$764 H S Hi B o2E R Vol.76, No.5
20214F5 A ACTA GEOGRAPHICA SINICA May, 2021

2000—2015 FHREHFEEFEBERFLT
A} 2 25 4k B2 A 48 M 2

S N=R! 1,2,3 SN}
X, ERE R OR
(1. PR (D) M35 05 B TR e, i 4300745 2. v IR e st RN 5 e VI 52
25 R G P 25 LI S R0 7 363, b st 100101 53, HR ERREBER2E TR IR S ER 2 # B, Jb T 100049)

WE: hFRETE AR B AT WO KRl 24578 £ X AR M 4 SRR pg A X, R = /g
BIBEMEST . A LT MERRA-Land il [ 452 30 8 283217 77 i 4001 1 Hp 58 4k 28 5% Ak JBR AR Bt
2000—2015 4F [ 75 1 R il g i 23 A8 A X, DL R 5 728 Al 0 302 75 B R0 4 4F A [ I B Al w21
IRZSHREIA . WFFE 20 - 2000—2015 4R [AIHF 5T X 22450 4 K 25 v - 393 r B4k, Bt la) b 322
TR A AR AT R TR VRS 23 0] I BRI AR 4 R R AR R R AR A R
FBRIGT, KL LAFR LR RIS SE NS . R IG H O R ZRMB XA PGR T 0 B 5 R M
R AR A B K R AN R N A B AR K I RERE IR T AR K AR A A K 1
Rifi %5 2245 U5 B A ARAR SO e e MY R LR, AR R M, SE— A AR T VR
AT . BT IR S ARSI 2 M B U FI S & A B T S A B A 283 3 &
Tz R s AR IE S5 X DL R AR AS PR UK X

K PSR E AR B R R Ak AR A KA S BT

DOI: 10.11821/d1xb202105014

Hh SR BT E IR R B T RO KRR 2 AR R L X AR 2, )iz 0 Al AR R LAY
R, JE T AR e e 5 DXCFIABURR X o R 8 AN A e e ) 7K B
IR A SN SR AR GE [R]85 M i o 2 2 T2 M) A BR R B PR AT A A
B " AR IHERE, TSRS BT BRI . A BRI S IR N S TR SR A T
T R DX I A e ) G BRI AL M T, T2 DI 1 B e TP A 45 A% 30 s 5 1
Fh A B A ST % A . NIREE TR g ARG 3 A UM 182 2 Fh P R B P
(TR R — 2L B TR . R IR X T IE DA R 2R AR B A T H
A A AR AN TR A4 A i i o 2o X E A VR R ™ A= TR SR R A5t . AR
e RESigp TR 1] P ot b SRS A T O I ST T K S T B RORE A (R, AT
WFFEIR LA A S R R A I A AR By D5 T AR 3 1 )2 FH

Wi BHI: 2020-08-09; fEITHHEA: 2021-04-18

EEWB: 1 EFEBE G SR L T B (XDA20030203); H E S K 2 (RO BHIF S 3h 3 4 v B I
(162301192642) [Foundation: The Science and Technology Strategic Pilot of the Chinese Academy of
Sciences, No0.XDA20030203; Scientific Research Foundation of China University of Geosciences,
No.162301192642]

EER: XIOUE(1996-), B, INARTEN, 1A, FEMNFHAB RGBS A BB OCHTT .
E-mail: Izhzlw@cug.edu.cn

BIESE: Hout(1981-), B, fEasm A, B 51, EEMNFAS RS ESFM S, E-mail: chenbin@igsnrr.ac.cn

(C)1994-2021 China Academic Journal Electi2#iid Pdbfishing House. All rights reserved. http://www.cnki.net



1232 o B O2E 4 7645

AR 3T 2000—2015 4F () MERRA- Land fifi 18 A% 28 55 26 %4l . MODIS EVI ¥ |
GLOBMAP LAI 50454341 1 RO Z24F 15 - [X 2R g 2% v 52 40k 22 5% 8 JB 2 BE M IX 4 38 0
Al AEYE LA RA B R WA 2 A B . 7Eb 3kt b, S KOGk B T
FE#E LATRGR 5 3RS 2 AR PR i 3 2R, 6T 40 B B 76 b DX RS e A R X 38R Al s ki)
MR, R SRR AR A TR 7R B AR AP M 55 DX U1 B AR A B T AR DGR HE

2

2.1 AREXEBNE

HRRATOEMARBN TR E ., Sl P = AR, MR L R R
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2.2 HHESRIEAIEM

2.2.1 MERRA-Land fi H & X B & #1#F 4 3¢ & T MERRA- Land (Modern Era
Retrospective-analysis for Research and Applications) i [i#R =02 £kiz 17172 " AT b 548
2235 R A B A R Rl ) B 23 A A S X AR A K R A A 520 . MERRA-Land 175
[ 73 HEE N 1.5° 8 % 0.5°46 B, f T HEIE 2 6)= (0~10 cm, 10~30 cm. 30~70 cm,
70~150 cm, 1.5~3.0 m f13.0~13.0 m); +HERE/A2ZE, HIFRZ (2 om) FRKX)ZE
(0.75~1.0 m) ™,

FEFHFFTIX PN 13 43k 1 R L A IR0 £ % MERRA-Land 3878 B8 e 051 TG
BOE . PR S i A 5 T A R X VR R RN [RITR BE R, HLR Al i iy e
FEROE 2/ 05 2 IR — RS H AR B . $R I, 2 T FE 150 MERRA-Land 4%
2R R, IR R o S X N RS o 2 28k [R5l 55 2 )2 RMSE
F4.23, FEIMAE #3348, FHIRN091 (F1), 547722 1 H0E 2 W 565
HRS AR X 6RH, MERRA-Land 4383 B2 £ s vl LIAH X 1A b 2] i A 5 X 1 3385
TANREE AR 25 284k .t FRERE AR K 32 AR X2 M DL b 32 VR iR A 52 )
PRI AR SCHE B T i 8l 45 09 1~5 )2 H 2D 1 80 B AR X - 808 B ki, DASR/RARIX
J2 B S I B I 00 o [ s e SRR 0 2 1 3 3 5 s SR AT 2B RORA

#®1 FTWIEMERRA-Land 1388 EHUIRERER S
Tab. 1 Sites to verify the accuracy of the MERRA-Land soil temperature data set
MERRA-Land + 25 8

WA WEAEG WEm) iy *fjrg S LR
RMSE MAE R
SW2 2010 0.1 111.9°E, 1457 FLUXNET!" 473 4.04 0.96
41.79°N
DU3 2009—2010 0.1 116.28°E, 1293 FLUXNET"” 439 3.81 0.89
42.06°N
CNG 2007—2010  0.05 123.51°E, 140 FLUXNET" 26 2.02 0.98
44.59°N
DXF 2003—2005 0, 0.05,0.4,1 121.51°E, 832 EFRESRGEM 671 5.31 0.87
50.96°N W5 21
HLA 2014 0, 0.1, 0.15, 126.93°E, 206 ERAESREM 491 4.09 0.91
02,04, 06,1 47.45°N IFFE 280
CHB 2003—2005 0.1 128.1°E, 738 EFRESRGEM  3.03 2.23 0.95
42.4°N W5 21!
SKT 2003—2006 0.1 108.65°E, 1630 AsiaFlux® 43 3.11 0.98
48.35°N
KBU 2004—2005 0.1 108.74°E, 1235 AsiaFlux®" 429 3.43 0.92
4721°N
Olkhon 2012 05,1, 15, 107.45°E, 649 GTN-p* 3.28 2.52 0.95
3.65 53.22°N
Azarova  2008—2009 0.5, 1 117.58°E, 2142 GTN-P?! 2.82 224 0.91
56.9°N
Most 2012—2015 5 118.28°E, 708 GTN-pP> 3.79 3.61 0.78
56.91°N
Chara 2007—2009, 3.6, 5 118.36°E, 1244 GTN-P> 3.09 271 0.7
2013—2015 56.67°N
Ushelistiy 2009—2015 0.3 118.48°E, 1967 GTN-pP> 7.08 6.21 0.95
56.54°N
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Fig. 3 Spatial distribution and variability across the 16 years of the onset of ground thawing date, the thickness of

freeze/thaw layer, and lower limit of frozen ground in the eastern segment of China-Mongolia-Russia economic corridor
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Fig. 6 The time series of the start of vegetation greening season and the onset of soil thawing and the correlation coefficient
between different indexes in the area with the highest gray relational grade between the onset of soil thawing and the start of
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Spatial and temporal variations of frozen ground and its vegetation
response in the eastern segment of China-Mongolia-Russia
economic corridor from 2000 to 2015

LIU Zhenhai', WANG Shaogiang"*°, CHEN Bin’

(1. School of Geography and Information Engineering, China University of Geosciences, Wuhan 430074,
China; 2. Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences
and Natural Resources Research, CAS, Beijing 100101, China; 3. College of Resources and Environment,
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The eastern segment of the China-Mongolia-Russia economic corridor is situated in
the overlap region of the southeast margin of Eurasia permafrost region and the southern border
of the tree line, where fragile frozen ground and ecosystems have been maintained. In this
study, we analyzed the spatiotemporal distribution and annual change of frozen ground, leaf
area index (LAI), and the vegetation green-up data in the eastern China- Mongolia- Russia
economic corridor from 2000 to 2015 based on the MERRA-Land data product, GLOBMAP
LAI and MODIS EVI dataset. The main controlling environmental factors of the green-up date
and the status of vegetation growth in the different periods over a year were calculated by grey
correlation analysis, and then the response of vegetation growth in typical areas to the freezing-
thawing changes of the frozen ground was analyzed. Some conclusions can be drawn as
follows. (1) In the past 16 years, permafrost and seasonal frost in the eastern China-Mongolia-
Russia economic corridor was persistently and significantly degraded, which was mainly
reflected by the early thawing and delayed freezing of the frozen ground in time, and
manifested as the disappearance of permafrost and the uplift of the lower limit of seasonal frost
in the southern isolated permafrost, and the thickening of the active layer in the southern
continuous permafrost in space. (2) In about 48% of forest areas, the onset day of frozen
ground melting is the main factor affecting the start of vegetation greening season. The growth
situation of vegetation in forest areas is altered by the soil water from thawing frozen ground
and the hydrothermal mechanisms of peatland. (3) With the transition from forest and peatland
to meadow or farmland, the frozen ground degrades and in turn further facilitates the fade of
peatland. Exploring the synergetic relationship between the degradation of frozen ground and
the ecological environment is helpful to identify the vulnerable regions of degrading frozen
ground and the sensitive regions of the ecological environment under the influence of climate
warming and human activities.

Keywords: eastern China-Mongolia-Russia economic corridor; ground freeze-thawing process;
vegetation growth; gray correlation analysis
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