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Abstract

Global climate change is gradually threatening the living environment of human beings and the sus-
tainable development of the social economy. As one of the important factors regulating climate, the
cloud is the main reason for the change of meteorological factors such as temperature and precipi-
tation, and its formation and change play an important role in regulating the earth’s climate. Among
them, the change in cloud characteristics may have a significant impact on the climate, and con-
versely, climate change will also cause the adjustment of cloud characteristics. In this paper, the
Himawari-8 cloud product data is used to analyze the cloud characteristic parameters in Inner Mon-
golia from July 2015 to June 2020, including the temporal and spatial variation characteristics of
cloud amount, cloud optical thickness and cloud effective particle radius of different cloud types, so
the following main conclusions are drawn. The proportion of high clouds in the total cloud in Inner
Mongolia is relatively large, and the contribution rates of high clouds in the annual average total
cloud quantity, cloud optical thickness and cloud effective ion radius reach 38.09%, 51.46% and
63.02%, respectively. At the annual scale, the total clouds are mainly distributed in the eastern and
central regions of Inner Mongolia, and the cloud parameters decrease from northeast to southwest.
High clouds are mainly distributed in the eastern, northern and central parts of Inner Mongolia. On
the seasonal scale, the cloud cover, cloud optical thickness and cloud effective particle radius of to-
tal and high clouds reached the maximum values in summer, and the mean of total cloud cloud
amount reached 63%, the mean of total cloud optical thickness reached 9.44, and the mean of total
cloud effective ion radius reached 9.37 pm in summer. The cloudiness of summer total clouds and
high clouds were mainly distributed in the central and eastern parts of Inner Mongolia, while the
cloudiness of summer total clouds and high clouds increased mainly in the western part of Inner
Mongolia. The cloud optical thickness and cloud effective ion radius of winter total clouds and high
clouds were relatively less, mainly distributed in the northeast part of Inner Mongolia.
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KAF BRI — E R FRE IR = S H IR B o fi ke E, RS XA e — B iR ZE .
11: Zib %5 A\ (2012) [6]4] ] MERRA.CFSR.20CR.ECMWF/ERA-I il DOE (NCEP-Department of Energy)/R?
G T TR AL R, FEAEALIX BT F 0 A SR = BRI M R R O A FEE ORI iR 2, AL
R, BRI ARV L IR R W RS AL, O RO = FFEIE FT I 1 2 R
VTAESR, 503 ) R IR R ORI = S5 I A AT T R gL . Hodr, R 20 T4 80 AEAR LA
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A MODIS TE i = & RN 2= 73 AR, I B 58 5 X ) = AR R = 870 )
BUAEAL B[R] B4 12:00 AR 4F- 18:00 [13].

13. B/

AR SCAERT Himawari-8 12 AR 34T 4T 2 )5, FI R Z SR S50 3 5 HL X 5 4 = SR i s AR it
TIREI, JRIRTE Vi X =S i S AR RRE, Bl X R, R st SRR EE, M
FEZHIX SRR A AR 5 RASL o« 0 R R IE & 1 P4 58 oy X SR B = S &8, ek = f
PR3 CTE v T bt X BB AR U7 E R AN 5 M S5 A AT 9 B2 it 7 B2 1) % [R5 R 5 S B KA

AARBEFU TR £ Himawari8-AHI 4 7 #r (1) 25 Al ., %38 2015 4F 7 H~2020 4 6 H H/H
Himawari-8 TLE 2 H == MEUR(ES o W FEEMAG 8RN RSES5E) . IR = 52895500
AT, FE IR B m S EEAFRMS R EH . A FRE)IHT R0, b A5
XAFER R REARFRRBE RN m & =5 BN R B2 5 2 8 BRI .

2. BlRE %
2.1. AREXEER

PSR B DX T P Bl B, AT e B DB X5 G A R S AR bR DX AR A R Y, DASE
R BN ARSI ORI ) 44 . ASCRAP Sl BA KPR X (18] 1), THARZ) 120 75 km?, P24k

DOI: 10.12677/gser.2025.142044 437 PRI


https://doi.org/10.12677/gser.2025.142044

AR

P 1053 m, HAFE 12 MHUATEUX, A 9 ANHbgR T, 3 ANEE, B 23 ANiFEX . 11 MEgH. 17 A
B 490 E, 3AHIGIE: JEEANILL 37°24'~53°23". ZRE& 97°12'~126°04",

90" & 100°% 110°% 120°% 130°%
.l |
L
o
w
Ad
Tv
g
Yol
e |
LT
X9}
<t
. |
T
wn
<
el
VJZK-351§§ =
- 2773 -E?
-2390
= | -2006
o - 1623
¥ B 1220
- 857
1 -473
____g?,léja -90 .
— X 2R LT~
—Eu‘iﬂ?ﬁéﬁ 0_30%)}?” £

100°%: 10°% 120°%

Figure 1. Overview of the study area
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2.2.1. BRHBIE

Himawari-8 TR T2 & H AT il S B 7T KU BTG ) Se b ER i 12 R R TUE . Himawari-8
TEBES IR AHI (Advanced Himawari Imager) s A2 A 4 8 A X I/ AL 1. iZ AT 2014 4F
10 A 7 RS, EHRA SR PR Ul o &t 240Rs £, 5 M 0.46 pm 3 13.3 pm ) 16 i@
18 . Himawari-8 WLl B4E IS X 48 A8t HAS, iy e Uk KRR A A ff . AHL 235 R4
PRI IR) 73 #2320 10 0%, IR IXIZ) 2.5 70 AP s — U B (D) 55 e B(4k) 1 88 = B () i 2 1)
HEES N 1 kmy 1 km A1 0.5 km. JMA 5% T2 7.0 (Meteorological Satellite Center, MSC) & 1
Himawari-8/AHI Z % i~ (Cloud Mask Product, CMP), 5z 45 2345 (Cloud Effective Radiu). z )t
JE J (Cloud Optical Thickness). =z 17l & (Cloud Top Height). =z Jili & (Cloud Top Temperature)fl = 2% 7Y
(Cloud Type)%5 S48, N =FrtEw IR AR [14]. XX S m R ALl RIES N5 HHIX . A SCH
Himawari-8 T2 2015 4 7 H~2020 4 6 A28 2 Hmr=i%dE, FdlEkE T JAXA (Japan Aerospace
Exploration Agency, http://www.eorc.jaxa.jp/). Himawari-8 T & 7z 77 fh$de BA B (51 .
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AR FH #9807 1 I s 2R (Digital Elevation Model, DEM) 4 90 m 4»#%#%f] SRTM (Shuttle Radar
Topography Mission)%#fi, >k T CGIAR-CSI (A Global Agricultural Research Partnership-Consortium for
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Figure 2. The flow chart of research process
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Figure 3. Annual mean cloud fraction (high/mid/low/total) from Himawari-8
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MAEFBIAN IR = ) 2 B (] A B (13 )M B E A R (R D)IFFA, SE-FH R = R A
TP LEGIRCR, fE 2 FET R T T IRE DT 60%I1 2 5Tk 0y 38%; Fim nBEONEGLH
FERRAS TR H AR n B BONEIE; 1F 4 0, b KM@ s s BE0HE, &
ARRKIIE, Tz = BARR .

Table 1. Extreme values of cloud fraction for different cloud types (Unit: %)
# 1 FRIEBZHNZEMECERN: %)

et KA (FE47) /MA(EEAD)
Mz 27.09% (2016) 8.84% (2017)
K= 49.88% (2016) 5.30% (2017)
LIPS 31.39% (2016) 7.80% (2017)
ISP 82.71% (2016) 25.35% (2017)
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Figure 4. Multi-year monthly mean cloud fraction distribution for different cloud types
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Figure 5. Interannual variations of cloud fraction by cloud type and season
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Figure 6. Spatial distribution of multi-year mean cloud fraction for different cloud types over Inner Mongolia
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Figure 7. Seasonal mean spatial distribution of total cloud fraction over Inner Mongolia
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Figure 8. Climatological seasonal distribution of high-level cloud fraction over Inner Mongolia
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32. AFEENTEHRHE

3.2.1. TNFEERIEZELHHE

MAEPRARRR A I o 6L A (B )RR 7 AR (R )30, PR E g
T EE B BOR, P TTRREE 43 73] 53.3%, 12 (31.6%) (K11 SRS ML T 30%, T 1
1 TURR N B /N(15.1%) s 622 R R S = BIRAE A —FF, Bzt E EHE 2016 4
ER KBS = 5.56, T 1.99), 1 HAZEH =65 RN E R (R = 2.85). Rzt B I
[AIBOE 1, #KE 0.87.
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Figure 9. Annual mean cloud optical thickness by cloud type over Inner Mongolia
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Table 2. Extreme values of cloud optical thickness by cloud type
#2. TRILBZH=NFEEERE

eyt BRRAE () R/MEFED)
mz 5.25 (2016) 1.19 (2017)
K= 4.56 (2016) 0.08 (2017)
Hx 5.85 (2016) 0.50 (2017)
ISP 12.27 (2016) 2.21 (2017)

MZEZEH PEIARFRB R =6 EEE AR (A 10055, WEEHIX EabBEE—FE R R
BB ZE T AR E . S 10 1851, M ELE 5~10 AP E O EE#E T 5, S g A6
FHIE; o G 200 M A RRAE, HAE 7-8 A 2R AN = EE(CKT 6), 3~9 H=
HFEEE TR, MR 9~12 AT H = oot 5 S IR A RriE, H =065 B AR (5
/ME N 0.34), 1~3 AF11~12 A =S BEEARIS 1, 1 6~10 A =R EMN TR, &1 2; Kok
SR EEAN PR, B e R AR AR (B ME N 0.22); B 12 H UIAMOHE A KT 1; 3~11 A Al
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Figure 10. Multi-year monthly mean cloud optical thickness by cloud type over Inner Mongolia
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Figure 11. Interannual variations of cloud optical thickness by season and cloud type
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Figure 12. Climatological mean cloud optical thickness for total, high-, mid-, and low-level clouds over Inner Mongolia
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Figure 13. Climatological seasonal mean cloud optical thickness for total cloud cover over Inner Mongolia
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Figure 14. Seasonal mean cloud optical thickness of high-level clouds over Inner Mongolia
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Figure 15. Annual mean effective particle radius by cloud type over Inner Mongolia
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Table 3. Effective particle radius (um) of different cloud types in Inner Mongolia

* 3. ARG ERBEZMBERHRFHE(um)

B ALt HRRAA (FE) R/ MEFER)
(SN 5.78 um (2016) 1.70 um (2017)
k= 4.31 pm (2016) 0.01 pm (2017)
LIPS 4.20 pm (2016) 0.39 um (2017)
BT 11.28 um (2016) 2.92 um (2017)
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Figure 16. Multi-Year Monthly Mean Effective Particle Radius by Cloud Type over Inner Mongolia
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Figure 17. Seasonal mean effective particle radius for total, high-, mid-, and low-level clouds
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Figure 18. Climatological mean effective particle radius for total, high-, mid-, and low-level clouds over Inner Mongolia
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Figure 19. Climatological seasonal mean effective particle radius of high-level clouds over Inner Mongolia
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MEZFZEN T B oA BT 422 () A R EAR A (] 20); © £/, S CER > 8 um HIXIH
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Figure 20. Climatological seasonal mean effective particle radius of total cloud cover over Inner Mongolia
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