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Abstract

Based on the meteorological observation data from 1961 to 2012 in Liaohe delta coastal wetland,
we compare and analyze the meteorological elements such as the atmospheric temperature, an-
nual humidity, precipitation, evaporation between wetland and dry land. Mann-Kendall test tech-
nique is applied to analyze the trend and jump change. The results show that the annual average
temperature increased obviously with the rate 0.31°C/10a over the past 52 years, while the jump
change appeared in 1988; The annual average cumulative evaporation decreased obviously with
the rate 55 mm/10a, while the jump change appeared in 1986, their relative humidity and cumu-
lative precipitation increasing performance were not significant. The warming trend of wetland
climate is higher than that of the surrounding dry land. The annual average temperature of wet-
lands is 9.11°C, the monthly average temperature is greater than the surrounding dry land, and
the wetland can slow down the environment temperature change greater than the surrounding
dry land, especially in winter. The annual average relative humidity of wetland is 66%, it is less
than the dry land in growing season, humidifying function mainly reflects in winter. Annual cu-
mulative precipitation of wetland is 643.88 mm, which is 26.95 mm higher than dry land, and the
phenomenon is more obvious from July to September. Annual cumulative evaporation of wetland
is 1540 mm, which is 74 mm lower than dry land.
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FI] P ST = A VB b & B S b S 535196 1~201 248 13 H Hh T W 2 ), o EL 44 T I5LRE L VB S
MkE. RRESGELDMN. MAMann-KendalliE 2 b HR R AT T 7. ZREH: £52a
KILF = A INERIHEH A PR ERDAE EF#ES, BrEA0.31C/10a, RN HFE19884F, &
REFVPE FTHES, HHZEN55 mm/10a, R FAE19864E, MHINEEMMEKERIA LT,
AL EE . BSEAE LR E R MR ES, BHETHRIE11°C, A ¥HEEXTRLRM,
RERELXZRBESERE; BHETFHHNEE66%, FEAEKS/NT M, HBEHRFEANAL
%, BHERKE643.88 mm, HEHE26.95 mm, FELEFET~9AH; BHEXEE1540 mm,
b R 1K 74 mm.
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1. 58
TEHHE R IR = KRR 2 —, RS RGNS RGN Ty, A2 E A,

TR LA AAE R AT T . 3% EBRRH A L8 3, IRERH ) N RO F I BL T 6 KA(CIH EHHE
TR TR R IR AE K X AN, BRI LR 2 b5 A VAT St Sal b T2 1 ¥k 7K B2 SR v DA S i 7K i
R REAICIA B IR (30T BE[1] o ABRISEAFIE I A 23 A5 TR 20.3 x 10% km?, T ¥E2 9 6 gk ) AR 5233 S8 )
TR TR AR H[2], A C(210 £20) gm >at. HIAb AR RGRA ML, BRI ES RS,
AMEFRR B 1 AE 25 22 G0 F A I S PR A0 Rt o 1 (0 5 P R A Lt A ) 2 A AR, (ELR VR T LA Vi
R AR AR A UK, R SRR AR KB X I — .

TR ORI E R R AR AR RO E B X, FRIE KR R
2R Kik 1.8 x 10* km, JEIEFMESR 380 T AL x 10* hm?, FEIEIFZ 5K 104 & B B A A SR v] R R R 1Y
FRALRER o 30 74wl A 7 A A L 35 B (R R i e v VB bl SN [ R B AR R X, A WG] R (12.8 %
10* hm?)FPF 43 B 43 VT 121 3 15.(10.1 x 10* hm?) o JH o X0 90] == A 1365 1 6, 160 A0 0 90 3t K PO o e Vi
JeB W Ul A DR M IR I R RS, AR, DRI, MR, AR KA IR FR . I
TR, MO AR AS EE T RGO B CPEIRT R “RRIE .

TRMF IR 052 B S AR AR 0 B i o T B, R KT AR T AR 2 40 . 2B 2 R PE BRI S5 M 55
PEJTTHI[3], (EAF B CERR AL, PG R E R 8HRA[4] . A BN 2 X T L4k
15 AS Ak iy LA U A0 R R BEAT BT 9T, AT 980 T 52 430 TR Mg b K T 52 3 < Gl 1 S e k),
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2. MMEHE
2.1. WX

I =AY, Hikb 40°41'~41°27'N, 121°30'~122°41'E, k%N 0.0~3.8 m. £ FH)/<iE N 8.6°C,
7 AR 24.4°C, 1 HPPRIRN-9.8°C, BRI 171d, KT5% T 10°CHUE N 3509°C. 4115
Bk BN 631 mm, FROKEHETE 7~9 A . F2 K EN 1390~1705 mm, AR ER 2.5 5/ 47[5] [6].
B FIEARX 4 R W, SENF 2/3 I RZI K ANAHL R K, 13 B a2 R R K ANMATK, I652
N A
PR T3V = A VR IR R G (T 3 T K BRI SR AR/ ) 5 40iL 11.4 km (1) 5
ARG (O T 24 T AL AR BB R ME N 78 XORUGS BE X R Rl kR | T o B R R 40 3t
%% M (http://cdc.nmic.cn/home.do), FHEIHEE T EESFERRER R VHE. GuitkE. ErEHF
i’ﬂfﬁ)'ﬁﬁ*&fﬁwﬁ%ﬁ% N TR G AN TR S AV S NI W 5 < R T 5 Y1 1] P 78 € g g SN <)
HESESEREE, B ST R BUAE A 1961~2012, WL 1.

22. BIRAE

% Mann-Kendall #5635 #EAT R AL B HFIRAL 538, /2 2 BN B B Al A0S FH RCR I 1 —
BTk, Bt RS RALSHERZ IO 2 TRk R AURAKBTEE[7] [8] [9].

2.2.1. SETEWES S

£ Mann-Kendall #5561, J5{RZ HO DR 8] 5 SUE0HE (X, X+, %, ) » 52 n DMMSLH L BEALAZ & [F) 7>
MRIREA &R HL 2R XTI j<n, Hizj, x Mx BoAm2EAMER. @k
gméﬁﬁ'i S:

\o

ok, sign) WS ERE. 2 X, - XA BFEATEN, sign(X, - X;) 4581 08 1. S HIER
oA, HIMEN 0, 77 Var(S )_n (n-1)(2n+5)/18
M-K it E A S KT ST ADANTFERHI8:
Z=(s-1)/\/n(n-1)(2n+5)/18 S>0
Z=0
Z=(S+1)/\[ n(n-1)(2n+5)/18  S<0

EXLEHRR T, W THENEGEKT a0 (2|22, WIEHB HO AR, BIEER

K a b, BFEFAVBAIRAAE B BT RS . 2 NIEERRE &S, fERREDER. Z
AIZEXHME AL R T45 T 1.28. 1.64. 2.32 I RKon it 15 90%. 95%. 99%: # A % [10].

Table 1. Average climate characteristics of 1961-2012
7= 1. 1961~2012 - SIRFFE

e AR GHiIE MR EEm)  AREE CFRE BRRKE CPNHBE  RREKE
Wet it 41.01°N 122.04°E 3.8m KT 9.11 643.88 66.00 1540
Dry Hith 41.11°N 122.01°E 4.6m ESP/S 8.81 615.93 65.90 1614
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2.2.2. BRI

%M Mann-Kendall £ TSERABRN, & —FAES GO T7E, 0T LR 9 AR T 46 1 i (R

[10]e ZPEMAR AUE TAIVE I TE . A 9tEd, s s, tHEWEfim[11], Ko ERE0N:
UF, :w, (k =1,2,...,n)
ar(S,)

e B EVEKT o= 0.05, 24|UF| > Ug s I Rm #3458 7 0.05 2 A3 (Ug 05 = £1.96), a = 0.001,
H|UFy| > Ug o1 I R EFAIEIL T 0.001 & HAG K (Ugoor = £2.56) . FTH UF ALK —2%#hZk UF, H[H
FERI IR BI RIS F AR, 53058 —%#4k UB, ¥ 4iit R sk UF. UB f1+1.96. +2.56 U4k H 22 1E
Al —ik i b, iR UF (ME>0 ISR BT 41 & ETHE %, <0 MR 2 TR, Wi UF M1 UB Mgkl
HIRAE AL, HAC RUEIG S Ze 2 0], T4 5 K IS AT I 22068 2 SR AR FF AR R B[R] [12]

3. BZREHh
3.1. FRSIETNEREEE 4T

H4 LT = A R B LR T X 1961~2012 45/ 53 s TVl ) 5 A< S 808 Zn SRAD. B
FHME G, 15 EVERRE RSB 1), MRl AR 1) 2 4 PSR B0 9.11°C 1 8.81°C, Vi
S ERART R HOT R PR A T R JE N . FHE 2N 0.31°C/10a, 0.28°C/10a, ¥Jilid T 99%(1) i
EVEAGES, T % vy U B SR AR B MR Hh (S FE TR, AR I AR 2 ( vT e S 4k SR K
AR A LE P S BE T, (R B 2R AT L R — i RIS P YR ST A R L
b 0E R 0.1%, 439 h 66%F1 65.9%, ARK AL IER N, KB BEERL.

T b 3t R A8 T S b 4T 2 R OK & 43 8 643.88 mm A1 615.93 mm, bk b S M i v
26.95 mm, EPRESIRIERN, LA Rimd BE R . 2010 fFigHE /K B %N 1081.7 mm
F11965 i /by 366.2 mm.. MBS AN QR 5k (1 4735 B R &40 4 1540 mm A1 1614 mm, AR
eI E e 5h b B PR, PR3 )y 55 mm/10a. 36 mm/10a, HJilfiid 1 99%[H BB TEAG I, — AR E
HEREIEMAR, TGS R LR TR R b (5 R, BRI 28 K i AR 5 R AT e AR i
B N OKAMNG A 2 SRS

3.2. RSRIFMEXSEL 54

H# 1961~2012 1 H A B RV P I H P88 3E , & 2 B st A AT T 5 1 ik
AAMRAR I AR — 8, Rz, TIRE. MR MoKERKMEEE 7 A0 m 0L
9 24.6°C £0.1°C. 81.9% + 0.04%- 168 + 3 mm. 2= EAPEKE M BARMALE 1 A4, R E RARE
13 Afr. BREBKAEDL, 5 AmAKRERK, 7 A6h~8 A KERLARE, KTTHHIKA
WS AN, e AR KA KSR R .

FHAR b (1) F P35 SR R R b 1) P33 220 . & 3 B 5 7 i st 5 R bk H 73
BEZERAKR, AN A FREREY T R, ZEERKE LA 12 AN 5EH T 0.64CTHI
0.45°C, /K4y 7o 2 i b PR B K, 8 5 KA IR E S B I A ZE R M B AH
SHEE ZEE, 756 H~10 A HBH& T 21, 7 A0 AHZ R KL 1.04%, TEAHFRSE R 2 AT
YRR PRI A b, MR R R VR RO, 11 A ~5 A i i s T R b

EL AR M ol AN R b P OK B 22 AT DUER Y, fEROK BB R 7~9 AR oK EZ K, 8 A
ufi EE Btk 18.32 mm, 6 H 43 F1 10 A4t Bttt b 6 H /T Rk 8.29 mm, Hoe H GBS
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Figure 1. Wetlands and surrounding dry station annual climate data contrast in 1961-2012
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Figure 2. Wetlands and surrounding dry station month climate data contrast in 1961-2012
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Figure 3. Wetlands and surrounding dry station monthly mean difference in 1961-2012
[ 3.1961~2012 FiR b 5 ¢RIA R Mtk B T E
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Figure 4. M-K comparison analysis of the climatic change trend of wetland and surrounding dry station in
1961-2012
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H

IRT %

\3

T 1 TS TR 98 AR B 1) 2 L S AR 10 AR A0 AT A B AUD B A ARl T R 3 /K F 0.05 1)
A2k, ETHF R BRI AERAN S, ik )\ 1969 F~1981 - FIMIXHEE 2 _FHi %, 1982 4:~2003
RN, AN L 1982 4, Sk 1970 £E~1989 4E S T, 1990 £4:~2003 42 FFFiE
Hi, 2003 4F J5 R bk A Sl (ARG Y 2 BT

TRt SR A RE KB 1969 4:~2000 4F#adh FHE A I WA AL, 2001 /5 R KE TR, 2010
FHRA LTt A 1987 4£~1996 4F. 2010 F:~2012 NI RAL: PSS 5 RIIE A —5, A
i [E] 1968 4F. 1997 4F, 2010 4-~2012 4F. {phhit A K B(E 1961 47-~1985 4F 2 T F##a%, 1986 i
PLRAR, N R B K 0.001 15 SR (Ug oo = £2.56), FHIZE 1971 4F~1976 4F R B #4 i
%7K 0.001 I 54k, 1986 4:~2011 4F T F a4k i i 25 MK 7 0.05 Il 724k, RAZE [A] 2 1971 4F, 1981
FEAT 2002 4,
4. ¥1ig

T WSO A AT M BT R B T 52 AETRIIRH R . B AR 28R A SRR
VSR, 45 H T P38 R 2 P K S5 S 000 2 i Ta) ROBE AR AR AE S L TR AR . FE A 3RS E )R
T NI = A PN A L R R RS, FHELZE N 0.31°C/10a, {HIEEE (K Tl kiR 0.11°C/10a
[13], T m el LI 1, o HIRIRRICIIRE[14]. SEMFFARE, —ITFJE MR ERIE X
O RIRH X AR 0.4°C o A {307 1 3 X e a0 i IX bbb X AR AR 1.3°C~4.3°C, ARSI B 34 m
5%~23% [15], 225 FE AR ERS M, 30 = A PNEHHE R B 25 “ B 1E 5 B IO R XA EE A4 B & .
TR A2 TR K A R, B bL A 76 R 48 FAT B i (IR T - — kW B (9828 % A 7F 1988 4F,
X IR RAR 5 H o R A SR IR I R] [13] [16]— 5.

B 53 AT 2% WL VAT = IS 1 1) 23 SRR P R s A 3 I, 388 VB R BARILTE A,
H M 1R AU N R A 2 S R MR KV A, DR IR o v P 2 R D b A 2Rt 2 7KV 138
BRI R R ik, iR T s SR B R ) i T R b, BUE R e . & RA S T8,
SN A B S AT

B K B W LU R T ) s, 2SR AR AR A BT FRAE AR PR (R B R IR R, 1960~1984
£, 1998~2009 E P B R K B R BRI L, 2010~2012 4 ETHIRREEA R, AT 5 iES:b KT
ACE I, WX KRR TR D R TR BE IR DX S PR 5B O R AR IR REME o S IRT = A N R 28 R
AR N, HERERTHKE, KRR PRK, TJUFERHE 2012 FFH 8PS0
B, RURFA R, KRG MBS, XEHAR T A KE EF . R =MINNEEEH FiT 50 RER
ZROVLINE A 7R g BN B Ss, 7E [ DL R 2 [H A AE I “ 28 K 1518 7 (evaporation paradox),
FIFER R ILE T R X, W /R S5 [11], T AR BN B2 Z MR RLREM, B2 AR
FRMAELRIE R R, BILEE i & B = R

E&WMAE
S G R0 B RS BEHTE 7T AT I H (2016SYIAEZD2. 2017SYIAEMS2). [H 5% B AR Bl 243 400 H
(41405109, 41375146). L TEA G REIHA S (BA201607), [FE T H).
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