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Abstract: Soil moisture of forest ecosystems acts as a carrier of matter and energy cycle, affecting growth and development
of vegetation, and affecting regional climate by changing the circulation and distribution of water between land and
atmosphere. Based on the long-term observation data of 9 forest ecosystem sites in different climatic zones in China, this
study explores the spatial pattern and temporal dynamics of soil moisture in Chinese typical forest ecosystems from 2005 to
2016, and further analyzes its influencing environmental factors. The main research conclusions are as follows: (1) the
multi-year mean of soil moisture in 9 forest ecosystems ranges from 12.45% to 36.30%. The spatial distribution is that soil
moisture in the temperate zone, subtropical zone and tropical zone is relatively high, while that in the warm temperate zone
is relatively low. Precipitation minus evapotranspiration (P-ET) can explain 62% ( P<0.05) of the spatial pattern of soil
moisture of forest ecosystems in China. (2) Soil moisture shows an upward trend in north China and east monsoon area in
China and the increase of precipitation is the main cause. Soil moisture of Beijing Forest Ecosystem ( BJF) , Dinghushan
Forest Ecosystem( DHF) , Heshan Forest Ecosystem ( HSF) increases significantly by 0.67%/a, 1.72%/a and 0.70%/ a,
respectively. Soil moisture shows a downward trend in Southwest China which is caused by both the decrease of precipitation
and the increase of ET. Soil moisture of Gonggashan Forest Ecosystem ( GGF) and Ailaoshan Forest Ecosystem ( ALF)
shows a significant downward trend with the decreases of —1.77%/a and —0.94%/a. The correlation between the temporal
trend of soil moisture and P-ET was the highest (R=0.59, P<0.01). (3) In the forest ecosystem where soil moisture is
decreasing, the change of soil moisture in spring dominates the interannual trend, while in the forest ecosystems where soil
moisture is increasing, the interannual trend is dominated by autumn and winter. The CERN soil moisture observation data
reflects the feedback effect between soil-vegetation-climate under undisturbed natural forest conditions, which can also

provide long-term verification data for model—based soil moisture research.

Key Words: soil moisture; typical forest ecosystems in China; temporal dynamics; spatial pattern; precipitation

minus evapotranspiration
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2016 4F F- 3K st R AZ ffa 35 K HEZ R 2 (3) 5 Al H oK P AT BORMER 25 70 5 B SR, BAE N
e [ ARbR LMK 23 RN I 23 3 S B 0 AT RRAR A S R GUK IR IR IR 55 BOERFEAR BERL - S5 0

1 HREX5HE

1.1 R IXHEA

ATV 9 -2k B P EAE SRS M (CERN, hitp://www. cern. org. cn) FRARA: 2 R G EFANIIN 5 05 5y
FRARIREEA M7 Ry e AN ] XA 25 R GE R BB 6, 20 30 R R BR MR A S R GE (ALK b £
MAEBRG(BIF)  MAABEMAES RS (BNF) , K HILFRMAES RS (CBF) , 54 L ZRMAE S RS (DHF) |, 51
WL AR S R GE(GGF) S I AR AE S R G (HSF) |, 2[RI A S R G (HTF) |, e B AR A S R G (MXF)
S XA B R a5 T R IR AT | R KA IR 77—3160 m ANEE AERIBE KR T
527—1918 mm Z[H]  AESBIRAT T 3.7—22.6°C Z ], Horh e B AR AR AR 280l 5 5 72 1L ZRobR A= 25l b BT 5 53 )
AT AR R R AT R IR A, LA 25 R G0 1 S B U 2 780 43 1) oA 1 Tl s 0 55 Ll A< e 5 v
R RS, AEAS ) b AR 5 T 3R B OB Y R S Y, A TR D K SR B B A R Y A
[EARFNE, B IXARMAE S R G Y R LA WL 1, M PR A7 ' ROK AR BEAR PR DL 1,

x1 PHREFRESREERHRR

Table 1 Basic features of forest ecosystems in study area

H—fLtd N
) - O hER R W
; . it g { , K/
WK Rt MR ey ko) e w0) 0 e e TR0
Climate type Site and e Latitude ~ Longitude  Elevation Slope pe Leaf area  difference Field
type aspect . . water .
code index vegetation capacity
. content
index
Y , N i’E
LP.ﬂmrh K F1l(CBF) % THIRE 424 128.1 784 2 N 1.93 0.58 51.72 46.40
Mid temperate zone QCM\
o STEM ST R
ﬂﬁ{ﬁﬁ? * ?jMQM\ % TR 40.0 115.4 1263 5.7 WN 1.44 0.47 5471 42.18
Warm temperate zone (BJF) TH
o O Ak 2
Hl%{mrﬁ B (MXF) ﬂ’:ig T 317 103.9 1826 17 WN 1.29 0.68 27.40 16.64
Warm temperate zone HHRZEA
A . T3 LR
T GGF 29.6 102.0 3160 3035 SE 1.00 0.36 42.48 28.41
Mid-subtropics FIAL(GCR) RN
P . kR
22 [ (HTF ; 26. 109.6 300—415 2 ES 1.46 0.60 55.61 37.91
Mid-subtropics 2FI(HTF) [ElEIN ?
gl - Pl
U (ALF A 24.5 101.0 2488 5-25 W 1.99 0.64 102.32 7541
Mid-subtropics WAL i
Rk . EFLK-5 i
Tﬂﬂ‘ w . 4h01L ( DHF) FARRIR 232 112.9 300 2535 NE 2.35 0.59 50.99 33.70
South subtropics PN
J A e
AL . 1L (HSF) GE Gl 07 1129 77 18—23 S 0.73 0.52 64.09 28.69
South subtropics
i A
4 ( BNF o 22.0 101.2 750 12—18 N 447 0.78 27.68 20.20
Tropics A (BNF) HZFHk

1.2 W EdE SOk IR
1.2.1 8K EdE

A 7T 2R FH AR A 7K & (Soil water content, SWC ) SRR AE 37K 7344, B8 Kk I CERN ZRMAE 0
2005—2016 4F- AT o FH A Ek TDR 305 4 5850 RS [RGB 0 R 3 ke, Hodpdbor a5 &
R RRARA 2538 73 HIFE 2014 4F 2009 4F 5 2008 4F 546 1+ HE7K 3 ULIASCRS | A PRk 4 87K 43 H5 40 i) i ] 3% 22
P, CERN ZRARA: 2536 2005—2016 AFHE T30 5 14 5 1t 38 S /K b A AR A IE S B A A i A h , Ho Ay
il AR AT ) A R O S 2% — B0, 4 Ll R AR AR 25 0 fl T 000 B A 2 1) B, BF 5T A B R 2005—
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E1 HEFHRE ARRERGEMEBMEREERK—FEMERXRE

Fig.1 The position and relationship between mean annual temperature ( °C) and precipitation (mm/a) of Chinese forest area and forest

ecosystem sites in study area

2013 4E12

A JZ I E MBI B R 10—20 em , AN [7] 3l s 2RI Y 5 TR EAN ], Ay BOAEA R AR AR AR 2853k 22 8] - 387K 43 B K
/N K 0—90 em FIEARFRE ARG IE MR TER R, D E B 4—10d , 3200 5E 553 T A8 8 S 47l 41
BB 1K AP B SE R, 23 N — e FEE b IR ST R AIRAR (BN 52 e %S 1 3K S5 1925 (1) 53 5 DA K [R]
FARRTE S Kl AbsT BT L AR A 0k B A ORI, AA PR VR AR B0, BRSO 5 A K 2 11 +- 4
PR K I EVE L 5—10 J, DAA K = 2 LR RS K AR AR L3k 7y, i 12 A—2 H 3—5
H .6—8.9—11 AW LHOKI-FEED GRS F R LHOR T @S bridie
122 "RHHE

G Al T W 7 H 47K B ( Daily precipitation ) 11552515 K AR [ 7K 5 ( Precipitation, P) . H S
Mz H S (Daily temperature, T,) . B 2l U2 H AHXHEEE ( Monthly relative humidity, RH) . B S WLz H 4
%5+ (Monthly net radiance, R, ) #J2k H T CERN FRARAE &G 2005—2016 I
1.2.3  ZEHEE

HH T ME LIRS L HERf 28 ( Evapotranspiration , ET) SN | 7 AR 9T |, SR FIR SRR 38 414 PT-
JPL( Priestly-Taylor Jet Propulsion Laboratory Model ) 5% 7 X 7% #t o 47 B UL, A5 7Y S B85 44 UL A= (1) —
(4)" ) R R M PT-JPL X ZE BN BHUTE 48 M o0 A5 28 R G0 MM X R IR AL, I FL7E 2243l s 3 A
TP RAIE A SR
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ET=T+E, +E, (1)
T=(1-F ) F, +F A R (2)
= - . . s
wel g m A +,y ne
A
E =F 3
i vel A+y ( )
A
Ei = cht o Rnc (4)
) A +y

A, F, HARXRTEREE ; F, )20 5 il F, 78K o REA 15 F, 3828 koK oy BRI
T3 R, FR, 350 A 56 2 BN A 1 SR B 3K - SR T (AR S W RO RS s o D Priestly-Taylor
5 A IR AR AR y TR R AL

FERIOR BN AR B AL 5 IR (7)) ST (R, A AR (RH) V3 — AL AH 9 48 $X ( Normalized Difference
Vegetation Index, NDVI) 355 %A 4 #5440 ( Enhanced Vegetation Index, EVI) , T, R, .RH 2K H 2.2.2 H{)ul &
WL, EVI 5 NDVI & H T MODIS ¥ 7= i MOD13Q1, 25 [a] 43 #5250 m, BHAI/MHEH N 16 d, $EH
Al 3x3 A i VA AR R il R, T T 25 H P A T 2 AL
1.2.4 ERA-interim T3/ %El

ERA-interim 387K 53 FR43 M 0ORH B0 55 00 75 MUt ik + 387K 43 25 [0 4% J5) B AR PRAE AL . ERA-interim Ff
S3HTFERHZ RN OB RS O IR R 28 = AR BRSSOk, 25 ] 73 384 0.125 ©x0.125 © I [H]
HIEEEEE 1979 24 I HAewe ur sE it 555, Fifi i 5 49 % A TES-SEL ( Tiled ECMWF Scheme for Surface
Exchange over Land ) #iz0, +3/KFAHrFEREE R 4 2, 40002 7.28.100,289 cm 4b ) + 3R 5K
HHE . ASHESE R A R E R X 2005—2016 4F 7,28 1100 em X 3 N2 UG K 0 FodE o — 2 0 Hr
HAEH A 28 em 5 100 em [ 3K LAMEFFEAF 2] 90 cm Ab 3K 0Kt , 2 J5 5 CERN B4 AH X b
1) 0—90 cm KB AEBEHATEFITE

2 ERES

2.1 FHMAESRG HHKSHZE RS

Hp ] MR ZR AR AR 25 R G K M(E R 26.58% , S PLREALE AR A 25 (A1 AR AR o B AR AT | 0 A
i Bl KRR BRI RIEK AR (K 2 5’ 2) . BACRE AL T I Y ST LT S L R
ARG IR 1L LR R R AR - 33K - R, 43 AT 3K 36.30% 5 35.83% 5 HUOR A T il i K
F L% M RTRASHR, N 30.16% ; B 7 B S5 HGT Y 3 DR 8 R G0 HHOK BN M, 380 27% 4 5 ik
TR IR HF (A P& I R A AR K e I I 12.45% . M3 2 8T LAE Y, P E ZR bR AR 25 R 40 3K
STINZS A TE R L KRR I iy R 5 A M DX - K 0 e W Y b DA %) 253 [ 3 A1
fE, HA K58 IREE I F 1Y Pearson AHOCHE G 15 Y, 38 B LR R AE TS R G0 L HEK 4y SRR & %
TG, AT DURR R - 98K 4325 6] 43 519 62.3% (18l 3,R=0.79, P<0.05) .

TR I B 7 A B W Bty b DX R R R AR A 1 | B 20 B T AR TR T, 2R B0 MRS o | B K 2 125 B 2 0
JIN PRI R 7 4 X v i T T B 38K a3t i, ST 32.2% i R AT (1K) Sl T 1155 1 A v b R
SRR R 00, 0 = iR 5 B0 3 () 28 B A 120 X 3K eI T gy, 57 T3 8 R 40 253 T AR
IR IR R AR , 44T o T T S5 R R ) 28 TRl LR /K 28 A 22 i — DA T g AT B IX {4 542.6 mm,
AF Hb , A 3K S WA T R AT Ol 26.45%

A6 75 I L DX R K R R T S S D 2RO N T IR, S SRR K 2R 2 i AR, R IR IR IR
FAb 50 5 5 EL AR bR 25 R SR K ZE 822 43 AT 262 mm 5 307 mm , KRR K 5 55 o L 0 28 IR (A5 A
XBEMAR RS GO HRT 20% . Hila £ 1 LR AR AR 25 28 55 0% B 7K 8 102 i b DX 15, 1717 v 283 B AR
U B AR Z FC ol L R K 8 T2 W v T I ety b DX 7 B 73 T A ML X
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Table 2 Average P-ET and soil moisture of forest ecosystems under climatic subregion
SRR At AEHRRIK e [k T+ KAy + 37K 4> Soil water content/%
=S SR - ARH S .
) PLTANE] Precipitation/ R Soil water Jid % B Tk A
Climate type ET/mm <
Code mm P-ET/mm  content/% Annual Summer Summer Autumn Winter
FifiH Mid temperate zone CBF 760.1 340.7 419.4 30.2 30.16 29.66 30.85 31.17 —
W BJF 641.7 356.7 285.0 15.9 12.45 12.77 12.44 12.27 —
Warm temperate zone MXF 19.31 20.48 19.03 18.81 18.83
WA GGF 1667.5 482.6 1184.9 322 36.30 35.69 36.06 36.90 —
Mid-subtropics HTF 24.54 27.06 25.40 20.23 23.66
ALF 35.83 30.14 39.38 39.35 34.55
[ERIE-%iH DHF 1781.7 716.2 1065.5 27.1 26.32 28.00 28.24 25.04 23.90
South subtropics HSF 27.84 28.76 29.79 27.08 25.62
HAF Tropics BNF 1416.5 873.8 542.6 26.5 26.45 22.74 28.57 28.80 25.57
HH CBF \BJF .GGF & &+, L)i{’:éiﬁ%ﬁk%ﬂlfﬁﬂﬁﬁﬂﬁf [& sk Precipitation; ET: ZEHR Evapotran spiration
2500 - 50
- Mok DM —A— LK
g
£ 2000 [ . 4 40
,§ i e <
& =
= E 1500 30 1 §
s =]
¥ % E 8
25 ®m S
%E_ '% 1000 20 + §
g z
£ 500 10
R=3
3
&
0 : 0
CBF BJF MXF GGF HTF ALF DHF HSF BNF
¥k s (AL 32 Rg) Sites (from north to south)
B2 MRARFEMESRFZLIEKRSEFHE ERK EXBREHLEFTNZTESH

Fig.2 The Spatial distribution of soil moisture, annual precipitation and annual ET from north to south of forest ecosystems in study area

il A Al SRR

2.2 BRMAERGE L HOR R B

221 AR B o .
e LS R A5 X 2% WA 75 28 45+ HEK A3 E 2005— ol
2016 4[] HOAE (b A A7 7E 22 5 (B 4) . Jadkoieist, 3% @“
Il 754 16 Fy H A K 1 L AP R b s AR, LU 5% 20 F
T AR R (1 I A 2o AR I A 8 1 15 Sl e 001 1605
65 111 AR K S B E THE S LS Sl B 2 7 R=079 P<003
PR-EHEK 5 F T 30 935 5 75 1 X 10 BB U 7 L A 0 L T
RN S B SR 1L R A L AR bA S B P

precipitation minus evapotranspiration/mm

SR TREEE EMHE TRBERRE, BoKZERZET L
By fg B 5K AR $ (R =0.59, P<0.01),
Hrp K B ARS8 R K LR 2R, 3K
53 T B SO i B K /b 5 781 B[R S5

At 77 il 4 L BRAR R K S 78BS 2 o

B3 MRRHEAMESRETEKSFHESHKERENEX
K&
Fig.3 The correlation between average soil moisture and P-ET in

study area
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B K B R K T 28 oM IR, MoK 8B A BT BT, 13K 0 29 0.43%/a B9 ETHES (K 4) . HK 4 drT Ll
F A ORI X A —ZE R T R AR AR T, H T R R 12 AP R B E TR (-1.97 W
m”a', P<0.05), [RGB LT BIRk 28 m2E LI, (A5 0 5t ZR Ak L 8K 40 52 0.67%/a( P<0.01) (1) ik
TR BRI B AR K 5 ZEBE 2005—2016 AF[A] 45 F T i HA (H 5 iE BRI ZE 8L (10,97
mm/a, P<0.05) 5 3H - HEK 53 LL-0.06%/a MR T B @i it BT (0.79 W m™ a™') P BUK B AR Ak
B LT A,

4 2005—2016 ARXHFMESREEMREK FER, LEKSEHETNHES
Fig.4 Annual trend of precipitation, ET and soil moisture of forest ecosystems in study area during 2005—2016

* KR EWACEH 5%, *+ Fom WEWAEH 1%

Il 4 BT LUt A By PO Y o7 6 L0 55 5 A2 LU AR ObR - 8K 23 35 I 2 R R BRI 43 300 R = 1.77 %/ a ( P<
0.01) .—0.94%/a( P<0.05) , ST LK FIE(=0.79 mm/a) 4 R B 28 B A (R 84 5 (0.57 mm/a) 5 T = 24
AR K B WS B TH(0.35 mm/a) , HZE R B35 E T3 (6.15 mm/a, P<0.05) , Hi g @ 4f 17+ (0.96
W m™a™',P<0.05) X ZE MU AR (L #a S BTk B K s 2R AR R, FRK ZE 8223 5 A - 1.36 mm/a 5-5.80 mm/a fY
B /D | REOZHLIX MR R G K W REAL, SR ARARAL T s il 78 2005—2016 4F ],
FoK 52885 esn (A Rk B BR R F 28 B me , P £ HOK 0 23 0.31%/a A B3 T,

W 4 Fr7s B W23 0 S50 10 588 10 2R AR 38K 4078 12 4F R 3977 78 B35 1 T a3, 1 43 51 ok
1.72%/a(P<0.001) 5 0.70%/a( P<0.05) , S L ARAEHER M (1.38 W m™ a™") 585 1L AR MAEXHE 2 T
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F+(0.73%/a) FEH B ZE W R BT 3 3R 4308 22.61 mm/a 5 4.80 mm/a , {HIE il 5K A K (5510
56.07 mm/a 5 18.26 mm/a) FEU M & K ZE 2543 ] A33.46 mm/a 5 13.46 mm/a ARG, i — 2 T3
T8RS BT

FRHT i 215 T ARBAE K B ARG ( —14.38 mm/a) (Y [RIBF 2880 - FH(5.78 mm/a) , AH XS 1 BE 3 1 (0.48%/a) Xf
R AL ) BTk d K, AR AR MR S R AR K ZE 8022 L) - 20.15 mm/a 1 BORFEAL, T 20 50K 4 L
-0.22%/al HF T (K 4)

222 FEHEM A LG

3R 3 AT LIA 75 2005—2016 4F45 245 i | Rk ZE 18 22 (1 3G Ul T DA b fige 8 0 8K 43 20 Y R 722
A RS AR BRI S K AR B 2 BT &R b 2 I b ARBR AR Rk
AZFF T, TUREHX 5K EREE TREEE R B R R KA EFAh, HAh = FRpk A 2
ARG WK AT B TR I A AR ORI L £ 5 T HERE,

677 B A L B R G BT R AR LA B H I A 119 25 [R) ZRAR K 4R BT Bk 32 5, sk R
531K 48.7% (67.8% 55 64.7% s £ FILFRMAK B REK LT, ZEBOEALLFEAAE , 45K 53 DL 0.73%/a (R T
Th s Jb S AR K G0, 25 B 2 P (-2.82 mm/a, P<0.01) , 13K 30z 7+ (0.94%/a,P<0.01) ;
VA 23[R FRARER ZE K B E 0 (17.21 mm/a, P<0.01) | DL Rz 38 ig /N T [k B9 28 Bk ] S 8 7 #2315k
OB BT (0.68%/a,P<0.05) , ZrilZ UK g ARG S I8 LU S5 485 LR AR K oy BT R M A& R T,
TTRRAIT R 29.7% 55 35.9% s IS BRMAE S R G4 K B3 BT #5351 26.43 mm/a( P<0.05) |
23.97 mm/a, (P<0.05) , MiZ& U IG RGN, oK 28 02 B R A A = 2= 0 K i A% =AM R R A&
2+ K IR K

VY R Hl XA T AT DT L SR AR L I IR AR 2 - KA R B R TARBR AR AL, DTk 4 )
H37.3% .37.9% 5 63.4%, —FHEFREKZETREEE L 5T 11 RAREFRK T REBEDE(-12.14
mm/a,P<0.01) , MZEHOA I L F, Hod g 22 1 AR 22288 L T 35 0 2 (3.92 mm/a, P<0.01) , flif3 5 2=
TR ZE T 2Z PR Fe K, T 3R 22 1 K A BRI B K, 43 301 2 =2.09%/a ( P<0.01) \—1.42%/a( P<0.05) 5
-0.55%/a( P<0.05) ,

3 2005—2016 AREFHRESEEESSTTEAK ZE . P-ET ThEH

Table 3 Annual trend of precipitation, ET, P-ET and soil moisture in every season of forest ecosystems in study area during 2005—2016

RS Hrld Sk A A Bty
ZHA Climate type Mid temperate zone ~ Warm temperate zone Mid-subtropics South subtropics Tropics
e AL
Code CBF BJF MXF GGF HTF ALF DHF HSF BNF
% Spring F&7K /(mm/a) -1.41 -2.33 -4.08 -12.14** 9.82 -7.42 8.88 13.93 -7.60
FEH /(mm/a) 1.79 0.30 265" 0.57 0.13 3.92°"  5.05 0.59 3.54
FIKIY/ (%/a) 0.22 0.42 -0.10 -2.09**  -0.11 -1.42" 1.66 " 0.72 -0.55"
H Summer FE7K/ (mm/a) 13.30 0.80 5.50 6.99 8.19 3.86 3.18 -36.45 -13.55
ZEHL/ (mm/a) 5.28 -3.22 6.75" -0.65 6.05 1.56 11.00 -0.95 -1.65
HHOKIY/ (%/a) 0.13 0.57*  -0.02 -1.69 " 0.12 -0.76 1.59 " 0.51 -0.17
#k Fall F7K/(mm/a) 4.87 2.61 3.40 4.36 17.21* -2.71 2299 20.13*  -2.66
ZEHL/ (mm/a) 0.20 -2.82%" 145 0.17 1.76 -0.31 4.39 3.97* 221
KT/ (%/2) 0.73 0.94** -0.13  -1.83**  0.68*  -0.73 Ler** 062"  -0.12
£ Winter FE7K/ (mm/a) 0.12 0.06 0.37 0.33 2.86 8.68 26.43**  23.97" 11.52*
FEH/ (mm/a) -0.45 -1.01"" 0.33 0.67 0.83 2.16 2.20 1.91 331"
5K/ (%o/a) - - 0.04 - 0.35 -0.85 21277 1.02**  -0.03

# FORBENKEN 5%, FoR BEKEN 1%
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2.3 5 E BRI K o B BT Rk Ee A

ARG L T CERN AR T3 /K 3 WD 5 ERA-interim - 587K 43P0 M BERFI 25 03 57 1) =
], 45 5 7R 3 TR 25 () o S AR (bt 34 - A s i — Bt . ERA-interim 387K 73 B4 #7556 s o [
AR DX S A K o R R S B R b s | R AR AR 23 6] 20 SRR AR (T 5) o RARIX S 3K o3 i {2250 A 7 R b
HRFERAT 5 IR AT M X | AR T T TAE 04 i ST ARG i X DA % PG g 0 ST ARG b X, A 3 K A 32 0 A e v
ACEB YRR o3 Wz iy A X, AR A 5% 19 S 53 XAF L, 738 T 388K 43 b v BRI Oy - VT (31.84% ) >
HE T (30.24% ) > HIRAT (28.66% ) >RSIV HHT (28.65% ) SBEIRAT (19.64% ) , BRI HLIX . CERN BEA
ok, SABEGEEET CERN FRAMRA: 2535 387K o0 LI B Fr Ak 85 114 28 [B) A% Jm S AR — 2,

B 5 ERA-interim B EARPERMKEIES CERN FRMERE 2005—2016 FLHTIEKS (%) FHETUHBBRERZEEKTE

Fig.5 Mean soil moisture (%), Interannual trend (%/a) and significance of mean soil moisture from 2005 to 2016 in China’s forest

regions from ERA-interim and CERN forest ecosystem stations

P<O T3RR3Ry B DX ISR, 240 0 A S 35

ERA-interim 1 [E 25 bk X I, 4 8K 43 4E S4B AE 2005—2016 4B 07254k a3 an &l 5 s, #Rbk X e 3k
IR B S AR GT ST CERN ZRARAE S TS 45 AR — 20 B BTt R R RE A R TR) %
PRSI P 2R R 2 P G 0 — TR R S RS, A TR AR R 0 R 43 W AT AT Hl DX AR AR AR
BERG HHEK S EIW W TS EIE N 0.16%/a, H i 2 b X + 3K 7 B3 FIF (CF 31 iR
0.20%/a,P<0.05) , X} W 7E I X35 1) CERN R i 4 387K 70 F 338 0E 0.91%/a( P<0.05) 5 25 [F #R AR - 3E K
SR T BT G BRI SR ORISR B, PR H X A ZRAK K A R DL R R SOl 3 B
I F-34°4-0.09%/a, 5 CERN AH LY, PURTHLIX A R AN 3 21 11| 5T ML 1L RIS L AR - K o3 38 52 T R e 34 (F-
BIFENR 0.74%/a) 0 B EFRE S 0o Br2s 5, mifedbdbfif i X DL R AR ARG i IX | 48K o 2 1

http ; //www.ecologica.cn



>

24 WIET A PR BB A S R G K I 23 03 S S HEE R R 499

THas SRR R 0.21%/a, % CERN RUJb 5 K A AR H 3K 0 aR 8 E TG,
3 itie

3.1 PEBMRESRSE KSR TG R

BRI BEHE T LI Ak 9 i B M DX K o AR I A BRI 9 2 i T I — R R MR A S R G
BRI FRARIX IR BB S (2011) T PO v [ 23 3 R 2R b AR 25 AR ST AN UL 3 (K P g b
SO 2RI AL ) 2005—2007 4 5—10 H BRI | Al 55T 45 3k 5 0—60 em (193734 £ 3K 4343
M 33.7% ,10.8% 38.2% 22.8% , GAWF IG5 HIEA— 3 SRMTNZWF R TR v B AR SR AR M AE B R 48 KA
SR (FEN EHOK ) O B2 () A LAY FEARB SR — 0 78 T ARMAE R I R BCR J5 , 7T LUE
FRMA 25 R GE ) 3K 4332 7K B R RN , B 25 o K 2 02 B9 448 el T 34 0

R K ZE 22 AR 3 M R AR Z R /K 43 v i, ] 30 (U ok B AR 25 R e i ml ) K B8 s A, 4 £
BOK BRI, G55 B K5 28 BORIR T - HEAK A3 (B 45 43 5 L B — Ml 5 T R /K sl 2 IO g 45 B 4l 0
R AT 5 EZRSE T K782 5 1K A 0GR 45 2R /R Bk 282 % 1 387K 4325 1] 43 53 A A e 3 e
H(R=0.79, P<0.05) , —SEIHTHRAEILFFEKZEBAE £ (SPEL=P-PET) BB 45 R %7, F [E SPEL 23 R
e R, ALEE S5 PR a2 [l Ag R 2 SAREFSE R T CERN WL LA K ERA-interim P43 H7 %%
RHS B K 7328 [k Js — 2,

HAREE N FAE— R 25 - K o i 23 (B 2050 it R s i L B AR AR S R 458
SRk RS H M RK R0 558 57.72% 5 46.40% (£ 1) , U] 508 FIE 0L, A R T 38X K 43 i 15
F700 L PR PG B Z 2 T 3 T R A5, — B R LR T Rk e T AERF AT X i
FMAES RGN LAL 5 NDVI 5= (3R 1), BRSO R B A R 0800 i R AR I, el - 4 4, 30 3 Rk
R M B B i ek 4y T
3.2 KR Sh A K s &R

ABFFEHEET CERN WLIME 5 LA & ERA-interim £33 B 5B 45 5 /R 2005—2016 4 8] 38 F #R AR X 8+
KA AEACER 5 R R X 2 TR VU R I TR S, — I FH 3l 3K o W $cdle LA K ik
TRA AT R R IE B AE AR AT B BE AR 3 THRMLAZ538 1 70 ARTIF 9% 38 36 W I /K 28 1 2 NN R0 it 7k 1+ 08
KA B2 [l 43 5 Rl REAR I M M Bt (R sh 25, E RS AR LT = T, A 20 DOk 3. B ZR AR IX 3 % K
ZEHUBRY REU E IS AR — 2 B XU T R %R, T B L4 SPET A8 kil 34
BRI EAR L X LTt PR IX P RG2S ] 4357 2 Cheng S5 R TR E AR R ML IX K 4 £ 5%
REIK IS )  [RIISA AIF ST 227 3R 1) 2R p DX 30 JL 1 4 R K 2 0 S 5 8 s 2, R T 2% DX 3k = 38K o0 i
FEOT L BRIbZ A0, TR RS TR AR A AR TR LR AR S AR X A AR 55 S LAT B B LT, i
— AR T BEAK BB, KT T 2RO R 3K 43 1 B 1) B 2E— 25 S BOM N b X 3K 4 B 3
FET, 2010 4F PG g H DX R K TR X620 X AR A 25 2R 4 4 K o AT TR (5 I, F ST e B IR D — 1 4F
[E], P R X3 K 43 LA RS R 38 32050 20 TRl 7 9 s 7 T L 4T o [ PG i e X ) K 32 B2 2 7 g
25 JXUI 55 ) A , T AR AR 2 0 1 I A5 S O R R, a2 R T P R X R

FE T R K £ 3 T IR X AR BT AR X K BT R AR T B
AKX KA T BTER AR, B ST s TR AL X R FR R K B T AR X R TR B
T, H K AR A St S B A LA ZE A RRAE S 25 4 TR R R 3 T LAAE Y, 3R AR R AR AR X 38k K
AR B K52 E T AR R W2 KU R T 3 & MR A 4592 X 3K B st ), B> 2 m] ]
KB B IR E K A R I T P R i X AR - K 4 T R AR R K
HZRE L THL RIS E TR A e S, © A B 5T UE SE IR E P R b X A BEOK | SPEL 5 86K 2 ¥ 7 B BRI
RS
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DX I 4 7K SO A2 3 K 280 AR T R - 3K 40 2 (] 4 52 380438 T U000 5 43 1y R ), AR A 5% 32 B4R
W FEK ZERO - 3OK 3 Z R SC 2R . RIS IR U032 B [ /K 28 022 B 45 AELAS 52 el - S8 7K 3 I 25 4 e 1Y
ST RIS, R DA 3SR T AR AR B 25 e Ao i A A £ #F(HE%IEI‘“K'%?B%)Mﬁ’ﬁVEﬁH?i%ﬂ(
A3 A - K (Soil -Plant— —Atmosphere—Continuum , SPAC ) /E 8 HLAY AR SL [F/E FH TSR G, H
rhiiﬁf/ﬁjhﬂﬂ‘iuﬁﬁﬁﬁbk‘/ﬁ@?%ﬂﬁi%E@I%%ﬁﬁ@iﬁ@kﬁ@iﬁ%m I, 3£ F SPAC R4
Xof TR o3 HEAT BE—PARTE ST XK IR B R B 5t 7 v [ B N 23 0 S LA R AR S R GE IR 55 2 A 2L
B,

4 #ig

AT 9 43k B CERN ZRMA: 253 2005—2016 4F 37K 43 i WL B , #85¢ 1 b [ S 780 e pk A= 25
FRG: - HOK o 23 o3 A e S g i R R 25 SRR B

(1) WF5E X FRMA S R GE ) 5K 50 HE 2005—2016 4 FEEANF 12.45%—36.30% 2 8], 25 8] I 2 3
oA SERG I K R FE R IR T 1 IBK AR S A REAE ; K ZE B 25 5 K 4 A3 W) 43 S A
P ES e

(2) FREACH AR X AR A K o S I 1 T35 B K R I PO R b X A S R 4 K
R TR KR B S 288 T L F] S B K T R

(3) £HOK B T RBRBN RN ES RS, H S L POKSAES TR, 23K E TR

HEBRG FEREANE R AR E T
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