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Balance diagnostic model of soil moisture. LI Zhao', HUANG Zhi-ping', LIU Shu-tian'?,
HOU Yan-lin"** , ZHENG Hong-yan', DING Jian', MI Chang-hong', WANG Shuo-jin* ('Ag-
ro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; Key Labo-
ratory of Environment Change and Resources Use in Beibu Gulf ( Guangxi Teachers Education Uni-
versity ) ; Guangxi Key Laboratory of Earth Surface Processes and Intelligent Simulation ( Guangxi

Teachers Education University) , Nanning 530001, China).

Abstract; The advantages and disadvantages of traditional water balance method were discussed.
The principle and modeling method of balance diagnostic model of soil moisture based on initial
soil water content, time-period precipitation and time-period “evapotranspiration, leakage and
runoff” were emphatically introduced. The model was established by the data of 87 monitoring
sites in 23 counties in 7 provinces during 2012-2014, and validated by the data of 2015. The re-
sults showed that the balance diagnostic model had only about 50% qualification rate in diagnosis
and prediction. The main reason for the low qualification rate was the small amount of data based
on the subsection prediction of the sum of precipitation and soil water content, which led to an in-
adequate pre-requirement for parameter determination. The balance diagnostic model established

as a soil moisture diagnostic model needs to be further studied.
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""" 2012-07-23 20 19.92 45.82 35.30
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Table 2 Parameters of balance diagnostic method of 87 monitoring sites

i X Wi ZH0* (mm) || TH X Wi ZH(mm)
IR RERE 220421J005 65.80 P T P23 140932J008 40 .80
T Yerg B 220881J005 70,100 PrH i G B 140932J009 40 .80
T BiILiIR=3 220822J003 30,50 PrH P23 140932J010 40 .80
T JE 220822J004 30,50 KA Kind 140421J001 50 .80
NN Kb H 220722J001 55.80 SSTEDT Kin & 140421J002 50.80
WA T K HL 220722J005 55.80 Ky Kin & 140421J003 50,80
£k 17 IR it 1502233001 45 .80 S Kin# 140421J005 50.80
£k 17 IR i 150223J002 45 .80 KIaT KinH 140421J006 50,80
£k 17 IR it 150223J003 45 .80 SSE Kif 140421J007 50,80
(2SS K 1502233004 45.80 Kigm KinH 140421J008 50.80
A3k i 150223J005 45 80 AFRET M T 130183J001 60.80
X 2 FHT 150981J001 40.80 AFRET M T 130183J002 60.80
Ly g2t FHTm 150981J002 40 .80 AFRET HINT 130183J003 60.80
LY 2t F4H 150981J003 40 .80 AFRET EIN T 130183J004 60.80
X i F4HT 150981J004 40,80 AFRET i 130183J005 45 80
JERY - il E v 150981J005 40 .80 AFRET T 130183J007 60 .80
WL BHRID X 150502J002 50.80 AREN HM T 130183J008 60.80
By KA 1525273001 50.80 AFRT HN T 130183J009 60.80
By KAPSF I 1525273002 50.80 AFRET HNT 130183J010 45 80
By KAPF i 1525273003 50.80 AFR HN T 130183J011 60.80
Bk KA 152527J004 50.80 JE T e EaR A 130224J004 60.80
B ARER I AN 152527J005 50.80 JE T e IR 130224J005 60.80
PR T RN 150125J003 50.80 TR & THEH 130528J009 45 .80
I A Tl ®;)NE 150125J004 50.80 =hitl THE 130528J010 45 80
N R T HJIE 150125J005 50.80 SEIR L YT 410482J005 50 .80
FE PG LEX 621102J001 60.80 SIS L Hiing 410482J009 50.80
VT LK 621102J002 60.80 FHH i BT 410184J005 40 .80
FET T LREX 621102J003 60 .80 FH T BT 410184J006 50.80
FETETT LREX 621102J004 60 .80 F M T BT 410184J007 45 80
FEPG T GSEIX 621102J005 60.80 M T BT 410184J009 50,80
EPETH YE X 621102J006 60 .80 W AT BT 410381J006 65.80
FE P T GEIX 621102J007 60.80 25 P L X 430903J001 75,100
FEVGTH GSEIX 621102J008 60.80 5 BET HRLLX 430903J002 75.100
BT X T 620801J001 60.80 £ FH T L X 430903J003 75,100
- X T 620801J002 60.80 25 T L X 4309032001 75,100
P T 620801J004 60.80 WAk T W 431281J001 60,100
- X T 620801J005 60.80 Ntail T 431281J002 60,100
FETTREIX SR8t 620801J006 60 .80 At T 431281J003 60,100
hiZLi g e L 140932J001 40 .80 [Z3 4] LN} 431281J005 60,100
PEM fRCE 140932J002 40 .80 A T KX 431103Y003 75.100
ViRA A fRCE 140932J003 40 .80 AT AIKMEX 431103Y005 75,100
izl i B 140932J005 40,80 RN T o AKX 4311032001 75,100
iRl (e 140932J006 40.80 @ ;f Eﬁ ;j”ﬁi HIARESE 433122J002 55.80
Rl ES 140932J007 40 .80 - - - -
WD B A AT R NS X CH N A L LS A TR A LRI R A 5+ 4R P+ P, A3 B A SR 0 A R A S T R IX

620801J001 Wi 2531552 BR 1 1 60 .80,

Bk, 25 FAHH R P o B X 620801J001 2015 AFE R T I IE O 25 R
Wl £ 2012—2014 AFHCHE 8 7 P 5 16 455 780 s 7 ST, 76 F] FH2012—20 1445 J5 4 B
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£3 HRATEDER 620801J001 155 2012—2014 £ E B a5 &AM BRI TRNLE R (%)
Table 3 Interval results of balance diagnostic model before and after irrigation for 620801J001 monitoring site in Pingliang
of Gansu Province during the period of 2012-2014 ( %)

I H g R RUEGRE RS RS || MDA ScifE REE AR RS RS
A BR2EME BNE REME WA R WE REME

2012-04-09 13.34 - - - - 2013-09-22 17.88 18.18 0.30 18.23 0.35
2012-04-23 13.13 13.64 0.51 13.86 0.73 2013-09-30 18.35 20.34 1.99 20.37 2.02
2012-05-07 14.50 16.03 1.53 16.09 1.59 2013-10-09 14.10 15.55 1.45 15.68 1.58
2012-06-08 15.05 22.17 7.12 22.17 7.12 2013-10-21 16.53 15.59 -0.94 15.72 -0.81
2012-06-23 12.04 14.08 2.04 14.25 2.21 2013-10-29 14.58 14.73 0.15 14.86 0.28
2012-07-03 19.57 22.17 2.60 22.17 2.60 2013-11-12 15.66 14.52 -1.14 14.68 -0.98
2012-07-23 19.92 22.17 2.25 22.17 2.25 2014-03-18 13.41 - - - -
2012-08-08 20.54 14.59 -5.95 14.66 -5.88 2014-03-27 12.29 12.82 0.53 13.01 0.72
2012-08-22 20.05 22.17 2.12 22.17 2.12 2014-04-07 14.31 13.92 -0.39 14.11 -0.20
2012-09-07 21.95 22.17 0.22 22.17 0.22 2014-04-17 25.33 15.33 -10.00 22.17 -3.16
2012-09-23 21.92 14.59 -7.33 14.66 -7.26 2014-04-28 23.70 22.17 -1.53 22.17 -1.53
2012-10-10 21.68 22.17 0.49 22.17 0.49 2014-05-10 15.70 17.22 1.52 17.28 1.58
2012-10-23 15.22 16.72 1.50 16.78 1.56 2014-05-20 13.93 13.95 0.02 14.13 0.20
2012-11-10 14.96 12.41 -2.55 12.71 -2.25 2014-05-30 13.22 14.32 1.10 14.48 1.26
2013-03-10 12.68 - - - - 2014-06-11 12.13 13.18 1.05 13.40 1.27
2013-04-10 10.36 10.09 -0.27 10.65 0.29 2014-07-07 13.15 7.41 -5.74 7.52 -5.63
2013-04-25 12.91 14.19 1.28 14.35 1.44 2014-07-23 12.85 14.18 1.33 14.30 1.45
2013-05-10 11.85 13.53 1.68 13.75 1.90 2014-08-14 13.93 11.04 -2.89 11.31 -2.62
2013-05-24 12.89 16.03 3.14 16.09 3.20 2014-08-29 15.10 22.17 7.07 22.17 7.07
2013-06-09 11.99 14.59 2.60 14.66 2.67 2014-09-28 24.07 22.17 -1.90 22.17 -1.90
2013-06-25 23.88 22.17 -1.71 22.17 -1.71 2014-10-09 22.35 22.17 -0.18 22.17 -0.18
2013-07-18 24.41 22.17 -2.24 22.17 -2.24 2014-10-19 21.04 18.90 -2.14 18.95 -2.09
2013-07-25 24.44 21.06 -3.38 21.09 -3.35 2014-10-27 19.38 17.46 -1.92 17.55 -1.83
2013-08-12 24.31 22.17 -2.14 22.17 -2.14 2014-11-07 18.30 17.27 -1.03 17.35 -0.95

2013-08-26 24.00 22.17 -1.83 22.17 -1.83 2014-11-21 17.91 14.02 -3.89 14.21 -3.70
2013-09-11 18.48 22.17 3.69 22.17 3.69 - - -

x4 BREAFEEHERX 620801J001 Ml = 2012—2014 FERFEFE LR BEETANER (%)
Table 4 Daily results of balance diagnostic model before and after irrigation for 620801J001 monitoring site in Pingliang of
Gansu Province during the period of 2012-2014 ( %)

I H S EEdE REdE IEBEE RS || WA SME EEdE REdE hEmE s
WM BREME BONE BREM WME BRSO WE REE

2012-04-09 13.34 - - - - 2013-09-22 17.88 20.39 2.51 20.42 2.54
2012-04-23 13.13 13.41 0.28 13.56 0.43 2013-09-30 18.35 19.60 1.25 19.63 1.28
2012-05-07 14.50 15.17 0.67 15.26 0.76 2013-10-09 14.10 15.86 1.76 15.98 1.88
2012-06-08 15.05 17.78 2.73 17.89 2.84 2013-10-21 16.53 15.52 -1.01 15.62 -0.91
2012-06-23 12.04 15.85 3.81 15.95 3.91 2013-10-29 14.58 15.02 0.44 15.14 0.56
2012-07-03 19.57 20.44 0.87 20.45 0.88 2013-11-12 15.66 14.27 -1.39 14.4 -1.26
2012-07-23 19.92 19.01 -0.91 19.10 -0.82 2014-03-18 13.41 - - - -
2012-08-08 20.54 19.11 -1.43 19.18 -1.36 2014-03-27 12.29 12.88 0.59 13.05 0.76
2012-08-22 20.05 23.2 3.15 23.2 3.15 2014-04-07 14.31 13.31 -1.00 13.46 -0.85
2012-09-07 21.95 21.45 -0.50 21.47 -0.48 2014-04-17 25.33 15.27 -10.06 20.99 -4.34
2012-09-23 21.92 19.95 -1.97 19.99 -1.93 2014-04-28 23.70 23.14 -0.56 23.14 -0.56
2012-10-10 21.68 17.09 -4.59 17.21 -4.47 2014-05-10 15.70 19.83 4.13 19.88 4.18
2012-10-23 15.22 19.21 3.99 19.25 4.03 2014-05-20 13.93 14.48 0.55 14.61 0.68
2012-11-10 14.96 13.94 -1.02 14.16 -0.80 2014-05-30 13.22 13.91 0.69 14.05 0.83
2013-03-10 12.68 - - - - 2014-06-11 12.13 13.13 1.00 13.29 1.16
2013-04-10 10.36 12.69 2.33 12.98 2.62 2014-07-07 13.15 16.05 2.900 16.16 3.01
2013-04-25 12.91 14.79 1.88 14.88 1.97 2014-07-23 12.85 13.00 0.15 13.21 0.36
2013-05-10 11.85 13.74 1.89 13.87 2.02 2014-08-14 13.93 15.68 1.75 15.84 1.91
2013-05-24 12.89 15.08 2.19 15.15 2.26 2014-08-29 15.10 15.76 0.66 15.85 0.75
2013-06-09 11.99 14.01 2.02 14.19 2.20 2014-09-28 24.07 22.58 -1.49 22.59 -1.48
2013-06-25 23.88 21.03 -2.85 21.05 -2.83 2014-10-09 22.35 22.56 0.21 22.58 0.23
2013-07-18 24.41 23.27 -1.14 23.27 -1.14 2014-10-19 21.04 19.1 -1.94 19.14 -1.90
2013-07-25 24.44 22.68 -1.76 22.69 -1.75 2014-10-27 19.38 17.46 -1.92 17.54 -1.84
2013-08-12 24.31 23.34 -0.97 23.35 -0.96 2014-11-07 18.30 17.34 -0.96 17.41 -0.89
2013-08-26 24.00 23.05 -0.95 23.05 -0.95 2014-11-21 17.91 15.86 -2.05 15.97 -1.94
2013-09-11 18.48 23.23 4.75 23.23 4.75 - - - - - -
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x5 HRATRTER 620801J001 M A 2015 £ F &%
M5 R (%)

Table 5 Prediction results of 620801J001 monitoring site
by balance diagnostic model in Pingliang of Gansu Province
in 2015( %)

i H SO B I B ZH 7% H
TN R UM B
2015-03-10 17.59 - - - -
2015-03-18 17.89 16.28 -1.61 16.23 -1.66
2015-03-29 16.14 16.12 -0.02 16.26 0.12
2015-04-08 16.85 18.95 2.10 18.28 1.43
2015-04-26 16.72 13.23 -3.49 18.93 2.21
2015-05-06 16.71 17.12 0.41 16.89 0.18
2015-05-26 14.92 11.81 -3.11 18.32 3.40
2015-06-12 15.91 22.17 6.26 22.40 6.49
2015-07-10 14.75 22.17 7.42 17.13 2.38
2015-07-27 12.26 13.27 1.01 15.13 2.87
2015-08-07 12.41 17.90 5.49 17.49 5.08
2015-08-24 15.27 13.95 -1.32 13.07 -2.20
2015-09-12 18.24 22.17 3.93 21.07 2.83
2015-09-24 19.63 17.52 -2.11 19.18 -0.45
2015-10-07 20.09 16.65 -3.44 17.72 -2.37
2015-10-29 19.73 22.17 2.44 18.91 -0.82
2015-11-09 19.87 17.17 -2.70 18.13 -1.74
2015-11-22 19.89 15.87 -4.02 17.42 -2.47

HEAT I HE R B 0 b e AR A 2 1 2015 4P Al 7%
i BB R AR U0 45 SR v, U 3R 25 KT 3% R K
BN HAE 84, i 47.06% , Horp KT 5% JFia &
JKEWEI A 3 A4, 5 17.65% , G 54 7 5% 2%
INTF 3% JTi e Fr K AR R T A AR bR o DU A 7
Aot BEASE R T 1 B A R 52.94% 5 SF-Aiif 32 H AR Y
T 2 S v 0 R 25 KT 3% J5 B K A
HA 34,15 17.65% , Hh KT 5% it Bk s i i
MHAA 24,5 11.76% , G0k Wil iR 22 /N T 3% 5
T KA TN 5 S BR A D0 ST A 7k 2 H AR TR 3
MRS RN 82.35% , 2015 4E AT H B 440 5k
SR B I BE 0 i1 A0, B LA 2015 A SR 1R
VUL

2.4 PARARERIGG S,

EIX 7 A48 23 ANEL 87 AN Wi sl p5 () 5031 45
T2 6, FFLLAA WL 22 Wi A 46 R 75% L 1Y
SUMARRLTE FPERRIE B BRI W 25 S R I A 10
FFT 2015 A5 E540 S04 14 Wil x5 850530k 50 A4~
136 4>, k& I Wl 57.47% 1 41.38% ;% H 15
RIS WG SR 2 B 54 10 W 585043501y 43 AN 47
A BRI BN 49.43% F1 54.02%

x6 TEIEEBSHER

Table 6 Diagnostic results of balance diagnostic model

it B2 Wb A % HiZ Witk 11
AR 2015 4 AR 2015 4
IIE Bk Lioang BRI UE
LA 50 36 43 47
W p K
B B 57.47 41.38 49.43 54.02
WA A
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2B 87 AW RS WA R LSS WD S 2
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AR TI2 W 45 R 2 2 I S A% 18 A st o 0 e B
B0 509% e A7, BT LAGE FHE /A BE R 1 i ik
BRI P — e
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MR S S B 12 5 )6 P 02 W R AT
A B SPAE E A (H 92 PRI IR T v & B A Y
WHRZZBOR G5 AP, 325 B R T BE AL 45
NIUANTT I K I3 A PRI N S i SR i Y
K R 5 — 2 Wi A e o BETSUIN B T A4 3 )
(P+P ) ZHh TRA B AR, H I AR K 73 19
MAEAS L 5 = M AT T BRI 5 5 DU S K
i DAAER 3 5 0 o R 8 A S L BRI 2 A 1
RS 13Kz B A B IS W 5T R 25 AR
TR AN TA] M 0 ] — S AN T e [ (1 - S e
KHGE—BE R S AR Bk iR 2, 4
IR RIS R A 5 S22 WTSOR R AT
FEAR i BN M A B I, X (A BT AR 5
AN AERIAT A AR — = DU A IR R
PO ks A, l DL AR SR A R AR - A 1 T
PSR R IR R

PHREB LSS RS RA BT AT 3 J7 i
Tt 14 A 32 < M) FH B X 52 A S s AT M I ) e 7K
T 24 IR B8 AR (P, +P,) Xl 73 i S ER
B AT SRR 5 10 SR PE BRI (5] R

I B2 ) P 2 M 0 el B P e K B 0o 4
TR BEAT IS W AN TN | B D00 K 1 3 22 A i
ARt 2 AN U A% R I AR ., 32 H 2l
AT T LASE B A S 15 114 52 It 2 A A, 4%
LT BAS B A Sl 0 A5 1 ) 3t DXt BE RS B
AP SN B R DL, Wl H AR S
SR B A BEA VR J1 71k o R TR M i
=, N BOR SO AM BB IES |, R HTZ H



3344

ERERE FE36E F 12

S BRI B2 - S B, X o B R
G 2 E ZG R - HER I W R A e S fe it T
Tk 3 T AR — e DXl At R 9 X Sk A 5
BRI G 12 W S T

3 4 g

A A IS WO T 5 A% 2 AT 509% 75 A
RT3 s AN v ) D PR R o B N B Al
b SFESEE RIS

S 30k

FALR, 3864, SRETE, 45 2014, BFFA]FES) [ [ RS RI7E
3K B A RS K R, (2) 42—
45,

R, MR, ZEE, 45 2005, LT BP MM %R+
HOK %2800 . 5683, 36(5) : 641-646.

FIUA, 2R, 1995, 1 FH A% F K B i AL 5+ ek
Blma. KB, 6(1) . 16-21.

fATHAR | Ak, RS ) 45 2003, T 52 TR X1 3%
KA. bR, 21(2) ; 149-156.

HE B, 2000. H42. dbat. FELOD A

TRT, 0 %, ka4 2014, B 4 Rk e
KERFREBLEW. FFESS, 33(3): 712-720.

ZeEs RATHE, WP, & 2012, R I LT A
AR 2 S K. IR 5O AT, 32(8) .
2117-2121.

2Rl 2012, Hrim AN (7] 5T b A 358 5 oK G SRR E AT (AR
20 . BERSE. Rl K.

BRI, £ ¥, WS 2006, TR SRS 5 B
W, HIRRLAE R 25(2) ¢ 123-130.

Xk, B H, BREAE, 4. 2003, 33K A3 TRI RS R 2%
AN (] e SRR LRI AT . ARl TRR243, 19(4) .
33-36.

02 Y, FREY, 257 2002, 5T 4500 18 45 %00 H E
FHOK AR B WEIE. K ARG, 9(2) : 93—
96.

O #k ) WRAEIT, RIEAR, 5. 2012, LfoK) N BB H S
KA AT ST, K R, (5) . 47-49.
A TRk, BRITHE, Z5. 2010. T SR ALARZ
PRI 26 1) - 38 K g 24 2 B 503 H e, P L Al R 2

248 15(6) . 102-107.

B 3, Az, £ %, 42001, 1+ EE/NRE K
A2 () Sk e HSE e 7.y AR SRR, 12(5) .
715-720.

R4, BEE, T 5. 2009. ¥ 1 5 AEIX A [ 4 H
R+ K. TR X AR IFST, 27(6) : 93-
96.

VERYE, ARUWUE, IR 45 2013, B /KB IR IR ZE
. RPUEBISE, (7): 11-15.

WP, Mmbh, SR, 4 2015, 2013 4E4E M T 3K
YA EA K R X R . Rk 5HER, (4).

199-200.
g, 2007, HIERIEMRIEIE RS, ILVEOKA], 23(1) : 106-
107.

gk, W, fTEEE, A% 2007. A e TR AR R
HORIT T e R T 7 1. A B, 44(5) + 720
723.

BRI, &R, XIFIE, 45 1999. % + 15 Pk + 56K
o EESZAEN T KO FEER, 19(1) : 10-14.

A OHE, DR, LA, 45 2007, 4K AR BP
ol 28 R 238 0 T - R IR 0 1L A TR AR A
IRFHERL, 25(6) : 757-761.

JSA, BER, skWE, %.2007. 0-50 em LHEFKEY
FEKFZER B FR o Hr. hE SR, (6): 23-
27.

Jil R L. 2007, I 398K 8l g 27 RSN A2 FH 13K 73 )
WESE. FKHERE, (3): 10-13.

Bierkens M. 2001. Spatio-temporal modeling of the soil water
balance using a stochastic model and soil profile descrip-
tions. Geoderma, 103, 27-50.

Ben B, Karen MB. 2006. Spatial dynamics of soil moisture and
temperature in a black spruce boreal chrono sequence. Ca-
nadian Journal of Forest Research, 36: 2794-2802.

Mccartney JS, Zornberg JG. 2006. Correction of lightning effects
on water content reflectometer soil moisture data. Vadose
Zone Journal, 5. 673-683.

Njoku EG, Wilson WJ, Yueh SH, et al. 2002. Observations of
soil moisture using a passive and active low-frequency mi-
crowave airborne sensor during SGP99. Geoscience and Re-

mote Sensing, 40. 2659-2673.

fEEmNY & JK, 53,1991 4R A LA s A, EEMN R
W R EIARE B IZIRIISE . E-mail: lizhaonl@ foxmail.com
EERE K W




