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Abstract: Normally, tesearch concerning disaster risk evaluation is based on the occurrence probability of one or more
disasters. There is little direct,association between most disaster risk evaluation indexes and crop production. It is a common
phenomenon for disaster to,occur with little harm to crops, and this makes it difficult to evaluate disaster risk. Most research
on the risk of production variation is simply from the perspective of production variables. Rarely is research conducted that
evaluates the risk of/different degrees of production reduction. Using the risk of rice yield reduction in Liaoning Province as
an example, we adopt’a linear sliding average method to calculate meteorological yield. Through the discrimination of normal
distribution-and the normalization of skewed distributions, this method provides the reduction rate in lean years, a variation
coefficient in disaster years, and the spatial distribution law of risk probability in Liaoning Province at 5% and 10%
reduction rate. Integrating risk evaluation indexes, we also processed the regionalization of rice yield disaster risk in
Liaoning Province using K-Means, which divided Liaoning Province into low, moderate, less high, and high risk areas. The

results showed that the reduction rate of rice yield per unit in lean years was between 4.6% and 17.51%. Overall, this was
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lower in the central and eastern areas and higher in the northeast and southwest. The variation coefficient for rice yield per
unit in disaster years was between 0.251 and 0.965. There was a zonal distribution along the northwest to southeast
direction, being least in the central and eastern areas, and increasing in the southwest and northeast. The regionalization of
rice yield disaster risk was similar when the reduction rate was greater than 5% or 10%. One of the probability ranges was
between 22.2% and 42.7% and the other was between 5.4% and 33.3%. These values were low in the central area, and
higher in other areas. The different risk areas were scattered overall and only contiguous in a small area. There were 13 areas
with high risk, which were distributed in the west and northeast of Liaoning Province. The number of areas with less, high
risk was 15, and these areas were mainly in south central Liaoning Province. There were 15 and four moderate and low risk
areas, respectively, which were mainly distributed in central and southeastern Liaoning Province. Finally, we analyzed the
relationships between rice yield reduction and climatic characteristics in all regions in Liaoning Provinge,/ and )discussed
solutions in terms of disaster prevention and reduction. For drought disasters, we could adopt methods to reducelosses, such
as loosing fill in the surface soil, promoting water saving irrigation, applying mulch and straw/covering techniques, using
drought inhibitors or water retaining agents, increasing income and reducing expendituresy impounding in advance, and
choosing drought-tolerant species. For rice chilling damage, possible solutions are choosing cold-tolerant species, using

warmth-retaining measures such as mulching and smudging, irrigating in advance, /and applying deep-water irrigation.
Key Words: rice; risk evaluation index; risk regionalization; yield reduction rate
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Table 1 The values of skewness and kurtosis of normality test of relative meteorological yield array in this study region

s i 353 FEARL gAY R Wi i FEAREL
Region Skewness Kurtosis Sample size || Site Skewness Kurtosis Sample size
Bl -0.59 -1.81 31 Fif ** -0.25 -1.05 29
=R -0.48 0.96 28 ITBH 0.00 -1.83 29
Jhm = 0.26 -1.78 28 L PHE -0.77 0.36 29
RE -0.15 -1.65 29 TR -0.18 0.71 27
AVEH 0.10 -1.88 30 VR -0.34 -1.51 29
E R 0.41 0.38 30 #il -0.18 2.88 32
EOL -0.33 1.09 28 W 2 ~0.72 1.71 31
KA -2.06 5.56 32 I -0:77 1.75 31
ok 0.75 1.37 31 TEBH =1.10 0.68 30
PR -1.01 0.29 28 s <0.47 -1.92 31
ST -0.17 0.73 28 G 0.00 0.03 32
fi -0.32 -1.75 29 BN -0.73 -1.50 29
P 0.08 -1.83 31 s+ -0.49 0.58 30
R+ -0.13 -1.92 29 By HA* -0.85 0.91 28
I <= -0.21 -1.80 32 BLIE " -0.90 0.77 29
PRI -0.70 0.04 31 PiE -0.53 -1.79 30
B 1.18 3.45 27 e -0.82 0.82 32
EM -0.48 -1.85 29 B -0.54 0.36 30
TR -0.94 2.18 30 LI 0.14 -1.94 28
L V1T 0.60 1.25 28 [E= -0.49 -1.92 32
EU -0.48 -1.58 29 B -0.10 -1.72 30
P+ -0.58 0.14 28 T v 0.09 -1.59 28
Pid -0.88 0.45 28 JEYA] ** -0.96 1.37 30
R+ ~0.40 0.61 30

T+ # FoRilid@=0.01 KPR IESG L

1.4.2 KA L5 R4

ol 75 R AL S A SO SRR i DR AR = B AR AGE (I HE R, 0™ R 1) MR 5 i 7 P P (EL I AR B R 3
FEMERACTE = B AR PRSI, P AR E . ABEIERTKAR (DR KT 5% ) = 548 5 REE &
UM 24T MBS X 3

Ji (v, —x)*/(n-1)

V= (10)

SRV FIR PR TR AR , v, AR S FE 5, & A LA T 073,
R
143 A AU MO

AU B A B AR 41 BRI SR 8 AR 4R 1 I B A5 R A

http ; //www.ecologica.cn



23 1] ERIEAT A ST R 0 AL T K R U KU DX &) 8081

ol 23 = 10% 4 KU BE A< 45 5 A R 2547 AU DR, DX ABE 3 TE 285 23 RN

(L amw?
) _0' ZWJ;(?Xp[ 207 jdx (11)
M BEHLAE f o AEXIR] (%, ,0,) PRAERIHERD .
P(xl x <= xz) = ff(x) dx (12)

1.5 KU XR D7 ik

K- RS JE S R IE I —Fh LR R 227 05 FuE I = Shas SR 205 vk 3 1od 1 5 el

i REAR A RS 22 18] R ARMRURE S JEE 0 5 DU o K, SR 2 8 B W06 70 288 | TR ARG 0L 4t fafT I RS B A
ﬁlﬂ’ﬂﬂii@%@ém%m o

ABFELIIL T4 47 8 () FEEASE B AEAR B I AR 1 20l 7= 8 AT (I35 R KT 5% ) Il =
AR 5 B BUORAF 0™ R = 109% KU ER 3 AN HEAR , M D9 PP A 7 R 8™ 0™ ) KUBS, 2 31 oR T KP4 3R IET ik
FEIL TR 53 AR T B R DU KRR L IR U X

2 FERG5S

2.1 KRB XU HE bR 04 43 A AL
2,11 JKAFER AR D™ ) S A

ARG 2L T4 47 AEL (1) AR 587 A AR 1 10807 SR 5 21, 42l 56 1 AR 40 R 3 41
(2K 1) ARME X (4.6%—8.99%) . HE X (8.99%—13.12% ) E{H X (13.12%—17.51%) , {RAE X i B
(A 134 EXE () A 17 ADFEE X B (A 17 A KR E X =250 T8 7 b, i X
FE AL T R ARICRUAR R DX 3 (X RS T 1L T U AR AR L A A A, S A 5 rpl AR AR A 1]
ARG RS S T KR B A I P SRS IS B JRURS: X R PR 5, s 2

F2 KBEERE RN

Table 2 Distribution of average reduction rate of rice yield per unit in lean years
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Fig.5 Risk regionalization of rice yield in Liaoning
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