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THE EFFECTS OF WATERLOGGING CALAMITY ON THE
RICE OUTPUT IN THE AREA OF MIDDLE AND LOWER

REACHES OF THE YANGTZE RIVER

Song Lianchun, Huang Chaoyin and Wang Ling
{China Meteorology Cemter, Beijing 100081)

Middle — and — lower reaches:of the Yaugtze River are located in the middle of China.
The climate there is subtropical moist monsoon. The area is consisted of six provinces
(Hunan, Hubei, Zhejiang, Jiangxi, Jiangsu and Anhui)and one municiplity (Shanghai) . Its
cultivated area covers 201.1 million hectares, making up 21 % of the national total
cultivated area. Its annual grain yicld is 142. 98 million tons, amounting t0 32% of the
national total grain yield. Among them, the rice yield is 103. 93 million tons, taking up 73%
* of the grain yield in that area and 55%of the national total ricc.yield. It is the major rice
production base of China. Thc middle - and lower reaches of the Yangtze River are one of
the waterlogging arcas of China. According to incomplete statistics , its average
waterlogged area a year is 1. 68 million hectares, the grain loss due to floods is 115 billion
kilogram, amounts to 40% of the national total grain losses. Mr. Huang Chaoying et al.
have analyzed the ricc ourputs in typical waterlogging years of some provinces and cities in
the area of middle —and - lowcer reaches of the Yangtze River, and found out that rice
production is more sensitive to floos than to drought. ’

This paper gives out detailed analyses on the cffects of waterlogging on rice output and
discussion of relations of ricc output fluctuated with rainfalls, based on the materia' of rice
output (average per mu = yield of one - harvest rice and double - harvest rice)and rainfalls
in the key period of rice growing (from April to October) for provinces and cities in the area
of middle - and — lower reachcs of the Yangtze River. 61 stations are selected in the arca
for analyscs, that is one station in Shanghai, 10 stations in Jiangsu, 6 stations in Zhcjiang, 10
stations in Anhui, 13 stations in Jiangxi. 12 stations in Hunan and 9 stations in Hubei.

I . Output Fluctuation and Waterlogging Calamity

Meteorological output refers to fluctuating part of rice output changes which is caused
by the changes of weather and climate. It is cxpressed in the foliowing formula;

* lmu = 1/15ha.
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Y=Y Y. (i .1
Yis mecteorological output. Y. i< actual output. ¥« is tendency output. In this article.
section linear fit method is used to caiculute the tencency output, which gives out a

rclatively more objective rosutt. The fit of readency output is given out in Fig. 1.

thgha)
1200

1985 1990 YEIT

1958 1955 16D 15 G370 [eis 1980

Fig. 1 Simulation of rice output in the area of
middle ~ and - lower reaches of the Yangize River
(Continuous line stands for actuat cutput and doltsd line stands for tendency outpul. )

When relative meteorological output (mctcorological output/tendency output)is less
than - 5 percent, the year is considered as a paor year. When it is greater thaa § percent,
the year is considered as a good year.

From 1951 to 1990, during the 40 years there were 6 poor years{ycar 1954, 1956, 1951,
1975, 1977 and 1980), the averagc rate is one poor ycar in every 7 years. In 1980 and 1977,
the average loss was more than 10 percent in the arca, the metcorological output was — 1,
113.‘0kg/ba. and - 943. 5kg/ha. respectively. We suffered from the \heaviest loss in these
two years during the 40 years. Next to this, was the ycar 1954, Iis fnctcorological output
was — 456. 0kg/ha, decreased 8. 4%. In 1980, all the 7 provinces and cities in the arca
suffered output reduction. The reduction rcached 20 percent in Shanghai and Anhui
provinces. The year 1977 was also a poor year for the area: the reduction was 26 percent in
Jiangsu province, and 10 percent in Zhcjiang, Anhui and Hunan provinces. The year 1954
was another poor year for the area: the reduction reached 15 percent in Anhui province. It
was also the province who had suffered the heaviest loss in the area.

If we contrast and analyzc the precipitation and the anomaly from April to October in
the good years of ricc grain with that in the poor ycurs in the middle - and - lower rcaches
of the Yangtze River(Table 1), we can sce that from 1951 to 1990, in the six poor ycars, the
avcrage meteorological output is —600kg / ha, the average precipitation from April to
October is 1, 130 mm, it is 17% morc than that in normal ycars. In the six good years, the
average metcorological output is 630kg,/ La. precipitution is 852 mm. it is 12%less than
normal years. The precipitation from April to October in the poor ycur is 278 mm morc

than that in the good vear. Except for the your 1461, the precipitation are all pusitive
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anomadly 1n the five vear. in contrast, the preamitationr rom ADT 1o« LlODCT JTe iCSS iR

good years. Accoraing 1o test to precipitation anomaiyv in good vears 4nd i POor vears, it 1s
found out thar therc is 4 great difference in precipitation between good vears and poor

ycars through obvious standard tcst of & =0, 01.

Table 1 Contrasting Analysis on Precipitation in Good Years and in Poor Years
for Rice Growth in the Middle - and - Lower Reaches of the Yangtze River

83F | Usksarelegiey) "°6§§§§I‘i’§ff" Precipitation | Precieitation

1954 -468.0 -8.4 1361 40

1956 -375.0 ) -6.6 1097 13

1961 -268.5 -5.6 941 -3

1975 -439.5 -5.5 1153 19

1977 -943.5 -11.2 1123 16

1980 -1113.0 -12.2 1106 14
Average -600.0 -8.3 1130 17

2| BEESSECRIRS) | wefgtslosycar [ PotRAF TN [ PRASRRIS U

1955 541.5 9.8 873 -10

1966 676.5 10.5 753 =22

1967 337.5 5.1 774 =20

1984 1026.0 9.8 933 -4

1985 589.5 5.5 909 -5

1986 580.5 5.2 868 -11
Average 630.0 7.7 852 -12

when precipitation anomaly is bigger or equal to two standard § . the year is
considercd as a scvere waterlogging year; when precipitation anomaly is bigger or equal to
one standard §, it 1s considered as the criteria for waterlogging disaster. For the past 40
years, there were ninc watcrlogging years (1954, 1956, 1962, 1969, 1973, 1975, 1977, 1980,
1985)in the arca of middle - and = lower rcaches of the Yangtze River, and the climate
probability was 23%. Averagely, there was onc watcrlogging ycar in cvery four to five
years. In the ninc ycars, except for the year 1969, 1973, 1983, there was reduction of output
in various degrees in the rest six years. In five years, reduction of output took up over 5%,
reaching thc standard of poor ycar. In 1954 . there was the most severe waterlogging
disaster for the past 40 years, In that summer from June to August, precipitation was 75%
more than that in normal years. The standardized variable of precipitation reached 3. 7.
causing output rcduction in the whoic arca. Mcicorologicul output in Anhui and Hubei
provinces were — 690 kg /ha, - 870 kg /ha respectively, with output reduction over 15%.
The yeuxr 1980 was another scvercly waterlogging year. Precipitation anomaly from Junc to
August was more than 2 § . and the average output reduction was 12%in the whole arca.

Morcover, although averagely there was no output reduction in the whole arca in the
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‘Water.ogging years 1969, 1973 and 1943. there was a short fall in output of various degrees
in some provinces and cities. For exampie. in 1969 rice grain output in Anhui and Hubei
provinces reduccd by over 5%: in 1973 output in Jiangxi and Hunan provinces reduced by
3% ;in 1983, metcorological output n Shanehm was - ¥85kg/ha, and its output reduction
was 8% .

If we look far back into the rice output fluctuation of the past 40 years, we can scc thal
averagely there was an output reduction year in every six to seven years. and morcever.,
precipitation was more in the period of rice growing from April to October in poor years.
83% (5/6) of these poor yecars reached the standard of waterlogging. There was average
one calamity in every four to five yecars, causing output reduction of various degrees in the
whole area or in some provinces or cities. In 56% (5/9) of watcrlogging years, ricc output
reduction was more severe. From this wc can scc that there was always waterlogging
calamity in the poor years in the middle = and - lower rcaches of the Yangize River. Most
of the waterlogging years caused rice odtput reduction, There was a close rclationship

between the two.

I . The Relationship Between Rice Output and Precipitation

In order to further reveal the relationship between rice output and precipitation in the
area of middle ~and - lower reaches of the Yangize River, this paper calculated the
relevant coefficient of moathly precipitation from April to October with meteorological
output of rice grain. it is found out that metcorclogical output all has a negative
correlation with the precipitation from April to October, and from June to August in
‘provinces and citics of the middle - and - lower rcaches of the Yangtze River. As far as
rice output in the whole area is concerned, relevant coefficicnt between meteorological
output and precipitation in August, from June to August and from April to October has
passed the obvious standard test of @ =0.05, and mctcorological output has the cluscst
relationship with the negative corrclation of precipitation from April to October.
Moreover , the relevant cocfficicnt between metcorological output in Shanghai
Municipality, Zhejiang and Hubci provinces and precipitation from April to October has
also passed obvious test,

_ It can be scen from the simulatcd cquation of fluctuation of metcorological output
with the changes of total precipitation from April to October (Fig. 2), mctcorological output
always reduces with the increasc of precipitation in the provinces and citics (except for
Jiangxi province)in the middle - and - lower rcaches of the Yungrze River.

The simuluted cquation is as follows:

The whole arca: ¥ = — 1. 10354 + 946, 0, (1.1



No, 1 NATURAL DISASTER AFEDLCTION IN ' HINA

Shanghai: v = - 1. 32184 + #2720 (. 2)

Jiangsu: v =1, 26604+ 1142.0, (n.3

Zhcjiang: v = ~ 0. 91354 + 1045. 5. (.4

Anjui: vy = =0.6545x +615.0, (0 5)

Jiangxi: ¥ = - 0.0180x + 4.5, (0.6)

Hubei:y = -0.8700x +871.5, (0.7

Hunan:y = —-0.3615x + 319.5. (0 .8)
(kg/ha)

P PUTTE DU Seewy |
SO0 600 30 ate 390 1000 1l90 120¢(mm)
Precipitation

Fig. I Rice vutput {luctuates with precipitation and its simulation
{Straight line stands for simulated line)

Averagely speaking from the whole area, every incrcase of 100mm precipitation from
April to October, causcs an average output reduction of 111. Okg per hectare. The variance
of maqtcorological output of the past 40 years is calculated as 324.0 kg, that is if
precipitation changes by 100 - 200mm, it can normally causc fluctuatuin of metcorological
output by 30 - 60%. This further shows that the change of precipitation is the major factor

to cause annual change of rice output.
Il . The Effects of Climate Change on Rice Output

From the precipitation from April to October of different decades in the seven
Provinces and cities in the arca of middle - and - lower reaches of the Yangtze River, we
can scc that the precipitation changes of differcat decades in the seven provinces and cities
arc quitc identical. Approximately there was less precipitation in the sixtics and scventies,
and there was more in the fiftics and cighties. For the past 40 ycars, precipitation changes
cxpericnced a change cycic of more - less - less - more, with very typical chunge stages.

If we make a running mean of ten years for precipitation anomaly pereentage from
April to October and mcteorological output, we can further study the effects of
meteorological changes on rice output. For the past 40 years, there were typical stage
changes in precipitation form April to October in most provinces and citics in the middle -

and - lower reaches of the Yangtze River Metcorological output roughly expericaced more
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than onc cyclc of sinc function. The phasc of output change is basically opposite to
precipitation. Averagely specaking from the wholc area, in the first 20 ycars, precipitation
was first reduced and then increased. while metcorological output was increased first and
then reduced. Precipitation trough was located in the vear of 1967, which was just the pesk
of output fluctuation. In the sccond 20 yeurs, the change tendency of prccipifutiun wus not
typical, in the scventics rice output foilowed the tendency of reduction. while in the

cighties, rice output followed the tendency of increasc.



me WM EANRESR Vol. 6,183
1995 5 8 A QUARTERLY JOURNAL OF APPLIED METEOROLOGY August 1995

ARIBABFHRENTRRR

TR FaF
(FECRMEF RS L 100081) (B HH2BI AR LI 100101)

HASN 160 535X 1951~1990 4 40 *HB#Q!!NI*I*H.HﬁTHﬂ!iH
(FENREWAR. . BRNERARTSXARF.ANRARLASRZETNRET RN
RBUETHAR.

REW. FR: R4S BERN.

FRENRKELR&REGKE, HXHAMKE BmE ARAAX HEE
SFBHRMRYEFAFRTHG TR LA ERACLE. B TFENRANFARNE
A ARFROREORE - AXSAT I RATI RN RGN E—BIEE
#ECLFREFNREHRETERE.

1 RABEEFTATE

BB EHR.
I = LK T/Z}'r 69

AP0 HERAFYSE > 0°C HMB‘JEQM?HS Hﬁﬂ‘it%an'ﬂ ARFHR,
r AAFHNE S CCHAMK HARANK.

K= R/0.16 ¢ K<1.0) @
At.REARKE 2 2> 0CHARE, HAFHTERS A HURD. R R2LA

8,016 REMKR. £H0. 16 REERMARIENATM2.3] ARH . £F 2
KMFREY, mum‘mfmmzx —H RS R R KOS B, R AT

* KEFRAM RN R KYsS-10 0H ¥,
1993-12-18 LM, 1994-02-26 U DI WA N



m FEAF ARABKRFHRENTRRR 357

BA—R ARTFEXEBRAZTER ALXR—R0.16. K = 1. 0 RRR ALK BT
B K<LORFRTR.L>LORREXTFR K AQPRREFR, RAEHA/IIRNZE
HEL RARGAKEKXBAME, ERFAXERKFREHF AR,
RKS1L0,ERSBAERN KT HERFEBRERF MR MEANR. WK
ARBEREK = 1.0). EXRBEABBBMIHWRT ERNKT REREDREK

RWRNH . LEMAAY E0E K FEERBRFAEA EATRUAKIXE.
T/ 2T, RENTREKEMGR RS TR, KRL, ERRT RLEFNEE

AREEAHNRE. DRAR. CRARIETNEE XK REKE SHREF.

2 RUKAMBEE — BABEEE ] B4

B 11951 ~ 1990 M FHRFBEHRF. H | Bk BISEMRT SR MW

N LKA, RARMA RN RIKFBRAMTEREZ N A LRERE.
ERGA - Gk - =MW BB T EHAT 50K, A XWRitie. HRU
RAURRE R W MR TR J MAT 50%, MARLKS B R8T, BT RER
¥.

H1 SSBEEKIK H2 BAIBHBERST LK)
EIHKT 0% HAR  XPIHRBNEH.FLXRAKSLURURENRK
HERNNAGIRBRTRES T HE0L UL, 2LARLALRERERNN K
K. b X M0 L8 FORBE [ {7 5024 ~ 50% 20, B R ER LK b4 SR K4



358 E B YNR 2R LE

REMBE. KEBEY [ HY 604 ~ 80% . FAFRBENTRLER.
HHNRESHE RIRKEL, TREHX. H2 21951 ~ 1§90 FEFH AR
ANTE AE2A R, ETERS UL RBEN [ H BRELEBHNEAEBLTF 50%
o REBRXGNAF 0% . B REM<30%). ERETERAUN KK B H
RN S EEDAF 0% AP AR AARREN RGNS [ HESO% UT.
IREX IHLE. EHAB. AANBONI R T AN 50% ~60%. EEER
EARBARANIANBAERURTHEX RIS, K T HERH 60% ~ 70%. 5
REMXASFEFHEEY, RYAKORLEBEAELL 30% ~ 40%.

3 HNETFREERMT

NTHARRENTFRRE, RINGH T 54 1951 ~ 1990 EXEZ I NSRAER K,
REEBRCG~5A) . XG6~8 ). HKO~11 D) . £02~2 ) HAEBHENANEE
FRUAHHK. FRSAUHARME | HR.

¥l BRI AHNINTIASS

KX FasR FREX

>L.00 ) p ¥ |
0-76~0. 99 1 8%
0-51~0.7% 2 L
0.26~0.50 3 j ¢

£0.28 . ERXR

H3aB2RULBRMESHE, hEAL, BETE R LILRE (BRI
R.HEOMEKRIE 0% UL, L X BARLNGTARMBAT 75%. LR AHR &
ML BEENENT, EH X HBMELT 50% . AP Z AR NI WHB 8
ERXTF 75%. 4amK #5RIL M i I LA J% e o L JE A1 4€ 6 1o ot (K MK #7825 %LU
TR £ 25% ~50% 2Z .

B3 RARER. W BB ARAREYE S5%UT. X PEH MR K
BAREFRS. EHABURKNRS AR LR IR ST, B EBALBUS
BB bR XM 25%~50%.

Haa B2RUEKREBMENST. XA S YTKBRAERT BRENTILBWES
MEAENFH SEAMBARHHRTHHU FAKR. MRE SO%U EMMEEE
HAEW LA AENIER, P LI FRABOE T LFHELT 75%. [if, 3CE
RELIMARMZEN A FREREL SONUT XA NaXER. NI KBAH
MERBR AN ARRESIRANTF 25%. ARKIEBARLIEBRAHEMX
WANF 25%. Hib K7 25% ~50% 2 fa].

AR 2RULXBYURAELH. iXHE S A RERN N EENARAEN
WX MEKXF 50%, RPENRNES. AR, A RS X R 75511



N FEAFARUBARFORBEYNTFERR 359

M4 2SR @OARGUKL. 75 MRK)LE

E TR RITR SR B R 250 1 F, LA ER M5 IE 40 R L b A
HU MR KM EREE 2375~50% 2 M.



360 E A 9 & ¥ & 6%

4 & '

ABRABEHMFNESAENTINERRAMRIBKYRIBEANTR, LEN
BERAMER FUIEXEBATHR EXMFEABEATAFHREKRT OCH
B EULARFHRELITFZZITRERA. S50 SATHANAREN, mBEKH
Z. /M KETRRCEIHRET AR K HLEs.

EXNKAZHTERNRENTRRR  ALECOEERRME—FRAITR.

25 XTR

1 'WMO Technical Note Na. 138. Drought and agriculture (Report by the CAgM Working Group oa the Assessment
of Drought) . 1975,

2 FRFINS TER S ARTARERNYTME RS20 TR. N, 5540 . 1965, 107~110.

3 KEELESH.ZXR.F FETREARNEIHRK. LR, HEEEL. 1963 217~219. '

THE ASSESSMENT OF AGRICULTURAL DROUGHT
CONDITION FROM FARM WATER REQUIREMENT

Qi Laifu
(Chinese Academy of Metevrological Sciences, Beijing 100081)
S Wang Jiqin
(nstituze of Geography.Chinese Academy of Sciences,Beijing 100101)

Abstract

In this paper, farm water requirement, moisture index and integrated moisture
index are computed for every month, season and year by using the data of monthly
rainfali and temperature for 160 stations in East China during the period of 1951~1990.
And, the profit and loss of farm water requirement and drought condition for seasons in
China are analysed.

Key words: Drought; Integrated moisture index; Moisture index.
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