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Abstract 【Objective】The aim was to analyze the impacts of climate change(tem． 

perature and precipitation)on the occurrence degree of coffon aphids．[Method]Ec． 
onometric models were established to explore the impacts of climate change on the 

occurrence degree of co~on aphids based on the observation data fr0m 50 counties 

in Huang—Huai—Hal and Yangtze River basins in 1 991-201 0．including variables on 

the occurrence degree of co~on aphids，temperature and precipitation，and other 

socio-economic factors． 【Result]There were significant differences in the effects of 

temperature and precipitation changes on the occurrence degrees of co~on aphid jn 

different growth stages，and even in the same growth stage。the co~on aphids had 

different responses to the changes of temperature and precipitation In different re． 

gions． [Conclusion1 lt should give fulI consideration to the climatic conditions in dif— 
ferent periods of different regions．and it should adopt proper measures to controI 

the coRon aphids on the basis of figuring out the occurrence rule of coRon aphid， 

so as to ensure coRon production． 
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C otton is an important cash crop，and in the past 1 0 years， th
e sown area of cotton in 

China has maintained at about 4 mil— 

Iion to 5 million hm ．accounting for 7％ 

of the sown area of economic crops in 

China (Statistics Bureau，201 5)．For 

cotton，besides the input factors and 

technologicaI progress，diseases and 

insect pests are one of the important 

factors that affect the yield of cotton． 

Research has shown that in normaI 

years，diseases and Insect pests can 

result in a yield lOSS of Up tO 15—2O％ ， 

and even 30—50 when serious【1】_ln the 

late 1 990s．before the lntroduction of 

transgenic insect-resistant cotton，cot- 

ton bollworm was a major pest affect— 

ing cotton yield闰．W ith the large-scale 

planting of transgenic cotton，cotton 

bollworm has been effectively inhibit— 

ed，but Aphis gossypfi (cotton aphid) 

has become one of the major pests， 

and the yield lOSS caused by cotton 

aphid could achieve 25％ when seri． 

ous[3]
． 

Among the influencing factors of 

cotton aphid occurrence， climate 

change has been the concern of the 

academic circles．1n order to under— 

stand the impact of climate change on 

cotton aphid occurrence，some studies 

adopt indoor controlled-experiment[4~]， 

and others make correlation analysis 

on the climatic elements and the oc— 

currence degree of cotton aphid in a 

certain region based on the secondary 

data[7-9]．However．the current studies 

are either conducted in the laboratory 

or confined to a smalI area (such as a 

certain test field in a certain county or 

province)．There is a lack of compre- 
hensive quantitative analysis combin- 

ing different factors in large field scale 

within a larger range．Since the occur- 

rence of cotton aphid is affected by 
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various factors，the quantitative analy— 

sis combining the various factors in 

large scale fields of a larger region 

could get the conclusion which is more 

conductive for scientists to design rea- 

sonable technology and policy mea— 

sures to inhibit the occurrence of cot— 

ton aphids，thereby better guiding the 

production practice．Then．if the quan— 

titative analysis is carried out in large— 

scale field in Iarger region．what kind of 

effect wilI be of climate change on the 

occurrence of cotton aphid，and will 

there be any differences in the effect of 

climate change on cotton aphid occur- 

rence in different regions? 

In order to answer the above 

questions，we carried out the quantita— 

tive analysis in large—scale filed in a 

larger region using the observation 

materials fr0m the county-level obser— 

vation stations on the cotton aphid oc- 

currence degree for many years by the 

naturaI scientists．as welI as the corre— 

sponding climate data and other sociaI 

and economic data．In China．cotton 

planting is mainly concentrated in 

Huang—Huai—Hai River Basin． the 

Yangtze River Basin and Xinjiang；in 

201 4。the cotton sown area in these 3 

major cotton planting regions account— 
ed for 93％ of the total cotton planting 

area (NationaI Bureau of Statistics， 

201 51．Considering the availability of 

data and the reDresentativeness of the 

samples and regions，sampling points 

were selected in Hebei，Henan，Shan— 

dong．Shanxi and Shaanxi along the 

Huang-Huai—Hal River Basin， and 

Hubei， Anhui， Jiangsu along the 

Yangtze River Basin． The cotton 

planting area in these 8 provinces ac— 

counts for 46％ of the totaI In China． 

and they have a wide geographicaI 

range，making the samples represen。 

tative． 

Literatu re Review 

Impact of climate change on the 

occurrence degree of cotton aphids 

Most of the existing studies are 

concerned about the effects of tern． 

perature changes during the different 

growth stages of cotton aphid(espe- 
cially seedling aphid and aphid bearing 

periods)on its occurrence degree．The 

growth of a cotton aphid can be divid． 

ed into 5 stages：the first stage js frOm 

September to October．when it is time 

to move to the winter hosts and lay 

eggs： the second stage is frOm 

November to February，the overwin— 

tering period；the third stage is frOm 

March to April．when it is time for the 

over—winter eggs to begin the incuba- 

tion and move to the summer hosts， 

known as the incubation and migration 

period；the fourth stage is fr0m May to 

June．when it is the seeding period of 

cotton．sO it is also called the seedling 

aphid period；the fifth stage is frOm Ju— 

Iy to August，called the aphid bearing 

period，which is also the peak period of 

cotton aphid occurrence．LU0[71(based 

on Anyang of Henan Province)and 
Slosser et aL fbased on Texas of the 

United States)carried out the correla- 

tion analysis on the observation data 

frOm cotton fields of the test stations． 

finding that the number of cotton 

aphids in seedling aphid and aphid 

bearing periods were in proportional 

relation to temperature．Some studies 

based on indoor controlled experiment 

found that there was an optimaI tem- 

perature range for the cotton aphids in 

seedling aphid and aphid bearing peri— 

ods； the number of cotton aphids 

would decrease If the temperature 

went beyond 27 ℃ in seedling aphid 

period．and beyond 30 ℃ in aphid 

bearing period[44]．The study based on 

experienced—based iudgment found 

that the temperature rising during the 

wintering and incubation and migration 

periods was beneficiaI to cotton aphid 

overwintering or production[ ．Although 

not much attention Is attached，there 

are also some studies analyzing the 

relationship between cotton aphid oc- 

currence and precipitation． It has 

found that rainy climate would inhibit 

the occurrence of cotton aphids，espe— 

cially in seedling aphid and aphid 

bearing periods[11】_It also has found that 

the correlation between cotton aphid 

occurrence and precipitation is not sig— 

nificant㈦．Overal1．although the effect 

of climate change on cotton aphids s a 

key problem， most of the existing 

studies are based on indoor con— 

trolled—experiment or the observation 

data analysis of some special regions， 

and there is a lack of comprehensive 

quantitative analysis combining differ． 

ent factors in large field scale within a 

larger range． 
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lmpacts of social and economic 

factors on the occurrence degree of 

cotton aphids 

ln addition to climatic factors，the 

occurrence of cotton aphids is also af— 

fected by some other sociaI and eco- 

nomic factors．However，the related re- 

search is very Iimited．and the conclu- 

sions vary a lot．For example，some 

studies found that after the popular— 

ization of transgenic insect-resistant 

cotton．the number of beneficiaI in— 

sects increased due to the reduction in 

the application of chemicaI fertilizers， 

thereby indirectly inhibiting the occur- 

rence of cotton aphids[’0一’ ．However． 

some other scholars believed that the 

Ieaf surface of transgenic cotton was 

more conductive for cotton aphids to 

penetrate and feed．and thus more 

conductive to the occurrence of cotton 

aphids ， 。。 The crop planting struc— 

ture may affect the occurrence of 

cotton aphids． For example， the 

planting area and layout of wheat 

would affect the growth of cotton 

aphid population[’。一19_．1n addition to 

wheat，the biological mechanism of 

controlling alfalfa with edge of cotton 

field was also investigated[2~[，but there 

is stilI no study on the effect of other 

crops on cotton aphids．The study of 

Matis et a1．【 】showed that the ‘ower 

the IeveI of irrigation．the Iower the 

cotton aphid mortality was．However， 

there is stilI no study analyzing the 

correlation between irrigation and cot— 

ton aphids．In terms of the effects of 

fertilization leve1．Matis et [21]found 

that the occurrence of cotton aphids Is 

negatively correlated with the nitrogen 

levels．and with the increase of nitro— 

gen fertilizer application amOunt．bOth 

t『1e birth rate and mOrtalitv rate Of cOt- 

tOn aphids decreased．HOwever，sOme 

Other studies fOund that the 0ccur— 

rence deqree Of cOttOn aphids is pOsi— 

tiveIy cOrreIated with the nitrOqen lev— 

els．that is．什1e Occurrence and harm Of 

Dests wOuId be se riOus in the farmIand 

with the inCrease Of nitrOaen fert⋯zer 

applicatiOn Ievel【 制 ． 

Sample and Data S0urces 

ln Order tO study the impact Of cIi— 

mate change On cOttOn aphid Occur— 

rence，we cOllected 3 sets Of data． 

nameIy the mO耋 tO ring data Of c0ttOn 
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aphid occurrence degree in major 
county-level co~on producing areas， 

socioeconomic data and meteorologi— 

cal data．Based on the availability， 

matching results and sample repre— 

sentativeness of the 3 sets of data．we 

selected 50 counties from 8 provinces 

fHenan，Hebei，Shandong，Shanxi and 

Shaanxi in the Huang-Huai—Hai River 

Basin and Hubei。Jiangsu and Anhui in 

the Yangtze River Basin)as the analy— 

sis samples，in which 33 counties were 

in the Huang-Huai．Haj River Basin． 

and 1 7 counties in the Yangtze River 

Basin．The time span of the 3 sets of 

data was from 1991 to 2010。 

The collected data of COUrtty—level 

co~on aphid occurrence degree was 

the monitoring data of the field co~on 

aphid occurrence in some of the coun。 

ty—level stations in the major cotton 

producing areas frOm the Institute of 

Plant Protection，Chinese Academy of 

Agricultural Sciences．The socioeco- 

nomic data (Proportion of the sown 
area of transgenic insect-resistant 

co~on，Proportion of effective irrigation 

area in cultivated Iand area．Chemical 

fertilization rate，Crop planting struc- 

ture1 were frOm the county—leveI mate- 

rials provided by the Institute of Infor- 

mation，Chinese Academy of Agricul— 

turaf Sciences)．The meteoroloaical 
data were the monthly observation da- 

ta about temperature and precipitation 

frOm the nationaI meteorologicaI sta- 

tions，and spatial interpolation was 

used to aet the meteorological data of 

the counties with no meteOrOlOaical 

stationsm4]．The average of these data 

was shown in Table 1． 

Cotton Aphid Occurrence 

Degree and Climate Ch- 

ange I endency 

cotton aphid occurrence degree。 

The results showed that in both 

the Huang．Huai-Hai River Basin and 

the Yangtze River Basin，despite an- 

nual fluctuations．the overall trend of 

cotton aphid occurrence becoming 

lighter。but the occurrence degree of 

cotton aphids in the Huang—Huai—Hai 

River Basin was more serious than 

that in the Yangtze River Basin．As 

shown in Fig．1．in the early 1 990s．the 

occurrence of co~on aphids in the 

Huang．．Huai．．Hai River Basin was at 

Table1 Descriptive statistical analysis of major variables(mean) 

IeveI 4 or so。with the severity of above 

average．and after 2000，the leveI of 

cotton aphid occurrence dropped to 

about IeveI 3．with the severity of be— 

low average．The changing trend was 

very consistent with the that in the 

Yangtze River Basin． In addition． 

throughout the investigation time span， 

the occurrence degree of cotton aphid 

was more serious in the Huang—Huai． 

Haj River Basin．For example，jn 1 990． 

the occurrence degree of cotton aphid 

was close to level 4 in the Huang· 

Huai-Hai River Basin． which was 

heavy．while the occurrence in the 

Yangtze River Basin was close to 3， 

which was in the medium Ieve1．1n 

2000，the occurrence degree of co~on 

aphid was close to IeveI 3 in the 

Huang-Huai．Hai River Basin．while the 

occurrence was close to 2 in the 

Yangtze River Basin． 

Climate change tendency 

The average temperature and 

precipitation during the growth stages 

of co~on aphid jn the first 5 years and 

Iast 5 years jn 1 991-2000 were used 

to analyze the Iong—term variation 

trend of temperature and precipitation 

Yangtze River Basin Huang--Huai—-Hal River Basin 

Occurrence degree of co~on aphids (1-Slight，2-Light，3-Medium，4·Heavy，5’ 2
．29 

Serious) 

Average temperature at different growth stages of co~on aphids／／~C 

Autumn spawning period 

Wintering period 

Incubation and migration period 

Seedling aphid period 

Aphid bearing period 

Precipitation amount at different growth stages of co~on aphids#mm 

Autumn spawning period 

Wintering period 

Incubation and migration period 

Seedling aphid period 

aphid bearing period 

Proportion of the sown area of transgenic insect—resistant co~on 

Proportion of effective irrigation area in cultivated land area 

Chemical fertilization rate per hectare／／t／hm。 

Crop planting structure(proportion of sown area) 

COttOn 

w heat 

Rice 

Corn 

NtJmber of samples 

20．8O 

6．61 

12．89 

23．08 

27．79 

133．19 

195．33 

192．39 

306_78 

380．12 

0．39 

0_71 

O．37 

O．11 

O．15 

0_26 

O．O6 

627 

3．19 

17．77 

2．5O 

11．55 

22-77 

26．04 

106_2O 

48．26 

55．16 

136l23 

290．61 

O．52 

O．66 

O．35 

O．13 

O．36 

O．O1 

O．2O 

323 
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Year 

The data were frOm the Institute of Plant Protection．Chinese Academy of Agricultural Sci— 

ences． 

Fig．1 Trend of occurrence degree of cotton aphid in Huang。Huai—Hai and Yangtze River 

basins 

Table 2 Average temperature at the different growth stages of cotton aphids in Huang。 

Huai-Hai and Yangtze River basins
— — — —  

Table 3 Precipitation at the different growth stages of cotton aphids in Huang··Huai--Hai and 

Yangtze River basins 

in the 20 years．The results showed 

that in the 20 years，there was no 

change in the average temperature 

during the wintering period in both the 

2 river basins．but the temperature dur- 

ing the other 3 periods (autumn 

spawning period，Incubation and ml。 

gration period and seedling aphid peri- 

od)presented the rising trend，and the 

temperature during the autumn 

spawning period and incubation and 

migration period rose faster in the 

Yangtze River Basin (Table 21．For 

example，during the incubation and 

migration period，the average tempera- 

ture in the Huang—Huai Hai River 

Basin increased bv 1．1℃ ．while the 

Yangtze River Basin increased bv 1．3 

oC
． The average temperature declined 

slightly during the aphid bearing period 

in the Huang．Huai．Hai River Basin． 

while temperature continued to show 

arl upward trend in the Yangtze River 

Basin． 

The precipitation in some growth 

stages of cotton aphid in the past 20 

years showed similar changing trend 

in the Huang—Huai—Hal River Basin and 

Yangtze River Basin， while the 

changes in the other stages were dif- 

ferent (Table 3)．The precipitation in 

the 2 regions increased in the autumn 

spawning period and aphid bearing 

period，and the increasing range in the 

Yangtze River Basin was larger than 

that in the Huang—Huai—HaI River 

Basin． For instance， 

spawning period，the 

2017 

during autumn 

precipitation in 

the Huang．Huai—Hai River Basin in— 

creased bV 1 4 mm，while the precipita· 

tion jn the Yangtze River Basin jn— 

creased bv 1 7 mm．During the incuba- 

tion and migration period，the precipita— 

tion in the 2 basins showed a decreas- 

ing trend．in which the precipitation in 

the Huang．Huai-Hal River Basin de- 

creased by 8 mm．while the precipita— 

tion in the Yangtze River Basin de- 

creased by 48 mm．Different frOm the 

above 3 growth stages，the changes of 

precipitation in the wintering period 

and seedling aphid period were the to- 

tally opposite n the 2 river basins．For 

example．the precipitation in the win— 

tering period decreased bv 1 4 mm in 

the Huang—Huai-Hai River Basin，while 

the precipitation increased by 38 mm 

in the Yangtze River Basin． 

ModeI Setting and Results 

ModeI setting 

It needs to take comprehensive 

cOnsidera On to the climatic factors． 

pOpuIa rizatiOn of insect—resistant cot- 

ton and other sociaI and economic fac． 

tors(such as irrigation，fertilization and 

planting structure1 to clearly under— 

stand the effects of transgenic insect— 

resistant cotton pODuIa rizatiOn and cli— 

mate change on the occurrence of 

cotton aphids．Therefore．the following 

econometric mode1 was estabIished： 

Yn=13X| YY ~十8z E a 

The dependent variable on the 

Ieft side of the modelis the occurrence 

degree of cotton aphid in the years 

of county and the values are 1 

(sl ght)，2(1ight)，3(medium)，4(heavy) 

and 5(severe)． 
The right side of the modeIis the 

explanatory variables．W here， is the 

climatic factors during the different 

growth stages of cotton aphids，such 

as temperature and precipitatiOn／{here 

are 5 growth stages for cotton aphid： 

September——October of the year before 

(autumn spawning period)，November 
of the year before and February of the 

year(wintering period)，March-April of 

the year(incubation and migration pe— 

riod)，May-June of the year(seedling 

aphid period)，July-August of the year 

(aphid bearing period)．Variable f_1 is 
the occurence degree of cotton aphid 

00．I∞ 口 00口0 ．Iju 0 ∞ r1 



of the year before (t-1)in county 
Variable represents other sociaI and 

economic variables，including Propor- 

tion of the sown area of transgenic in． 

sect-resistant co~on，Proportion of ef． 

fective irrigation area in cultivated land 

area， Chemical fertilization rate／／t／ 

hectare，Crop planting structure(pro- 

portion of sown area of cotton，wheat， 

rice and corn in the totaI crop sown 

area)；13，y and 6 are parameters to be 

estimated，and iS the standard error． 

In order to analyze the Iinear and 

nonlinear effects of climate variables 

on the occurrence of co~on aphid，as 

well as the effect of climate fluctuation 

on cotton aphid occurrence，2 kinds of 

models were designed as follows： 

ModeI 1 only included the Iinear vari- 

ables of temperature and precipitation 

in different growth stages of cotton 

aphid (one degree term)；Model 2 in- 
cluded the Iinear and nonlinear vari- 

ables of temperature and precipitation 

in different growt h stages of cotton 

aphid(one degree and quadratic term) 
as wel J as the standard errors of tern— 

perature and precipitation．As for the 2 

models．in addition to climate vari- 

ables，which were different，the other 

variables were the same．Since there 

were significant differences in the nat- 

uraI conditions between Huang-Huai— 

Hai and Yangtze River basins，the 

samples from the 2 regions were esti- 

mated separately to analyze the ef- 

fects of climate change on the occur- 

rence degree of cotton aphid in differ— 

ent regions fTable 4 and Table 5)． 

Estimation method 

Since the values 1—5 of the vari- 

able of occurrence degree of co,on 

aphid was a kind of discrete ranking 

data．there would be errors in the gen— 

eral Iinear estimation results．There- 

fore．the ordered Probit Model was 

used，which was specialized to esti- 

mate the variables of discrete data． 

-r’he Ordered Probit ModeIis a nonlin— 

earmodel，in which f is the unob- 

servable latent variable behind f， 

which satisfies the following formula： 

= p) y 1+5Z 
W here，the relationship between 

， and fis as follows： 

f 1 y ≤a， 

{2 a1<Y ≤82 
【J y ≥a， 

According to the standard nOrmaI 

distribution hypothesis，it was possible 

to deduce the distribution of f under 

given conditions，thereby calculating 

the response probability of 

尸(Y；t=l I)o=P(Y ≤a1 J =尸(E ≤a1一 

p )( y 一6 =中(a1一p )( y ～62 

P(Y,=21 =P(a1<Y ≤a21)0=P(a1一 

p 一y H一6Z ≤ ≤a2—13X,一-1, }-1— 

5 )=q)(a2-13X,-y~ 一6Z 一中(a 一13X,一 
y 广62 

W here，a1<a2<⋯ <aj are an un- 

known parameter called the cut point． 

And then Iikelihood function could be 

established according to the above 

formula．and the maximum likelihood 

method was used to estimate the pa- 

rameters．There js no simple explana． 

tion to the number of the sorting probit 

coefficients，but its symbolic and sta- 

tisticaI significance was consistent with 

the linear regression results[~． 

Model estimation results and dis— 

cussion 

Impact of climate change on the 

occurrence degree of co~on aphid． 

Impact of temperature on the oc- 

currence degree of co~on aphid in 

different growth stages 

There were significant differences 

in the effects of temperature during the 

growth stages of cotton aphid on the 

occurrence degree，and the effects 

varied a Jot among different regions． 

The regression results in the Huang— 

Huai—Hai River Basin showed that the 

temperature in the autumn spawning 

period presented significant nonlinear 

correlation with the occurrence degree 

of cotton aphid．When the temperature 

was below 1 5．9℃ during the autumn 

spawning period．the increase of tem· 

perature was beneficiaI for cotton 

aphids to lay eggs，but if the tempera。 

ture was over 15．9℃．the increase of 

temperature would inhibit the spawn- 

ing．Currently，the average tempera 

ture in the region was 20．8℃ during 

the autumn spawning period，indicat。 

ina fhat the increase of the average 

temperature could inhibit cotton aphids 

in the future．Moreover，the fluctuation 

of temperature during the period was 

conductive to the growth and repro- 

duction of cotton aphid (Table 4)．On 

the other hand，in the Yangtze River 

Basin，there was only significant nega‘ 

tive correlation between the tempera- 

ture in autumn spawning period and 

the occurrence of cotton aphid，but no 

nonlinear correlation fTable 5)．It indi- 

cated that if the temperature further jn． 

creased in the autumn spawning peri 

od，the occurrence degree of co~on 

aphid would reduce due to the de． 

crease of eggs in the Yangtze River 

Basin． 

In winter period．temperature ris— 

ing had a significant effect on promot— 

ing the occurrence of cotton aphid in 

the Huang-Huai—Hal River Basin，while 

the effect was not significant in the 

Yangtze River Basin (Table 4 and 5)． 

The estimation results of the modeI for 

Huang--Huai·-Hal River Basin showed 

that the estimated coefficients of the 

Iinear variables were positive，which 

were only significant in nonlinear mod． 

el，and since the quadratic term and 

standard deviation of temperature 

were not significant．the temperature 

was also not significant jn the linear 

mode1．In other words．with other fac— 

tors controlled，the increase of temper- 

ature in the wintering period would 

lead to the improvement of the occur- 

rence degree in alI the sampling sites 

0r in the Huang．Huai．Hai River Basin． 

that is．conductive to the suwivaI of 

overwintering eggs．However．in the 

modeI for the Yangtze River Basin．the 

severaI variables of temperature in 

wintering period were not significant ei— 

ther in the Iiner or nonlinear mode1．in— 

dicating that the growt h of cotton aphid 

was not sensitive to the temperature in 

wintering period in the Yangtze River 

Basin． 

The effect of the temperature vari- 

ation in the incubation and migration 

period on the OccurrenCe degree 0f 

c0tt0n aphid was n0t significant(espe- 

cially in the Yangtze Rlver BasIn)，and 

the e什ect Of temDerature fluctuatjOn On 

the Occurrence degree Of c0ttOn aphId 

was significant mainly in 廿1e Huang· 

Huai．Hai River Basin (TabIe 4 and 

Table 5)．The estimatiOn nesuIts Of the 

mOdeI fOr the Yangtze River Basin 

shOwed that the temDerature varia bIes 

in the incubatiOn and migratiOn pe riOd 

were n0t significant．The Iinear regres— 

si0n results Of the mOdeI fOr the 

Huana．Hua．_Hai River Basin shOwed 

that the temperature va riabIeS in the 

incubatiOn and migratiOn peri0d were 

pOsitive and significant，and further in- 

cluding the quadratic term variabIe and 

standard deviati0n Of temDerature int0 
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the model found that only the estimat· 

ed coefficients of standard deviation 

were positive and significant，indicat_ 

ing that the occurrence of cotton aphid 

in the Huang-·Huai--Hai River Basin 

was sensitive to temperature fluctua- 

tion，which was favorable for the incu- 

bation and migration of co~on aphids． 

2017 

The changes of temperature dur’ 

ing the seedling aphid period present— 

ed significant nonlinear relationship 

with the growth of co~on aphid in the 

， ， and indicate significant difference of the statistical estimation coefficients at the level of 0
．01．0．05 and 0．1．respectively 



 

U1， 

Huang—Huai-Hal River Basin，while the 

changes were only in significant linear 

relationship with the growth of co~on 

aphid in the Yangtze River Basin．The 

estimation results of the model for the 

Huang-Huai-Hal River Basin showed 

that the one degree term and quadrat— 

ic term coefficients of temperature 
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were negative and positive，respec- 

tively，and both were significant(Table 
41．Further analysis showed that the 

occurrence of co~on aphid would be- 

—

Table 5
—

Estimat
—

ion
—resuIts clf onometric model of determinants of occurrence degree of cotton aphid in the Yangtze River Basin 

Model 1 ModeI 2 

。
{ ，and indicate significant difference of the statistical estimation coefficients at the level of O．01，0．05 and O．1，respectively 
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come heavier when the temperature 

was over 22．6 oC
，
and the occurrence 

would be inhibited if the temperature 

was below 22．6 oC，indicating that dur— 

ing the seedling aphid period，cotton 

aphid was fond of Iow temperature in 

the Huang—Huai．Hai River Basin．In ad— 

dition， large fluctuation of average 

temperature during the seedling aphid 

period was not conductive to the 

growth and development of cotton 

aphid． However． in terms of the 

Yangtze River Basin，the estimated 

coefficients of temperature were posi— 

rive and significant in the linear mode1． 

but were not significant in the nonlin· 

ear modeI fTable 71．It indicated that 

the rising of temperature in the 

seedling aphid temperature was favor- 

able for the growth of cotton aphid in 

the Yangtze River Basin，but there 

was no transitional problems． 

The growth of co~on aphid in the 

Yangtze River Basin was more sensi— 

tive to the temperature in the aphid 

bearing period，presenting significant 

nonlinear correlation，while there was 

only Iinear correlation in the Huang- 

Huai—Hai River Basin (Table 4 and 51． 

The estimation results of the modeI for 

the Yangtze River Basin showed that 

the one degree and quadratic terms of 

temperature were all significant．with a 

negative sign and a positive sign，re- 

spectively．and the standard deviation 

was also positive significant．Further 

analysis showed that the transitionaI 

point of the temperature during the 

aphid bearing period in the Yangtze 

River Basin was 28 oC
．
which indicated 

that there would be no cotton aphid 

occurrence when the temperature was 

below 28 oC
． The average temperature 

during the aphid bearing period in the 

Yangtze River Basin was 26 oC
， sug— 

gesting that the occurrence degree of 

cotton aphid would not increase even 

the temperature increased by 2 oC 

more，but if the temperature increased 

by more than 2 oC
，the occurrence de— 

gree of cotton aphid would become 

heavier．In the Huang-Huai．Hai River 

Basin， the temperature during the 

aphid bearing period presented signifi- 

cant negative correlation with the oc． 

currence of cotton aphid，indicating 

that the further temperature rising was 

not favorable for the growth of cotton 

aphid．1n addition．both in the Yangtze 

River Basin and in the Huang-Huai—Hai 

River Basin，a larger fluctuation of av- 

erage temperature during the aphid 

bearing period was more favorable for 

the growth and development of cotton 

aphid． 

1mpact of precipitation on the oc- 

currence degree of cotton aphids in 

di仟erent growth stage 

In the Huang．Huai-Hai River 

Basin，the occurrence of cotton aphid 

would decrease significantly If the pre- 

cipitation during the 4 growth stages 

(autumn spawning period，incubation 
and migration period，seedling aphid 

period and aphid bearing period)in— 

creased fTable 41．The precipitation in 

the 4 growth stages was linear nega- 

tively significant in the model for the 

Huang．Huai．Hai River Basin．and nei- 

ther the nonlinear variables nor the 

standard deviation was significant，in— 

dicating that when the other factors 

were the same，the increase of precip— 

itation during the 4 growth stage could 

significantly inhibit the occurrence of 

cotton aphid．However，only the precip— 

itation in the wintering period showed 

positive Iinear correlation with the oc— 

currence of cotton aphid， and the 

standard deviation of winterincl period 

was also positively significant，indicat— 

ing that the increase of precipitation or 

the fluctuation of precipitation during 

the wintering period was favorable for 

the growth of cotton aphid． 

Different fr0m that in the Huang— 

Huai—Hai River Basin．the growth of 

cotton aphid in the Yangtze River 

Basin was mainly sensitive to the pre． 

cipitation in the seedling aphid and 

aphid bearing period， and had re． 

sponse to the precipitation fluctuation 

in the wintering period．while there was 

no significant correlation with the pre． 

cipitation in the other 2 growth stages 

(autumn spawning period and incuba— 

tion and migration period)(Table 5)．In 
the modeI for the Yangtze River Basin， 

the one degree term of precipitation in 

the seedling aphid period was posi— 

tively significant，while the quadratic 

term was negative significant．Further 

analysis showed that if the precipita— 

tion did not go beyond the transitionaI 

point of 506 mm．the increase of pre． 

cipitation was conductive to the occur— 

rence of cotton aphid；otherwise，the 

further increase of precipitation would 
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inhibit the occurrence of cotton aphid． 

The precipitation in the aphid bearing 

period was also present similar corre— 

Iation with the occurrence of cotton 

aphid，and the quadratic term was 

negative significant，and standard de- 

viation was positive significant．There— 

fore，the further increase of precipita— 

tion in the aphid bearing period would 

inhibit the occurrence of cotton aphid， 

but the fluctuation of precipitation was 

conductive to the growth of cotton 

aphid． 

Impact of sociaI and economic fac- 

tors on the occurrence degree of 

cotton aphids 

In addition to climate change，Oc— 

currence degree of cotton aphids in 

the previous period，Proportion of the 

sown area of transgenic insect--resis-· 

tant cotton， Effective irrigation area 

and Crop planting structure also had a 

significant effect on the occurrence 

degree of co~on aphid (Table 4 and 

Table 5)．The estimation results of the 

models for the Huang-Huai—Hai River 

Basin and the Yangtze River Basin 

showed that in both models．the esti— 

mated results of the variable Occur— 

rence degree of cotton aphids in the 

previous period was positive and sig— 

nificant at the leveI of 1％ ．It suggested 

that the occurrence degree of cotton 

aphids in the previous year was in sig- 

nificant positive correlation with the 

occurrence degree in the current 

years，indicating that the occurrence of 

cotton aphids had some sensitive or 

suitable regions．The 4 modeI estima— 

tion results of the Proportion of sown 

area of transgenic insect-resistant cot． 

ton in the 2 regions were alI negative． 

and the statisticaI test was significant 

in the 2 mOdeIs fOr the Huana-Huai— 

Hai River Basin and the nOnlinear 

mOdeI fOr the Yanqtze River Basin，in— 

dicating that the pOpuIa rizatiOn 0f 

transgenic insect—resistant cOttOn indi— 

rectlV inhibited 廿1e Occurrence Of cOt— 

tOn aphid in the HuanQ-Huai—Hai River． 

HOwever，further anaIVsis was needed 

tO find Out the inhibitOrv e仟ect in the 

Yangtze River Basin．1n ditiOn．in the 

mOdeI estimatiOn reSuIts Of the 2 re— 

giOns， the estimatiOn results Of the 

PrOpOrtiOn Of effective ir rIqatiOn area in 

cultjvated Iand area were all neaative 

and sIgn_ficant at the Ievel Of 5％ ，indi— 

cating that the Iand had g0Od ir riqatiOn 
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conditions would have Iight occurrence 

of co~on aphid，that is，cotton aphids 

were fond of dry environment but not 

wet． The estimation results also 

showed that the occurrence of co~on 

aphid was also in a certain correlation 

with the crop planting structure．For ex． 

ample，in the Huang．Huai．Hai River． 

the proportion of corn sown area pre- 

sented significantly positive correlation 

with the occurrence degree of co~on 

aphid，indicating that corn field was not 

favorable for the growth the naturaI 

enemies of co~on aphids，thereby 

providing good ecological environment 

for the growth of co~on aphids．Jn the 

Yangtze River Basin，the occurrence 

degree of co~on aphid would be Iight if 

the proportion of rice planting area was 

big．Finally，the study results also 

found that in the Yangtze River Basin． 

the occurrence degree of co~on aphid 

was in positive correlation with the ap． 

plication amount of chemical fertilizers， 

that is，a high amount of applied chem- 

ical fertilizers was unfavorable for the 

occurrence of co~on aphids．However， 

the estimation results jn the Huang- 

Huai-Hai River showed no significant 

correlation between the application of 

chemical fertilizers and the occurrence 

degree of co~on aphids． 

Conclusion 

In this study．econometric models 

were established to explore the lm- 

pacts of climate change on the occur- 

rence degree of co~on aphids based 

on the obsewation data frOm 50 coun- 

ties in the Huang-Huai-Hal and 

Yangtze River basins in 1 991-201 0， 

including variables on the occurrence 

degree of co~on aphids，temperature 

and precipitation，and other socio-eco- 

nomic factors．And the results showed 

that there were significant differences 

in the effects of temperature and pre- 

cipitation changes on the occurrence 

degrees of co~on aphid in different 

growt h stages，and even ln the same 

growth stag 
．  

t；he co~on aphids had 

different responses to the changes of 

temperature and precipitation in differ- 

ent regions．Temperature increase in 

the wintering period and seedling 

aphid period was conductive to the 

growth of co~on aphid in the the 

Huang—Huai-Hai River Basin，while the 

temperature jncrease in the autumn 

spawning period and aphid bearing 

period would inhibit the occurrence of 

co~on aphid in the region．As for the 

Yangtze River Basin，a high tempera— 

ture in the seedling aphid period and 

aphid bearing period was favorable for 

the occurrence of cotton aphid。while 

the increase of temperature in the au- 

tumn spawning period would inhibit the 

occurrence of cotton aphid．The fluc- 

tuation of temperature in the aphid 

bearing period and incubation and mi- 

gration period was conductive to the 

occurrence of co~on aphids． 

In the Huang—Huai．Hal River 

Basin．the lncrease of precipitation in 

most of the growth stages of cotton 

aphids (autumn spawning,incubation 
and migration， seedling aphid and 

aphid bearing periods)would inhibit 

the occurrence of cotton aphid，while 

in the Yangtze River Basin．the in． 

crease of precipitation in seedling 

aphid period and aphid bearing period 

would have significant inhibitory ef— 

fects on the occurrence of cotton 

aphids．The results showed that it 

should give fulI consideration to the 

climatic conditions ln different periods 

of different regions，and it should adopt 

proper measures to control the co~on 

aphids on the basis of figuring out the 

occurrence rule of cotton aphid，so as 

to ensure co~on production．Finally，in 

addition to climate change，the pre— 

vention and controI of co~on aphids 

should pay fulI attention to the indirect 

inhibition of transgenic insect—resistant 

co~on，and make full use of the ratio- 

naI distribution of irrigation conditions， 

fertilization Ievels and planting struc- 

ture to achieve effective results． 
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850 hPa，and the invasion of weak 

cold air at 700 hPa triggered severe 

convection weather． 

(2)There was certain water vapor 

transport and convergence before the 

occurrence of severe convection，and 

it was warm and wet at Iow altitudes 

but dry and cold at high altitudes；there 

was convergence at low altitudes and 

divergence at middle and high alti— 

tudes，which are the important condi— 

tions for the occurrence and develop— 

ment of the two times of severe con- 

vection．0℃ layer was at about 4 000 

m．and一20 oCIayerwas atabout7 000 

m ． 

(3)Radar echo intensity was larg— 
er than 45 dBZ when severe convec— 

tion happened。and it reached above 

60 dBZ at an elevation of 1．5。．while 

middle strong echo zone overhung 

weak echo zone at low altitudes．VIL 

was up to 20 kg／m ，and mesocyclone 

generated in strong echo zone：there 

was bow echo on the night of June 13． 

and VlL was higher than that on June 

1 4．In wind profiler data．strong vertical 

wind shear and fluctuation of wind di- 

rection had denotative meaning to the 

occurrence of severe convection 

weather． 

(41 Hail，gale and other severe 

convection weather happened in front 

of long and narrow cold cloud zone 

and convective cloud clusters as well 

as in southwestern TBB gradient zone． 
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