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A Statistical Model for Finding the Influence of Climate on Flowering of
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Abstract

A multiple regression model using factor analysis was used to predict the flowering of ‘Namdokmai Sithong’
mangoes in Phitsanulok province. Data concerned with the average number of flowerings per tree in eleven sample
gardens in two sub-districts of Wang Thong district and three sub-districts of Noen Maprang district, and
climate data for the same area including average temperature, average air pressure, average relative humidity, and
average rainfall were collected over two periods: February to March 2017 and September to December 2018.
The data were applied to determine a multiple regression model based on Principal Component Analysis (PCA).
The results showed that ¥ = 21.623913 — 10.542305FS; — 8.285513FS, was the predictive equation or
regression equation for the average number of flowerings/tree. From the equation, the average number of
flowerings/tree increased when the first weather factor and the second weather factor decreased. This implied that
climate was an important factor influencing the average number of flowerings/tree. It also suggested climate factors
1 and 2 could account for the 48.5 percent variation in the mean number of flowerings/plant. Furthermore,
the researchers created a website, http://www.mangoforecast.com/ which can be used to predict the average

number of flowerings/tree and to collect climate data from interested farmers. The data will be used to improve
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the forecasting equation for the average number of flowerings/tree and to achieve greater accuracy. In addition,
the data will be used to determine the optimal climate factors influencing flowering in present and future Phitsanulok

province.

Keywords: weather, mango flower, factor analysis, multiple regression
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Table 1 The average number of inflorescences/tree of mango in each orchard.

The number of trees

District Sub-district Orchard Period 1 Period 2

1 1 2 3 4
15 - - - -
18 - - - -
15 - - - -
12 - 12 12 12
4 - - - -
10 12 12 12 12
10 12 12 12 12
10 - - - -
10 - -

10 12 12 12 12
10 - - - -
Total 124 36 48 55 56

Wang Thong Phan Chali
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Wang Phikun

Noen Maprang Noen Maprang

Ban Mung

Ban Noi Sum Khilek

N =~ N =~ N =

Note: In period 1, the data were collected only once due to the absence of inflorescences and the gardens without data. In period 2,
some data were not collected due to the absence of inflorescences during this period.
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Table 2 Average in weather conditions.

District Period  Temperature (°C) Air pressure (mBar) Relative humidity (%) Rainfall (mm)
o 1 27.46 1006.73 74.73 2.90
_§ 29.69 1002.73 77.40 3.85
Ej ) 29.89 1006.07 74.42 1.70
‘;“ 29.60 1006.23 71.64 2.25

29.22 1006.70 70.14 1.74
o 1 28.24 1005.76 72.62 2.66
g 30.43 1001.73 77.30 2.60
= 30.41 1003.12 77.11 2.83
§ 2 29.71 1003.96 76.95 2.73
< 29.44 1004.80 74.48 2.53
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mango for Phitsanulok province in the future

Figure 1 Research framework.
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Table 3 Pearson's correlation between the average number of inflorescences/tree of mango and weather

information.
Parameter Number of Temperature  Air pressure  Relative  Rainfall
inflorescences/tree (°C) (mBar) humidity (mm)

(inflorescences) (%)

Number of inflorescences/tree

(inflorescences)

Temperature (°C) -0.43*

Air pressure (mBar) 0.69** -0.80**

Relative humidity (%) -0.70** 0.61** -0.84**

Rainfall (mm) -0.46* -0.10 -0.37 0.51*

*Significant level of 0.05, ** significant level of 0.01.
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Figure 2 The relationship between the four weather factors and the average number of inflorescences/trees.
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Table 4 The tolerance and VIF values of each weather factor.

Weather factors Tolerance VIF

Average temperature (°C) 0.178 5.619
Average air pressure (mBar) 0.136 7.379
Average relative humidity (%) 0.246 4.058
Average rainfall (mm) 0.361 2.771
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derndn 1 fundanmsatadadaudaislithdaulszneuit 3 uay 4 anfansndnidudaulszneyiivanzan
mw‘umLLﬂsm‘@ﬂmw’lﬂmmmumimaummﬁmmﬂmm?wmmm anmewiluansliidiuingaulsznend 1
mwmmmnmﬂ@%LmemmaﬁmﬂmmmLLﬂiﬂmumumummﬁmﬂimwmrm 65.894% LL@“’@’]‘L&‘]JT”H@‘LW] 2
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71wy 2 udeannnsaintiadeudagnansneineAnanssussieteLne ld YL 93.828% SO
AAnuLalsausansanuntesune ldandautlsneud 1 uay 2 mmuﬂ%ﬂmu@m‘wmmmﬂm 4 11 Tpn
Wi 93.828% uananniganLdAAnLuLlniutsaTiesne ldaesi 2 gautlsynet muuuwmmmummuum
Uay LLuuwmiu”meuLmummLmnum 93.828% ummqiﬁénm*mmemmummuu@fmvmuimmmuﬂi”n@m 1
AAANTNANATYAN TnefianniniiinAnuustsuismeiies el 65.894% Aranuutlssuianuaiiosuneld
APAIMAD 59511% usludautlssnaudl 2 AranuutlssuisnuafiesuneldmAfintuanniduie 27.934%

34.317% (Table 5)

Table 5 Eigenvalues for initial, extraction and rotation.

Initial eigenvalues

Extraction sums of

squared loading

Rotation sums of

squared loading

Component
Total % of Cumulative Total % of Cumulative Total % of Cumulative
variance % variance % variance %
1 2.636 65.894 65.894 2.636 65.894 65.894 2.380 59.511 59.511
2 1117 27.934 93.828 1.117 27.934 93.828 1.373 34.317 93.828
3 0.167 4.184 98.012
4 0.080 1.988 100.00

Tudqurasiuneugainamanisman factor score Wva ldiiuiadt luddviuld luaunisnensalanuutdenan

a ] £ o o a o i’/ da’ ' sl . = e a Qr
RALADAY ANUTLNIUIRIATIUMNAT factor score ‘lm'ﬁmimmaﬂ (regression method) FaAdnLsz@ntuag factor
score dufutladauanIngiainAna 4 Jade aauandlu Table 6

Table 6 Component score coefficient matrix.

Component
Factor
1 2
Average temperature (X,) 0.484578 -0.347688
Average air pressure (X,) -0.366282 -0.077800
Average relative humidity (X,) 0.267943 0.266697
Average rainfall (X,) -0.159128 0.781157

L 1 1 v
AnAdNLsrANEUex factor score Wnauliag ugilues linear combination 1astiadeiNeadacvis 4 Tade

Feuansluannisi 1 uaz 2 S bildrndadesmuaningiennialudnazgnldiduiadadmivannisnensnianuam

| Sy
dananiadtsasusall

FSy;

~0.347688X,; —

o) FSy; Aa A factor score mmuﬁ%mmm 1 m@w@mmm

ESy; AR AN factor score mmuﬂ@%mm 2 m@qm@mmm

Xij, XZJ, X3j UAY X, ﬂa

mmmﬂﬂwm 4 1lads laun UL

a

0.484578X,; — 0.366282X,; + 0.267943X;3; — 0.159128X,;

0.0778X;; + 0.266697X3; + 0.781157X,;

a

ey
(2)

Fuindiedy uazaBunnsindueds ivnns standardized wosdayasnn j nuansl

FoA ANNABNNALRAE AT
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ﬂﬁi"iLm’lzﬁmimmaﬂW‘Vj@m (mult|p|e regressmn) uuﬁuﬁﬂummmﬁmmzﬁﬂ@'ﬁ’ﬂ (factor analysis)
ﬁﬁcﬂﬁﬂﬁ’]ﬂ"]ﬂmﬂﬂﬁma‘ﬂ (X,) ATHNABNALRAE (X,) mwmmuwmmmm (X,) uazBannaicuede (X,) 193%03A
Fifiusuanld shllunuluannisd 1 uay 2 a2ld FS, uaz FS, Feaz Lﬂuﬂwwmummwmmmﬂ‘lvmmw 1 Az 2
ATNANAL @’mﬂ’]i'sLm"]“"Mﬂ’]ﬁ‘ﬂmD@HWMﬂDALL@mﬂ’W?M?Q@@@uﬂﬂﬁmﬂi”@%ﬁ%ﬂMQWi@Nﬂu“ﬂ@WlfJLL‘]J?@ZW"’W‘@WJLL‘ﬂi‘
¥ung dasznevdes Fad ﬂ@%mummwgummmmm 1 LLmﬂ%ﬂmumqummmmm‘w 2 fuauutanan
laesedy dudufaulsmalugsnismennsafideaunnsvinng Lﬁ@ﬁmsmw’mﬂ'ﬁa‘:ﬁuﬁm&’f]ﬁﬂﬁmwﬁﬁu 0.001
deflAntieandn 0.05 uandliiiuindfudsdasmiesaulminuneedales 1 faulsitsnarsenasesuautenen
AnFaf (Table 7) LazAmagaLA AN AV sefTnsiusBasiasaLlsvinung luguntanennsaiseannis
annee TneRansnnAsziLTdfnLd AnAsd ﬂ@ﬁﬂﬁmmquﬁmmﬂﬁqﬁ 1 waziadesnuaningiens
Fa 2 HANszALUlEdATYWYINAY 0.000, 0.001 UAZ 0.008 ANAAL Fa1ta 3 #n Tlentieandn 0.05 fufuansinAnas
ﬂfv«ﬁﬂﬁmmmwgﬁmmﬂﬁaﬁ 1 LL@zﬂﬁw’ffmmmwgﬁmmﬂﬁqﬁ 2 favEnmitenasiasuiutenaneatseiy
(Table 8)

Table 7 ANOVA.

Model SS df MS F Sig.
Regression 3955.378 2 1977.689 11.370 0.001
Residual 3478.915 20 173.946

Total 7434.294 22

Table 8 Coefficients.

Unstandardized coefficients Collinearity statistics
Model t Sig.
B Std. error Tolerance VIF
Constant 21.624 2.750 7.863 0.000
FS1 -10.542 2.812 -3.749 0.001 1.000 1.000
FS2 -8.286 2.812 -2.947 0.008 1.000 1.000

u@nmnﬁuﬁqLij"amfmmummﬁuﬁuﬁ’imdwﬁwmuﬁﬂmfaﬂL'afﬁ'ﬂﬁiaﬁuﬁuﬁmﬂi@mvﬁ@ﬁqLLﬂiﬁm’m LAY
N@u”lﬂu‘ummmLm%umiamn@ﬂwmm feflReulalunnsasmagay 3 4a An 1) AAINARIALARDL (error or residual)
Faeiinnsuanuasuuuing 2) mmmLLﬂj‘ﬂmmemmmmmmLﬂaﬂummmw LAz 3) AANNARIALARBURRTY
fageiu wuan muﬂi@mmmmuﬂiwqmﬂ Gatlsyneavudag AnAeh ﬂ%ﬁmuamwmmmﬂmw 1 uaztlaqasinu
aqummmﬂmw 2 ENNT0EBLNEANNLANANITAIAN I UTnanIe AL AeRUlANGL 48.5% (Table 9) Wazd WL
nansageudarlanisuanuasiLnArearnAuAanaLAReUAY 193 Kolmogorov-Smimov 96an1sataszsinLdn
Ieedutdfyfifininy 02 dwnnndr 0.05 AwsplfdrAprupaiaaeuiimsuanuasaung - dwi
managauAnIiluaassiuIasAnNuAaARAeuay 1933989 Durbin-Watson AINAN34IWANA Durbin-Watson
FAwwindu 2.342 %qﬁm@g’swdw 1525 aqmqﬂiﬁdﬁﬁﬁmwmmmLﬂ?}l'aw,ﬂuﬁmzﬁu (Table 10) #145UN19MI_ADL
AnautlssuaesAnaueraanaeuludedl 2 vinnnansageulnannwdennamszningAANNARALARELTL
Anennsal arnninuasslidiudnnisnszanseesdndulluugulifzluunfiuiueuness vagllddndaaw
1713901 89AN AN HART LA RBUATT (Figure 3)
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Table 9 Model summary.

R R Square Adjusted R Square
0.729 0.532 0.485

Table 10 Condition checking.

Kolmogorov-Smirnov
Statistic df Sig.
Unstandardized residual 0.125 23 0.200 2.342

Durbin-Watson

Scatterplot
Dependent Variable: AvgFruit

3

2]

Regression Standardized Residual

T T T T T T
-2 -1 a 1 2 3

Regression Standardized Predicted Value

Figure 3 The scatterplot of residual variance.
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doefuauinanaifeunaianasnd Whinnsmmendiuan 3-4 Ak dmiudainRenlaninasimenudeisii 20
wawinenaw 1eant (Hozan 039v99Ans uazAE, 2562)
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@anAan “MANGO FLOWER FORECAST” saudnslunindnaans (Figure 4)

Mango Forecast HOME MAINIDEA OBJECTIVE SCOPE MANGO FLOWER FORECAST

Prediction of weather and Thai Golden Honey mango flowering

Figure 4 Website screen http://www.mangoforecast.com.

WAIANABNARN “MANGO FLOWER FORECAST” aztlsnguiinaasiuandlunind1eana (Figure 5) aanti
glinsanAedsvesiadtsmusnmgiainiantuinld euaniuiEuaseenauielunnziuluiuisesnsmennsal
waznaRNasiazlsngAnensniliuuaenusffeInmeL

Mango Forecast HOME MANGO FLOWER FORECAST

Prophecy

Average temperature
g P Average temperature

e e Average air pressure

e Average relative humidity

S Average rainfall

Mango flowers

Figure 5 Website screen http://www.mangoforecast.com after selecting "MANGO FLOWER FORECAST".
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