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Grain loss in main disaster area caused by Wenchuan
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Abstract: This paper focuses on grain production loss caused by Wenchuan Earthquake. The damage of the cultivated area as
well as the yield of winter wheat has been assessed. In order to estimate winter wheat acreage damaged by the earthquake, air-
borne CCD images and IRS P6 LISS4 MN data were used. Damaged arable land were extracted by photo interpretation, while
winter wheat proportions were collected by ground survey using GVG instrument for plain area or interpreted from airborne
images for mountain area. The winter wheat acreage damaged by the earthquake was calculated using winter wheat proportion
multiple the area of damaged arable land and statistic at county scale. To estimate wheat yield, reliable agro-meteorological
models were selected by taking into account the disperse distribution of winter wheat in mountain area. The results showed that
only about 247.1hm? of winter wheat were damaged in the twelve main producing counties and the production loss of winter
wheat was estimated to 1013778kg. As conclusion, the earthquake did not significantly affect the food production of the whole
country. Nevertheless, since all farmers were evacuated in mountain area after the disaster, the problems of harvest in that region
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producing 220000t of winter wheat need to be addressed.
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CLC number: X43/TP79

1 INTRODUCTION

A severe earthquake, called Wenchuan Earthquake, occurred
on May 12, 2008 in Sichuan, China. The earthquake caused
heavy infrastructure damages besides human casualty. More-
over, large area of landslide and temporal barrier lake destroyed
large amount of cropland in this main production area including
Jiangyou, Shifang, Dujiangyan, Pengzhou, Mianyang and
Anxian Counties, raising apprehension of food security for the
whole country.

In this context, emergency estimation was carried out to as-
sess an eventual grain production loss in the earthquake area,
including the counties Beichuan, Qingchuan, Wenchuan,
Anxian, Jiangyou, Maoxian, Mianzhu, Pengzhou, Dujiangyan,
Shifang, Lixian and Wenxian. The results of this assessment
were released on June 3, 2008, to the central government. This
paper aims to introduce the methods used in grain production
estimation in emergency case.

2 DATA AND METHODS

2.1 Data

To extract the information on cropland damage, very high
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resolution images from two different sources were used. 24 IRS
P6 LISS4 MN images registered on May 19, 2007 were used to
cover an area of 28840km?. This source of data provided crucial
landscape information before the earthquake. 34 strips
aero-borne images of airborne images collected on 15, 16, 17
and 23 of May, 2008 enabled us to extract the damage informa-
tion after the earthquake. This source of information covers an
area of 12288km?. (Fig. 1).

Historical crop acreage, yield and production information
from statistical departments and meteorological information,
such as daily temperature, precipitation, and solar radiation
archive data were also collected for crop yield estimation.
1:100,000 landuse data in 2000 of the earthquake area was also
collected to assist crop damaged area estimation.

2.2 Methods

In general, investigation on grain loss focused on the long
term impact of natural disasters (Zheng & Huang, 1998; Luo
2007; Wang et al., 2008), such as drought, flooding and high
temperature. Studies (Jamieson et al., 1994) were also reported
on the effect of drought on biomass accumulation. Recently,
more attention was paid to the impact of climate change on
crop growth.
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Fig. 1

Both cropland damage and yield reduction caused by the
natural disasters lead to grain production losses. In this emer-
gency study following Wenchuan Earthquake, damage on the
crop area and expected yield forecasts were investigated.

According to the crop phenology, winter wheat which was
the only main grain crop at the disaster time was targeted in this
study. Photo-interpretation of the remotely sensed data was
used to extract the information, on cropland damage and the
assessment of crop yield was carried out by agro-meteorologi-
cal yield models.

2.2.1 Winter wheat damage area monitoring

The damage on the crop area resulted mainly from land-
slides or inundation of barrier lakes. Change detection was
carried out between the airborne images registered after the
earthquake and the IRS P6 LISS4 MN imagery registered be-
fore the catastrophe. Meanwhile winter wheat fraction within
cropland was derived from airborne photo sampling and ground
survey operated by CropWatch programme (Wu & Li, 2004).

Fig. 2

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

Distribution of airborne images used for grain damage estimation

The winter wheat damaged area can then be computed using the
product of cropland damaged area and winter wheat proportion.

(1) Cropland damaged area monitoring

Since cropland damage mainly caused by landslide and bar-
rier lake inundation in earthquake region, photo interpretation
combining crop land distribution derived from landuse data. Fig.
2 showed the aerial images after the earthquake and a LISS4
image before the earthquake in Beichuan city. Large area of
damaged cropland can be detected and easily extracted by in-
terpretation,

Firstly, the boundary of landslides and barrier lakes was de-
limited manually on the 1 © 100000 land use dataset in 2000. Fig.
3 showed the distribution of the damaged cropland distribution
(a) and gave two example of damaged cropland in aero-borne
images (b and c). Then, the extracted boundary of damage was
merged with the cropland map derived from 1 © 100000 landu-
se dataset. The area of damaged cropland can be computed
within the airborne image. The proportion of the cropland

(b)
IRS P6 LISS-4 image on May 19, 2007 (a) and aerial images on May 16, 2008 (b) around Beichuan county seat
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Fig.3 Arable land damaged in Wenchuan Earthquake
(a) Distribution of damaged arable land; (b) Damaged croplands on aerial image in Beichuan; (c) Damaged croplands on aerial image in Wenchuan

damage for whole disaster region can thus be estimated.
(2) Winter wheat proportion estimation

Two different methods were used to obtain the fraction of
winter wheat among different crops. To estimate the fraction of
winter wheat in the plain region of Dujiangyan, Shifang, Jian-
gyou, Anxian and Qingchuan, the ground survey data were
collected between April 20 and May 6, 2008, thus before the
disaster, using a transect-sampling method (Wu et al., 2004).
Fig. 4 (a) shows the survey itinerary in the earthquake area. The
winter wheat acreage and its percentage over the total culti-
vated area in the surveyed region can be derived.

To estimate the proportion of winter wheat in the mountain
area in Wenchuan, Beichuan and Pingwu, no ground survey
data were available. The photo interpretation was carried out. In
this emergency study following Wenchuan Earthquake, 5 rep-

Songpgn
Qingehuan | Guangyusn
Heishui
o@ Beichuan Jiangyou
Maoxian Jiag'ge
o® 5 Zitong
Lixian Mﬂﬁ‘ Mianyang |
| Weachuan
Legend
—e—GVG sample Jt
[ ITopical plox i \\ ? 8
County border Jintang

resentative areas were selected to interpret the proportion of
winter wheat. Fig. 4 (a) showed the location of the 5 selected
area; the No. 5 area block (Wenchuan block) are detailed in Fig.
4 (b). Winter wheat proportions were calculated using the area
of winter wheat and the cropland area within the blocks.

(3) Damaged winter wheat area estimation

The damaged area of winter wheat was estimated based on
the winter wheat proportion from transect sampling and
photo-interpretation and cropland area at county level (Table 1).
Totally there were about 247.1hm?, which were damaged in the
counties of Beichuan, Qingchuan, Wenchuan, Anxian, Jiangyou,
Maoxian, Mianzhu, Pengzhou, Dujiangyan, Shifang, Lixian and
Wenxian (Table 1).
2.2.2  Winter wheat yield forecasts

Since the earthquake area mainly locates around the moun-

[ IWinter wheat|

Fig. 4 Winter wheat proportion estimation
(€)1994-2021 Chinte) Gravnd sumveg rduiesiand bhorbriaterpretition tlodks iy Wirtkowtieat fiéldd on géritd invgeinNel 5 bldaktp:// www.cnki.net
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Table 1 Grain loss in main disaster area in Wenchuan Earthquake

Province  Countles By g Demamdrion R ghm  producton lowkg
Beichuan 461.40 35346.73 1.31 0.097 44.73 4185 187457
Qingchuan 351.87 82606.53 0.43 0.083 29.20 4095 119765
Wenchuan 285.07 9482.93 3.01 0.037 10.53 3015 31729
Anxian 111.07 70439.27 0.16 0.34 37.73 4380 165239
Jiangyou 194.47 125305.20 0.16 0.37 71.93 4380 314820
Sichuan Maoxian 82.67 12807.20 0.65 0.037 3.07 2280 6979
Mianzhu 29.67 57675.93 0.05 0.34 10.07 4380 44156
Pengzhou 29.67 68164.73 0.04 0.34 10.07 4185 42204
Dujiangyan 24.13 49158.47 0.05 0.34 8.20 4185 34327
Shifang 15.20 41649.00 0.04 0.34 5.20 4380 22632
Lixian 7.07 6547.00 0.11 0.037 0.27 2610 683
Gansu Wenxian 39.93 78904.13 0.05 04 16.00 2745 43785
Total 1632.20 638087.13 0.26 — 247.07 — 1013778

tains and the cropland is fragmentarily distributed, it is difficult
to estimate crop yield using remote sensing driven yield predic-
tion models due to the mixed-pixel problem. Accordingly, win-
ter wheat yield was predicted based on agro-meteorological
models. Many models had been developed before ( Mac Donald
et al., 1980, Supit et al., 1994; Rijks et al.,1998; Meng et al.,
2004; Xu, 2007).

Mostly, crop yield estimation is conceptually consists of
trend yield, which is
supposed influenced by the background agricultural technology

three different components (Equation 1):

and management level, and remains relatively constant in the
region; meteorological contribution which is important in key
crop developing phase and random yield contribution, which is
interfered by uncertainties besides the above reasons.

Yield =Y, + Y, + Ay €))
where Yield is crop yield, Y, is trend yield, and Y,, is meteoro-
logical yield, Ay is random yield.

(1) Estimation of trend yield Y,

Trend yield is relatively stable and can usually be repre-
sented by a relationship in function of time. Therefore, it can be
estimated based on linear or non-linear function using time-
series historical yield data by the least squares error estimation.

Normally, the time-series yield is smoothed to depict the
developing trend of crop yield with time. The paper used a
moving average method to smooth the yield data (Equation 2):

Y/ = + V(i) + oo Y1 Ve F Yo+ o+ Y1)
/2l+1) 2
where Y, is the moving average value at time ¢; [ is the half of
move, i.e., the half of the moving window.

Then, the following linear regression is used to depict the
developing trend of crop yield based on historical time-series
yield data (Equation 3).

Y= a+bx 3)
where Y, is the trend yield, and x is time (the unit of x is year); a
and b are the equation coefficients.

(2) Prediction of meteorological yield Y,,

Meteorological yield is supposed to express annually
changes of yield due to weather conditions variation. Usually,
historical meteorological yield can be substituted by the differ-
ence between actual yield and trend yield. Mostly, meteoro-
logical yield can be simulated or estimated based on time-series
historical meteorological yields and meteorological data in key
crop growing phases using multiple regression equation (Xu,
2007).

In this paper, precipitation and temperature are used in mul-
tiple linear regression to estimate the meteorological yields.

(3) Random yield Ay

Random yields usually have very high or low values, which
only work in abnormal years and are usually negligible (Xu,
2007). Since no abnormal weather conditions occured in the
area before the earthquake, this component will not be consid-
ered in this study.

2.3 Grain loss estimation

Since the grain loss was mainly reflected by a reduction of
winter wheat production, it is obvious to obtain the grain loss
by combining the damaged winter wheat area with its predicted
yield at county level. The total production loss in these 12
counties was estimated to be 1013778kg (Table 1).

3 RESULTS AND DISCUSSION

3.1 Loss of winter wheat production

Damage to the winter wheat was essentially caused by land-
slides and barrier lakes inundation in the earthquake region.
The area of destructed wheat field is estimated to 247.1 hm?,
which corresponded to a production loss of 1013.8t.

Although the counties. of Dujiangyan, Pengzhou, Shifang,
Mianzhu, Anxian and Jiangyou are located in the central area of
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the disaster, winter wheat damage was only observed in the
western mountain area, where winter wheat fields are fragmen-
tarily distributed and only 35% of the cropland was cultivated
with winter wheat. In eastern plain area of these counties where
winter wheat is the dominant crop, no damage or slight damage
was observed (Fig. 5). In other mountainous counties where the
earthquake impact was severe, such as Wenchuan, Maoxian,
Beichuan, Lixian, Qingchuan, Pingwu, the winter wheat is not
the dominant crop (less than 10%), and nearly all fields are
located in valley and flat area, which limited in adverse effects
of the disaster.

Fig. 5 UVA photo showed winter wheat fields are not damaged in

plain area
(Captured above Hanwang in Mianzhu on May 15, 2008)

3.2 Oblique loss of the grain production

Although the damage inflicted to the winter wheat produc-
tion appeared to be very limited, the majority of the farmers in

the earthquake affected area were evacuated out of the
life-threatening region. The shortage of the labor during the
harvest period will be critical. The total production of winter
wheat in mountain areas of the counties Wenchuan, Maoxian,
Beichuan, Lixian, Anxian, Jiangyou, Dujiangyan, Shifang,
Mianzhu, Pengzhou, Qingchuan and Wenxian is estimated to
more than 200000t (Table 2), which is a significant figure in the
regional grain production.

Furthermore, the earthquake resulted also in the loss of au-
tumn crop production, including rice, corn, or potato. Espe-
cially the paddy fields in basin area were affected due to the
destruction of the irrigation system.

4 CONCLUSION

In this study, the methodologies to estimate damaged winter
wheat planting area based on earth observation information are
reported. The airborne and IRS P6 LISS4 MN imagery consti-
tuted the basic remote sensed information sources. Meanwhile,
agro-meteorological models were developed to predict winter
wheat yield in the main earthquake affected counties. Results
showed that about 247.1hm” of winter wheat fields were dam-
aged and the total loss of winter wheat production could be
amounted to 1013778kg.

Since crop damage was mainly caused by landslide and bar-
rier lake inundation which occurred essentially in mountainous
region (Wenchuan, Maoxian, Beichuan, Lixian, Qingchuan,

" Pingwu) where the winter wheat is only sparsely cultivated, the

loss of winter wheat production in the earthquake region was
very limited.

However more loss of the grain production could be fore-
seen, if no measure had be taken to remediate the shortage of
the labor resources during the harvest period or to restore the
damaged irrigation system for the following growth seasons.

Table 2 Winter wheat expect production in main disaster mountain area during Wenchuan Earthquake

Provinces Countias A.rab]_e land in 5 Winter wthea: Winter whez:l .Expencmmz Winter u_vheal
mountain area/hm proportion acreage/hm yield/(kg/hm*) production/t

Beichuan 46073.67 0.097 4469.15 4185 18703.37

Qingchuan 63479.24 0.083 5268.78 4095 21575.64

Wenchuan 9482.93 0.037 350.87 3015 1057.87

Anxian 41760.28 0.34 14198.50 4380 62189.41

Jiangyou 9682.71 0.37 3582.60 4380 15691.80

Sichuan Maoxian 12807.20 0.037 473.87 2280 1080.42

Mianzhu 8063.30 0.34 2741.52 4380 12007.87

Pengzhou 14117.15 0.34 4799.83 4185 20087.29

Dujiangyan 8974.83 0.34 3051.44 4185 12770.29

Shifang 4385.35 0.34 1491.02 4380 6530.66

Lixian 6547.00 0.037 242.24 2610 632.24
Gansu Wenxian 46359.62 0.4 18543.85 2745 50902.87
Total = — 223229.73

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.
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(P 4(a)), HRECE/DIEFHEILER, THRA /N
P BBt R Y e AR B & DR . B 4(b)
R A&/ R R B BUR IE, FTEHE A/ L, K
K& /N AT ORI T Bon g6, HRHF
TESEAL T SIS A R

(3) FRE A AL 5

s L2 AR R EF GVG RIGRFE RS &
ARATEAE PRI AR, 5 i T 42 BT 3 Y 22 45
R, SEREIN . Fh. s, =R L,
mB L EAT . N ERVIHE . fHAR ., BB SrHR4E

"é@&%%‘ﬁ*ﬁﬁ% AcadermEI AT P A Pubhs%m%ggc%%ﬁﬁg%ﬁ%@e@%ﬁe%f R AR AR e

e R BBOR 2, A SO L= ARt 7

HRZY 247 1hm*(FE 1),
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222 HBrEHE

B TFEX EE24 T8 LA WLETFEREBR, &/0
EERBEDZES M, KEREGRITNELE, F
AEBRRESEAGEATMNERS R E KX
. AHAARLSSERGERBRL/NE R,
RS SALR 2 B RIFEY S T 5 % AR A
773, 1 Mac Donald %(1980) . Supit %:(1994). Rijks
££(1998). # KA (2004), FRFTNI(2007)HIBFFR o

FIARN S SAERIMEBAIEY 7=, EEKRE
YR 3 MRS ARD): © F=REBHKFE
Woy: AR . MARKY ., EHEEE . RIEE
AR B AR BT R X =K, RA
R, @ KETEWRS: AHE, Bk, SEBEZ
ST 1 ARG 1 4 B 7 A X T B S K S B
3, RAKETE; @ KRS R ERBEE
KK S EFZ AN AR F & R ED B =R
BEHER RS, A&,

Yield=Y,+ Y, +Ay (1)
R, Yield HEWEFE, v, HaH =&, v, IKE™
&, Ay K&,

(1) BHTR Y,

B R— R B E, R R e § IE
R, B, BTSRRI e e
V6] 7 1) 5 R /N TR vk ) IR B AT R M A AR £
PR, EBESBATNLER: BEFRLAEMN
BEEHE,

BHE AL A B BIR0 T R AR = B Rl AT
6] & BAS L B R A, A EBERAW Y
BX©2):

Y/ = Qe+ Yea-n+ 0 Yo+ Yt Y
+ o+ ya)/ 2L+ 1) 2)
K, YR ¢ SEOBESIEHME; | R0
0=%i 9
P s = af E RS BIE LR E, BT
BT, ASCRALERBAERAREA)):
Y,= a+bx 3)
KX, Y, hEHE=R]; x AETE, XBIEER; a0, bR
R
(2 KRR Y,
SEFENENFEE AT KE B L EF
5L EFBEETHBENIEEFHTHXDN,
B MRS R E F 31T BT EEERFTNI, 2007),
NFHRBEKXMIIETEED, FERMAK
X & /NZE AT B R K ISR ST A 640 1T, 3F
B 2SR HERHTAEGE D,
3) FEVL=&E Ay
BEAL= B3 R A RS Wik wRE, R
FESEEREER, —BBBATERFN,
2007), BB R X HETEN L/ DEETH AR
[RFHEFRIERE, BHASHEEAT,

23 WMEZFHRITH

BREREZREERL/NENR KR, &CRH
ZNEZRERFUL/PNEZBTKE, BRBEXEL
MNEZBERGE ). 2%, BXAILI. FI.
sl ZE. ww, BE. &7, ZM., #HILHE,
8. BE ., XEF R AMERETL/NERITZH
FER A 1013778kg(FE 1),

F1 WIHBRRRENE)RESH

Bh B ZREHM® $HEF/Am’  ZHREEA/ SERE  DMEZH/Am® BF/(keghmd)  DNEFEEZH/Ke
461 461.40 35346.73 1.31 0.097 44.73 4185 187457
#HI 351.87 82606.53 0.43 0.083 29.20 4095 119765
hall| 285.07 9482.93 3.01 0.037 10.53 3015 31729
ZR 111.07 70439.27 0.16 0.34 37.73 4380 165239
AR 194.47 125305.20 0.16 0.37 71.93 4380 314820
i RE 82.67 12807.20 0.65 0.037 3.07 2280 6979
AT 29.67 57675.93 0.05 0.34 10.07 4380 44156
ZM 29.67 68164.73 0.04 0.34 10.07 4185 42204
LI 24.13 49158.47 0.05 0.34 8.20 4185 34327
1R 15.20 41649.00 0.04 0.34 5.20 4380 22632
HE 7.07 6547.00 0.1 0.037 0.27 2610 683
Hw (L s 39.93 78904413 065 0.4 16.60 2745 43785
&it 1632.20 638087.13 0.26 — 247.07 — 1013778
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3 RS0

3.1 BREEERR

PR L (AR ot . 8, O s 0 I P i AL
KNEZAR, g, e FNL O, 28
VL, MEE . AT, M. ESITHE. fFAR. FRE .
SR 12 AR B /NEZ 247.1hm?, 2
1013.8t,

TR E R, e, £/hFEE
 BAMEAET A HH AR I B X, T A N R X
RINERZWBEW, WESEDECL2WKEILT
KO, B, WM., IR, ST, HE . I
A BT REL T R, EA/NEZRNR T
WX BERMK, B2, KPHRX RE
INEETER, Bl R, AEZREE 5). 31,
MR JEN ., mEA . #H), PREEWELTFWL

F5 @ArmiiUEse A HAnE R A
(/N SR 74 2008-05-15)

X Hofy, ZHmHmMA, HREHTiRbXL/NE
FRHLEEBIXIAE 10% 00T, HAETER 4 BV 22 iy,
ZMAR

3.2 HREEEZRSW

REMRI A /NE RN EEEWAR, HE
TR0 RK, IR K AR A, &0
Wkl RAE, MEIRBTO, R de], #E | %
B VL. ERVLHE. AHAR. SAT. ML FNL X
B 5250w X R 4 /N 22 B AT 20 7 13k 2), X
B A B [ R A A 2, AR, &
PO C BRI R BRI AT T HM.

Begb, O R XS A FRAE B RO AE 90 ) i A )
W, RXSEMEXR, SREFEDHRLTE
W, ZMWAR, Hb T XS R | KR
MZ BN, HRESME, FEmREMERE, &
b DX B BKORR AR 7™ 32 B (] e ), R X 4 it X kMR
FERARME, ATLAZEE AT T4 Y B BKORUE 4
T3 EUERAKE R, KEEFRMBRZD —EE

W, fH i TR BT RO A, KRS A R B
WA .
4 &

A SCERA R R0 8 REE, B TR KX
Z/NEZMEB PR R IFE B, HET RELN
ZZHmEM, Fef, FAARBSSEE, TR
X&/NETHAT>, HRABREL/NEZZH &, 4
REY: RERE 2 MERENR/NEHERE
247.1hm’, F=HEZ0 1013778/kg.

T2 )RR A B R A 5 AT

Hin HAR 1y B 3 7 A5 /hm /N2 I E /N [ B/hm? 7 /(kg/hm?) ANEE PRI
|1l 46073.67 0.097 4469.15 4185 18703.37
# 63479.24 0.083 5268.78 4095 21575.64
gl 9482.93 0.037 350.87 3015 1057.87
3= 41760.28 0.34 14198.50 4380 62189.41
1Lk 9682.71 0.37 3582.60 4380 15691.80
i EE 12807.20 0.037 473.87 2280 1080.42
E i) 8063.30 0.34 2741.52 4380 12007.87
M 14117.15 0.34 4799.83 4185 20087.29
#RITHE 8974.83 0.34 3051.44 4185 12770.29
ik 4385.35 0.34 1491.02 4380 6530.66
B 6547.00 0.037 242.24 2610 632.24
ot sl 46359.62 0.4 18543.85 2745 50902.87
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RIIHEYRfEFE EZR M T IREI, B .
HE FE T B R R T B, A& /DR PR A A AE
A5 7 B AR L et X, BT AR ER 3 X & /N H
EZMAWE, THEFEYHEE 2R EILFRZ
.

o, RE ., den, B8, F)I, CFREFR
AL TF L X 7T, Z R WA A, (HiX s X4
INE R BIAE AR, REZMAR . HAF R
KW i F&/NEZMBRM, T2

BRBINEL/NZFEMBEDHEEE WAL,
ERE TANZLETHERY, RETESEKRLE,
W BORCEME THREIE, RIETHRE™EEK
TE o [F) i T80 20 B L 32 45 A0 B AN, R X
PIBKHR ™2 T — AT

B B A R RS R AR BT A AR
BT RERRAMRE, + B F & & A AR A
REHEARTARKT ERMsAR, FEHRFK
ARATL 3 RF 5 IRBAR TR T A HBRBET RE
YA HAZ & XA, E—H R T AM.
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