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Variation Rule and Estimation Model of Stem Water Content
Based on Micro-environment Parameter Set
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Abstract: Stem water content is an important parameter for evaluating plant physiological water
conditions. Poplar trees were selected as research objects. The estimation model of stem water content
was proposed by analyzing the variation relationship between stem water content and micro-environment
parameter set. Considering the multi-collinearity between micro-environment parameter set, the maximum
principal component PC1 of micro-environment parameter set was chosen as a feature variable via
principal component analysis. The feature variable retained 98. 89% of the original data information. In
addition, the complexity of model was simplified by reducing the data dimension. PCl as the input
variable and stem water content as the output variable, the oblique ellipse model between the two was
established. In six sunny days with similar micro-environment, the mean error of the model was less than
0.05% , root mean square error of the model was less than 0. 06% , and decision coefficient of the model
was greater than 0. 94. The oblique ellipse model can precisely estimate real-time stem water content, but
because of the differences in morphological indexes of poplar trees, the estimated parameters of different
oblique ellipse models between stem water content and PC1 were different. Moreover, the estimation
model of stem water content should be respectively established according to different seasons and weather
environment.

Key words: poplar tree; stem water content; micro-environment parameter set; principal component

analysis method; oblique ellipse model
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Tab.1 Correlations between poplar stem water content and micro-environment parameter set

Tji H + iR B + R 25 25 A A SR TR K IR R 22
Bt 1 2Tk 4 0.278 4 0.1882 0.008 9 0.564 4 -0.2908 ~0.4816
2 2T k4 0.284 4 0.2105 ~0.0003 0.578 8 ~0.3082 ~0.496 9
Wkt 3 251Kk 4 0.3015 0.240 7 0.0110 0.572 1 -0.3224 ~0.491 4
Wkt 4 251 K4 0.3059 0.2622 0.030 6 0.563 9 -0.3039 -0.4773

2.2 EFTASEBRMAREZENXR
LS T SE 14 d 25K 2 R ok

PR 22 AR L, 251 7K 70 52 B PR O 06 i 4% 119
H A A AL, S0 A 3R e 22 5% B A5 e i) H A A



294

& ol Bl

it 20174

MU, HL2E T /K0 19 H A8 Ak 5 4 0K 15 R 22 /9 B
A IEA G, ZET K H 2GR T 2% R W
TR EE R E A K RO, 2
ToK o3 FHAAE I A Py A= PHIE Bh Y KR Xl
5 P A R K T AR R R K A e
s M4 T 8 A3 HYRET KN
S KR IE2Z M HAE L &, i B 2a /T L F
L ZE T KA 50 K VRO 22 2 B R R Y AR
A FLEE, BG5S X A 0E e /i KT
90°, HI 2 W] 25 T /K 43 5 1 F1 K VR IR 2% 5 8L 1A G
P, 553k 07 1) S T — I 220 B ORI, DI T i
J7 1] 32 B 2 00 ALK YRR 2508 B e R R, 22T &
KA VA 5 B e /M, 25T 5 K R e/ E A
X 40 K YRR 22 19 B RABLAE AE ¥ )5 5 DI 2b
Af LS 3 O, 7E 0800 25 T f ok ik F)
KA, 7€ 13 :00 1 17K 35k 25 35 B de KMH A, {HA1E
15:00 25T & KR A KB e /ME C, 0 5 BF[E) T,
2 h, XFP AR A Sl A A R ) A K 4 i H AR
A B < 7 3 R 0 A K VR 25 b THR IR 1Y
WU T A P R AL B Wk T, AR R E N

|
400 600 800 1000 1200
IR Pa
(a) B

Ik
0 200

9 G o I, DA T X 4 ) ) 0 R K 7 A R
(8 3, fo A 3K 28 20 M O 4 2R K, 25T & K R IT R
TR, N REE HOBRGE RS, R LR R R
P, 75 5 45 A B0 600 [0 0 T R 4 N T R R K
ETEKREITG B Th, (R T 40 i I R A i R
(e B LA, K T B Bl A 15 2218,
DRI MG 200 1) 2R /A — A 18 AT Y A
FECET R E TRAKIUESE """,

40 — - ETF AR 72000
\ A —IRKIEE
5351 I| ) II (]
S Vo) i oA H1s00
M 5300 IR i Ap ey &
%, ’ / Iy | L 'I AT U \! e
4o It ! Loty v s
S S25F g ity 11000 &
5 | Uyl 1y vy v K
= iy | alr v v I, Py
i s20r ; | 5
\ -1500
5151
e
e T T
S&EESE888888838 38 8 8
ER )
B 25T 7k o3 AV A K PR 22 A9 UL B
Fig.1 Observed values for stem water content and

vapor pressure deficit
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Fig.2  Diurnal variation relationships between stem water content and vapor pressure deficit
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Observed values for poplar stem water content

and photosynthetic active radiation
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Fig.4 Diurnal variation relationships between stem water content and photosynthetic active radiation
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Tab.2 Correlations between micro-environment parameter set

T TR z5 S = SR Je b A AR S MK VR 22
+ i 1 -0.4538 0.7527 -0.1473 -0.03406 0.268 2
A+ S -0.4538 1 -0.2521 0.2756 -0.0807 -0.304 6
2SR 0.7527 -0.2521 -0.6427 0.5290 0.7160
2SN -0.1473 0.2756 -0.6427 1 -0.8237 -0.9672
Y& JE S -0.03406 -0.0807 0.5290 -0.8237 1 0.8113
AR PR 2 0.268 2 -0.304 6 0.716 0 -0.9672 0.8113 1
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Tab.3 Eigenvalues and contribution rates using different numbers of principal component
E WU R SR TR % i TR E, %
PC1 218.101 8 218.101 8 98. 8923 98.892 3
pPC2 2.2543 220.356 1 1.0221 99.914 4
PC3 0.1596 220.5157 0.072 4 99.986 8
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Tab.4 Projection coefficients using different numbers of principal component
ERIT B R EL R 37Y 3 TR 23 R 23N Joi AR TR PR 22
PC1 #3225 0.004 1 -0.0173 -0.0165 -0.2100 0.9361 -0.2812
PC2 #52 R % -0.1252 0.6263 -0.067 1 0.476 2 0.2778 0.5325
PC3 ¥ 2 -0.208 8 0.716 9 -0.1914 -0.3921 -0.2136 -0.4543
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Tab.5 Estimated parameters of oblique ellipse models

T g5 A B S T 6/(°)
1 20.0953 0.4087 -6.6654 52.6841 1.1007

. 2 20.5633 0.3150 -7.4716 57.7920 0.6190
B
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Tab.6 Performance indexes of oblique ellipse models
ZESEIReS tang e wRRE/ % RANRE P PR % BITTARRIE % P KL
1 0.0192 0.9797 0.1440 0.000 1 0.0375 0.053 4 0.9738
2 0.0108 0.984 7 0.106 0 0.0009 0.0403 0.0526 0.948 6
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