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Dynamic drought-monitoring index based on soil moisture simulation model and its appli-
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Abstract; According to the principles of soil water balance, Penman-Monteith function was
adopted to calculate potential evapotranspiration. The daily soil available moisture was simulated ,
and the daily dynamic drought-monitoring index was put forward based on soil moisture (SM).
With the comparison of the standardized precipitation index ( SPI), relative moisture index
(MI), and combined meteorological drought index ( CI) recommended by the ‘meteorological
drought levels of National Standards’ ( GB/T 20481 -2006) , the applicability of the daily dy-
namic drought-monitoring index based on SM in Guangdong was evaluated, and the results
showed that the drought season (from November to next April) based on SM lagged one month,
compared to rain-less period (from October to next March). The SM index could describe the lag
effect and gradual change characteristics of drought relative to the annual change of precipitation,
and objectively reflect the seasonal distribution of drought frequency in Guangdong. The drought
index based on SM automatically implied the time cumulative effect of precipitation-evaporation
process, and thereby, could describe the start, development, and end of drought process in de-
tail. In terms of progressive development, precipitation sensitivity, and integrity of drought
course, the drought index based on SM was of good application value.

Key words: soil moisture; simulation model; drought index; dynamic monitoring.
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IELE 5 KA FE R, BRI A TIK 30 £
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SEBRK G IR FKIE IR IR FE 2ok R AR 1L
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KRR JEit— 2 R OB 2 1 X 3R LA D R R 5
M) B4 S 58 (3 SCF-E T, 2004b ) . FFJE T 250
A WD AT S5 o AR, — B BUM R
Bl S K T AERIE VI T35 5K, o [ P2 AR,
RO = - [ 0 - R = 7 ] 1 B £ 3 7 N2
(2006,2007 ) &7 T —EFT LK /3% H B
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KA R Rk fRERSE R S TR R A M
W55 58 S PEA, U T RAFAI S5 30R . ASCRTE
it 5o EARGR RS TR T R85
CI( P [ [ ZEhm MEAL A B 23 51 25,2006 5 4 JILTE A5k
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A WEDIFEBR TS FH PR RRAE | b 8 39 LA T 1
AR S5

1 ZFHTEKSELEE

FIE A AT B 0 BORRBUE B0, 5 4 MR BR R
(Palmer) 52 HE AR A - HEK 70 P HES (Ji & Pe-
ters, 2003 ; Quiring & Papakryiakou, 2003 ; X1 ¥ 111 5§,
2004 ; X #E#E 55,2004 ) , 157 LK 778 H AU
( EAFMAE, 200652007 ) , 7Y FEAHE BT A + 1
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Fig.1 Dynamic calculation flow chart of daily soil moisture
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A=A, + P (1)
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4K, HE2 BRI 7 T )= 158, a] b %p
FEFIZEEERKER A, + P - A, FZLEERK
SUR P

B, =B, +A, + P - A, (2)

W8 > B B, =B, M TRk
IRRARCE K, B2 0 ab 5ok 7 AR, AR T i
y‘:’380 + Ao +P - Amax - Bmaxo

O R ABOE S PR ZE e B b AT RE
HARRA BRI TR )2 5K AR5 A
TR PR, TR S PR K B O TR —
TR TR ARG K, FTREZEHL PE AR
R R A3 S I — | MER I E FNAL SR PE
ST R PR RE T RE A S e T SRR ) S8 (RO
R ,2004b) , A3C PE R ] FAO #HEFZ 1Y Pen-
man-Monteith & IE /A28 ( Monteith, 1975 ; Allen et

al. ,1998) .
Zadt#h KIS RS 45 A, >PE D,
A, =A, - PE (3)

FA, < PERE A, =0, FmFE LA
KAGCEFEIS, AR INZER(PE - A)) PR TZE
TR, TR BT SRR SERR K
MK (PE - A) LT R HIEARSKEB, &
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B, =B, - (PE -A,) xB,/B,_ (4)
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SM AT -

SM = (A, +B,)/ (A, +B,.) (5)
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() —Fh 25 A 48 20 b B R bR A B O 2
2006 ; 4F IETE A5K 3 2008 )

CI=aSPL,+bSPl,, +cMI,, (6)
X . SPL, (SPIL, MT 30 F190 d BrEfb K $5 5k,
ML, A3l 30 d AHXHRIE S50, a (b . AN BB,
SAIH0. 4.0.4.0.8, WRYE I B+ 5 E A 73 b
HEWNE T,

bRk (% 7K #8 %4 SPI ( standard precipitation in-
dex) AR M BEKE T o3 Ak, SR 5 AT 1IE 45
WAL T 45 ( McKee et al. , 1993 ; %% SCFF1JE T,
2004a; K58 ,2009) , MR 45 SPI Y+ 555 9] 4 br
fEmnE 1,8 R RS PR HE MR
PRI N 69. 1% 15.0% 9.2% 4. 4% F12.3%

AR B M S i BE R K & 5 TR —
B A Hl B A R T REZE i

P-PE
PE (7)

K. P AR B BEOK B, PE R SR Bs B 9 P BB 5
&, R FAO #E % i) Penman-Monteith 23 X
( Monteith, 1975 ; Allen et al. ,1998) 1155, & MI
T RN RN 1,

MI=

3 ERESHT
3.1 TEIRNF A

IR B B B T AR AR ARRE ,4—9 A £
WA B, H SR K 78 150 mm DL L, &30 4
AEREIK B 80% LA L, 10 H—814E 3 H R /LR A B
(F£2), Wil SM T 24805, BED TR H BN
WA (IR T 2R ) AR 21.5% , Hr
V1 H —B 44 H o8 T 2 00% i B, T R 0008 5 78

R1 ARENREKIEE SPIBXHEEIEH MI & T R84 C1 R T HEMEE SM BT RERRHE

Table 1 Drought criteria of standard precipitation index (SPI) , relative moisture index (MI), comprehensive drought in-

dex (CI) and soil moisture (SM)

E 2 SPI MI cl M

0 T 5 -0.5 < SPI -0.40 < MI -0.6 < CI 0.6 < SM

1 R -1.0 <SPI<-0.5 -0.65 < MI < -0.40 L2 <Cl<-06 0.5 < SM <0.6
2 GRS - 1.5 <SPI<-1.0 -0.80 < MI < -0.65 L8 <Cl<-12 0.4 < SM<0.5
3 G -2.0<SPI<-1.5 -0.95 < MI < -0.80 -2.4<Cl<-138 0.3 < SM <0.4
4 R SPI<-2.0 Ml < -0.95 Cl< -2.4 SM <0.3
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JE B
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A 3 G 1% B e s S F i 1 i R E) Ok
TR i A RRAE

AR SR AR % H A E (£2), k5
I R I BTE 11 1 (19.7% ), b 5B B3
MAE12 H (18.8% ), E R m W R A 1 H
(12.0% ) 2 H(12.3% ) , W Rt e 3 H
(6.1% ) JmT 5 11 H—24 3 H#idk &K
FFIE,

A CTHEE ST T 2R (R 2) , 28 244
TRIRN-HI0 27. 8% , & FARYE SM 8455811 1)
TR, N&EHZME,4—9 A T2HRNKT
20% ,10 H—KA4E 3 Him T 30% , s {6 A A
Mok /D 12 H s ARE R A A B K 21 6
A AR S oK —80, R TRk kR
FEXF B8 K 227 Bl 25 A i s 800

WRYER L C1 1% SPL,  SPLy, Fl ML, = A48 b5 48
T T BIECE (K 2) , 5T SPL ISP, YT 5
WA 5 R AR (R 15.0% TR 9.2% | E
4. 4% FRE 2. 3% ) AR # B2, 1A B 5 A9 4F P ik
31T ML, BT 2003 (27. 1% ) BAR T AT SPI
(TSR HLA R K 3 — UM A AR ARARAE
3.2 TREFIT

TEFE 2002 4ET MK A% Rl FE ), 3% H
SM .CI SPL, 1 ML, LT LI TR0 kA & J#
MEEAGT P ANy (B 2)  MRIEFEIK (P) KNG
R HT, 200248 ) N Bk A AR E S0 FE L2001 48

&2 ZAKKE(mm)RARTEERZTERTREHIAGE(%)

Table 2 Monthly precipitation (mm) and occurring frequency ( %) of different grades of drought derived by various

drought index

Eiztan ER 1 A 2 H 3 H 4 H 5A° 6 A 7 H 8 A 9 0A 1A 121 AAR
[ 7K 2 (mm) 44 76 107 205 279 288 234 252 162 81 40 34 1802
SM BRE  17.2 14. 4 11.6 6.7 2.1 0.8 0.4 0.7 1.3 6.8 19.7 19.3 8.4
LR 18.0 16.0 1.1 5.6 1.6 0.6 0.2 0.1 0.2 1.9 10.3 18.8 7.0

wE 12,0 12.3 9.5 4.3 1.2 0.4 0.1 0.0 0.0 0.3 2.1 8.4 4.2

2 3.1 5.5 6.1 3.5 1.7 0.4 0.1 0.1 0.0 0.1 0.2 1.1 1.8

&t 504 481 38.3  20.1 6.6 2.1 0.9 0.9 1.6 9.1 32,3 47.6  21.5

cI ®BE 219 19.2 16. 1 8.8 5.7 5.9 9.0 9.8 10.7 17.4 22,6  26.3 14. 4
RE17.7 14.6 10.3 4.9 3.9 3.4 4.6 5.2 5.7 11.2 16.7 17.6 9.7

wE 5.0 4.8 4.1 2.8 1.9 1.3 1.2 1.4 1.7 4.4 5.2 4.3 3.2

e 0.6 0.6 1.0 1.1 1.4 0.3 0.2 0.1 0.5 0.6 0.3 0.3 0.6

&1 453 39.2 314 17.6 12.9 10.9 15.0 16.6 18.6  33.6 447  48.4  27.8

SPIy, RE  13.0 13.7 14. 1 15.0 12.8 14.2 14.5 13.9 14.6 13.0 13.7 15.9 14.0
2109 9.2 7.5 8.2 7.8 8.7 8.4 9.3 8.6 8.6 11.4 12.2 9.2

2 6.2 5.0 4.0 4.0 4.4 4.8 4.3 4.8 4.1 5.3 5.4 4.2 4.7

& 1.3 2.0 2.7 2.8 3.4 2.6 2.6 2.5 2.6 2.3 0.6 0.3 2.1

&1t 31,4 29.9  28.4 30,0 284 30.3 29.9  30.5 30.0  29.1 31. 1 32.6  30.1

SPIy, BrE 15.1 19. 1 19.6 16.5 11.6 14.2 14. 4 14. 4 17.1 14.7 14.3 14.5 15.5
R 9.1 12.3 12.7 7.8 6.9 8.0 8.9 9.3 9.1 8.9 9.6 9.2 9.3

HE 4.5 3.4 3.8 3.6 4.0 4.3 4.3 4.6 4.0 5.0 4.8 4.5 4.2

e 5 2.1 1.1 0.4 2.5 3.7 3.2 2.7 2.1 1.8 2.4 2.4 2.7 2.3

&it 30,9 358  36.5 30.3  26.2  29.7  30.4  30.3 3.9 311 31.1 30.9 313

Ml BE 12. 4 14. 1 10.3 4.6 2.4 1.5 3.8 4.0 5.3 12.2 12.5 13.4 8.0
R 9.8 7.2 2.3 1.0 0.4 1.3 1.2 2.3 8.0 10.3 11.5 5.5

it 15.5 12.7 7.0 2.2 1.0 0.2 0.5 0.3 0.9 8.7 16.3 17. 4 6.9

e 15. 4 7.6 4.4 0.7 0.2 0.1 0.1 0.1 0.2 6.7 19.8 24.8 6.7

&1t 545 4401 28.9 9.8 4.6 2.1 5.7 5.5 8.7 35.5 58.9  67.1 27.1

SKHI 1971—2000 4ET R4 86 NG vikt,
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