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NOAA-15, a product of cloud liquid water path on the global ocean has been
established and compared with ERAS5 and FNL/NCEP. We analyzed the ability of
retrieval products to reproduce the climate change characteristics of cloud liquid water
path, and further analyzed the linear and nonlinear climate change trend characteristics
of cloud water path in the Pacific region through linear regression and EEMD
(Ensemble Empirical Mode Decomposition) methods. The results show that the CLWP
inversion data can well reproduce the average spatial distribution characteristics of the
years and the corresponding climate change trend. The CLWP climate trend shows
obvious latitude zone characteristics, and the increasing and decreasing trends appear
with the latitude zone interval. Moreover, in the eastern Pacific region of the northern
hemisphere, the latitude zone characteristic of the climatic trend of the CLWP has a
phenomenon of migration northward. In contrast, the climatic trend of the inversion
product has better similarity with the ERAS reanalysis data. While the latitude zone
characteristics of the trend, especially the northward movement of the latitude zone
characteristics, cannot be reproduced well by the FNL data. It is characterized by a
decrease in water vapor in the equatorial region, and a significant increase in cloud
liquid water paths on both sides.

Keywords AMSU-A, Cloud liquid water path, EEMD method, Climate change trends
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Imm; F8J2, 76 F 21 X CnE] sl XD, CLWP — 2% T 0.1kg/m? (Grody
etal., 2001).
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Table 1 parameter characteristics of each channel of NOAA15/AMSU-A

g B (MHz) BHRERBEK) HEMHz) BEREEE)

1 23800.37 0.211 251.02 3.53

2 31400.42 0.265 161.20 341

3 50299.91 0.219 161.14 3.76

4 52799.39 0.143 380.52 3.72

5 53595.41+0.115 0.148 168.20/168. 3.70
20

6 54399.53 0.154 380.54 3.68




7 54940.64 0.132 380.56 3.61

8 55498.70 0.141 310.34 3.63
9 57290.33 0.236 310.42 3.51
10 57290.334+0.217 0.250 76.58/76.58 ¥
11 57290.344+322+48 0.280 34.28/35.11 3.51
35.11/34.28
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15 88997.00 0.166 1998.98 3.80

KA A 23.8 A1 31.4GHz ) AMSU-A JE I8 100 53k} A6 5 B R S
I 5F, FrUART NS 73T 1 A 2 WLINHERHK 22 2K M 45 S 8 7 v
(Weng and Grody, 2000). ASCIESEMNH 7RI T E T 2 S KBS E R -

N Y TR G S TR HE R RS, [RIR R NOAA-15 K SHMLI M A, A SC Hidk
7 NOAA-15 ] AMSU-A WLl BRHEATAIEIE, BFFUIT B 2000 41 H 1 H=E
2020 4 11 H 30 H.

T BAIE S S R IR, TAEIE T R 6 BT SR T R L
W7 B ERAS F0#r %R NCEP/NCAR FNL(Final Analysis)E4H7 % 8l
2.2 ERAS /NN F A A Bk

ERAS 2K 5 W i 5 — AR BRI 8, Bafel LR E 1979 4F
(%5 . ERAS 40 BT BORMBEAR AL T CLWP ZRL, BURIKSF 23 HE 3 2078 0.25°%0.25°.
AR SC A B BRI TR K B SR 2000 45 1 H 1 H #2020 4E 11 A 30 Ho
2.3 NCEP/NCAR-FNL F 73 H7 %k}

NCEP-FNL % £}k H 2 RREUE R R4, HATATLERAEE 2001 4F 5 HJT44
(1 CLWP %u#, #ORHRKE 358 1.00x1.0°, WHEERE N 6 /N, Ak



BRI B AT B 2 2002 4 1 A 1 HE 2020 45 11 H 30 H.
2.4 KA IR

R FH AR A B 38 38 1 0 B T BT B4R B AR B OK = P i s S K
(Greenwald et al., 1993; Weng and Grody, 1994; Weng et al., 1997, 2000; Wentz,1997).
Weng 6 N\ (2003) $2EHiEE AMSU-A A3 508 23.8 #1 31.4GHz 1
DX 3 A PRI S B MR R IR R AT AT IR = VRS K B AR AL AT B /K B . AR
7E Weng %5 AN B H 17 iR HEAE b, ) A Ba% 9 H S 1 2R i R A0 XA 1) 43
B ZORHEE 2 2 R L, SRS B 2] CLWP. A ST FEE XN
e B2, T 50°N PRI AR O, PRI AR STt 7 [X 3 B A T E 7
Ik 50°2 1.

B 1 E/RT 2000 45 1 H 10 HEEF NOAA-15 #) AMSU-A FHUZE R S5 &
FNL T2 A1 SRR A6 1% 1 2 T R A0 RS Wk S T8 3R AF IR KT B I = i /K i
FEr) 7 6] 3 AT
50N
40N
30N o
20N |
10N-TH \%

505 A SR N s
120E  150E 180  150W  120W  90W

| |
001 004 007 01 02 03 04 05 1 15 (kgm2)

B 1: 2000 4F 1 H 10 H AR X ) 2= A 7K B A2 fe 38 5 S 14 25 1) 43 A7

Figure 1: spatial distribution of cloud liquid water path inversion results in the Pacific

on January 10, 2000
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Figure 2: variability of CLWP inversion results with sea surface temperature and wind
speed. (a) Temperature; (b) Wind speed
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Figure 3: spatial distribution of summer average CLWP in the Pacific region (a, b:
2005; ¢, d: 2020)
a, ¢: inversion 1; b. d: ERAS/CLWP products
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Figure 4: monthly variation of average CLWP in different regions of the Pacific from
2000 to 2020.

Blue line: inversion 1; Red line: ERAS/CLWP products.
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Figure 5: spatial distribution of multi-year average CLWP in the Pacific region from
2002 to 2020.

a: inversion 1; b: inversion 2; c: ERA5/CLWP products; d: FNL/CLWP products
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Figure 6: linear trend of CLWP at different latitudes in the Pacific from 2000 to
2020.
Black solid line: inversion 1; Red solid line: inversion 2; Black dotted line: FNL
/CLWP products; Red dotted line: ERAS/CLWP product
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Figure 7: linear trend and nonlinear trend of CLWP inversion products based on



era5 data from 2000 to 2020 (solid line: EEMD method; Dotted line: linear trend)
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Figure 9: spatial distribution of climate trend of last month's average CLWP
inversion products in the Pacific in July.
(a) 2005; (b) 2010; (c) 2015; (d) 2020
4.4 &I B AN E

PR AT Re A . H BT H T80 o A IR AT 508 i B A . /N
Gy AT BN B [ R A ) S 2 DR SCHAE o RO T 52 B AN 28 PR RIS X T EEMD 5
P, B v R O (15 22 5 e i AR R R R E T S LR R
N TAGTE EEMD B3 AT E M, X EEH Wu A (201D $2HHIH TR
FI7E. L CLWP BA S ™ dh ], AEAREAN A BET (1 7 41 B 3G 0 — AN S (E A
b ZE A [F (R BE AL IEZS 23 A P 51, 493 —ASE 51 285 01X AN BT 7 414



EEMD 73, 152031075 EEMD %, iz BES 100 K, XL
AL T EEMD 3B ARHE M. 5N 45 RN 10 fis. MEHIRATA L
JKIL, EEMD J7 V7= A I BRI 43 S xd 18] SR B BN AN UK, BEALIE 4R 30 i
13RI L FAE .

CLWP(g/m"2)

_20 . T T ‘ T T T T | T T T I T T T T ‘
2000 2005 2010 2015 2020
time(year)

10: 5°N EEMD & # AN 5E FE
WKL 100 X EEMD % Z0thsk. @HnrHAE: Wik o —Ahnik
{2
Figure 10: uncertainty of 5°N EEMD trend.
Gray line: 100 EEMD trends; Red line: average value of trend; Blue line: indicates a
standard deviation
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Figure 11: standard deviation of uncertainty of EEMD trend in each latitude band.

a: CLWP inversion 1; b: ERAS/CLWP products; ¢: FNL/CLWP products
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Figure 12: climate change trend of CLWP in various latitudes of the Pacific (upper:
ERAS5/CLWP products; lower: FNL/CLWP products)
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Figure 13: spatial distribution of ERAS/CLWP products in the Pacific Ocean
after decomposition of last month's average CLWP EEMD in July 2005, 2010, 2015
and 2020.
(a): 2005; (b): 2010; (c): 2015; (d): 2020
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Figure 14: spatial distribution of FNL/CLWP products in the Pacific Ocean after
decomposition of last month's average CLWP EEMD in July 2005, 2010, 2015 and
2020.
(a): 2005; (b): 2010; (c): 2015; (d): 2020
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