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Abstract: It is of great significance for analyzing the spatiotemporal variation law of surface evapotranspiration and its driving
factors to promote the scientific allocation of regional water resources and to do a good job of ecological water source protection.
Based on MOD16 ET remote sensing data, trend analysis and significance test method were adopted to analyze the spatial—temporal
variation characteristics of surface evapotranspiration in Sanjiang Plain in recent 20 years. According to Penman—Monteith formula,

driving factors related to surface evapotranspiration (£7) were selected to analyze the influence of driving factors on the change of
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surface evapotranspiration. Ridge regression statistical model was built to analyze the main driving factors of evapotranspiration
change and their relative contribution rates. The results show that the interannual fluctuation characteristics of surface
evapotranspiration (£7) in the Sanjiang Plain were obvious in recent 20 years, and the overall trend of ET was increasing. E7 in
91.53% of the study area shows an increasing trend, and the regional differences of ET distribution decreased year by year. The
annual E£7 shows unimodal periodical variation, and the seasonal difference is obvious. Slope in the study area has a positive effect
on ET, while elevation and wind speed have a negative effect. Temperature, sunshine duration, precipitation and NDVI are positively
correlated with ET, and precipitation has the most significant correlation with E7. The determination coefficient R* of ridge
regression driving analysis model is 0.823, which can effectively explain the relationship between various driving factors and E7.
The results of model calculation show that precipitation and vegetation coverage have a great influence on the surface

evapotranspiration in Sanjiang Plain and are the main driving forces for the change of surface evapotranspiration.

Key words: surface evapotranspiration; spatiotemporal characteristics; ridge regression; driving force analysis; geological survey
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Table 2 Statistics of surface evapotranspiration in elevation classification
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Fig.7 ET statistics of elevation classification in Sanjiang Plain
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Fig.8 ET statistics of slope classification in Sanjiang Plain
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Table 3 Statistics of surface evapotranspiration by slope classification

R3 WESTPREZRERT

| WS X )/ () THR/km? B4 /% TR /mm XA /%
P 0~0.5 31198.49 28.65 514.17 -5.49
T 0.5~2 39381.48 36.16 527.83 -2.98
R 2~5 23396.92 21.48 579.06 6.44
R 5~15 14845.68 13.63 596.32 9.61
BEH 15~35 77.42 0.07 585.07 7.54

H 2R TG LR B P R b X AR P Ml X
() 20 4 ETH{E AR, M 514.17 mm, R 3 X 1) 20
AEETHE B S, 596.32 mm, TEHE BE/IN T 1501 b
X ET Y5 {f B3 B 338 Jnn Gt 25 4 o, M KT 150
i, ETIE 2D

THE A5 Ik 85 45 2 1) Hb 3% 25 0o IR A G AR 1k
R(FK3), Vb A X ) ETAC T 058 X F-1
ET, FESFARX AR AL 500 510 —5.49% 1 —2.98% , &%
H X1 ET HESF A AR fE 05 K, o0 9.61% , TRt
X ETAI AR /N, BBHTESE B /N T 1500 1

35

3.0 F

R/ (ms™H
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YT, Herp G AR L H BB EHE8ORT [3 K e 2 5 i o
KGN B R T, 98 HO b R 75 il
IR, 583143 BT 2000—2019 4F = T J5L4E 4 X
R KR H BB RRIE (B 9) o A
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Fig.9 Monthly mean changes of wind speed, temperature, sunshine duration and precipitation in Sanjiang Plain in recent 20 years
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2 A, HICH B s s H BB IEL L 00 R AR, 16 i
HIFE6 HF19 H L5392 7.63 h #18.23 h,,
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Fig.10 Spatial distribution of correlation coefficients between ET and wind speed (a), temperature (b), sunshine duration (c) and
precipitation (d) in Sanjiang Plain
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ET 57K & 25 [0 S AH G R B0, 4 0.95, Hik
A AR H BRETEL, 43510 0.82,-0.71.,0.43;
MAHE RS [R50 A I DL o] LA« ET 5 XGE A A
KMo 22 AR, S B A SCHE (p < 0.01) Y IX
B 5 AFSE X A TR AR 73.69% , £ FR M TR 5E X AR
LERFN VY F R HLIX s ET 50 H B R AR PR
AN — B H R B E, B EEAACH(p<
0.01) 1y DX 385 43 ) o5 BF 5% DX 5 T AR 1) 88.72% ATl
11.32% , 2 Hh A3 AR EWF 58 X PE AL ER AR L &R 5 P e
TR R R AR T LXK ET 5 R K R A e A3 A
25 SN A A IE X3 O 3 I A G (p <
0.01),
423 MR BEZES ETHAX M

98 7 5 P L5 ) - R K A R R 18 R IX
SRR N 7K 43 B i, DT R M L 3R 25 10, ND VT
FEAE YA RORAS DI B A B 2 8] 53 A7 2% 88 1 I fE 4
T R, SR A3 A R R A M AR G, AT DA R
Ji2 e b AE B 7 55 B o AR IR ST 43 25 i T 20
VTR ET S NDVIAE N R 26 (B 11) . M
BRI DU HY AR 2 55 8 6 b R 28 i S B )
SR, P 2% 1 42 350 Sk S PE PRl i 26, 3—8 H i
FEP A=A, R AR PR K o3 1 g 7 % 4
I, R 2B R B T KA 4 ET 5 NDVI 2
F LTS A 8 H IR BIGAE , LA A Py 5 B HL
ZER ORI ZETS , 8—12 H 2SR 5, K )
TR ?% ,NDVI 5 ET 2 T &% EIX 12 5
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—e—FET

2, 408
—— VI _.\
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Fig.11 Changes of monthly mean values of £7 and NDVI in
the Sanjiang Plain in recent 20 years

FEWAFE2 A, HIGH B350,

=YL R 20 45 NDVI ARG 43 A5 10 & 12a
75, NDVI¥E }—-0.08 ~ 0.77 , Hezs (8] 43 5 53k 204
SV ET YA 2 8] 43 5 RSO R, B 58 X P L
T PR R R R AR M IX 22k H SRR, R
A2 [ A3 A 2 R, RIS KB, T LA R )
IR oK 78 K s TIHARMIX . BT GISH#K
-G8 ET S5 NDVIF M 250, IR HEA C &R
B | oA B (B 12b) , WEIR AT LA L ET 5
NDVI R E A M, 25 (8] F- YA et R B0h 0.87,
HEAR B IFFE DX AR5 s DR DG P 3 FPE L IX
o B 8 2 E A G (p < 0.01) X3, 5 Aff 5% XL T AR
[ 73.58% , Z2 53 Aii TR 5% X A0 B 3 K v 38 21 P
Hiu DX, U8 B AR | F 505 B2 PG S o b DX ) 3 52 B
PR o ST A 5 R B A
4.3 E-F I8 B 3= BB T ik =

JE BT A IR BN R T X ET R AL, R =
1T 2000—2019 4F H ¥ ET(mm) X (m/s) VK,
R (°C) 7K 5 (mm) | H BEEF4C(h) #1 NDVI, S B
TR AR (m) (3B (o) MR £, A A 22 U s ) 4K
P4, LA S km Sy (] B 2R A7 25 6] 74 b A, ek
1587 MRS BTG, TR B 3R o R 1 22 (Rl A7 78
HHE R MR, S0l AR AR AR o R) 23 7 A L2 E AR R
FHBRELE P 1015 25 S8 )3 5 A B UL, 1l 3 AR
HRBURTT A SLbRE o A ) 9K 30 R - o]
B RT , 75 X0 45 3R sl 7 A T SRR i W,
LU 22k R B (VIF) MR R SRR 2 W i dsite , VIF
KT 10, M7 BT VA 455 70 77 7 7™ B 1) £ J AL 2R vk
(¥fii,2004) . MK B A F L 2 W45 2 (R 4)
LA SR K 5 NDVIRY T 2 B8 K 22 500 51
A 13.44 11.59 1215, ¥R T 10, Fom <l K S
NDVI [AfFAE 2 B, T 8055 748 & [|] 2 J 4t
LR X RTINS B ()52 M), A YOI 25 B [l ) A 7
PSR Sl 7S T Il AR AR o BOXUER (W) L SIR
(T) Bk (P) NDVI(N) | H BER£(S) B (H)
FIE B (D) AR 04 [l R AY (% A3 X, DL ETAE R
REARL G s Y, A RIS (X, V) o AR IS

x4 RIEFLLMESE
Table 4 Driving factors collinearity diagnosis
WEHTF T P N S W H D
VIF 13.44 11.59 12.15 1.79 3.62 198 1.23
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Fig.12 Spatial distribution of mean NDVI in Sanjiang Plain (a) and spatial distribution of correlation coefficient between E7 and
NDVI (b)
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Fig.14 Statistical chart of the contribution rate of driving factors
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Table 5 Ridge regression analysis results
UKEHH T EbriEfl R B FrAEAL R 2 Beta wENEP TR C/% VIF R F

T 0.030 0.120 0.001 12.35 7.19

N 28.859 0.224 0.001 23.05 6.54

P 1.281 0.460 0.001 47.33 6.36 F(7,1587)=
S 0.114 0.024 0.004 2.47 1.42 0.823 1052.586,
W -7.367 -0.103 0.001 10.60 2.95 P=0.001
H -0.004 -0.016 0.029 1.64 1.32

D 0.380 0.025 0.025 2.56 1.09

AR K, o5 He R 47.33% ; Hok o NDVLXT ET B A1
XF TTRRR , 5 23.05% , Bk S5 A9 o6 B o 2%
R BI7K o3 5%, Bt DTk A 5 70.38% , il 5
H REISHON M e 28 B I RE L 25, BT Sk
14.82% , R Xo] 1 & 7% 5 & AR X BTk %0 10.60% ,
R A H BRIEON ET RIS/, BT
PIR I 3%, S5 HRF, KR =0 R % 5%
A A ) R4 R, AT 3 X R SR O
FEAE AR, A SR ARG , = AR R AN H
HE RO R 25 s i R B /N o

5 4% i

A SCH ] MOD 16 7% iU 38 B8 77 i, 434
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FZEH R SR WA R BIMISE R, I ad 708
[l S BT A5 b 2 28 e AR Ak 1) 32 220K 5
T AR DTRkA A5 ARSI

(1) 20 4F =717 i R ZE W AR 52 LT
O RRA I, B Bh T FI D 475.91 ~ 586.87 mm/
a; BFFE X 91.53% 1l [X. ET S 38 a3y, 1N 8.47%[)
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Wi /I AE N ET AR b 52 sp g Y R PE AR A,
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Xof 12 25 B AT LE [ 20, 17 E 5 R KT 400 mi)
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