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%4 (topography based hydrological model) « SWAT #f7d
(soil and water assessment tool model) #fLt, FAELib &
P AR B R — N B R, W) i he T g 4
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BT o, R B, IR 2 FH A B IAR,
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Fig.1 Position and topographic map of JianLi county
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model, DEM) MM 5.6 (KP#E% 0 10~200 m)
XA F G AR AR W) 43 AT DL AR I
HHATEAHE O 1~24 h) o DAREFRTT A
b, VRIS O TS BT, S A M A
HWK T T % 70 e AR e v AR — A
KA, R Ve R N A . B S B
P, RIS AL 3 P % A 1) R T A R R T
Ji FEHEATRSL SR A, 25 WA 2 ) DU) 30 ek 3 T 9 38 R
WA R K LB R BT H 6 Myl
i OMERIB A, Penman-Monteith J7 M 30U
M HEZEEOR R @& e T TR
ME L S R MIHEEL R @MW E R,
FFRRUK 0 78 RABF 3 b (8 5, @ = 4 ik 1%
P, FH R R 3 (s R A U S K © %
W B SR A 2RV S T AR, QSR R A
P BRI T A B T TR T HT s ©) SR S PR 7K e 3
TTEAHEK A IC % . DHSVM BORA N L Hr i S50
AR FE QIR 2 B

[ 1% A2 ¥Input parameter #4123 $(Output parameter

DisvMHE | DEM# R | | ik |
V] Y Aeb B AR B
]

[ | [rmk |

i [ [T e T

| sk |

B 2 DHSVM A A #irih Adt
Fig.2 Diagram of input and output parameters in DHSVM model
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ZH 20142 H 13 HE 2014 45 H 20 HFE4EH
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Nash-Stucliffe 2% RE NME 0.746 (FEAE A 2328) I
MISHAE B e S5, AR 1.

% 1 DHSVM REh LIRAERSHIRE
Table 1 Soil types parameters setting in DHSVM model
Bt *ﬁfJ’E@ﬂE'HKfF{E T R Sl H A7k 2 UEE2
- FKE# VR AR AL ﬁ‘x}\/? B Mo i % Porosity Field capacity Wilting point
A Lateral saturated Exponential decrease ~ Maximum ¢ L7 o
Soil Type hydraulic rate of lateral 1nﬁ1trat1(_)ln albedo O~ >03~ >0.6~ O~ >03~ >0.6~ 0O~ >03~ >0.6~
conductilvity/ saturated hydraulic ~ rate/(ms™) 03m 06m 1m 03m 06m 1m 03m 06m 1m
(m's’) conductivity
L . . 0.02 1 3 0.15 0.50 048 042 030 031 032 021 021 021
Calcareous alluvial soil
JKF 1 Rice paddy soil 0.01 0.1 1.4 0.25 0.5488 0.5288 0.5188 0.32  0.31 032 0.135 0.137 0.139
Yi=4 e .
WL . 0.03 1.2 2 0.15 020 022 024 029 031 032 0.14 0.14 0.14
Yellow loam soil
7Kk Water 0.01 2 1 0.10 0.08 0.08 0.08 036 036 036 027 027 027
o P72 s SR
BB — LA -5 Bt it Bgaer
N A A Vertical saturated . . . Soil thermal
T Pore size g1str1but10n Bubbling pressure/m  hydraulic conductivity/ Bullk< Q_‘“f?‘ty/ Soil lt gg?.nalf;pﬁmty/ conductivity/
Soil Type ndex (10-5 m~s'l> ( gm”™) ( (m™K)™) (W(mK)'l)
0~ >0.3~ >0.6~ 0~ >0.3~ >06~ 0~ >03~ >06~ 0~ >03~ >0.6~ 0~ >03~ >0.6~ 0~ >03~ >0.6~
03m 06m Im O03m 06m Im O03m 06m Im O3m 06m Im O03m 06m Im O03m 06m Im
¢ 3
it . . 015 0.3 0.13 035 035 035 1.7 1.7 1.7 1381 1381 1381 14 1.4 1.4 7.114 6.923 7.000
Calcareous alluvial soil
JKFE L Rice paddy soil 022 025 028 022 025 028 2 2 2 1160 1280 1450 1.4 1.4 14 7.114 6923 6.923
HEEE L
. 020 022 024 0.11 0.11 0.11 1.2 1.2 1.2 1485 1485 1485 1.4 1.4 14 7.114 6.923 7.000
Yellow loam soil
KAk Water 0.08 0.08 0.08 037 037 0.37 1 1 1 1394 1394 1394 14 1.4 14 7.114 6923 6.923
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eI S KR ek, BOKHIEKE 0.30 em’/em’
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SBR[ BT T AR AR A A Ll A A 1 o
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Fig.3 Time series change of precipitation, simulated and observed

values of soil surface volumetric moisture content from 2014.05.25
t0 2014.09.23
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IZH 1970 4 2014 45 HA S 508, HEHID K
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45h FHEEWEY K (3 . 4 H) W i A
B H R ZK A R [ ARG, T R E D
HERBRAER 2 B e R R, BURis It (3) 143
452 WA B Z B AEY) 32 3 R B A A A &, el 4
FiRo

HIE 4 wLLE W, R B R EY 32 55 LR
A ZE O, WX AT AR AT b, s 24E
X T SRR A, A 8 T 0 X B2 5t LR IS 1
IMER: 0.1. 0.3+ 0.6 RITPE AR 5 W F) 2L S AR 52
BUE LR IER NG EE T 4 2K OLFFHEX:
ZhiE RS E<0.1 X U EEEX, X
YEMIEARANZ BT E . QFERFEX: 32

A E=0.1~03 B ORI IHIK, KR
AR A I 2 2 BN (M, (LR, R
. @WIENER: HRMELEYHZ03~06 KK
SR R, LK R R B
W, SE A Rk, @K, 4R
B = 0.6 I Bt SO T, IE B A
ZERE I E, R R,
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Fig.4 Spatial distribution map of summer harvest crop damaged
ratio by sub-surface waterlogged in JianLi county
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Fig.5 Spatial distribution map of summer harvest crops
sub-surface waterlogged injury in JianLi county
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AR 55.7%, S2iE0H MBEARNI. T8, FR4E
AR RR K 2 AR s R BETE D o IR ELAR P TIAR )
26.5%, FA ERFAEHAR S Z BIBUE MW, FUEREKE
DIV AIR 2 — 5, TR K 2 AR S 0™ 5, )

%2

S AR - B EREBIHIX A A 2 A H A
(1 15.1%, JCIRREF B R WA 4L, AR 52 2135
FREW, TR A LB AKX .

F S AN XTI K 7 LR 2.

BHEESHEERANFERERSEA L

Table 2 Crops sub-surface waterlogged injury area and percentage statistical by towns in JianLi county

A Area/km® I 4> bt Percentage/%
24 Town EBEX RN PRERER B KISk S HBEX RESEX P REX B K
No damage Mild damage Moderate Severe No damage Mild damage Moderate Severe

zone zone damage zone damage zone Water Total zone zone damage zone damage zone Water

{24 6.5 71.0 36.2 11.8 25.6 151.0 43 47.0 23.9 7.8 16.9
MORTIE 2 2.7 87.1 25.7 9.4 22.3 147.2 1.8 59.2 17.5 6.4 15.2
G 1.8 69.0 35.7 13.8 2.3 122.7 15 56.3 29.1 113 1.9
JUNH 2.7 71.7 335 20.5 16.5 144.9 1.9 49.5 23.1 14.2 11.4
53 Hh 0.8 85.3 40.3 20.2 1.8 148.5 0.6 57.5 272 13.6 1.2
A HH S 1.6 56.8 21.9 10.6 7.8 98.6 1.6 57.6 222 10.7 7.9
I 1.0 70.8 26.5 9.6 22 110.1 0.9 64.3 24.1 8.7 2.0
R 14 83.1 46.4 20.1 43 155.2 0.9 53.6 29.9 12.9 2.7
k7 1.6 91.5 42.1 19.8 3.8 158.8 1.0 57.6 26.5 12.4 2.4
R 5t 3.4 107.9 483 24.5 7.3 191.5 1.8 56.4 252 12.8 3.8
El 2.7 93.1 28.7 13.0 8.1 145.6 1.9 63.9 19.7 8.9 5.6
B % 3.0 29.0 6.6 5.6 50.3 94.5 32 30.7 7.0 5.9 533
Ml 24 55.2 21.1 153 29.9 123.9 2.0 445 17.0 12.4 242
Kk 3.9 73.4 42.5 34.3 11.8 166.0 23 443 25.6 20.7 7.1
W 9.2 334 13.9 17.5 21.3 95.3 9.7 35.1 14.6 183 22.3
=i 42 75.4 48.1 229 38.6 189.2 22 39.8 25.4 12.1 20.4
TR 24 41.7 20.1 16.3 6.9 87.5 2.8 47.7 23.0 18.6 7.9
W Tl 1.1 58.9 22.0 8.3 2.0 923 12 63.8 238 9.0 22
P 5.9 1113 55.8 34.1 438 211.8 2.8 52.5 26.3 16.1 2.3
MRS 5.6 82.6 34.8 274 32.8 183.2 3.0 45.1 19.0 15.0 17.9
JA 2w 1.6 80.9 40.2 21.4 2.9 146.9 1.1 55.0 27.4 14.5 2.0
A 5.0 64.4 29.2 17.1 9.4 125.1 4.0 51.5 23.3 13.7 7.5

e R EEVD A HAE] {7/ Note: Data in table 2 are rounded to one decimal place.
=% R=3-SPAN hEE \
2.3 FMEBRIEMRESXBHERST 3 N5

PR G/ PSP S NG v/ N o= 27/
PEC MR KA, HUE . HRRESAE . BRI LA AR
PUlstAe 5%, Horp EEUEHBRISE M, AR A BN
Ol RRIRAI I 3 AR AREMREER o)
VO LS, SRR X RN A RIS (R 3D, W]
DA, ORI s i A W R e, e
B R ERAG, RO PR, BEAMTCEFH X, HK
NI LRE W RS, AR AR Iy, S R
Ry WMARFELEFFHX.

R3 TRNERFEXASESE
Table 3  Elevation values statistical by different zonation in three
regions in JinanLi county

m
- N 0k o o R AR R S
. ESC e ol e ?F;{J X rp T X S X
A . Mild Moderate Severe
L Elevation  No damage
District damage damage damage
averages zone
zone zone zone
ARERAREERX 24.4 24.8 24.7 24.5 23.7
Fpald Pt 272 28.4 274 26.9 26.4
VG X 314 32.4 31.9 31.0 30.4

A SCHKs oy A 3 R A K SCRE R Cdistributed
hydrology soil vegetation model, DHSVM) 5| F#I| 2.2
WA s X RIS, AH EER A = e — R 1
AR, HEREHE T AR WE. KIEW
KM HHERA . JKOCER W, e T IX BRI
SRR A L HiFHIX . BARIHEX . P EERTHXH
T SEBE DX A TR 2.7%. 55.7%- 26.5%A1
15.1%, SHEYH s fe E 2 R R A2 T .

DHSVM BRI R F v, R 2% 1 NG sl A& KA
Wsgm, HAEABH S SH0E RS EE (I 2
133, HEPREEOLAT e iR . AR R
W, BRLEEHIBIXER R, D Su AR, IR
M A HIH KRR, AR T S T

(& % x k]
[1]1 R 5 Sk K N EAF T M), dbat: Bl
HipAt, 2007
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Risk evaluation of sub-surface waterlogging of summer crops based on
DHSVM model on county scale

Xiong Qinxue
(1. College of Agriculture, Yangtze University, JinZhou 434025, China;
2. Hubei collaborative Innovation Center for Grain Industry, JinZhou 434025, China)

Abstract: Sub-surface waterlogging is one of the main agricultural meteorological disasters affecting summer crops in Jianli
County, Hubei Province, China. For sub-surface waterlogging is caused by the long-term influence of high soil moisture on
crops, it is not easily identified. Few studies were found on the risk evaluation and zonation of crops injured by sub-surface
waterlogging. The researchers of this paper firstly adjusted the parameters of DHSVM (distributed hydrology soil vegetation
model) by using soil moisture data collected from February 13 to May 20 in 2014 and verified it with the data collected from
May 25 to September 23 in 2014. The result showed that the DHSVM could be used to simulate the soil moisture changes in
Jianli County. Based on this model, the influencing parameters of waterlogging injury were input, which included meteorology,
soil physical properties, groundwater levels, topography, drainage and irrigation conditions, and the farming system. Then the
spatial distributions of soil surface moisture were simulated using the DHSVM with a step of 24 h during the growth seasons
(March and April) of summer crops from 1970 to 2014. Also the waterlogging moisture indicators were also used to analyze
the injury times of each grid in Jianli County (waterlogging injury occurs when the water level is less than 60 cm and surface
soil moisture is higher than 95% of soil saturation for 5 days), and the spatial resolution was 90 m. In this way, the spatial
distribution of the sub-surface waterlogging injured ratio (SWIR) was calculated, as well as the indicator of the degree of
sub-surface waterlogging injury. According to the different range of SWIR value, the research areas which were at the risk of
the sub-surface waterlogging injury, were consequently classified into 4 grades: the severe damage zone (SWIR greater than or
equal to 0.6), the moderate damage zone (SWIR greater than or equal to 0.3 and less than 0.6), the mild damage zone (SWIR
greater than or equal to 0.1 and less than 0.3), and the damage-free zone (SWIR less than 0.1). Thus the zonation of
sub-surface waterlogging injury of summer crops was mapped. With some risk evaluation of each zone, the zonation
conformed to the actual situation. Since the method used in this paper is based on the model and all the damage factors are
taken into account, it is more accurate than the division only using the meteorological elements and proved to be an applicable
method for the zonation of sub-surface waterlogging injury on the county scale.

Key words: models; moisture; crops; DHSVM model; sub-surface waterlogging; risk evaluation and zonation
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