRAR AR HkE
T8 AR ELPR I B I TR S i R B, BFE RO
TR LA AR KPR RS, B Rk
FIM AT M= XALE, S 0 TE B RN
CREAER &5, 2012; #IM 0145, 2012; F 5545, 2016),
SR M EE LI 78 Ve T /0N, T L RS 5 232 3
R Z R R, 45 = = T B AR MM
A wmZE AAEIESE, 2010; B AEZE, 2015). T
SRR S AR, SR AR B R
A A da X = TE BRI R R . R
F TR X6 2 (S PRl e 3047 s s 2+ LRI
S, AMUATLURTSE = s, W T LRSS =
R, Woes B AR A 2R (King,
1987; Nakajima and King, 1990). 1, #zhi Al
LG AR 3 T [ Q0 #8 #AE Terra Al Aqua 5L T2

/£ I 1 MODIS ( Moderate Resolution Imaging
Spectroradiometer) ] #RMIME B3 ERH R0, 4
LrnZRE, Wi B R SRR 5 E SRR
ik DEARKS, PREBNRRES P RINAE T 210
R T PR SR S, 19 25 2 T S v H 3 Ak
7% (Sassen and Campbell, 2001) . 1E N = 5 & &
1) CloudSat ! & #% # 1) & #k = K ¥ & & CPR
(Cloud Profile Radar) & CALIPSO & %5 # [11¥#
Y&EIA CALIOP (Cloud-Aerosol Lidar with Orthogonal
Polarization) %% H A 1R 55 (1) 3 B £ 68 /1 (Wang
and Sassen, 2002), FLLFERZENH, KW=
T, mEmEESEEESGHER, ERWOH LR
MEHR T 7 AR 7T (R &S, 2014; UK
&5, 2014, 2017, 2019; 5K #4%, 2015) . LB IE XS
5z T BRI R KA % (Nazaryan el al.,
2008; Haladay and Stephens, 2009; Heidinger el al.,
2010; Thorsen el al., 2011), JtH & CALIOP X}
R E U, X5 = = 0 B AL e HE
(Weisz el al., 2007), % H KAE N8 8 38 J8 7= i
(A 56 %04 - Holz et al. (2008) #EHL 2006 4 8 H
H1 2007 4 2 7 4 BR AN [F) 46 JE 4 1) MODIS
CALIPSO z Tl i BE 7=, 43 Bt R IXS T 2= Tl v JiE
KT 5 km %% = K, MODIS A Xf +
CALIOP kAt =Tl ME. Menzeletal. (2013)
FIH CALIOP %4 %+ MODIS ) MODO06 7= i 3E 1T
Krt, KB MODO6 [z T ¥ 5 CALIOP M LLAF
R fMZE, N TERME mzEEHE. -
IR A TR BT A [R5 X S R B, (H X B
MODIS F CALIOP % i ] 4 = = Tl /= 5 35 ) 91
MODIS f#1E— & I w2z, A 2 E X MODIS
SIERIG = = s AT T 1.

Aqua il CALIPSO T & [F4b7E A-Train R 515
T8 b, BRI TR, AEBRI (Y 25 1) Y e 7 5 1
BORZER . PIREHREME WA 1 fi7x, CALIOP W
MBHEAIEE A, 7 MODIS K% _E S 3L H 2R 4
fi. CALIOP X% = H B s ER M ae /7, AW =
8] 7 BBl 88/ o Aqua/MODIS BN 2 8] 75 o5 30 BB ¢
7 B BT R, JUH RS o T B AR



5 341 WrukEI55: 2T CALIPSO TR BERH HUHSHIX MODIS 5z = Tl [Z 1T 1E
No. 5 YANG Bingyun et al. Correction for Cirrus Cloud Top Height of MODIS Based on CALIPSO Dataset ... 1015

K1 20174 1 H 1 H 0525 (5, TE) MODIS =i
rE R CBAL: km), ZLZNEME CALIPSO TLEHIE

Fig. 1 Image of cloud top height from MODIS at 0525 UTC 1 Jan
2017 (units: km), the red line denotes the orbit of CALIPSO satellite
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from four of five years (2013-2017), excluding 2013, 2014, 2015, 2016, and 2017, respectively)
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®1 ZNEELUHMESH
Table 1 Parameters of linear fitting of cloud top height

VI ZRAE - oI 4 FEASYL LA R 177 M i 22 FHRT ¥ T MR 72
2014~20174F 20134 1343 y=0.720x+3.584 0.546 1.062 0.101
2013.2015~20174F 20144F 1713 y =0.720x +3.606 0.397 1.051 0.099
2013~2014.2016~20174F 20154 2454 y=0.757x+3.184 0.444 0.924 0.088
2013~2015. 20174 20164 2414 y=0.652x+4.231 0.360 0.930 0.088
2013~20164F 20174 1984 y = 0.683x+3.960 0.384 0.796 0.077
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Fig. 3 Correction for cloud top height in 2017: (a, b) Scatter and probability distributions of cloud top height (CTH) for raw MODIS (Origin, blue),
corrected MODIS (Calib, red), and CALIPSO (CAL, green); (c, d) scatter and probability distributions of the differences of the cloud top height
(BIAS_CTH) between raw MODIS and CALIPSO (Origin—CAL, blue), between corrected MODIS and CALIPSO (Calib—CAL, red)
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10-11, 11-12, and >12 km, respectively. x-axis represents the difference between cloud top height (BIAS_CTH); dotted and solid lines represent the
probability distributions of the differences of the height between raw MODIS and CALIPSO (Origin— CAL), between corrected MODIS and
CALIPSO (Calib—CAL)
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