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Abstract: To identify periods of oxygen deficiency in the root zone of pineapples, understand the mechanisms of oxygen
changes, and provide sufficient response time for oxygen-enriching irrigation technology management and soil regula-
tion to address abnormal fluctuations in oxygen content in the root zone, this study utilized a soil oxygen diffu-
sion-consumption coupling mechanism constructed based on the Monte Carlo method. In model construction, the study
fully considered soil oxygen diffusion, root respiration, and microbial oxygen consumption processes. Using parameter
perturbation and uncertainty sampling, the model incorporated measured boundary conditions and depth-stratified initial
concentration settings. Combined with multi-layer soil profile monitoring data, the model established a simulation sys-
tem for oxygen content changes at depths of 10-40 cm in three typical soil types (loam, sandy soil, and clay). Finally,
the model was validated using field trial data from spring 2025. The results showed that the model demonstrated strong
predictive capability under various soil and depth conditions (R2>0.95, with the lowest RMSE of 0.214 mol/m’). The
error distribution fluctuated slightly with increasing depth but remained within an acceptable range overall. Further
analysis revealed that the model successfully identified periods prone to oxygen deficiency within 3—12 hours after ir-
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rigation or rainfall events. In oxygen deficiency identification, the model achieved over 90% accuracy in determining
responses below the critical concentration (1.5 mol/m’ ). The above results validate the effectiveness of the constructed
model in simulating root zone oxygen dynamics and providing risk warnings, aiming to provide a theoretical basis and

predictive foundation for intelligent oxygen management in pineapple fields.

Keywords. pineapple root zone; hypoxia identification; Monte-Carlo; uncertainty sampling; oxygen diffusion-con-

sumption coupling
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Fig. 1 Schematic diagram of dissolved oxygen sensor
deployment in pineapple ridge surface root zone
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Tab. 1  Statistical characteristics of key parameters in root zone of pineapples
2 e i bRl R RMA MR
Parameter Symbol Mean SD Max Min Data source
10 cm £ 0 H¥/(mol-m™) C10 4.82 +0.68 6.10 3.51 R S
20 cm 4 &/ (mol-m ™) C20 3.95 +0.71 5.42 2.61 iRzl
30 cm 48 /(mol-m™) C30 3.13 +0.59 4.29 2.14 L RS
40 cm % f2/(mol-m®) C40 2.41 +0.52 3.44 1.52 LIRS S
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Fig. 2 Diagram of key steps in data preprocessing
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Tab. 2 Comparison of soil oxygen content before and after
spatial interpolation processing

- &% Oxygen content/(mol-m™)
LR - m
Soil depth/cm J e LICERER
Original value Interpolation result
10 3.45 (f£1F) 3.45
20 3.02 (f£iF) 3.02
30 2.80
40 2.61 ({BIE) 2.61
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FEFXT ks o SERH G SEGHAT 25 5P 8 RAE
5555 5 ma 13 4T o

R(C)=R.+R, =k -C+k,-C (11)
K, RCONASIHFET, HIEMAFER (R,)
MM AEWFER (Rn) 5 k AR FRFEHE R
[mol/(m*-s)], 0. 10. 20. 30. 40 cm + /2RI
391k 4.5%10°°, 3.5x10°°, 2.5x10°°, 1.5x10°°,
0.5 % 10° mol/(m®s); km 180 A Wy 11 FE S8 3K %
[mol/(m’-s)], 0. 10. 20, 30. 40 cm + /2RI
5094 6.0x10°°, 5.0x10°°, 4.0x10°°, 3.0x10°,
2.0 x 10 *mol/(m*'s) .
134 AGmARHHTE%THR ETIR
T R X ST b A 15 P D 2 A SRR W 2R e e+
HEFRAL R FORFE M, $RECT 9 W E i A AR B
(1), FHE Monte-Carlo il 0% A S5z
B, Fite—2RME. ez, mRES
oo/ M, B IR IE 25 20 A BT 1 25430
SRR SR ERE T, BREEshEN, H
I IR i S W (R, PRI IMSR FH IE A A0 A AR, 1
T AR E S R A, SRy R A
(CRIEART N ) RZRB R, Sk AT
TEA M AT R A 3 PO,
1.3.5 #FHEEL RFERS HETORRE S
SiitrtE (P(E . bRifEZE . KA. S/AMA)
A RIS AR o, Sk
TELE | A SRV A S A 4 I A B I S
O3 AR, BERIBEL (D ko kn) WIZ%SCHR
BB AL TR 2290 T R A TP sl A . [RIA R
F$L T #E ST 5 R AED: (Latin hypercube sampling,
LHS ) Xf bR b7 RAE, BB 51T
et 5T R RCR Z [0 )£, % %E Monte-Carlo
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5 ELREAKE N 1000 4 (N=1000) , FERLFEAR
B9 MishA e, MR —AmSr AR, 1
SERL 1000 AREAARE, ITEAFREE (10~
40 cm ) 1Y A HES S BT R AR 4L .

13.6 SAREE LS 5% WA SRR 5
KMF5E, B8R 2R T T i 1) e I 7% S I 5 1
B, —H 1.5~2.0 mol/m’, YA PR AR T I
BI(E HLHFSE 6 h DL b, W& FE0R ZCHEEL .
2 e i AEU 30 B R . AR T R
AR RS H R 4 DB (£ 3)
i, ML “SEEESET 1.5 mol/m’, HEs:
B =6 h” AR i il s 4 m I W 25 14

x3 ITHESFESHREREREELSIRE
Tab. 3 Soil oxygen concentration and anaerobic stress
classification standards for pineapple rhizosphere

s o HEGE

State Oxygen content/(mol-m™) Characteristic

s S A 6.0~8.0 TR, AL,
HR AR AR %

R 3.0~6.0 BT, EREY
RPN Z R
WARRBZE, ATP A4

AR 5~3.
I BRI 1.5~3.0 ey
PR N7 & W95\ <L5 RBRESAR, 7 H K

Wi, ML RZIR

14 WRZFHESHRAEZHFEE
1.4.1 A ae RHIRIEAMTGE B i i) 1
AR BIE AR L R B A R S TR
TE N, OAZRC A 1R S T T L AT AR A i A
SR, AR AR A S EoE SR
AR IREERE, REBE LRSS YIRS
MR, DA RS ERE N 0~96 h, BFE]E
K4 1 h, 25 [ 3 H8 R 2 om, i#iF MATLAB
PDE Toolbox 4 & — AEAR X ] [l 43 B 7T A% 2544
FE IR Ll AR STH AR (AR R )
¥ A s o0 B2 4L, SR PDE Toolbox 7 [
parabolic solver #EATHUEKMH, FIEFH specify
Coefficients PRI 2 V5 I0L 11 Hsf ] K G M S 2 A5
B, i )5 7 MATLAB A h SC 3 2 S48 B 3h
TR 5 5 e 5
BRAERIIRITZ] (1) , HHES A& Oy(to, 2)
RERIE, I R A
0,(t=0,2)=0y(z)= 0y -e™ (12)
K, Oy WRAF AR, AN A IR B

i 1 SRR 2 0 BUE SR BIG ) o ABFEAE)
IRV 2T HE D3 85 ke I AT 1 A 1
AR T S, FEARTE RS (P) 24 101 325 Pa,
HHERE (T) 4 29815 K &4 F, MRIGIKKE
Paorbr, RELIE (0~10cm) WEEE Oum N
0.21 mol/mol (8.59 mol/m>) , A K 1.5m "', #iF
KAEWE . MG TZRER N, &R 850k
%, WALHEE (2) 40 cm A[15 .
00(0.4)=8.59%(1-1.5%0.4)=3.44 mol/m*> (13 )
A 2 0 S T TR) ) £ 40 T 20 I
%1,
142 #AFFHZT NIRRT BB £
FffHAAME—E S YA M, TR T )
P (RZE5WZ) WEAENLRFM. 4
A R a Ay A B SEPRE AL, SRALLT 2 Fh
Y 3 AR

(1) BE% (z=0) . ZEIERZERIZ
B RS, HIESRCRE S, TR, 5
KAFHEHSf, RETAETHRNTRE, RS
—2% ( Dirichlet ) M1 40EB A,

01(1,2=0)=0um (14)

A 5T AE 21 458 X (B3 56 B3 R Diri-
chlet [# % W B A 410, WE 0:(t,0)=0um=
8.59 mol/m’.

(2) PR (z=L) o FELIEHEZ (40 cm LU
T, REERRGRAA R E Y B AR R AR, B
SEBR ) PR 2 AR A2 IR, & A A
M L3, mEHEf— Py iaisc i, Hitkikix
ARGamE A% (RIJCRAgkEm Ty 80 , kA
55— 2% (Neumann ) 5L 5FBY,

00, (1,2)
1574 .

K, LR BRI AR E TR (40cm)
BEAMFRTE TR AR TSy fol s, 45
YyBR L o A S AR o HR A SN A T, 40 em
IR & A mA b a T, BO%E =40 cm
FERIN A R Neumann JCiEE M, &E
%co,ﬁ%ﬁMﬁmﬁﬁﬁ&o
1.5 EENEMIERR

Sk FR G VEAL BT R A Y R T RE A
A AR BRI A5 R R Bh AR AL A AL o
P, A ST SR FH S0 AR A 2 R A 3% o5 %
P, 45 MiR2E (RMSE) | SF3y 4%
"2 (MAE) . FE¥tHxHR2Z (MAPE) S5kE

=0 (15)
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28 (R) 4 WHEbREAT A,
Y% 2: (root mean square error, RMSE )
FRBRE 5 SEIE 2 [H] A9 O 25 KN, B )N
3/
1 n
RMSE = \/_Z(Omodeli — Opsi )2

o
K, n WEIEFEAR BEG Omoder i WA § A-HF 2R
OB + 5 5 LR, B0 mol/m*; Ogps i J 5
i I 2R IR S (1 S A, B mol/m’ .
Sy 4a Xh% 24 ( mean absolute error, MAE )
LR A A FOUE 5 SN = [R] )1 34 466 %) i 25
S B AR R 22 7K

1<
MAE = ;Z‘Omodeli - Oobsi
i=1

X255 43 iR 2% ( mean absolute per-
centage error, MAPE ) F Ty 1 FH X i 22 1 L],
A E AR B N R ZETIOR, 8GR ) LA
AFEEE B, — A MAPE<20%2/n G R 1T

(16)

(17)

Omodel i Oobs i
0

obs i

1 n
MAPE =— (18)
-2

i=1

HesE 280 ( coefficient of determination, R*)
FER IR S AR A LA Re S, BUETE
(0,17, k3T 1 FanPla BT

n

Z(Omodeli ~ Ogpsi )2

R —1_ = —
(Oubsi = Oups )

K, Oype N FTAT 2 25 48 R 13908, Bl
mol/m’,

¥ H Monte-Carlo #5481, BlHLA= AN [/ 7K 43 1
BRI s, EARRE (2) &R
mRERTE (¢) B9A1k, XFZA~ Monte-Carlo {56
BUAME, 1525 A R 2S 40 i

KRB IiR2 (MSE) Mg R (RY) *f
FEAR Y P A LSS I{E , MSE /)N, & B 1
MR 2EBAR , R® AT 1, FWABRIHI 45 R
S0 ES e AU

(19)

1<
MSE:;;(Oobsi _Omodeli)2 ( 20 )
R2:1_Z(00bsi_0modeli)2 (21 )

z (Oobs - aobs )2

AT MR PEAN (Y AT, AN FERT
A TIBEXT L2 A, #E— 2 5] AB AU Y
TRVEHRE T i, DA RLLE I SRS TR 5
CAIRAVIRES ) T Iar S HITRE 1y, ik, 47
PIF@EX: (1) TP (true positive ) : A FHf
TR R “HA” BIFEAEL; (2 )TN true negative ) :
BORVERR N R AR MFEA %L (3) FP
( false positive ) : R TRIE G A <B4 B FEAREL
(=) ; (4) FN ( false negative ) : FRAIIRIH
SRR MREASL (i) o

BT Bk 4 AR, R 3 IR
B EfE bR (1) R (accuracy ) =(TP+TN)/
(TP+TN+FP+FN) , i 5 450 70 G A ) W7 1 i 14 L
fil; (2) KE#i% (precision ) =TP/(TP+FP), 1
A B AT, F 2R IE
45 (3) HEIZR (recall ) =TP/TP+FN), fiijft it
AESE BT AP RERR N Y H ]

2 HERE5HH
21 HEEEEWIE

R VA T R A ) - R R BT R A A
T TE Pl 5 AR AR DX 48 i Bl A5 AR Ak I B UK
JE, BEHCH [ SEIECE (SEE ) XA (G LA
B (BOME ) PEATXF ELIRAIE, 455 A% 4 iR,
P A 4% J2 R B T 465 SR 2 B R RS
JF, HEZ (0~10, 10~20. 20~30 cm) #IE5K
WAk, R* 355 0.95, MAPE 7 4.96~7.14 mol/m’
(%4, BISA~E 5C) , RFBRIGEWAEFFTE
X ERNSAE, bEEREER N, %®
AP K, FEHTFHRZE LA TBBAE
Koo FEAMLHITE NG 24, FBOBA T & X 5
AR A S, (R R AR 0.94 DL 1
(K SD) , fFAac R EoR, dE— a5 G
Monte-Carlo B4 4 45 5, R8RS R K A3 30 4%
T B S YA ) i 7 At A — B,

x4 BTN E RS LNEE L BT M s R
Tab. 4 Evaluation indicators for comparing model
prediction results with actual measurement data

TREE RMSE MAE MAPE
Soil depth/cm /(mol'm™) /(mol-m™) /(mol-m®)
10 0.0214 0.0182 4.96
20 0.0267 0.0219 5.87
30 0.0311 0.0264 6.43
40 0.0379 0.0306 7.14
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030-A 0~10cm
=0.001 28+0.993 68x . ;5&
0251 ‘R=0.954 56 o302
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T

HEALE Simulated value/(mol-m™3)
o
[

0.10+ . < B
o — WAL
0.05- 88 95% B fFHE
oF ﬁ’" 95%?)&2}"1’]%
0 005 010 015 020 025
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=—0.000 08+0.996 23x 9
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e
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e
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95%EfFHr
95% TR HF
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y=0.000 4+0.999 28x Bl
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Fig. 5 Prediction performance of oxygen content in different soil layers

BEAR XY 95% LA 1 S s 75 4 RS fUL 47
( mean+1.960) JLEAN (K 5) .

HE—25 AN [R] = 2 R ) A5 28 00300 & X 152 2%
SARE, BEE LZING, AR 2E B N
s, JLHAE 40 em £)E, B2 (A AR
FEDEMRTERELE (K 6), XTEEERT
RE LS E BB, BB R A
AR (RPHE ), Hl T2 shm ok,
T R 2 IR R B O R R R AR
MR EE /DN, USSR Xt L A0 i I8 5 1) o R R 0 55
(RPW&FE) , HFMER 2 E A, Bk
ST ARE o
22 HREETFHFEIR A

AW 5T 3 F S0 A AR A S L 4
B, 458 “SEEM/T 1.5 mol/m®, HFFLEmTE
=6 h" JNFE RN, R0 AR X 4 R[] R
B ORTRN ] ROBE T B SRS RS o3 A eI, Itk
— L I UE R I A s 4B (1.5 mol/m? ) Wi [
(R ER PR 5 B A o Ry 2R 8 U 31 8 AR DX e SRtk
BB AL, $2BORF 1 )2(10,.20.30,40 cm)
FE 96 h LI T HA P ) Sk SR AR B B R A A L

0.8
8
5

5 0.6}
B
2

2 041
ﬁ

S 02F
®
&

0 -

10 20 30 40
+ 2B Soil depth/cm

B 6 AEITETERTNENREMLEE
Fig. 6 Box plot of absolute error predicted by model
under different soil layers

FT 4 2 HIEEE (10, 20, 30, 40 cm) b
(SN S APl 25 S, M IRV B ( confusion
matrix ) PEAEFERR, WEFEHME (TP) . EHH
(TN) . f&BHM: (FP) S5 (FN) o 7Et
Fhth b, 43 TSR A TR A4 1 % (accuracy ) |
¥ (precision) 54 3 (recall ) , 25440
K7 fiR, 78 10 cm )2, BRI AR,
TP ( ESEHRAPUNIESf ) i85 465 K, TN (IEH
RSV IERG ) k452 K, FP A1 FN {40510 18



552 4

. HF%: T Monte-Carlo 3% 85 1R X A S 5 Bl U] 25 R ik 1R 1) 427

UWH 15 3, XERLIHERRR A 95.2%, A FPRY
96.9%. f£ 20 cm )2, BRI BIGEImEA TR,
TP Uk /D& 432 ¥k, FN B4 45 1k, SEHRET
K2 90.6%, {0 FP B4E4RAE 21 IRLAPY, &k
WRARE] 93.1%, VLRI AIYE B A HL A& 41
SRIINARE ST, BARER B 1 w] RE g Al
B, (AR ZHOCHER By g A4 . 78 30 em
+ )2, PUNRCRME—L . TP B % 398 1K, FN
s 79 K, BRI E 83.4%, HAITERIR T E
AEAE— 2 W IR I e L [ 8, n] B T 3 4
Y HOEZRINGE . MR SRR A WA Y
M 344 58 55 PR 28 S BT R 25 1 R 7E 40 em 12,
P PERER 2%, BAR TN A 420 ¥, {8 TP {UH
376 X, FN @ik 102 %, BEFRMNH 78.7%, [F
Bf FP (R4 ) B ETFE 41 Wk, HFEKN, —F
T2 TR E IR, AR E Ty
BB A, RS, R RIS R
SRR R B AL IS, 2 R o a AU A )
AL . T80, SR ARLE 10~15 em {5 FlR b4
i, 20 om ARMURR R IEME 5% A XSS, FEL
%2 BRI R A I, ERTH AR R A
RN FANTRE , SRR I 2R BoX i
B AERE AR, SERE R B
NoE” R DL A S v A i A A, B FN
(I ) M

g 10 35
=
o
§ 20 33
3
5]
iid
® 30 31
i
H 40 29

TP TN FP FN
B7 ARXEREANRBEOREBEFRIE

Fig. 7 Confusion matrix heat map of anaerobic identifica-
tion model under different soil layers

Sk ik — 25 VAT AR R AR R [ e R) B 5 4 2R
IO R RN RE T, X 0~96 h YR
A S AR E AT H, e AR
RUGEB SR OREXIR) J5, SR
BB T, BEEZEAWE, W2 AR 1k e
SRR (K 8) o #E—4rprnl s,
P AE ST I S B (1.5 mol/m?® ) FRFIFE f w137 ¢

B, BERRAT 1~2 h MUB BUESL S, AR
2PN WAL W SN LA RN g A R G
T B, Y S pth £ A b X I 2 A A B
RIF R, RWRERIS “HNEK S - R
A" ZBIAREE PLH A B G ae Ty, fE
g R BB 55, MAERZ L b T
AT ARSI RFE AL R 2 Al , BRI
FEAE—E B, SIS0 5 R DL Bk A R Y T
HRIE 90% LA L, IR R R P AR G B
P, IR AE S B v B2 w5 i

(=)}
1

— AHE
= B SCE
& &

HEI

3~12h

. ummiﬂwaww/
<>
E@W@fBA

RSV AV
0 1I2 2I4 3I6 4I8 SIO 6I0 7I2 8I4 9I6I
5} [8] Time/h
B8 KWEBREHEITESSREMETL

Fig. 8 Changes in soil oxygen content in response to
rainfall/irrigation events

w

THEHE
Soil oxygen content/(mol-m)
© IN

SR HE LU s R R TR RS [R) VR N AR
PR R RE S LR A R B2 5, DAmw R AECREPE (i
o B ) SR FTFUE ) ) | MERPE (&R IR
FIR L IWHR) N, gl ARIBEXTR
5 B AT AT AL AL B, 2 39 (0~10, 10~
20 cm ) H & S5R P B8N S e N BB, AE
10~20 cm + )2, BAARGES IR 92%, IWH
RERANFET 8%, HHEEZIK. Hish
FIZL, TR (1% ) , Ui B HAE R A w3
TZRE Jyo%, B9 2 T 0w i iR A . K2
(30~40 cm ) M hy ¥R AR (2.6 h) , AT IR
FIRE AL (7% ) , HZB TR
B JR AR AL i & e, L i
H5RPEAREZE (K9) .

3 itig
31 HRAGEHAMESEBEMESN

AW EET Fick ¥ HOE AR XA ]EE
B #EHM B, IRl A AR R K
YRR ENLH, DMmiisr 7 (PDE) B
TE SR BE Rt IS (] 5+ 2R T AL IE . 255
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Tab. 5 Evaluation of model’s hypoxic response capacity under different conditions

S 7 s ] BELIDUT ] S5 A ] 2 1 A e BHGIME SR BRI BUIRA R

xMF = Measured . . . Overlap rate between ~ Simulated Simulated
. . Simulate re- Early warning Has it entered the . . - .
Condition Soil layer response sponse time/h time/h hvpoxia threshold simulation and meas- misjudgment  omission
time/h P ypox urement/% rate/% rate/%
R 1 2 10 9 1 B 93 5 2
(10~20 cm)
NP 11 13 -2 2 88 7 5
(30~40 cm )
eI 1 w2 34 33 1 oA 95 3 2
(10~20 cm)
NP 36 39 -3 2 89 6 5
(30~40 cm )
Ve 2 w2 54 53 1 A 96 2 2
(10~20 cm)
Wz 56 59 -3 B 91 5 4
(30~40 cm )

T G & <15 mol/m’,
Note: The threshold for hypoxia is when the oxygen content is less than 1.5 mol/m°.

A 0~10 cm B 0~10 cm

3040 om < 1020 em 3040 om & SN 10~20 em

2030 cm 2030 cm 2030 cm

D 0~10 cm E

30~40 cm < -

210-20 cm 30~40cm < < 10~20cm
2030 cm
F 0~10 cm G
0.15-
010,
30~40 cm < 1020cm  30~40 cm < <7

20~3O cm 20~30 cm
A: PERTTREZRS(A]; B: MINAREESA; C: SREESZ % D: WAF; E: WHZE; F: BHKIRE; G: KENMRE.

A: Early warning time; B: Response lag time; C: Hypoxia overlap rate; D: Misjudgment rate; E: Missed detection rate;
F: Maximum error; G: Recovery time error.

B o HEETR R L Rk SRt A 5

Fig. 9 Radar chart showing corresponding performance of model under different soil layers in anaerobic conditions
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Monte-Carlo J7 kX9 B R 5L . WIhh & A & . FE54
R A S B8, TR T IR A
FEARTER, 120 75 RE 0530 P $AVHS Hb X L 750 22 17 4
R SE, WR3E 10~40 om T BE Y 3E 3R X 4 1 )
I, JEHAE 0~10., 10~20 cm &2 X B, HERIX;5
A MMAER S (R53514 0.954, 0.953) ,
BioriR2E (RMSE ) #HI7E 0.0214 mol/m*LAN .
AN, FEAELGE i Monte-Carlo AN 5E Ll /04
JE I X AR S TR S RE T, 7E+20% S5k
G RIN, B S5 95% B A5 X 8] 3 ol iR B
IR 0.035 mol/m®, B (M AR 22 I L AR+ 7 ]
FEZJE N, 1 HYDRUS 256 1 A5 50 1 3 %t
NS U TR SE SR I s RT3
3.2 HREIAFNEE NS

AR DX S A Sy s e A 4 A R R 17 R
il 7, D) 0 A7 1) BRie o 5 e e v AL LA R
SEME, A BRI 2R T AR L RE B
oA A B SR bR, AR AR B9
R 1.0~2.0 mol/m® 1 M AR 2R D RESZ KR iy s it
J L, RLLEE R 2 AR rh T AU R AR Lt o FE
AECH 05 BT s SIMUNEK 2500 ) i 1)
FEHKTNZREHT HYDRUS & FHHZE
AFEFR R A BN, SR, X REZ A% &
SN 78 1 i AP Bl e e S st B RS R 1
M, FECELPRE ZR A, AIZE R
R A B S KA — 2 R . AWF5E L 145
EAE AR T 1.5 mol/m®, HAFLEMF] =6 h 1 ik
AFEEE, BT Fick 9 H A1 S Monte-Carlo
TR AL, RAE R TR )2 0 e
) RUBE bl S KRS i AR fe i 3, Rl R R,
7RI, )2 (10, 20 em ) 7ERE IR )
A AR B T RO RES, L
FE 20 em WAL H IRAFEE 2~5 d W ERERT Bro 1
30 cm A1 40 cm REFES A, SR EWKEHE
N, FAER T H RN CBURRI B B
%, RIMAIRAFREE B, TR 50 i AU X35
XF HESEIN S AL BB Ak A, S
PR 2Z 4 HZEE1.5 h DAY, MERPRIE 91.2%.
HE— 2B BB AT 25 R R, VR B S FER
T 23 1) P Bl e e s [ 5 e 4 A [ 9 R 1) 5
M d5e Ry S, UREH R S EORS i AR U 4 TR
FIBETTOCEE . Ak, MAED ST RN X B8 5% 4
XFHORE, T i RS PEAL 22 45 b KR

AN RN RS RIS e A SRR X 4
B 1 RSN B = o /DB T R AR )
R L, WXEREMRT 1.2~1.5 mol/m’ &%
RS A R ST R/ S 11 W= AW LN | =B 9
WFE 228 LA s RO s J 1093 o 32, DA e ke
BE e B, S, A oE E T A
23 B A H FIHEZEAS (L RE S KG W 3135 2 DR e 4
HIRZBBAGAN2ZT, BN ARRE ., A~
[R50 N RS PP Rt e & 5%, hIesk
R DX de 4 T4 1A B 8 92 O S 1) ) o 25 B A
fill
33 HWAENASMHALFE

ARG T Fick ¥ #7185 Monte-
Carlo AN 2 HEALHE AT Rl A I BTDLAR A | HL A% Xof
R DX G S XU R A 7 e TR . sS4 5 2 R
BIRIRE ST, I HLAE A R e el A F Y
B YRSR T UK HE AL 4t SR R0 I 3 A< ML A
Y, REAAERE— TR RE R R 3
w7, HEMTHE SRR A AR R E S, R IO
sl Bl A R I RERE 5 RRIR 9% . ok, DR
7 MO PR SE (PR BT FEAA R
VIR AW ) JFIR R KEEA S |, B R4
Rz ALRE Ty, TER A SR S5 B S
REH AT o R R X R X ek A S0 5 B 2 A
TS ECT A, RIA] S B T Y
P PEA

SRR B S IR ok B R AL SR, 3
LR E M, RN EFRBKIE
12~18 I H , JREE5E Al 454 A s G uli+ 34
AL IR 4 +LoRa LKW R85, EAR+
B J A5 PR IX B K e W, Sh AT
ST F A SR AL R, UG AR e
T 5 1 I S R i &2 e ]

4 £

AWK Monte-Carlo ANHf 2 PR ALHESE 5
A B IS FE D BEMLEE Rl G, A B AR X
AR A A B AL, 25 A S A i T
& 7RG BEPEAN Sk s R A g, R LA
BUF

(1) ERFF BT i B pE Y SE A L, At —
AflE Monte-Carlo AN MR A5 H A
I AEDLER Y 22 255 A0 R & TSRS, JF 51 A
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FE (1 h) 52508 (2 cm) /0 PERBRNS,
48 1 PDE U =K fift-5 FH [B)300) 2t 500 OLAK 50 1) 2485 44
e A, T2 RGE T 3B SR IX (0~40 cm +
2. 0.3 mx0.3 m KFSEME) £ 96 h P =4t )
A AR5 RS TR 1 P R RLBE AR

(2) Pk R e AN [R] + )2 R 34 HL A Ry
A TG B, 10 em £ JZ TR B, RMSE
MAE 435124 0.0214.0.0182 mol/m*, R? 3% 0.95,
3 AR TR R R R T R, BRI 4
58 (10~20 cm ) Xk UM HERR R 5 1 0]
R BERTHREZ, BRI RHL R BoR g
YR ZE AT . BEEEN, AT SR AR Y
ST Iz LRE S S8t

(3) AHIFFEAE I R RUEE T SR AR B fife 4
PR EZ S A, RBIFR R E N R AR
ST 1.5 mol/m® HAFLEmt I =6 h” |, IR
ZERFRI, 10~20 om VR JZ T 50 B I 1 SR
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