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Abstrac t: T he m a in targe t of the paper is exp lo iting the change of the m ax im um tem pera ture during m idseason rice

flow ering per iod, and its impact on the y ield ofm idseason rice. Based on the statistica l data on w eather in 7 prov inces

du ring 15 years, the m idseason rice function m ode ls are bu ilt up, w ith tem pera ture variab les included. O ur result

show s that the m ax im um tem pera tures dur ing m idseason r ice flow er ing periods have increasing trend w ith a substantia l

fluctua tion, w ith great differences am ong reg ions. W hen the m ax imum tem pera ture is be tw een 35� to 39� , the

average y ie ld of m idseason r ice w ill not change sign ifican tly, but if the m ax imum tem pera ture is above 39� , the

average y ie ld of m id�season r ice w ill decrease by 13 percent.
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水稻花期高温对产量的影响研究
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摘 � 要: 为了分析中稻花期高温的变化及其对中稻产量的影响, 利用 1991- 2005年气象统计数据及对 7个省

份中稻生产数据的描述性统计分析,建立了中稻生产定量分析函数模型,每个方程中除了包含传统的生产投

入变量、技术进步变量等外,还分别包含 7种类型的气温变量。结果表明, 21世纪以来, 长江流域中稻花期的

极端高温呈升高趋势, 并伴随较大幅度的波动, 且各地区增长幅度存在较大差异; 当极端高温处于 35� 到

39� 之间, 中稻的平均产量与 35� 以下情况无显著差异, 但当极端高温达 39� 以上时, 平均产量会显著降

低 13%。
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� � C lim ate change has rece ived an increasing

attent ion since the past century
[ 1~ 6 ]

, in wh ich,

globa l w arm ing is the issue concerned m ost
[ 7~ 10]

.

A lthough po licym akers are active ly seeking for

feasib le solutions, m any evidences ind icate that the

condition is not change as expected. A long w ith the

average tem perature rising, ex trem e high tem per�
ature events have occurred m ore frequently

[ 11]
.

C lim ate change has crea ted sign ificant im pacts on

m any aspects, am ong w hich the effects on

agr icu lture have draw n m any attentions across the

w orld.

The im pact on rice y ie ld o f high tem perature

during rice flow ering season is one of the m ost

concerned issues in Ch ina. Zhao et al. .
[ 12]

have

argued that high tem perature in Yang tze R iver Basin

has sign if icant im pact on m idseason rice yie ld, bu t

the im pact on early�rice yie ld is no t sign if ican,t

based on the ir collected data on 48 early�rice and 30

m idseason�rice in 6 prov inces o f Yangtze R iver

Basin. A s the h igh tem perature during f low ering

season can m ake the po llen lose vitality, the y ield o f

m idseason rice w ill decreases. L i et al. .
[ 13]

prove



that when temperature is above 35� , hum id ity is

betw een 65~ 70% and the w ind speed is above leve l

4, rice po llen w ill lose v itality in 0�5 h. By

contro lling the tem perature during m idseason rice

flow ering, Zhang et al. .
[ 14]

get the sam e conclusion

that rice po llen v itality drops sign ificantly after a

40� treatm ent and then recovers g radua lly. They

also em phasize tha t the m ost serious dam age to rice

po llen happens at the treatm ent day or the next day.

M eanwh ile, they also find that the activ ity o f rice

po llen has a re lation w ith the seed sett ing ratio,

em pty gra in ratio, imm aturity gra in ratio, wh ich is

im portant for y ie ld contribution.

Through the rev iew of literatures, it s' found that

agr icu ltura l sc ien tist effect ive ly eva luate the impact

on rice under h igh tem perature at m idseason rice

flow ering by ana lyzing the data abou t rice pollen

v ita lity co llected from observation spo ts or controlled

experim ental fie ld. H ow ever, there are very little

stud ies w hich analyze directly the re lation betw een

high tem perature and rice y ield. B ecause farm ers

have learned to m ake adapt ive ad justm ent to high

temperature at r ice flow ering, the effect w ill be also

included and assessed in these stud ies. In th is

paper, w e attempt to quantitatively ana lyze the

im pact o f high tem perature at rice f low ering on

m idseason rice by adopting econom etric m e thods,

based on the deta il data at prov inc ia l leve.l

1� M aterials and M ethods

1. 1� M aterials

The provinces included in this study are Anhu,i

Jiangsu, Shangha,i H enan, H ube,i S ichuan and

Zhejiang. M idseason rice grow s generally from M ay

to October, and flow ers a lm ost in Augus,t w hich is

one of the ho ttest m onths in these reg ions. In

add ition, rice alw ays flow ers in general from 12 00

to 13 00 during the day. Therefore, m idseason rice

often encounters high tem perature during its

flow ering. In o rder to exam ine the impact of high

temperature at rice flow er ing on its y ield, the

m ax imum tem perature during rice flow ering period

w as chosen as a tem perature variab le. It values the

m ax imum tem perature during August in the capital o f

each province and w as co llected from ! China

Agricultural S tatistical Yearbook ∀. Data abou t

m idseason rice y ield w ere co llected from ! China

S tatistical Yearbook∀, and the product ion inputs data

w ere co llected from ! National Agricultural C ost�
benef it Yearbook∀.

1. 2� M ethods

S tatistic analysis and m u ltiple regression

analysis w ere used in this study, so as to m easure

the im pact of high tem perature a t flow ering on

m idseason rice yie ld. Statist ic ana lysis w as used to

m easure the change o f m ax im um tem perature a t

flow ering betw een periods and prov inces and the

re levance betw een m ax im um tem perature at f low ering

and m idseason rice y ield.

Because som e factors # # # production inputs,

natura l disasters et al. . # # # could not be controlled

under statist ic ana lysis, its resu lt does no t ex actly

re flect the im pact of m ax imum tem perature a t

flow ering, m u ltiple regression ana lysis w as used.

W e establish a production function m ode.l In this

m ode,l the var iab les o f production inputs,

techno log ica l advance variab les, natura l disasters

and reg iona lvariab les are inclueded, the variab les o f

m ax imum temperature are carefully considered and

also inco rporated. The m odel is expressed as

flow ing:

ln ( y ie ld ) = f ( the m ax im um tem perature,

product ion inputs, na tura l disasters, techno log ica l

advance, reg ion) ( 1)

Som e study has clarified that the act iv ity o f rice

po llen w ill decrease when the tem perature is above

35� [ 15]
, and study on po llen�k ill a lso argues tha t

the rice po llen w ill be dam aged when the

temperature is betw een 43� to 45� in 5 to 10

m in
[ 16]

. It seem s that there is possib ly a critica l

temperature, above w h ich the rice y ields w ill

decrease significantly. H ow ever, the critica l

temperature above wh ich the rice y ield w ill decrease
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significan tly in product ion is still no t clarified. So in

th is study, 35� , 36� , 37� , 38� , 39� w ere set

as critica l tem pera ture in 5 m ode ls respective ly, to

dist inguish the different effect o f the m ax im um

temperature on the yie ld of m idseason rice.

M oreover, in order to clarify whether there ex ists a

linear o r no�linear relat ionship betw een rice yie ld

and the m ax im um tem perature during rice f low ering

period, a linear m odel and a no�linearm ode l( square

of the m ax imum tem perature w as included in the

m ode l ) w ere set up separately.

The inputs in rice production considered in th is

study include labor, fertilizer and m achinery and

the�other�m ateria l inpu ts, labor usage including

fam ily labor inpu t and emp loym en,t fert ilizer and

m ach inery are standardized by be ing div ided into

pestic ides and fertilizer price index and m achinery

pr ice index respective ly, the other m aterial inpu ts

are standard ized by d iv ided into ag ricultura l

product ion inputs price index. N atura l disaster is

re flected by the variab le o f the proportion o f rice

arab le land destroyed by flood or drough.t The

im pact of techno log ica l advance on m idseason rice is

m easured by t im e series .t Reg iona l variables are

m easured by dumm y variable, Anhu i is the contro l

prov ince.

2� Results

2. 1 � Change of the maximum temperature at

m idseason rice flow ering

F ig. 1 show s the change o f the m ax im um

temperature during m idseason rice flowering from

1991 to 2005. In the early 1990s, the m ax im um

temperature during m idseason rice flow ering is about

34� average ly and suitab le for r ice g row th. During

1994 to 2001, the m ax im um tem perature is stable

betw een 34. 5 and 36. 0� . H ow ever, the

temperature fluctuate v iolen tly from 2002 to 2005.

A s show n in F ig 1, the m ax im um tem perature rises

to 36. 7� in 2003 from 34. 3� in 2002, drops to

34. 3� in 2004, and then recover to 36. 7� aga in

in 2005. A lthough the m ax imum tem perature

fluctuates dram atica lly in the latest 15 years, there

ex ists a rising trend in genera.l

F ig. 1� Change o f the m ax imum tem pera ture dur ing

m idseason rice flow er ing per iod in

the Y angtze R iver Basin.

Note: The m ax imum temp erature of each year is w eigh ted by the

sow n area in each province.

The change of the m ax imum tem perature during

m idseason rice varies sign ificantly across d ifferen t

prov ince ( F ig. 2 ) . As show n in Fig 2, the

m ax imum temperature during m idseason rice

increases rem arkab ly in each prov ince excep t

S ichuan. Jiangsu is the prov ince where the average

m ax imum tem perature increases m os,t w hich

increases from 33. 7� in average in 1990s to

36�8� in the first 6 years of the 21 cen tury. A s for

Anhu,i Shangha,i H ube,i Zhejiang, H unan, the

m ax imum temperature during m idseason rice

increases increase from 36. 0� , 35. 0� , 36. 6� ,

37. 0� , 34. 8� to 37. 6� , 36. 1� , 37. 7� ,

37�7� and 35. 4� respective ly. A lthough the

temperature rise in Anhu,i H ube,i Zhe jiang are less

than that in Jiangsu, but their m ax im um tem perature

are a lso quite h igh, in the first 6 years. The average

Fig. 2� Change o f the m ax imum tem pe rature

at m idseason rice flow er ing.

N ote: Th em ax imum tem peratu re is the average of each year.
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m ax im um temperature during m idseason rice

flow ering is over 37. 0� in each prov inces.

2. 2� R ice yie ld and the maximum temperature

F ig. 3 show s the relat ionship betw een the

m ax im um tem perature at rice flow ering and

m idseason rice y ie ld from 1991 to 2005. The

average y ield of m idseason rice is 7. 3 t /hm
2

as the

m ax im um tem perature is be low 35. 0� . W hen the

m ax im um tem perature rises to 35. 0 ~ 36. 0� and

36. 0~ 37. 0� , the average y ield w ill a lso increase

to 7. 5 t /hm
2

and 7. 6 t /hm
2

respect ively. H ow ever

the m idseason rice y ie ld drops to 7. 2 t/hm
2
, when

the m ax im um tem perature cont inuously increase to

38. 0 ~ 39. 0� . Furtherm ore, the y ield w ill drop

rem arkably to less than 6. 5 t /hm
2

w hen the

m ax im um tem perature is above 39� . A ccording to

the resu lts, the m ax imum tem perature during

m idseason rice flow ering period is genera lly from

35� to 37� in 1990s wh ich is good for rice

grow th, but the rising m ax im um tem perature in the

beg inning o f th is century, is bad for r ice y ield.

Fig. 3� T he relationsh ip betw een m idseason rice y ie ld and

the m ax imum tem pe ra ture during its flow er ing per iod.

Table 1 show s the estim ated results o f

product ion function m ode.l There are high

expla inable powers o f our reg ression equations, as

R
2

is betw een 0. 57 and 0. 64. M eanwh ile, the F

statist ical tests and Ch i
2

statist ica l test also

significan .t In addition, w e can find that a lm ost all

coeffic ients have the sign as expected, and m any o f

them are statist ically significan.t A s for the reg ion

dumm y variables, H ube,i Jiangsu and S ichuan are

statist ically sign ificant at 0. 05 leve,l wh ich ind icates

that there are som e other.

The coeffic ients of the m ax imum tem perature

are negative in m odel ∃ and positive in m ode l %.

The square of the m ax im um tem perature is negative

in m odel %, w hich is consistent w ith our

expectat ion. H ow ever, its coefficients are no t

significan.t From m ode l & to m odel ∋ , the

coeffic ient of the m ax im um tem perature dumm y

var iab les are negat ive and no t statist ica lly

significan.t In m odel ( , the coe ff icient o f the

m ax imum tem perature dumm y variab le is - 0. 130,

and is significant atP< 0. 01. The estim at ion result

indicates that the im pacts o f the m ax im um

temperature on m idseason rice yie ld are com p letely

different as the tem pera ture in different ranges.

W hen the m ax im um tem perature is betw een 35� to

39� , the average y ie ld of m idseason r ice w ill no t

change sign ificantly, but if the m ax im um

temperature is above 39� , the average y ie ld o f

m idseason rice w ill decrease by 13 percen.t

In all mode ls, the coefficients of techno log ica l

progress variable ( t im e t in Tab le 1) are stat istica l

significan,t wh ich imp lies that technology plays an

im portant role in prom oting m idseason r ice y ield in

the latest 15 years. A s for the o ther production

inputs variab les, the coeffic ients o f fertilizer, labor

and o ther�m ateria l�inputs are no t statist ica lly

significan,t except the input of m achinery. The

coeffic ients of m ach inery inputs are all stat ica lly

significant at 0. 05 leve.l This m eans tha t the

increasing inpu t o f m ach inery w ill sign if icantly

contribute to the y ield of m idseason rice. The

coeffic ient o f flood disaster is significant ly negative

in all reg ression m odels, wh ich show s flood d isaster

is one o f the key factors adverse ly affect ing the yie ld

of m idseason rice. A s to the drough,t the

insignifican t coefficient ind icates that it is no t so

serious in the selected reg ions and period.

3� Conclusions and discussion

The m ax imum tem perature during f low ering

period of m idseason r ice has a rising trend in
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T ab le 1� R eg ression result o f m idseason rice production m ode.l

Exp lanatory variab les
ln( y ie ld)

M ode l∃ M ode l% M ode l& M odel) M ode l∗ M ode l∋ M ode l(

Constant 1. 852 1. 173 1. 639 1. 646 1. 692 1. 689 1. 794

( 6. 74)*** ( 1. 46) ( 6. 97) *** ( 7. 01)*** ( 7. 08) *** ( 7. 06)*** ( 8. 16)***

T echnical prog ress

T im e series 0. 008 0. 008 0. 008 0. 008 0. 008 0. 008 0. 008

( 1. 87) * ( 2. 00) ** ( 1. 83) * ( 1. 89)* ( 1. 91)* ( 1. 97) * ( 2. 13 )**

P roduction inpu ts

ln( fe rtilizer) - 0. 07 - 0. 075 - 0. 066 - 0. 07 - 0. 082 - 0. 07 - 0. 092

( - 1. 11) ( - 1. 18) ( - 1. 04) ( - 1. 09) ( - 1. 26) ( - 1. 11) ( - 1. 56)

ln( m ach inery ) 0. 090 0. 086 0. 085 0. 084 0. 085 0. 084 0. 070

( 3. 02) *** ( 2. 85) *** ( 2. 84) *** ( 2. 83)*** ( 2. 88) *** ( 2. 85)*** ( 2. 55) **

ln( other m ater ia l inputs) 0. 074 0. 07 0. 067 0. 067 0. 07 0. 068 0. 06

( 1. 54) ( 1. 47) ( 1. 4) ( 1. 4) ( 1. 46) ( 1. 43) ( 1. 34)

ln( labo r) 0. 086 0. 078 0. 096 0. 093 0. 082 0. 078 0. 054

( 1. 27) ( 1. 14) ( 1. 39) ( 1. 36) ( 1. 18) ( 1. 11) ( 0. 84)

N au tural d isaster

F lood ratio - 0. 003 - 0. 003 - 0. 003 - 0. 003 - 0. 003 - 0. 003 - 0. 003

( - 2. 81) *** ( - 2. 75)*** ( - 2. 7) *** ( - 2. 67) *** ( - 2. 65)*** ( - 2. 69)*** ( - 2. 99 )***

D rought ratio 0. 001 0. 001 0. 001 0. 001 0. 001 0. 001 0. 000

( 0. 74) ( 0. 72) ( 0. 76) ( 0. 71) ( 0. 78) ( 0. 64) ( 0. 17)

T em pera ture var iables

The m ax im um temperature - 0. 006 0. 036

( - 1. 42) 0. 77

T he square of tem pe rature - 0. 001

( - 0. 90)

T em perature dumm y var iables

35� ( 1= + 35� , 0= < 35� ) - 0. 008

( - 0. 43)

36� ( 1= + 36� , 0= < 36� ) - 0. 007

( - 0. 39)

37� ( 1= + 37� , 0= < 37� ) - 0. 017

( - 0. 95)

38� ( 1= + 38� , 0= < 38� ) - 0. 02

( - 0. 90)

39� ( 1= + 39� , 0= < 39� ) - 0. 130

( - 3. 97) ***

Sam ple Size 105 105 105 105 105 105 105

R2 0. 58 0. 59 0. 57 0. 57 0. 58 0. 58 0. 64

� Note: The figures in paren th eses are t values of est imates. ***, ** and * denote s ign ifican t d ifference at 1% , 5% and 10% leve,l respectively.

The p rov ince dumm y variab les are om itted.

our explo ited periods. In the national leve,l the

m ax im um temperature increase in genera lw ith great

fluctuat ion. A t provinc ial leve,l the rising trend is

m ore sign if icant in our explored prov inces.

A lthough there is d ifference in critica l

temperature betw een Indica and Japon ica varieties,

it is commonly considered that hot tem perature

abover 35� has a negative effect on rice yie ld

form at ion by killing rice po llen
[ 13, 16]

. In this study,

the m ax imum tem perature at rice flow ering w as used

as a tem perature variab le in production m ode,l our

resu lts show that only when the m ax im um
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temperature is above 39� , the yie ld o f m idseason

rice w ill drop significant ly. The difference m ay be

caused by tw o possib le reason: , 35� is a critica l

temperature observed in experim en,t under w hich

po llen w ill be hur.t − R ice flow ering m ay be

continua l for severa l days, even pollen w as k illed

under high tem perature, insem ination cou ld carry on

if the tem perature is suitab le in o ther t im e.

In th is study, hum idity and w ind speed w ere

not included in the product ion m odel for lack o f

data. Those two factors w ill also interfere w ith rice

insem ination under h igh temperature
[ 13]

.

The goa l o f th is w ork m ain ly focused on the

im pact o f high tem perature at flow ering on rice

y ie ld. It is c lear that when the m ax im um

temperature is above 39� , the average yie ld o f

m idseason rice w ill drop by 13 percent sign ificantly.

Obviousely, Ch ina is confront ing a grea t challenge

by rising m ax imum tem perature in production o f

m idseason rice. So it is qu ite necessary for Ch inese

governm ent to pay m ore attention to the chang ing

trend and possib le e ffects on Ch ina�s agricu lture,

and to figure out good ways to avo id the dam age by

the ex trem e tem perature in the fu ture.
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