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Abstract

Land-air interaction is a series of complex processes that occur on the surface of land and is an
important way to affect weather and climate evolution. In this paper, the areas in latitude of
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33°N~45°N and longitude of 100°E~125°E are selected, and the northern part of China is divided
into five regions: Northeast China, Inner Mongolia Plateau, Loess Plateau, North China and North-
west China, and further use soil moisture, temperature, precipitation and other data to study the
spatio-temporal distribution characteristics of the interaction between soil moisture and air tem-
perature and precipitation in northern China, as well as the correlation coefficients of soil mois-
ture, temperature and soil moisture and precipitation, and explore the characteristics of land-air
coupling in northern China. The main conclusions are as follows: 1) The soil moisture and preci-
pitation intensity in northern China gradually increase from northwest to southeast in different
seasons, and the average seasonal temperature gradually increases from north to south as a whole.
2) The positive coupling area of soil moisture-temperature is located in the northwest region, the
eastern and northeastern regions of north China; The strong negative coupling region is located in
the northern part of North China. The positive coupling area of soil moisture-precipitation inten-
sity is located in the northern part of North China and the western part of Inner Mongolia Plateau;
and the strong negative coupling region is located in the south of north China and the middle of
Inner Mongolia Plateau. The seasonal difference of land-atmosphere coupling in northern China is
obvious, and the coupling intensity in summer is stronger than that in winter. 3) When the soil
moisture is 0.3 to 0.4, there is a strong positive and negative soil moisture-temperature coupling
intensity. At lower temperatures, there is a strong positive coupling; At higher temperatures, there
is strong negative coupling. The soil moisture-precipitation coupling intensity does not change
significantly with soil moisture. When the precipitation is small, the absolute value of soil mois-
ture-precipitation coupling intensity is relatively large; There is strong negative coupling when
precipitation is high.
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1. 518

HER AR — NS TR Z AU A, AR 2 At B 2 5 R LA AR B 52 i 76 K= P
(1 S B [1] . 1984 4 [H b3S R A ZI(WMO) Al E B BB (1CSU) 5 1 1 Fifi SUAH ELAE FH LA R i T 3 AR AP 9T fy o 22
PE o i T oot A 22 ki SRR ELAE F & 5| At 2 ) BN B2 S DG [2] o Bl - AOM AR FH s XORAE Rt R
I ERAER—RINB RS, DA BRI A B . Bl MR T 2V 2 R e, W7 i At
R EEEAN H R ZY B EEE 3], DA SR, B - SO AR 2 & Rl s A B
FEILRE B EE R . KR 28 R 08 B2 1R ) s, /KR B A S22 1 i, Sl 2 A 5 2
TR T S, 78 e 2 A ol 2 T iR B2 2 B S s, DB 2 2N IR At I R AR (4].

WHoehl - S AR A EEE L, KRR A FEZ BN E LS, b - S0 1 2
WTREIPRES . A S SO FECH A R S, U RS SR T AR 1) NS ok th . ik
KAV, Bl BT e 2 i R s R = ORT Rl 1T AR A8 A i R . RS2 HB AR DR 50, e
HE 3R T LR Ity AR S, I T B K A, R 3 R R [5] . A AERG - AR L
YER, BT RAFHRANASARTIN, 25 SRS B LS00, Do F mi TR0 9 I ) e 5 SR (L Lt

T2 2R 5 FERHE, FASRE K BRI B 4k, IRgk. 25T
IR Z Fh Tt AR, Ebtn4sEkiE - SR8 43856 (global land-atmosphere coupling experiment, GLACE) ] T
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SR IR R S AR X TT s RIHRS - AU A R (LoCo), T EIT R LR A TR brok AL 5
SMEAE KR R BBLEI[6]. WERRY], MEA 3 ki, HHREMTROALEW, +i5%
PR AN B K FOAH TS, R AR S AR EL A 7]

T IE A (Kl KB — DN E By, AR RGBS 7y . ATAT L+
B LA . PRAK B R FOR BRI - AOM AR o 38 2 KR A B R R LR, —H Ak
FERZWE AT 7p, S+ 0 R D T AR FK AR K [4]. ARETURT, Bl - R At X
BIbL T m L Ew [8]. fEH X, A8, LSRR BRI, ERIEMX, 24 IR
o AR AU P, R AR IR AN B K SRR, R R R IR, SRR - RS
JE Z B 4 X [9] o

SV IR RVE 2 8 (R SO ELAR AT FC USRI T i 1 KT AR, (B3 T3 b 5 4t X =R
ERFE AR FORAR R B> o Sk, RSO 5 B T oo F) S8 B2 Bt DAL o [ 2t R Bl SR 1)
B K b SR BERE, B TR E AL 77 LR 5 R B K A AR TR 23 70 A v, B IREIE T AR
DSBS R 9, W B AL T DX Bl ORR 45 5 P I 1 AR, DU AN DGRBS UM LA
XIS e R e He AR HR [10] -

2. ARKIBEHRENR

fifi P LLodd — RS AR R BEKEE, T RN - SO B I S LE R AR TR AT A%
T b, PRI 4 BE SR AN . AL FEERE TR IE AL T E Ay X3, A 1982 4 F| 2011 4ER - AAH ELAE
AR R B 23040, LEAR R R SR TFIXK AR

AR SO E AL 4 X 3R, 46FE 33°N~45°N, £ 100°E~125°E, K ML AA X, 4571
Ny RAEX. AFEEREX, #HhEmEX, XA,

] FH 5 [ S 7500 0y (CPC-Climate Prediction Center)#2 {1 1982~2011 4F4 H 744 it 3842 )& (sm)
Kol ZVORBE BT R AR T R R R AR AL

I FH e A4 ) o 6] 4 2 50305 55 (CMIFD-China Meteorological Forcing Dataset)#2 it ) 1982~2011 4%
P2 7K B (p) B DA S il (ta) 504

b - SAHEAEHAZ R RM SRS, —RIMMEERE, H8RESUREMEEN, URZ58
HRSAEAER, WIfER TR MK . ARIERE T A sz, R - SRS kR R b
RS R KA REAFREE9]. B - SORGHERNE BRI, SRS - BEAXRE, L8R -
FEZKAHOR 28 IR TR O RS 7 s AL

TN AU 3R B 43 DU ZR i 30 41T 1oy it - 980 B 1) 2 ) o A o IR /K 25 ) A [
FHEENHE i 30 443 DU ZR L0 BE AR SR & A G R %, | R R - AURAR G RBCE R K. -
BB T - FR/KAE D8 RBCS (R o A B R R o 1 4y D 28 33 R — AUl D% R 00y ol 5 30 B R0 A< 1)
B, MG R BNl o 1 IR R - KON O SR AU A, S AN K A ) L

3. REHL AR TREE . SIEMBEKFFE
3.1. 135G B RS E

K1 9 EIETT 1982~2011 4EPUZ P L HER R S A 0 A . BT, R EEAE AR 2R
BUAPEALTT 10 B A Fg 77 R0, BRI AL D7 A& AR BT Hefh 27 00 FE B 25 IR (1] SR LT 3R
KT 0, /M 04, FREVGALX BHERLEAR, /AN T 0.1, HICXFIARILX BB EAHX R &2 1%
MR IX A AR X R AR AL P I, HedblX, st R X2, KT X PR X R R AR
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IRFaE, FWARMEUN. BN E B TIRRER R, A5/, BT & LR Al WK 1(d)),
FEIEX ) HIEEE /DN, A 0~0.1; WS REIRIX N 0.1~0.2; HE4bX N 0.1~0.4; 3+ EX AN 0.1~0.3; &
JEIX M 0.1~0.3. EHEF(A 1(a)), XELBERAEILAEGM T 0.1 24 . EEZF(E 1(b), FadbX LR
fE 0~0.3 Zf); WEEREIREX N 0.1~0.3; HILXH 0.2~04; #H-HEE N 0.2~0.4; ZILIX N 0.2~0.4. FX
ZF(E 1(c)), X -HEREMN EEA N TRXIBEEMFHILX. #hmEX NS EERX, &
JEX FE A ARG X B o B AR R R, AL RN, R R LR AR, &
TR N

IR N RRRAE, MR, AR ERGW. AEE TR, EREAT, FER
M) Bl -2 SR AP 7K o Bk RT DA a3 AT /K B0 2E e, SRS s 28 B R S A LI, 3 17 52 0 7K ) AH
B, B AR, £ TRX, LHHEE SR IT MEEAA &, LR SR KA b 75 a3 A AR R [12]
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Figure 1. Spatial distribution of soil moisture in different seasons in northern China from 1982 to 2011. (a) Spring; (b) Summer;
(c) Autumn; (d) Winter
1.1982~2011 FHEIL A ARETHMTIFEEEZEHH. (@) FF; (b) BEF; (o) #F; (d) &F

3.2. KiBRFFE

] 2 2y 1982~2011 AR E AL 77 U Z- 3 SR 2 Al 0 A o e AT L, B4R 1% 2T 1 RIS
JEEIF G IN[13]. AR G, S e ORI ZR G IXARAR, AR b X R 3 SRS E AR L T M R R
SR RARAEL, A6T7 X AR R . A R A AR, KR B, TR
iR e TIRA U X, AR 1 XA A X RS, PRI b . AR AE DY
RN HATERIRZF M WS 2(d)), WS o SR X FEN IR, A-16CH-4C: IRk,
HN-16CH|-4°C; ZRILX, K-16°CH| 0C; H£ILX H-12°CH| 8C; HLEEX AH-8CH| 8C. &FESR
BEARH XA I X I FEAARILX . TSR X EILXE . HEZSR A 5 i)
WL(E 2(a)), Br T FEALX RS XSEMR T 0°C, HAXSSE KT 0°C. FERERMSEHIMAE
FEILX I, RIKRIRLIN-4C. FF AR HIEEILXEE, &SN 16T ZF(4 2(b),
T XA S, JUTFTE KIBAE AT 10C. EEREAEN 4C, X NER. E5K5
SN 24°C, TEHEALXFEEHR. BKER(E 2(c), AHXTE SR N KEREMR/ME BTG AL X 15 i,
N-4Co KB KA HIAE I X FEEE, N 20°C,
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Figure 2. Spatial distribution of temperature in different seasons in northern China from 1982 to 2011. (a) Spring; (b) Sum-
mer; (c) Autumn; (d) Winter
[ 2.1982~2011 FHEIAFEFEHHKBEZESM. () FEF; (b) BEF; () #F; () £F

3.3. BEKEOFFAE

Kl 3 Jy3RIE AL T7 1982~2011 £ VU= F] KR K & s ) oA o JIE /K S R BUN IR vt 21 74 AL A Bl
WAL, B T AL A B KR D B bR o FRFE A T ROK G AR AL B, AU B SR R R
KV, AR EREE . B TREFEREAE, REFRUEIE, £REFNAMRE[14]. FEK
SR T B R AR M A AT R KT s o A/ 22 8 231 FRK ORI R g S5 B K 2 AR 57K
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Figure 3. Spatial distribution of precipitation in different seasons in northern China from 1982 to 2011. (a) Spring; (b)
Summer; (c) Autumn; (d) Winter

& 3. 1982~2011 FhEILEFAEETHMEKZE S 5. () FF; (b) BES; () #F; (d) &£F
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WS R X PEIBX A R X PR AR /N, K2 8 mm BLR . AR X d Ak X AR F 3 K
B, N 48mm. HE(E 3(a), HIKKFKEEAILX M LEEX, N 15 mm. HEEEEFKEEE
JEX FEEBAIZRALX, 2 90 mm. EZE (] 3(b)), F7K & B DX 32 PE AL X AN P 52 4 v s X P, 24 40 mm,
BERKE S X R EILX EAAILX, v 280 mm. FKZE(E 3(c)), MKEH/ME EIETE AL X
W R X TGS, N 20 mm. KK EROE HIAERILX EH, N 120 mm. BKEHERETE, X
ZFERFKEN . AFMATAER, HIRREE, EAEFMXAERKENTEERKE. EFEBRITE
R, ZERAR TR HACPERKIR, KRS &R

4. BESFAERE KT 2R HHE
4.1 THEE - SIBESEENNES T

FATH SRS - R R R B S TR - RS R, R EDW AR R B A6 5 B
MG, MRARBMIERFRRIE TS, MR DRI R RS . MRXREOVIE, 1%
MEA i, AR 2, R LHEHE AR IERG KR, MHXRARBOV, HHEREAE,
DA REHEH, ST R AR F N AR A OCR . R AR A O R B AR EROR,
SR LA TIRAR S IR A R A R R BB 0, —H A5

TR BRI, RIS - RM ARG YR ESR. & 4 NEREIL,
1982~2011 “EPYZ=HHER T - “URKIAR SR M M A, mEF R, FFE( 4(2), REILTT HHEE
5RER S A w JE D H R TR AT L X i 1RO, AR XIS N i ok, SR A ) X AR
Abmt REAERYG -, DASAAEAN L PY A2 i X . R (K 4(D)), MG R BARET IR T, K
o XKIRRBUNIERR &, AET5 A ER S AER /N X AT O TR o IERE & 9 A XA PGB X SRdBIX R
FRAIARALDS, T L P9 S b A S AR SR B0 . AKE(F 4(c)), BAILTRIOK N IER G, SO0
BRSNS & o IERR A BRI XA AR EL T oEABIX . #R IR AR X, (HER AT E
Fg5. ZF(K 4d), TR SRS REBAKFRIS, RACKE X RO TS . TS BOR
DAL TR g HOR AT A SN X, A7ORE A B0 0 DXL T3 1 AR

HFJLF RN AR . F R R E XA H R P E AL X i R ARG, HARIXIER 6
MR, b IR IXRER . AR X PG AR Py 5ty i B DA 20 X3 i ok . K, JLP AT X3
REIEAMGEE. &F, JUTARIEMK, W EE KRR R AR &g, Hopb X & 5
FENIE,

M B, IEARG SR KA X O PR AE X b XA AR X, DRl & 5 K X o R R X
Jb#R. HF, ALXALE R G R 23, BRI ERRL, BEMamEmE, kX, &
AEXAEAAAE X 3R - SR IEA SRR, RIEXKALHOy I AR G omE . KE, PEIEX. ek
KAMMAE X IERR G2, At AR & 59, 22, MaEuREyn EREAR N, MRS,
TR A B8 ) DXASRAE AR B IX R AT B X

FREACTT F 40 RHE 73 1 R B B3R T - IRl &, B8RRI - AR SURSS T RER TN Y Ji
PRl BHEREE TR, SHEEPGERERD, SRR AN RRFME T, BRAGERESZR, i s
IRIARIA AR A e, B R ORI B R AR S, R T AR T i [15]

HKAZE, KON ERME . ERMEIERT R T .. F3 LR RN, 5l b m /&
IR, MRGEE TSN F RS, SBUS mERD, IR SRR, iR %
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Figure 4. Spatial distribution of soil moisture-air temperature correlation coefficients in different seasons in northern China
from 1982 to 2011. (a) Spring; (b) Summer; (c) Autumn; (d) Winter

[# 4. 1982~2011 EHEHLAAREHHHIEEE - SENHEXRFEZTESM. (@) FF; (b)) BEF; () MZF; (d) £F

4.2. TIRE - BKBAEENFES T

F SR - P R R B TR - KRGO, MR RMMIE R RN IS, HCR
RN ERE RS . AR REONIE, THEHREERMPEKRIEMR, ZUT7m—8, MRXRECN
f, RHEREABEKR AR, RTT AR . MRS RBU N EBOR, 3 AN R b AR
RAB A MBI 0, LRSS, 5T 0 MM,

HIT AR SR 204, RGBS - KM S R AR ZT 2R, & 5 RRIEILTs
1982~2011 4EPUZ - HERE - FEK IR & RIS 8 0 Al . F2R(14 5(a)), RS A 9 E AR PELIX
AAEX . WS RIX PR, SRR X AT AR X AR, A X Oy o &R . F,
IR AR . (A 5(b), MEmEZHEFETERE, JLTIA XEOIERE, Wi, W, &
AN S A TR ARG . DRSS KA X ION N B TR A BRPT R AR (LPE. BUHES
AL 7, X X3 - 3 B2 5 B KO FL AR T 9 2. AR (4] 5(c)), L P IXHON IR &R, 7
M TP MR BV, b, NS IR MR, IERS A 5 UK X0 N 52 3t AR T
s HRE WAL UL, AR EAL TALE . KERMERELLEFMA RS £ZF(K 5(d),
IR L - PR G R B TS . AU DX P S T TR DR B G 1 7 e A IE A A e By SRR B
AR o BRI XY PR ALIX . SR U EE . T EATBR Y AL EE,  DORR & 9 B BRI XN T AT A
EEL k(B

HMEJLT A XSO IER &R, £FEFWAIEMGRERA AMERE. 5, fUhGRE
FEEANSE @K AAEILX, N0, XSS E L, NIEMG. B3, JLFAra X
BUEOVIE, FEAPTA DR HR R B ARG, B T8 /N XIEE v . KT, B T — 2501k
/N X IEEAE 7, HAb X E N IR . &7, WS R R XA AR JE Xy s, ot Xasoh IE
Qe

AR & 9 R X O A B X AL AN A 52 o e IR X VU 3, 7R iR R A X B X R AT 52
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Figure 5. Spatial distribution of soil moisture-precipitation correlation coefficients in different seasons in northern China
from 1982 to 2011. (a) Spring; (b) Summer; (c) Autumn; (d) Winter
[#] 5. 1982~2011 FHEIFFRF TN LIFERE - BKNEXREZESM. @) FF; () BESF; (©) #F; (d) 2F

bl - SMEAFH R R A T, HFFRERERTAFFN, EFEFNARTTLRKI, BEHK
BN, BEACH BHER R R . A RN, FKEDN, RURIR. ZZ T R gaE N AE N
MR, KPRV, Bl - AR 85

5. MmABERSKETHEL
51 HIRBE - SIRAESAERIREENEL

N T PR IR SR T AL, 146 Zath 7 b B AT A R 2= R - <
T FORS A 5 Ll SR S AR M . IEIFT L, B R EE R Nt MR RERT 0.2 1,
W& LR RGO, RS IR RN T 0.0 I, AR A SR RE 2 Nt (5] 6(a)). H
FEEEREENT 0.1 1, BEE LIRIBE ARG, TG 9m B H N 0. ££ H3IRE 0 2 0.1 I, 4%
EOREREACY G fE R HERE 0.1 2 0.4 I, REE SR A (& 6(b)). BRI E EFAR G L IE
ERZ, A0 ER, MEMFEMHR. KEFE, HEBEENT 0.3 1, BHTHRENNR, IEMARE
WK AELREEEEERT 0.3 W, MG R LR R AR AR ARG o AR KR KB 9 IEE (1A
6(c)). &F, fELIREZAT 0.05 /M 0.2 1, FEEHHEEEEME R, MG REZEHIRD N 0. £
FHERE DT 015 I, RS REEONIE; MR AN T 0.15 I, A7 AE IR RS 1 5 BT GO 45 o (14
6(d)). Zrartr, HEEREEUNY, RGN K R BORN, ARG IR
INECEEK
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Figure 6. Variation of soil moisture-temperature coupling intensity with soil moisture in different seasons in northern China.
(a) Spring; (b) Summer; (c) Autumn; (d) Winter
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Figure 7. Variation of soil moisture-temperature coupling intensity with air temperature in different seasons in northern
China. (a) Spring; (b) Summer; (c) Autumn; (d) Winter
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Figure 8. Variation of coupling intensity of soil moisture-precipitation with soil moisture in different seasons in northern
China. (a) Spring; (b) Summer; (c) Autumn; (d) Winter
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Figure 9. Variation of soil moisture-precipitation coupling intensity with precipitation in different seasons in northern China.
(a) Spring; (b) Summer; (c) Autumn; (d) Winter
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