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W OB R ENor A AL ETT LA IR 3 HYDRUS # A oA 38 K 9 2 Atk 9L, B AF B 1T 7 2
AN T HEENETEE BAAR BT URERBE)BERES L ESGAENE Y, HEREREREETESR
WA, L ER T EA G BN IR BERREATEREELE(0~150 cm) T A KK Y, 45k
AR T R AT 5, B LR A KE NP EZBRREE(A)SERAS(B)>HEHRT(C), HEH
BESRKE N KIS L ES KRG EE(P<0.05); ETEAE—FH, YETREBEM0K), L FHE
WRERA, MR TEWARRE (1520 k), FRELEEKFHT 2.74% ~6.23%, T A X &€ B LE A K F K
1% 5.66% ~15.63% ; FHLIET 5 B4 BT &E L EAKEF MM ZREN, BEMELERENEA FHHEFTT R
TEEAGAFWZRAWBEA, YETEEN 250 mm B, A BRABTHAETELEACKFARTHARE T X
K WE K 39.52% , BAR L THABWLR, MALE WA KT L ER/AD (160 mm 5 200 mm) B N3 ERE B ;K
BT & EXEIEAKERN P, HYDRUS A 58 LI fnd K (0,) WA H R AT L EAKEHHE K,

KRR AL S+ 2 A K E B R & HYDRUS-1D
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Effects of stochastic rainfall on water distribution in coastal saline-alkali soil

GUO Aike', WU Haixia'?, TAO tao’, SONG Furu®, SONG Liqiang*,
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3. Haihe Water Conservancy Commiitee Zhanghe Upstream Management Bureau, Handan, Hebei 056038, China;
4. Hebei Silicon Valley Fertilizer Co. Lid., Handan, Hebei 056038, China)

Abstract; This study employed the Neyman-Scott rectangular pulse model to simulate hourly rainfall with the
restriction of total rainfall amount, rainfall frequency and extreme rainfall event. The HYDRUS model was
performed to disclose the characteristics of soil water. Integrating aforementioned models, we presented a factorial
ANOVA method to quantify impacts of total rainfall amount, rainfall frequency and extireme rainfall event on soil
moisture movement. Compared with the randomness of rainfall process, the order of influencing factors of rainfall on
soil moisture content was total rainfall (A) > rainfall frequency (B) > extreme rainfall (C), and the second-order
interaction between total rainfall and frequency had a significant impact on soil moisture content ( P<0.05). When
the total amount of rainfall was certain and the number of rainfalls was low (10) , the average rainfall intensity was

large. Compared with the higher number of rainfall (15 and 20 times) , the surface soil moisture content increased
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by 2.74% ~6.23% , while the soil moisture content in the relatively stable layer decreased by 5.66% ~15.63%. The

difference between random rainfall and uniform rainfall on shallow soil moisture content was relatively small, but

with the increase of soil depth, the difference of soil moisture content was increasing under the two rainfall modes.

While the total rainfall was 250 mm, the maximum increase of soil water content in the stable layer under the condi-

tion of uniform rainfall was 39.52% compared with the random rainfall. Compared with the uniform rainfall process,

the random rainfall infiltrated into the stable layer when the total rainfall was small (160 mm and 200 mm). In ad-

dition, compared with the influence of total rainfall on soil moisture content, the uncertainty of saturated hydraulic

conductivity (0,) of HYDRUS model parameter has a greater impact on soil moisture content.

Keywords: stochastic rainfall ; saline-alkali soil; soil water content; total rainfall; HYDRUS—-1D
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Table 1  Distribution and parameters of stochastic

variables of NSRP model

BENLAZ BRI A1

5% o
Stochastic Probability 2R iT\ -
. . Parameter Unit
variable distribution
R Rl AR 0y a0 NEL/N A -
Origin of storms Poisson
[ER T ¢ JUfr] 43 A5 -1
Number of cells Geometric Ke
AL i , .
Position of cells
[ RO ES S a i AT =2 & i 1 -
Duration of cells Exponential
I 25 SR . |
My h + mm

Intensity of cells

1.3 EF HYDRUS #BYH) T sk 53 NS
1.3.1 HYDRUS # A # 3% HYDRUS BRI 4)
b2 A BRI 1 ) R R D o X U S e el ey 4
b, B AU P 22 8L Richards J7
PR A A — 42 5OV K iis 3 .
a6(h) d oh
J :az[’“h) (aﬁ 1” (1)

KA h HHAEKK (mm),0 K+ HEARFE KR
(mm’ « mm™) K /KIS RE (mm - h™') ;¢
ABIE(h) ,z AFEm SR, W) F o IE (mm)

IR RRAE 2k 2 B g A B K
A KA EZ K B8, HYDRUS 87y
HEEMET VG (Van genuchten ) #5751 BC ( Brooks and
Corey ) #HI DL J2 Kosugi 158 H T4UL G 1 587K S0 FF-AIE
MR, A SCR N T Z 09 VG B H 5 8

6 -6,

9 +——————— h<O
0(h) = [1+ |ah"[1" (2)
0, h=0
K(h) = K, {1 -(ah)"" [1 + (ah)"]"} (3)

[+ (ah)"] 2

X, K AR (mm - h™) L6, AR
7J($(mmz . mmfg) ,0, ﬂﬂi%’f@%ﬂgﬂ(z{(mmx .
mm ™) ,a IR EE (mm™") 0 HALARIT A
ZH,m KO RE A S
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TG R (75 5 280 35% ~ 40% MR IEZE 9~10) ,20 ~
60 cm ARG ERIZE (28 5 AL 20% ~ 35% FbRifE 2 6
~9),60~100 cm NAHXT R E 2 (22 5 R %L 10% ~
20% FIFRHEZE 1~6) ,100~150 cm HFESEZ (B F £
B<10% FbrifE2E<1) 1)

WG S5 BT IR AR B & K (6,) H 15.67%
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0(z,0) = 0,(z) (4)
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N BKBUKIRE N 10 em, 1 Ffi A AR &
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0z de
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TR (mm) sdh/de 2 SRR TH B KT A K 2 1
Ak HE (mm - h™) . HYDRUS #BIE A BRI IR
W/INES 20 BUK S, BIAFBUK S S i B AR AR
Kkl B, b R K R BE R TR W, AR
MR

Tih 5 ST X A T KA RS K 7 m, R
AT A H R HEK AR
1.3.3 B A% Fx T HYDRUS-1D BRI H
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B EHOK P RHES R SR G T —4E R AR A B
IR S B G AT S BORE . AR R
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49 [ B O AR A 8, 2 KT S 2 mm
i, RS R R 50 em, BEHATE N 1.4 g - em™ 3K
WEAE 3K, PVC EMIYAI/3 40 10 A~ EHARHN 2 mm
9 /NFL 3 A AR SR I 2 A R B 2R g K
DRI KN 5 em 224, FEFH VG
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HIRE—E, mE 1 ATLUE R AR R S R
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xX2 EFEFBHW Van genuchten AR S

Table 2 Calibrated Van genuchten model parameters

RS 371! 6, 0, o Ky

Soil texture / (mm? + mm™)/(mm® + mm™) /(mm™) " /(mm - h™")
bl
Dhet 0.0437 0.392 0.00108 1.36 15.64
Sandy loam
+ % /K % Soil water content/%
15 20 25 30 35 40
0 : . . : s
—a— B E Simulation value

E 101 —e= 5l f Measured value

=

5201

=

g

i 30

&

1% 40

50

B 1 HYDRUS-1D B SH#RHIE S L REXT L
Fig.1 Comparison of simulation and measurement

of HYDRUS-1D model parameters
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T 5 ORI BT AR T B E R R H
WP 2% L 40 ~60 mm - h™' Sy E=1 0 A S
FHYE T 2010—2020 4F 5290 32 B [ W 956}, 7E
Matlab # {f 3 55 F, % A§ Monte Carlo J7 ¥ Ll K&
NSRP [ i FEREALA SR | LR S (A) (R
FRIRE(B) el 2 (C) S g ]+, s
FiEE K3 DR, WAGIE N 27 DT R,
Horp  DAAAS 7 58 R el i | I T O B0 LA B W i
K 1 2 R 2R 25, R Monte Carlo J5 i B HLAR
RN 2 100 YR (BIEE R BN 100) , DL A
M RE A BERLIE , BT SR E WK 3,

2 AR50

2.1 BEWMHABRSIMEREBLER

DL B X 2001—2010 4F 7 J S2 0 1432 i [
TR L HE 78 Matlab BI85 R, SR A4 B4l
11 NSRP BS540 25 L3R 4,

T B Uk b X NSRP [ WY A2 A >R B Monte
Carlo 2, BEAILA: BN [7] 4 ket | R T R 250 A it
WK TR LM R, IR B A 200 mm
(AR FEMRWRECH 15 37 (B, T R) Sk
TR 40 mm - h™'(C,7%) .50 mm - h™'(C,
J5%8) .60 mm - h™'(C, /5 5%) MMl BEHLESAN 5 %
AR, 45 RN E 2 Fs

*=3 ETHYVKESEMNERGRZIT
Table 3  Rainfall scheme design based on stochastic

time and degree distribution of rainfall

[ 47 Rainfall characteristics

= = o — Gk
WH REWAEE A BEWRBB BOEBERC
Item  Total rainfall Rainfall Extreme rainfall
of cases
/mm frequency /(mm - h™!)
L1 160 10 40 100
12 200 15 50 100
L3 250 20 60 100

F4 FEMMREMABWEITZSE R NSRP RESH
Table 4  Statistical parameters of rainfall data and

parameters of NSRP model

S8 e/ ME S5oNE FHAE
Parameter Min. value Max. value Calculated value
A 1x107° 0.02 0.02
B 0.02 1.00 0.20
et 0.1 30.00 1.17
N 0.1 60.00 0.21
uy' 0.01 4.00 0.18

22 BEWMZRE,FEFRE RmERRBETEES

B Xt + &k R

35 JRFBT R T T 25 53 B 07 1k A e R
o RN B R i 2R TR B Bt ATL B R A % - 4
KRR, RE S AR, 5N RY
BEALPE R WA LL , B R B AR s R BT 4% H 2
IK R IAEAENG 3 5200 (P<0.01) |, T B 3 [ T A0 %
YR BR 5200 5835 ( P<0.05) ;% e F {8 & B4 R A
T BR TG BRJZ AN 4 2 5 KR B K T R K
B R, RN R S R B a2 AR
R LR ZE A A R SRR B W 3
FIHZE = HAEF (AXBXC) St +HE & KR AT
TE W E S,
2.3 BEMRE . RIRMERREVEES T HiES

KE B # M

P T B4 W a0 KRR R e R K, TR Ut
BB HIRE T AR R T, i — 2 Hr R
YREL AP ity B8 W 5 9% W B AR 0 B VDR ] 4 2 - 3
IKFEYFE A, OB o o o3 TR D) A I R K
— R [ AT SRR B8R A KD

6 FANRIBERN L T, 9 W U B80S A v 4 R
FRAC AT 3o 7 A B AL X ISR R, 5
2275 T A FEARR, A TR U B80T 18 55 /K R B i)
= ELZ R ) i 25 R T R 1 AR A R Y 22
S 3 M0 g OAE I X A A8 K SR 1 5 i D) 2 — S A BE AL
PE | IR B 160 mm B B 07 B R RS BR )2 +
oK s 2 R R R 200 mm B, X TR
TR S K R B



172 TR A X AR 540 &

__':_55‘45 45 245
EEZ2s 25 225

:

S 5 £ 5

&
& 30 40 50 10 20 30 40 50 60 70 % 10 20 30 40 50 60 70
I} ] Time/h fif ] Time/h I 18] Time/h

=z =245
Ex =5

E =

[

= 10 20 30 40 50 60 70 = 10 20 30 40 50 60 70 ¥ 10 20 30 40 50 60 70

I 4] Time/h [ 1] Time/h 5 1] Time/h
=z z
5
= 10 20 30 40 50 60 = 10 20 30 40 50 60 70 ¥ 10 20 30 40 50 60 70
5[] Time/h 5} [ Time/h I} 8] Time/h
=z ! =z
B 30 40 50 = 20 30 40 50 = 10 20 30 40 50 60 70
5[] Time/h 5} 7] Time/h I} 18] Time/h

= =z
2 ES
M\E‘
5
30 40 50 60 70 = 10 20 30 40 50 60 70 ﬁm 10 20 30 40 50 60 70
I} ] Time/h [ ] Time/h I i) Time/h

B2 /NEEREE T BEALBE 9 SR RRAR L SR ( LIBFERI 1 3 S-S o)

Fig.2 Simulation results of random rainfall practice on hourly scale (taking three levels of extreme rainfall as an example)

x5 BERLSEERRBURRFRERNELESKEHNZIT

Table 5 Effects of rainfall, rainfall frequency, extreme rainfall and their interactions on soil moisture

5k I THERJZ Active layer KIGERJZE Subactive layer  AHXF22E 2 Relative stable layer FarE )2 Stable layer
Source ¥5 e ¥yJ5 v ¥y ; 75 .
Mean square Mean square Mean square Mean square
A 609.9 83.4™" " 3902.5 545.25* " 18275.4 734.59* " 7788.1 558.7% "
716.37 97.96 " * 109.27 15.27* " 5535.77 222.51** 186.45 13.38" ¢
C 1.98 0.27 21.63 3.02° 26.28 1.06 6.05 0.43
AxB 11.75 1.61 52.7 7.36" " 547 21.99" " 208.03 14.92* "
AXC 20.91 2.86" 17.04 2.38 23.48 0.94 4.29 0.31
BxC 57.6 7.88% " 28.24 395" 181.05 7.28 " 1.52 0.11
AxBxC 6.04 0.83 8.36 1.17 3.34 0.13 1.93 0.14
2% Error 7.31 7.16 14.88 13.94

TE:A B C ARl QR I SR B R B S MR 5« o+ 7 3R B R IR 2 RS i .35 (P<0.05) ,« =+ "R 3 (P<0.01)

Note: A, B and C represent total rainfall, rainfall frequency and extreme rainfall respectively; “ # 7 indicates that factors have significant influence

>

on test results (P<0.05); “ # * 7 indicates extremely significant ( P<0.01).
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REAARTR, I TR U HIO0F - 338 55 7K 3 A8 52 Wi il
U S AN D W v e S e & ¥ ¢ N T Y =l
(132 B S S (R IR TR A, B AR B a3 R 270
S KR 2= BB B/ N TR 2 U R 0T
it 2B A FUE A LARE R SN 160 mm S, i
AR B S A SRR A T A )2
Ry &SRS E e

& 7 AT, YR R BRI (10 1R B,
FATI62e T i R A, P A T R T R R e B (15,20
W), TR TS IK RIS 2.74% ~6.23% , i A X 2
B2+ E K BEAR 5.66% ~ 15.63% , X 5 1 )%
S0V BRI A 4 R — B xR BRUZE B PR
UHCR 10 W A it BT B 40 mm « h™' B 3
PR A FE 2 S KR

Ro MERMABEMHENHNAFERNETELELESKENZMTES T
Table 6  Variance analysis of influence of rainfall frequency and extreme rainfall on soil

moisture content of different soil layers under different rainfall

[ R A5/ mm i WEERJZ Active layer

WKIGEK)Z Subactive layer FAXJE2%E)Z Relative stable layer

FaE )= Stable layer

Precipitation Item F P F P F P F P

B 21.93 <0.01 0.76 0.47 19.75 <0.01 19.48 <0.01

160 C 4.05 0.02 0.93 0.39 2.84 0.06 0.125 0.88
BxC 5.97 <0.01 0.5 0.73 4.66 <0.01 0.14 0.97

B 39.97 <0.01 9.69 <0.01 98.89 <0.01 5.92 <0.01

200 C 1.88 0.15 4.68 <0.01 0.88 0.41 0.93 0.39
BxC 2.78 0.03 3.93 <0.01 2.86 0.02 0.47 0.76

B 39.53 <0.01 22.8 <0.01 116.71 <0.01 14.49 <0.01

250 C 0.05 0.95 2.23 0.11 0.11 0.9 0.34 0.71
BxC 0.76 0.55 1.94 0.1 1.18 0.32 0.13 0.97

R7 BEWMEBE 160 mm HERRIESHRERERNELESKEHNZMT

Table 7 Effects of rainfall times and extreme rainfall on water content of soil layer unde 160 mm rainfall

+ 35 KR Soil water content/ %

2 5 Ve By Ve oA Ll
(UL AR (o ) B2 IR HIARE R R R
quency xtreme rainfall . . i

Active layer Subactive layer Relative stable layer Stable layer

40 35.82+3.35a 31.92+4.31a 19.2+4.53d 15.67+0.00a

10 50 34.58+3.24b 31.47+4.03a 20.62+4.64c 15.67+0.00a

60 34.47+3.14bc 31.76+3.44a 20.84+4.7bc 15.67+0.00a

40 33.72+2.53cd 32.19+1.72a 21.96+4.01ab 15.67+0.01a

15 50 33.17+2.12d 31.87+1.76a 22.73+3.72a 15.67+0.00a

60 33.55+2.35d 31.78+2.21a 22.25+3.84a 15.67+0.00a

40 33.73+2.26cd 31.92+1.9a 22.2+3.6la 15.67+0.00a

20 50 33.77+2.38cd 31.77+1.85a 22.12+3.73a 15.67+0.00a

60 33.53+2.84b 32.24+2.79a 22.02+4.04cd 15.67+0.00a

TE : R P N BE AR 22 1R FU B S )/ NG 7 RER 7R b B ) 22 S S 35 (AR5 38, P<0.05) .

Note : Data are expressed as mean + standard deviation. Different letters in the same column of data indicate significant difference between treatments.

(Duncan’ s test, P<0.05)
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Note: The active layer, subactive layer, relatively stable layer and stable layer in the figure are the soil depth divided according
to the soil vertical water variation coefficient,
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Fig.3  Soil water content of different soil layers under stochastic rainfall and uniform rainfall

under different total rainfall amount and rainfall frequency
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Table 8 Difference of soil water content under stochastic rainfall and uniform rainfall

+ 3 & /KR Soil moisture increment/ %

12
Soil layer 160 mm 200 mm 250 mm
10 15 20 10 15 20 10 15 20
IGER)Z Active layer 2.03 -7.40 -1.15 4.96 -5.76 -0.62 6.15 -5.04 1.95
Y EK)Z Subactive layer -7.00 -5.10 -4.12 -0.26 -7.49 -3.39 3.30 -4.78 0.30
X2 Relative stable layer  —21.72 32.83 22.91 -29.74 -11.04 -13.51 -25.96 -11.53 -10.85
FasEJZ Stable layer 0.01 0.00 0.00 2.16 1.47 1.05 -35.21 -4.05 -39.52
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Note: The calculation formula in the table is (0,-0;) /6y 0y refers to the mean value of soil moisture content when the total amount of rainfall and

the number of rainfalls is fixed, and 6, refers to the soil moisture content evenly distributed to the rainfall event period according to the number of rainfall.
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Table 9  Effects of total rainfall and VG model parameters(n,6,) on soil moisture content at different depths

s S e IR THERZE Active layer WG IKZ Subactive layer FIXTFEE JZ Relative stable layer FaE )2 Stable layer
Source F P F F P a P
0, 104.47 <0.01 10.99 10.4 <0.01 2.31 0.11
n 13.63 <0.01 3.35 2.28 0.11 1.8 0.18
A i
e B 2R/ mm 3.42 0.04 7.87 18.21 <0.01 1.54 0.22

Total rainfall
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2) BT RN B — 2 N, Y I R BRI (10 1R)
Af, JHLOF- 2 5 T B K, A T R R IR UK
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