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Abstract: Polar regions have a profound impact on global climate change, because polar regions are one of the world’s
largest sources of cold. Sea ice is the main influencing factor in the polar regions, which has a great influence on the heat
transfer, which in turn affects the global climate system. In the past two decades, Arctic sea ice has decreased year by
year, while Antarctic sea ice has increased. The use of passive satellite remote sensing data for long-term observation and
analysis of polar sea ice will provide an important theoretical basis for studying global climate change and an important
data source for polar sea ice research. This study uses the data of the Antarctic and Arctic sea ice density data from 1998
to 2018 to compare and analyze the changes in time and space to find out the changes of the sea ice in the south and
Arctic. Using the SSM / | data of the US National Defense Meteorological Satellite and the NASA TEAM algorithm, the
sea ice data from 1998 to 2018 was compared and analyzed. The specific process is to use the NASA TEAM algorithm
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to invert the Arctic and Arctic sea ice, obtain multi-year ice, one-year ice, and overall sea ice density data, and then
determine the sea ice area. Through comparative analysis, it is found that the area of Antarctic sea ice is significantly
larger than that of the North Pole, and the change trend of the two is similar. The downward trend is greater than that of
the South Pole; the total annual ice volume of the South Pole is greater than that of the North Pole, both of which have an
upward trend, and the Arctic has a greater increase; the overall sea ice has fallen, and the multi-year ice has decreased
while the annual ice has increased. Sea ice has a tendency to transform from multi-year ice to one-year ice; Antarctic
multi-year ice is mainly distributed in the Weddell Sea, with stable areas accounting for 60% of the multi-year ice area;
Antarctica is dominated by one-year ice, and one-year ice stable area accounts for one 80.1% of the total annual ice area;
Arctic multi-year ice mainly exists in the central area of the Arctic Ocean. The Arctic multi-year ice stable area only
accounts for 35.06%; the Arctic one-year ice is mainly distributed around the multi-year ice periphery, and the stable
existence area accounts for the total annual ice area 48.5%.

Keywords: Antarctic; Arctic, NASA TEAM Algorithms; Sea Ice; Spatiotemporal Change

158

LAk, AR RRIZET A A2 T IR 4 s
), SEARREAE B KRR E, B SEBKE
RIGERE DD, SUEEPI A, ERGINEX. B
U5 = NS AP R BEIE B T B A BERT A BRI SN
AR BIGOE R, RO, bk sk K
Wz —. PN X R h P E A, R
— DX A RS- VK- A ELAE A Je 5t A2
HERAGAEAEIR . URZ KPR B AR S et L A
T KA o A7 14 A A 55 T 2 M BE A MR R 42 1] o

MUK AT ST 2 KRR i, 2 DR 40 K B A
SO, TR BIIHIER, SPFEREARTES KRR
[ (14 A8 4 [0 458 38 1 B B PR SRR AR AN 52 R A
A A RAGRE S B AT X OO, 2 i vk A SRR
VUK B 0 ) 3 22 B [3]

EJLHEER, bR Ik 2 SAEAR AL R i K,
BT AN [ P T A sk R R 6 9 1T A
e, TR e K R KSR, B RIS
HIL T AFEFERER R o BRI UK 5 R A Y
M) e A b X Jey b e 54, T HON TR KA
PRUKTE N I A2 3RS R R B e e FIAR R 22 7= AR EK
(R RN [4] -

JLI (] AR A T e AN R LA I, R TR
T 5] 2 1 1 43 BT -5 80 2 4 B i UK P B 72 38 4 156 1
Fnka A o AHIF 7RI A5 T 18 Bt o i g vk k47
KIS TR AR S 50 o0 AT, B B L A R AAR A At
SRS, AR UK T PR T AR

1999 4, Parkinson Z£[5]%IH SMMR F1 SSM/I 3545

http://www.resenvsci.org

(PR K2 B 7= Al SR OK G L, IR 1979-1998 4[],
B MR UK TG B LA 1118044190 C(km?P/yr) (3 384 .
Parkinson 24|} SMMR. SSM/I. SSMIS #tdE 1151k
WK FEANTIAR, 15 1979 45 & 1996 4 )bk iF vk
JEEELL (-34300+3700)  (kmPyr) KRS0/ .

2003 4, Cavalieri Z¢[6]45 tH 1973-1977 - rg it
VKTHIAR 820>, 1977-2002 S35 111 Fowler Z£[ 711 H SSMR.
SSM/I F1 AVHRR %4 i 5 32 B,  1978-2003 4 [d],
M) Z KD, — oK.

2008 4, Cavalieri[8]%F|H 1979 4F% 2006 -4
I 3 AT 2 I R AR UK B K 1.040.4 (%lyr) s
Comiso Z5[9] & I, 1979 44 2006 4F [ At AR ¥ oK i A7 LA
B 11. 4% FE D/, T 2007 4Rk 2 /N

2011 4, Comiso ZF[10]11# /] 1979-2011 H=flyk %
AR IR, JER A ZE 2 UK ) A2 AT A
B M4 15.1%F1 17.2%.

2014 4, 5K=E%5[11]f# FH MODIS 54145 AMSR-E
TR RS EYE, KL 2002-2010 4F () FE MUK T AR 2
H&/h, 9 H B K 2002-2004 475 B 8484k, 2005-2007
SEHTRIE>, 2008-2010 FEMIALFIE KA . BEE A EK
SAFARRE, ALK D Bk

2016 4F, ILIESE[2]FIH AMSR-E 1% H gk 3 4
FEHHE, R BI 2002-2011 5= A iRF UK THI R 0 T 3.8%,
Sk RIS, 2008 4EIA B A B i
PG RS 3 R A R U ) M DK TR AR RIS e s, HAR
IR D s R VKT R S /. AT ROK,
R IR 2515 G DK T AR AR A I B L/ s P Al — A UK B A 1Y



PR SR 2023; 1(2): 50-60 52

%1 0.1x106 km?, =BG AEFG MR (SR B /R i
A8 L 2 EEUKEEAE R/ 0.05106 km?, H & 4T
TR UKL S5 SR FUH SRR .

X1 BR 55 [31d i R MM ) At v 5 v, R B s
BRI UK RS S R P AT 0 A . S5 R R 1979-2014
S UG VKIS BB RS, UK B R FE AR A R Ay A T
-2.03% % 1.06% 18]; dbtkifEok 2 H s KGR
15.54x106km?, 9 A 43 fe/M ity 2.86x106km?, IfEvk
ST D g, AR AR AL -4.63 (104km3yr);
P AR UK I 8 K, TR UK S AR LR A -1.4% &
1.03%2 [f],

2017 4%, 5K TR 4E[12]FI H 1989-2015 FifFuK 3 4L
SAETRL, b T AR UK AL g S5 SRR
WEFCIAP . AEARAE PR UK IR AR kA, B AR UK T AR
B om o, A8 fk o %4 BN -0.569x106km” {10a)™
0.327=106km? {10a)™;

SEATNFAFZ,  FESRARRR RS 5T,
FAMRIE IR A%, D Z R, WUKiE JLHEE I
H BT E A 28 0 B WA vk i 7 KB, ERAE
FE— S8 K/ BIF 78 A0 2 I 2T R Al sl b AR B — X
B, [FIET, 35 JUAERT T R AR AL AR K 8] 7 1 g UK
ZAEUK. — VKR R . R UK AT
ST, AT LBV T AR 20 4ESRIgIKIN 2525 1.

2 B 5 HARIR

2.1 % JbiRgR

PR BRI foc g i, R A DX I 3 FE i P 2 66.5°
B Q0L T2 ZE phy e B AN sk AL . e
WK GE R M AL Sl XAFAE, SRR =2 By L0k
FA KRB KR AR o AEE B ER ) b, @ H R L
4 66 VAL R DX FRAALRHIX o TEUKTE S 7 X3
AR # N, AER EME— i s, ke
WRPEER] 3K, B AAAT - A IR s K,
TR XK RAFAE T L E 4R, B TR AMERK.

2.2 SSM/| f& AR B MEIR

AT B A R R, T RUR K, BN B,
K BB Z R, USRS LSS, ITFeRE
AR . I BER. Zfeth, R
M B A8 G4 e R KR RS B w5 8, 17
WA TT . TRIBT UG RS AR 5%, B =R 3R

it e, BAERME. RIS .. KR
MU, PAKRIE ST ERE . IRESE R,

B FURT AR SRk B T 26 UK T80 O ALY
SSM/I ¥, ik B TR E T EEP SR TAE DMSP
FIrEas i — & AR ST . DMSP A F8. F11. F13.
F17 DU/ P& B 1 F8 ~F- & M\ 1989 4 7 A FFIAEH,
HRMEHRE FL7 “FEEdE CPa TIERTE MR 1 AT
™o LT EiRAVE HEdE, Ve aFErE oAbk X
15, HyE A )43 A 22y 25%25km. ZE A DU R ER,
39N 19GHz. 22GHz. 37GHz i1 85GHz.

WA AR S Fa g m) B AR B T Im), B HR
Iy ey B I 1R AR A0 ) 2 (AT ) o PR AU, AR i)
A A AR SRR, T DUAR 8 A A8 A% 47 1) B 28
PEMAERE 5 1) B AnTE . Hg ) &S TSP AT 80 foK
SPARAL, LI A M T A 90 FIFR N TR B AR AL . AN
(R AR 7 R E A R SR A A & AN [F ) 19GHz.
37GHz #1 85GHz I B A A R TE A, 7l 2 H
FAPARARES o

1 BV G A A AR A

femal S TARRS [A]
DMSP-F8 1987 - 1991
DMSP-F11 1991 - 1995
DMSP-F13 1995 - 2007
DMSP-F17 2007 -

WS BT KA R AT, AT Re s S T 61
IR AR SCHT PR (A2 1998-2018 4F, 1998 44
KHET F13 V&, M 2007 LA HEHRR A T F17 1 5.
[FIF, 283t 20 4RI TA], maARAEHRRRAC N v2 TR T
VA, JEHEERRRAN V5 AL, F, FRERAERE
GIEIREATE —, DMEMCETR AR 04T FIF
A1), K 1998-2007 4E F13 “F-EHdEIH—1bab#F] F8
P&, K 2008-2017 4 F17 “FEHdEH— LA RS F8 ~F
G AP EEEERMEHSEUE 2 fok:

T,=a*T,+b (1)

Hrh, T,08 F8 “F& 19GHz I B /K Ak i@ i 1)
SIRBERE, TooA F13. F17 “F& 1 5dE, a. b lE
HS4, a. b o R RRERAEEE[13].

R 2 AL RN H

HAmeil R B HXRRH
F13 19GHz 1.008 -1.17 R>0.99
F17 19GHz 1.0286 -3.0094 R>0.99

http://www.resenvsci.org



https://www.baidu.com/s?wd=%E5%BE%AE%E6%B3%A2%E8%BE%90%E5%B0%84%E8%AE%A1&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao

53

3 S EA

3.1 ¥/KMEER

VKIS SO A7) 74 B[] 45 PR DK o FUK AR
T RIR AR KM RS Z AR R, BRes 14
BHERAMAEEA . WK, ERINERERER
IKHHEAT o HEUK (5 R RREEE S AR 5%-8%, TE4Erd
FEPIRIX . R P BRIFURAEAE T RO A BB, b
PRRIFUK EZAAE T AU A - HRAEIRK I A B BE LA
LAFAERTIE], 7T CLRRERUK 73 N 2 AR 0KR— 2R 0K, —4RIK
TRAFEI IE —SE N BIIIK, ZEEUREE B R
MUK — KM RFEE AT, BIRFRE
TR, M2 EKEKERATHRA K. BIKEE
JERARHF KK R, @ 0-1 NEUE .
Heinrichs Z5[1418F 7 AL, K 4R1E 0.15 X IoE s
TR EIRUKIR) o3 T PT DAL 3t S UK 25

3.2 NASA TEAM &k

NASA TEAM 5% [15]1 5T F Bt B a8k s ra i ik
SSM/I ##, ZEVE BRI 19GHz EE (19V)
AT (19H) AR wiE s, DL 37GHz = H
JH (37V) AL FIEIREHE . NASA TEAM Sk BE
PR AN A0S A B AT O, 4 i R AL BR FE R PR

(Polarization Gradient Ratio) Fll )i 5 % GR( Spectral
Gradient Ratio) [16], & XA (Q2). @), Hb T
TR (H) ®EH (V) R RiEEE.

_ Tp[19V]-Tp[19H]

PR = Tp[19V]+Tp[19H]

(2
_ Tp[37V]-Tp[19V]
T TR [37V]+T[19V] ®)

NASA TEAM HE R — ML St v LB HE
BRI Z FIKE R —FEUCEEE, T Bootstrap &
LR BT AR UK L . 2 ARV — UK B R
H 2 FRAE WAL B P R PRADGBE B 5 R GRIT A5

— | tb_f13_19980101_v5_n19h.bin
—P | tb_f13_19980101_v5_n19v.bin
tb_f13_19980101_v5_n22v.bin
tb_f13_19980101_v5_n37h.bin
tb_f13_19980101_v5_n37v.bin
tb_f13_19980101_v5_n85h.bin
tb_f13_19980101_v5_n85v.bin

(a)

i . pE ALK B AT

ZHEVKEEREC,,:
bo+b1-PR+by-GR+b3-PR-GR
M= (4)
Co+C1-PR+C;-GR+C3-PR-GR
— UKL Cp:
= ao+a;-PR+a,-GR+as-PR-GR (5)

Co+C1-PR+Cy-GR+C3-PR-GR

W 22 AP UK B BN — S K 52 BEAR N ek BE A5 21
UGB Cre AU

CT = CF + CM (6)

TEA(A)G)F, FHEIT 12 M TF i BUEM /2L,
av by ¢ BRIE19GHZ/K Pl (19H). 19GHzEEE WAL
(19V) F37GHzIEEWAL (37V) IR EIHIFETC UK
. —SEOKTH A2 AE0KTH - SSMAN SEiRfE . ra AL
WIS EAE, a. b. ¢ FEMEEE LR 3 Fin:

*£3 mREAK

S5 Btk etk

o 3055 3290.2
a, -18592.6 -20761.2
a, 20906.9 23934
as 425545 47985.4
be -782.750 790.9
b, 134535 13825.3
b, -33908.3 -33155.8
bs -47334.6 477719
c 2078 2035.3
o 74238 9244.6
c -3376.76 -5665.8
Cs -8722.03 -12875.1

4 WKEEE RIE
EEUKEHHE PO AE T SSMA RIGEE, SH
A VU B A B AN B
PL1998 4 1 H 1 HoAH, SbkILHE T =4 4dE
R

—»
—»

tb_f13 19980101 v2_s19h.bin
tb_f13_19980101_v2_s19v.bin
tb_f13_19980101_v2_s22v.bin
tb_ f13 19980101 v2_s37h.bin
tb_f13_19980101_v2_s37v.bin
tb_f13_19980101_v2_s85h.bin
tb_f13_ 19980101 v2_s85v.bin

(b)

—

K1 (a) dutllia s, (b) matl R da 2t

http://www.resenvsci.org


https://www.baidu.com/s?wd=%E5%BE%AE%E6%B3%A2%E8%BE%90%E5%B0%84%E8%AE%A1&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao
https://www.baidu.com/s?wd=%E5%BE%AE%E6%B3%A2%E8%BE%90%E5%B0%84%E8%AE%A1&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao

PR SR 2023; 1(2): 50-60 54

/e ek 2 FIA @)X EHEIH— g — 4k
., K Etkdbil F13. F17 ‘F&EIES— £ F8 T 4.
W B AREQ). 3). Q). G)EHTIEEH.
PR B . AU AR K A IR ) K 3R AT AR
ARFR, FEARRL) B IR K bk s X () K PR AE > 0, A
B ARG IR 22 e 24 43 A9 30 iR FR bl i H 1) 2 4F UK S —
FUKELER .

@) (b)
Kl 2 (@) FRAERESCH:, (b) AbARHERL ST

PL1998 £ 1 H 1 Houf, AbPRt 5tk Jbk
ZAEVKE LG I T B TR

(b)

K3 (a) Btk 1998 F 1 H 1 HEZFUKELER, (b) Jbik 1998
1H 1 HEZFIKEERE

7E E 3 (o) A, bR X H I T B LA,
X T B R S R BT I R SR L. SRR AR R
PRI E RIS Q0BT 1 X 45k, DA g s e b
WS AR R A, SR EERTEILS 852909 (7] .
SSM/I A& B B A VU AR & 5 oA [FSF- & %
AR ZE 5, B DOSREU) B R A 0 A AN A
1998-2008 4F# 2k (1 £ i 32074 310 4™, 2009-2018

FEBR R O EE 5S 2000 17 Ao ARIE BTN BB 78RN 92 Bt
LR T, TEH T 55 4R FEE I B 2055 5 O AE 4 i M AF
TEHFUKEEERE, A2 SRV UK I AR IS S A 7 AR UK o
AR B S2BR 15 0 KA A2 A EEA, RO AR s BT
TEAERE TR AN DK o

AR ES B H 2 EK S — FE KRR
P fa, HATEAE IR, BRERH . BERZHK
5 — Rk S R A

BARIHK LN Z IR S —FIKEEE A, @
P BOsH, % 1998-2018 ML FIK S —FIKE L
Bl RS, 158 SRR L. DL 1998
NG, FER AEEEAE UKL R 4 fR:

Kl 4 (a) FAK 1998 “EREARIFUKE AL, (b) dbik 1998 4FRE A4y
VKB

5 &R50%r
5.1 ¥FUKeTEIZR 4k
5.1.1 BYAIGUKETL

YRR UK T) A5 A 2 i e UK Bt 25 T 9 % R AR B A5 4k,
DR REEL. WK EERE, B Envi
AR E UK A, 48t 1998-2018 4E gL, dLARAFE
Bk RAS 2 5.

1998-2018 4Fpa HiE oK THI AR 2 BL/NIE T B 34,
TFEZCN 0.52%, 2018 4FAHLL 1998 4, MHIAAMED T
0.79x106 km?; =433 UK i FH 9 12.68x106 km?; 2014
SR UKTHT A AR KA N 13.626<106 km?, 2017 4Fifg

PKTHAR H AR /My 11.524106 km?; M R oK 1178
b L, 1998-2001 HF¥FUKTHIAR AR LA /N, 2002 UK

http://www.resenvsci.org



55

RIRIE D , 2002 4 5 MG UK I AR FF 4R 1S 0 - 2003-2011 4F,
R AR UK T ARAE P I B B Rk sh, BB .
2011-2014 FHFOKTHFUZEIG N, 2014 FFIAFIRRAAE .
2014 F- LA 0K U4 KIE />, B3 2018 4FA4FH
FriEl Tt . ans M 1998-2014 43K F, AUk brab T

i . pE ALK B AT

— ANEEIE Y, X 17 SRk N T 1.03%106
km?, EHIGK AR 6.46%, X—H SRATKNEI A
[F, K N UNEE EERSAEARRE, IRk
2B, TS SR, M 2014-2017 4F, B
WeHEUKIR /> T £ 2.12106 km?.

14

13.5
_ 13
ZE‘ ) y =-0.0082x +12.686
¥ 125 W\V V A4
=
e 12 _
e —a— HiRiEKER b LIRS K ETER
w115 — YTy L
it — Wik - - == tREKBREL
=%
R
£

10.5

10

y =-0.05x+ 10.909
9.5
9
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
A
K 51998-2018 FRgMR . ARG UK EIFREAR Y,

1998-2018 4FAt Ak UK AR 2 KR BE T Fetass, &
By 5%; AT HIFUK IR A 10.36<10° km?, # K AH
HILAE 1998 4F, Ay 11.24x10° km?, f/ME H LA 2016
4, R 9.73%10° km?; 1998-2007 4E, LA UK IARY
BN W, TR T 29 1.4510° km?, R %54 16.1%.
2007-2008 4[A], MUK AT IR KM@ EHS . 2008 4 j5
TR o UK T AR S 2 B B R B R A, RS> T
0.66x10° km?, TFFE%EA 6.5%; 2018 4FAHLL 1998 4F,
T AR T 25 1.3210° km?; LA 2007 4F Jg 43 i Aok —
TR S A B, A AR A AR 2 R IR
O (1) [ e S 2237 O A 2 0 N e A< O 8
FH AT ILAEAR I UK R B A TR I R

HE 5 fTULEWE S|, mEEIKITAA R KTk
We, PiEALEAMOL, #HEDFRE&SE; mibl T
B g KT R

http://www.resenvsci.org

5.1.2 KA ZLL

il 1998-2018 4 F Ml AL AT H i KT 21
K6, K 7.

R 22 1-3 H, BRI F 4 r AR UK T A
/1N, 1998-2018 4F - H F i oK ALy 3.34>106 km?,
/MBS 2018 45— H 19 2.49106 km?, 5 K AE A 2008
1Y 4.09%106 km*s A H LA , B AR,
SIRIBEEAS, WK G, LA UKGE B —FF
(i B, P 19.79%106 km?, f/ME Jy 2017
4] 18.81106 km?, #t K {E A 2014 45 (1 21.03x106 km?,
JUA LG, WoKIFEa R, Bk 2 B0 A1
BRI A UK T AR O . B/ IME H PR A 5 b
WRHFUK IR R e/ MEH BUAE I R FF— 50, WL A X
AR OKTHAR R K



PR S EIRI 2023; 1(2): 50-60 56

22

20

)
= = = =
[=] M -~ (=]

mdtiRigKER (100

09

== RBIKE T | | =t dLfRiBIK R &1k

Sl

1998 1999 2000 2001 2002 2003 2004 2005
Aty

4 6 1998-2008 - m LMk H 221k

Il

2006 2007 2008

10°km?)
= = = [ = [ )
o N E~Y (=2} o0 o N

bRk ER (

o]

—— kB KE T | —ae—iRiEKAEN

i

2009 2010 2011 2012 2013 2014 2015
Aty

[ 7 2009-2018 = AL il ifgok H A4k

i

2017 2018

e UK A ME B IE R E LA, P
B 4.72>106 km?, 5t K AE 9 2001 4F £ 5.93%106 km?,
f/IME R 2012 ) 3.19%106 km?. JULH 2 5 bR
%, WA K, SHAMERIRKE: = H Pk
VKT A 14.56x106 km?, fie/ME BN 2006 4
13.75%106 km?, # KAH Ay 1998 4F 1) 15.38x106 km?,

AU UK I A s rA AR OK B4R 1

KAEEEAEBOR, S MEREEIER N (Br 2012 5D, Bi#]
FA RO LEAB AR IR 2, Al 7 2 (UK,
AFA A EZ . JbIA 1-3 HR4Z, Bk
UK A2AL SR IR S, EASIE R AR A UK
B KA EIE =, SEmis g H 5364
XENL, 7 T R AR A A T2 S, 53— D5 T
BIHEUK = VAL 5 R I A IR ANF 2

http://www.resenvsci.org



57 i . pE ALK B AT

5.1.3 BLEIKEALL

MR FE A AL 22 4 vk 4 B 50 G it A
SEZAE KA 2K 8.

P 2 AR UK TH R B /MR B R B, R R
N 2.76%, FEHIEAENR/D 0.024x106 km?, ZAEIK A

4.5

ZEKEIR (10°%km?)
N w

[\ =]

=
L

1998 2000 2002 2004 2006

T BRI B R TR UK R PRI s 2 UK AR
oA 2.54>106 km?, T A % K AE A 2003 411 3.36106 km?,
I AR B /ME Y BRAE 2017 4F, N 1.82x106 km?; [
2000-2003 F Z KRR FERCRSL, 1998-2015 %
SEVKTIARTE A B B R i3, 2015 4F LU A B E
I P BRARG

e R K g 4% 5 FE K

BB EARBY, - ERE EABHL

TS~ =-01128x+5.8149

.o
-

y =-0.0276x+2.8553

] 8 1998-2018 4FFg .\ ALl 2 A UK [H] 454k

e 2 EUK R R RIREE P&, FHEA
12.8%, “FIJEF4ER/D> 0.087x106 km?, ZAEUKHA R
B T8RO T AR UK B B s bl 2 AR UK T AR (B
N 441106 km?, fr KAEHELLE 2001 4F, AR A
5.87x106 km®, Fe/ M H B 2012 4E, [HAH A 2.95%106
km?; 1998-2006 E 1L % £E VK 2218 T[4, 2006-2007 4
ZAEVKKIREE T I, 2007-2012 £ 24K LR IMEE T
F%, 2012-2013 4 2 4F K AR H LR BE 3G fn, 2013
SELUR ZAEVK R I ED T IR .

HEANE I VKR KT Ak, (H2 2 S0k TH
PR AU R TR A%, 156 A R A DX Sk LA —4F KGR
etk ZE K TR TR, FR AR 2 E kAR
WK, HILZ KRR, MERZEKTH PR A
P B aT DL H, 4% 26 AR A0 BLAT AR

http://www.resenvsci.org

2008 2010 2012 2014 2016 2018
Ay
5.1.4 —FEyKE4Y,

MRAE R ACAR— T UK 2 R R it B — 4
VKIS 2K 9.

R — T UK AR B NEE B, KRN
2.24% , 1998-2018 4 i M — fF UK AR LN
10.08x106 km?; 1998-2000 4F—4FEUkAF{LA K, 2001
HE—AE UK AR B A /ML 9.27>106 km?. [ 5 B A —
SEVKTAUF R IR WS, 75 2014 AFIA R & =04,
M Hy 10.85%106 km?. 2014-2018 4E—4EIKFFahHEAN
KIBEE N FRRAS . MWEEAOKRE, 1998-2014 42 7] (&
2001 40, —FIKEEARL T KPS, HElRLF
A UG BT BB O



PR SR 2023; 1(2): 50-60 58

12

11

9

—SEKER (10%m?)

1998 2000 2002 2004 2006

y=0.0224x+9.8305

—— BRI e JEAR— 5K

BR—FKERE

- === dtR—FKEHE

2008
)

2010 2012 2014 2016 2018

K 91998-2018 £EFF .« AbAR—HE KA [H] 254k,

JER — oK T A2 LR IR I K 3, KRN
7.8%, 2018 £EAHEL 1998 4ET AN T 0.51106 km?,
S5 AR SN 0.0245106 km?,  — 4F YK AF 35 T R K
5.95%106 km®; 1998-2006 4F ALt —4FE Uk TR 3h T
T 2006 4 ik /M, AR 4.94x106 km?, 2006-2012
fE, —EUKGRETE N, T 2012 4EIA R mEE, AR
7.08x106 km?, 2012 £ LLJ5 —4E VKT AR I 46> o

Xof EE R LA — SR UK T AL, R I — KRR KT
ek, WEEA ETHES, MmALREEE R, AER
BARHFIK . ZAEVKIERE UK, bR 28 (b ST
b o A B

5.2 ¥FUKZEa)ZR 4L
AR AE I 2 ARV — UK B 4R B, Sii g
VKB BER, FIF ArcGIS Bt R s i A L

5.2.1 Z4EIKZEHZH

et R 2 UK BURAF 21 10, 1P 10 Wl H
WU, R B 2 S UK B0 A 7 R A OK i ) e [
RANKHEE, HAp R R %, HRAE D i Ak
Wi B, TR A PE PR ATED L R A 2D & A
FEIT R AR OK I A 0 B R ) X 3t 22 SR KA AE 19 SR DA

A X 3k, bk ] 70 22 AF K HH B A GBRAR AT B[]
s AR 2 UK BLOREE 19 4F DL B X AR e AR
SE XM, % X R R A b AE AR i, AR IX 4y
it /b, K fEAE R 2 AEVKTHAUE 0.81106 km?, (5
W 2 FEVK ST AR Y 28.65%; AF7ER B 7E 15 FLL ERI X
RN 1.52x106 km?, 5 ZAEUK BT AR 60.54% .

19215

] 10 1998-2018 4= Rt 2 A vk 25 (] A5 4k
Gt EEI 2 VKB IR A R K 11, bz

http://www.resenvsci.org



59 R 45 FE ALK B

SEOK B A T OKEE X 3k, M 22 S B AR 55
s JEAE K E BN Z UK, 2 K 2 SR UK A I
() ERRE, LT3 bReE . BRI L A 2R VA AT
VAR A 4 (X 48R 22 AR UK AF AE I R R0 s MR B e,
et 2 S VKRR B AF AR X 3R /b, 2 AF UKAF 7 I (0]
1t 19 4EIX SR HIA K 2.52106 km?, [ 2 4EPK M TR
M) 25.85%; AfFAEWF[EIAE 15 4F DL b ) X 4 i FR
3.41x106 km?, |5 £ 4E VKR AR 35.06%.

&

P 11 1998-2018 bl £ AR VK= (A1 A 1k

19-208F

215

& 12 1998-2018 SRt —E VK 25 A AR 4k

http://www.resenvsci.org

5.2.2 —FEKZE R4k

Gt — UK I A5 2 ] 12, A 12 AT
BHWA S, Bl —F0Ch 3, Mk 80.1%I1iIK N —
UK, BAEUKRE SR MRS
ZHVKANE, AR 2RI . MO XN R e X,
1% X3 —F UK IR D s — 0K 43 X 380N
FasE X B, BAE/RIG 2K S — KA X I — 4
VKANERE o

Gt b — oK B IS 2 E 13, Jutlk—FiK
[FIFESTATAE ZAFEUKAME, FERGEEING . uAnfr 23
SRS 5 i 3 e R 5= I | 87, O B | i L | = RS
W K& A, KEEHTRE — KB E; —FIKAF
FEI (AT 19 4R X IR 3.31106 km?, 5 —4E
VKT AL 36.6%, fE/ERfEIEIE 15 F Ry X A
4.39x106 km?, 5 B HIF 48.5%. FHELEINE, dbh—
SEVKRRE AR X D

13 1998-2018 ALk —4E vk =S (A1 481k

6 £

(1) 1998-2018 4F R MIRFIKEEA AR 5L/ NI 5 T B,
TR N 0.52%, FFHIRKERNY 12.68%10°
kmP. JALHGEFKE R 2R Rk, FIEEN 5%,
RSB UKTIIAR A 10.36x10° km?; FERREvK T AR



[1]

[2]

(3]

[4]

(5]

PR SR 2023; 1(2): 50-60 60

B KT, Wi raal, #RE B
NREES s A FIEIREEE T R R ARIEEK
R REsOME AR, S/MEWR IR (B
2012 ), UiBHRSHEIKA LR IREIZY, H 2R
T BEZIEK, AZEERIKEE 2,

(2) EARmINEVK K T, (IR Z K
TR T Rt A2 R0k s KT
W, RN 2 K L2 IR RAE, TR 4F
VKA RS, B —E B R Tb, P
A LA, A IR s AR
B, ZAEVKED TRV N, £, b
WHFUKA AR A — UK AL B

(3) PN Z UK T B AT S /R, FREAAAEIX
1 5 ZAE UK AR 60%. FMRLA—4Euk N,
— VKRR EAFAE X 3 5 —AE UK A T AR 1) 80.1%:
U 2 FEVK E BAAAE T ALk XK, ML
P, ABHR 2 AE VKRR AAAE I X 3D, AR
35.06% . JbAl—HEUK I EA A (E L AR UK A Al
KBt A, R X G —AFUK TR 1Y) 48.5%

FIREE, JRM= P ARHE UK UK T ORITEK ) 1K R st 7K TR i
FASTERIVER [3]. FEARIE4E, 1993, 5 (03): 1-14.

TR, FIKT, K7, 2002-2011 4E R Wi vk 284k i Jk
I3Hr [3]. BRHAESR, 2017, 29 (01): 163-171.

XHE, FFR, XIEE, 1979~2014 55 LB vk L4
HE3# [3]. BBEME R, 2016, 31 (02): 24-29.

LRats, FEME, TR, BRI UK R S AR AR [3).
AT 52, 2004 (01): 29-37.

Parkinson C L, Cavalieri D J. Arctic sea ice extents, areas,
and trends, 1978-1996 [J]. Journal of geophysical research,
1999, 104 (C9): 20837-20856.

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Cavalieri D J, Parkinson C L, Vinnikov K Y. 30-Year satellite
record reveals contrasting Arctic and Antarctic decadal sea ice
variability [J]. Geophysical Research Letters, 2003, 30 (18):
CRY 4-1-4-3.

Fowler C, Emery W J, Maslanik J. Satellite-derived evolution
of Arctic sea ice age: October 1978 to March 2003 [J]. IEEE
Geoscience & Remote Sensing Letters, 2004, 1 (2): 71-74.

Cavalieri D J, Parkinson C L. Antarctic sea ice variability and
trends, 1979-2006 [J]. Journal of geophysical research, 2008,
113: C07004.

Comiso J C, Parkinson C L. Accelerated decline in the Arctic
sea ice cover [J]. Geophysical research letters, 2008, 35:
L01703.

Comiso J C. Large Decadal Decline of the Arctic Multiyear
Ice Cover [J]. Journal of Climate, 2011, 25 (4): 1176-1193.

gk, FFEE, SHE, 25 MODIS £ i B me it
VKRR IS AR 7 [9]. BRPOR 2244k (5 EARM#AR) | 2014,
39 (10): 1194-1198.

ikE, R, WEE, AAT, FEL. E T EESEERR
[ 1989-2015 gLk AR A1 0 [3]. vK)IE L,
2017, 39 (06): 1163-1171.

ERE, EHR, BEH. ERKSEERBN S [9]. T
[E PR Hl 2%, 2014, 34 (05): 1303-1309.

Heinrichs J F, Cavalieri D J, Markus T. Assessment of the
AMSR-E Sea Ice-Concentration product at the ice edge using
RADARSAT-1 and MODIS imagery [J]. IEEE Transactions
on Geoscience and Remote Sensing, 2006, 44 (11):
3070-3080.

FRRR. FHIEK T E AMSR-E89 GHz #i Bt It B4 [ 1k
WZAEIKBLERE [D]. T IEMEE K, 2000.

Konrad Steffen, Axel Schweiger. NASA team algorithm for sea
ice concentration retrieval from Defense Meteorological
Satellite Program special sensor microwave imager:
Comparison with Landsat satellite imagery [J]. Journal of
Geophysical Research: Oceans, 1991, 96 (C12): 21971-21987.

http://www.resenvsci.org



