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ABSTRACT

The investigation on the impact of disastrous climate on the agricultural year harvest is
reviewed, which is a part of the fourth research task of the major applicable project of Chinese
Academy of Sciences, "A Study of Disastrous Climate and its Impact on Agriculture and Water
Resources”. The main results are as follows:

1) The main climatic disasters of wheat in the North of China are chilling damage in
prewinter and drought in spring.It is suggested to use temperature of soil and the key period is the
third pentad in November . The impact of drought is reduced after the condition of irregation
is improved.

2) The main disasters Impacting rice yield in the South of China are flooding and
waterlogging. The harmful meteorological conditions in this case are excessive rainfall,
chilling,less sunshine and small diurnal temperature.

1.Introduction

"The Impact of Disastrous Climate on the Agricultural Year Harvest and Allocation of Water
Resources " is the fourth research task of the major applicable project of Chinese Academy of
Sciences, "A Study of Disastrous Climate and its Impact on Agriculture and Water Resources”
"The impact of disastrous climate on the agricultural year harvest” is the first sub-task of the
fourth task. According to the plan of the task the main objects. of the research are wheat in the
North of China and rice in the South. In addition the forecasting model of crop yield should be
also developed based on the analysis of impact of disastrous climate,

In this paper the main results on the impact of disastrous climate on the agricultural year
harvest are reviewed.
2. Chilling damage

It is indicated that the main disasters of wheat in Beijing are chilling damage in prewinter and
drought in spring. The rest disasters are hot-dry wind during the period of wheat being in the milk
and the continuous rain during the period of reaping wheat (Chu, 1995). In this section the chilling
damage is discussed.

Based on the data of yearly yield of wheat in Beijing, two categories of year are selected (Zhou
etal., 1995).They are:

Lean vear 1968 1977 1980
Good vear 1966 1976 1984 1990

It the heat supply 15 shon. during the growth period ot wheat. chilling will occur and the vield

will reduced In most ot previous studies air temperature 1s used to denote heat supply




~ording 10 Zhou et. al(1995) it 1s better 10 use the temperature 1 ~01l be s e CTOP gTows
1p trom soil.

Fig. | shows the departure of pentad soil temperature from September to December of
previous vear for lean year and good year. It is clear that for lean vear the temperature of soil 1s
0w over a long period of time(see Fig.1(a)).During this period a streng cold wave outbreaks. The
iowerest temperature appears in the third pentad in November. In the good year, however, there
1s not cold wave in general (see Fig.1(b)). In 1989(good year) low temperature appears for only a
short term, and the range of temperature decrease is small. Therefore the main climatic disaster
for wheat is the chilling damage in prewinter and the key period is the third pentad in November.
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Fig.1 The departure of pentad soil temperature from September to
December of previous year for lean year(a) and good year(b) of wheat
in Beijing respectively. (After Zhou et.  al.,1995)

P - Pentad -

M - Month

S - September

O - October

N - November

D - December

Fig.2 Shows the mean departure of peniad soil temperature from September to December of
previous year for lean year and good year. The difference of heat supply between lean year and
good year is very clear .
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Fig.2 The mean departure of pentad soil temperature from September to
December of previous year for lean vear and good year of wheat in Beijing.
(After Zhou et. al., 1955) (As in Fig.1)
-—--Loan year
-—Good year
Wang et. al.(1993)also indicated the influence of chilling damege on the yield of wheat in
Henan Province. Xie at.al.(1993) discussed the influence of chilling on wheat in Beijing by using
minimum temperature of air.
3.Drought
Using a long time series data, which start from year 1730,0f rainfall and output of winter wheat



in Northem China since 1730 the impact of climatic disasters on the harvest of wheat 1s
investigated by Gong(1995). The results indicate that drought is the main disaster impacting the
harvest of wheat. Table | shows the impact of drought on the harvest of wheat. During the period
of 1970-1950 serve spring drought induces a 35 % decrease in output and general spring drought
does a 23 % decrease. During the period of 1951-1990 the decreases are 18 % and 15 % for
serve and general spring drought respectively. During first period(1970-1950) there is no
irregation basically and the irregation has been developed greatly and 70 % of land is irregated
during the second period(1951-1990). Therefore table | shows that impact of drought on the
output of winter wheat in Northern China is less during the second period when most land is
irregated.

Table 1 The impact of droughton the harvest of winter wheat
in the North China

1
I T 1

| Period | ssD | GsD |
I t I

} 1730-1950 |-35% ] -23% |
| f |

| 1951-1980 |-18% | -15% |
1

SSD: strong spring drought

GSD: general spring drought
The percent decrease of output of winter wheat impacted by serve spring
drought and generaal spring drought are shown in Fig3 .A more than 15 %
decrease in output of wheat in North of Huanghe River and over Central
and North Shandong province and a more than 10 % over Henan province
and rest part of Shandong province are induced in the case of serve spring
drought. And in case of general spring drought a more than 10 % decrease

of output over Hebei Plain and 10 % decrease over Henan and Shandong
province are induced.
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Fig.3 Percent decrease of output of winter wheat in
Northern China impacted by serve spring drought(a) and
general spring  drought(b). (After Gong, 1995)

4.Flooding and waterlogging

The percent climatic output of rice Pc in Dongting Lake Plain is goten
by using the following expression



Pe=Yce Yix Ul o
amere  Yc s climatic output and i~ tendency of output  The refation  between

v and Yt is given by

Ye=Y-Y1 ()
where Y is total output(Ye and Zhao. 1995)

Fig4 shows the relation between percent climatic output Pc and total rainfall
during the growth period of rice over Tongting Lake Plain in Hunan province. It
can be seen that during the period of 1951-1962 plentiful rainfall induces increase
of output in 9 out of 12 vears and during the period of 1963-1990 plentiful rainfall

induces decrease of output in 27 out of 28 years.
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Fig.4 The relation between percent output Pc and total

rainfall during the growth periodof rice over Tongting

Lake Plain in Hunan Province (R4-10 ).{(After Ye et.al., 1995)

Fig.5 is a scattering figure for percent output and cubic root of
rainfall during the period of 1963-1990. It is very clear that plentiful rainfall
induces decrease of output and deficient rainfall induces increase of output.

Fig.5 Scattering figure for percent output Pcand
cubic root of rainfall(DR1/3) over Tongting Lake Plain

in Hunan province during the period of 1963-1990.
(After Ye et.al., 1995)

Why are the relations between output and rainfall during the periods of 1951-
1962 and 1963-1990 different?

The irregation system has been not finished until the beginning of 1960s"
Before that time drought induced decrease of output certainly. Since 19605’
land has been watered if drought occurs. Then output of rice increases.
However land will be flooded in the case of plentiful rainfal. The harmful
meteorological ~ conditions in  this case are excessive rainfall, chilling, less
sunshine and small diurnal range of air temperature.

3 Conclusion

The main results on the impact of climatic disasters on the agricultural year

narvest are as follows:



1) The main climauc disasters of wheat 1 North China are chilling
damege in prewinter and drought n spring It is suggested to wuse lemperature
of soil to denote chilling. And the key period s third pentad in November.
The impactof drought is reduced when the condition of irregation 1s improved.

3) Flooding and waterlogging 1s the main disaster of rice in the
South of China if the iregation system has been established basically in the
region. The harmful meteorological conditions in this case are excessive rainfall,
chilling, less
sunshine and small range of air temperature.
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Fig.1 The departure of pentad soil temperature from September to December of

previous year for lean year{a) and guod year(b} of wheat in Beijing
respectively. (After Zhou et. al.,199%)
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Fig.2? The mean departure of pentad soil temperature from September to December
of previous year for lean year and good year of wheat in Beijing. (After  Zhoo
er. al., 1955 (As in Fig. 1)
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Fig. 3 Percent decrease of outpul of winter wheat in Northern China impacted
serve spring drought(a) and general spring drought(b). (After Gong. 1995)
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Fig. 4 The relation between percent cutput Pc and total rainfall during the
growth period of rice over Tongting Lake Plain in Hunzn Province IR4_10 1o alter Ye

et.al., 1999)
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