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ABSTRACT

Crops and varieties are mostly affected by temperature, the amount of precipitation, and duration of
sunshine. This study aims to identify the weather factors that directly influence to apple yield among
the series of daily measured weather variables during growing seasons. In order to identify them, 1) a
priori natural scientific knowledge with respect to the growth stage of apples and 2) pure statistical
approaches to minimize bias due to the subject selection of variables are considered. Each result
estimated by the Panel regression using fixed/random effect models is evaluated through suitability
(i.e., Akaike information criterion and Bayesian information criterion) and predictability (i.e., mean
absolute error, root mean square error, mean absolute percentage). The Panel data of apple yield and
weather factors are collected from fifteen major producing areas of apples from 2006 to 2013 in Korea
for the case study. The result shows that variable selection using factor analysis, which is one of the
statistical approaches applied in the analysis, increases predictability and suitability most. It may
imply that all the weather factors are important to predict apple yield if statistical problems, such as
multicollinearity and lower degree of freedom due to too many explanatory variables used in the
regression, can be controlled effectively. This may be because whole growth stages, such as germination,
florescence, fruit setting, fatting, ripening, coloring, and harvesting, are affected by weather.

Key words: Apple yield, Correlation analysis, Factor analysis, Panel analysis, Weather factors
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A5 9ItH(Koh and Kim, 2011).
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Fig. 1. Study areas of fifteen major producing areas for apples in Korea.
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Fig. 2. Time trend of apple yield.
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Table 1. Descriptive statistics
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Mean Mean minimum  Mean maximum  Accumulated Duration of
Month Statistics temperature temperature temperature precipitation sunshine
(C) (°C) (C) (mm) (hr)

Mean -2.16 -7.51 3.65 19.82 177.73

Std. Dev. 2.62 3.35 2.48 17.25 24.63

Jan Min -10.00 -17.30 3.10 0.00 126.20
Max 4.10 0.60 9.10 83.60 237.80

Mean 0.93 -4.71 7.10 34.99 172.65

Std. Dev. 2.39 2.86 2.45 25.50 28.12

Feb Min -4.40 -11.50 2.60 0.30 113.70
Max 7.20 3.30 13.30 103.50 235.20

Mean 5.65 -0.31 11.94 55.09 198.75

Std. Dev. 1.58 1.95 1.99 34.47 42.70

Mar Min 1.70 -5.10 7.40 5.00 110.40
Max 9.70 4.60 16.90 177.20 267.40

Mean 11.23 4.59 18.02 77.43 201.16

Apr Std. Dev. 1.61 1.93 1.85 38.04 22.40
Min 7.20 0.20 13.80 7.00 138.80

Max 15.10 10.30 22.80 189.80 247.10

Mean 17.36 11.01 24.08 109.83 220.21

Std. Dev. 0.96 1.55 1.31 42.33 24.88

May Min 14.80 7.20 20.30 14.50 154.80
Max 19.80 15.60 28.00 197.40 275.20

Mean 21.58 16.42 27.43 126.70 184.24

Std. Dev. 1.08 1.39 1.45 90.45 30.73

Jun Min 18.60 12.40 22.60 12.50 112.20
Max 23.70 19.70 30.50 462.60 257.20

Mean 24.52 21.03 29.05 321.30 122.57

Std. Dev. 1.56 1.44 1.86 180.99 34.68

Jul Min 21.00 17.60 25.10 78.10 49.30
Max 28.40 24.80 33.00 1111.00 200.60

Mean 25.36 21.48 30.41 226.84 161.90

Std. Dev. 1.41 1.62 1.55 133.55 45.90

Aug Min 21.80 16.60 27.40 37.90 78.50
Max 28.80 25.20 34.70 707.00 255.70

Mean 20.10 15.54 25.90 146.37 152.80

Std. Dev. 1.30 1.83 1.19 116.23 31.45

Sep Min 16.30 1030 23.50 9.80 64.50
Max 23.00 19.50 29.50 629.00 215.30

Mean 14.03 8.16 21.31 39.11 195.40

Std. Dev. 1.76 2.40 1.44 28.18 28.20

Oct Min 9.90 3.00 18.50 5.90 128.10
Max 19.20 15.60 25.10 204.40 252.90

Mean 6.64 123 13.04 37.13 158.50

Nov Std. Dev. 2.16 2.82 1.92 26.29 31.26
Min 2.20 -4.90 8.60 0.00 103.20

Max 13.00 9.70 17.40 125.70 236.00

Mean -0.03 -5.00 5.65 23.44 165.57

Dec Std. Dev. 2.24 2.63 2.28 13.60 23.02
Min -6.50 -12.20 -0.40 3.20 90.70

Max 490 1.70 10.20 65.40 210.00
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Table 2. The correlation coefficients between weather factors and apple yields

Month Mean Mean minimum Mean maximum Accu.n}ula'ted Duratiqn
temperature temperature temperature precipitation of sunshine
Jan 0.47** 0.46** 0.52%* 0.23* -0.33**
Feb 0.34** 0.31%* 0.30%* -0.08 -0.01
Mar 0.53%*" 0.34%* 0.45%%* -0.07 -0.08
Apr 0.23* 0.21* 0.17 -0.49%** 0.10
May 0.19* 0.15 0.14 -0.03 0.21*
Jun -0.07 0.10 -0.19* -0.27%* -0.18*
Jul -0.03 -0.01 -0.03 -0.12 -0.10
Aug 0.04 -0.02 0.08 -0.39%* 0.39%*
Sep 0.35%* 0.28** 0.28%* -0.11 0.08
Oct 0.49** 0.43%* 0.53** -0.20%* 0.02
Nov 0.14 0.06 0.19* -0.35%* 0.17
Dec 0.50%* 0.43%* 0.54%* -0.03 -0.10

The asterisks represent p-values: *p<0.05, **p<0.01
"Variables selected for the regression are presented in bold.

Table 3. Results of factor analysis and descriptive statistics

Factor Mean Std. Dev. Max Min Weather Factors

Mean temperature

Temperature factor in 0 | 2706 -2.033

Jan, Feb, Mar, Sep, Oct,
Nov, Dec
Jan, Feb, Mar, Apr, May,

year Mean minimum temperature Jun, Aug, Sep, Oct, Nov,
Dec
Mean maximum temperature Jan, Feb, Dec
Mean temperature Jul
) Mean minimum temperature Jul
Weather factor in 0 1 2466  -1.977 Mean maximum temperature Jul, Sep
summer(1) C
Accumulated precipitation Jul
Duration of sunshine Jul, Dec
Terpperature factor in 0 | 2684 2362 Mean temp.erature Apr, May
spring Mean maximum temperature Mar, Apr, May
Accumulated 0 1 1,031 2061 Accumulated precipitation Sep
precipitation in autumn ’ - Duration of sunshine Mar, Sep, Oct, Nov
Mean temperature Jun
. . Mean maximum temperature Jun
Duration of sunshine 0 1 1.847  -2.547 s
Accumulated precipitation Feb
Duration of sunshine Jan, Feb, Jun
. Mean temperature Aug
:ngx:rr(gcmr n 0 1 2.691  -1.763 Mean maximum temperature Aug, Oct
Duration of sunshine Apr, Aug
Mean maximum temperature Nov
Etc.(1) 0 1 2288 -2415 Accumulated precipitation Jun
Duration of sunshine May
Etc.(2) 0 1 1.886  -2.794 Accumulated precipitation Apr
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Table 4. Estimation Results using variables through a priori
natural scientific knowledge with respect to the growth
stage

Coefficient of

Variable . z-value
regression

Constant 1517.588* 2.090
Mar mean temperature 130.280**  3.600
Sep mean minimum temperature 70.266* 2.030
Oct mean minimum temperature -17.112 -0.570
Aug Mean maximum temperature ~ -31.299 -1.240
Oct Accumulated precipitation -4.054**  -3.610
Jul Duration of sunshine -3.099*%*  -3.090
Aug Duration of sunshine 3.248* 2.530

olgale] BFEAIS AlaisTt.

3.2.1. ASEAIE 2T AAASH HFawy 2
R4}

ASTAIE 1S AAEHA AR > Aol
w2 39 Hivle, 102 FA85E, 78 IR
o] 1% 4= slollA BAIF o= Foghs Holr,
9do] HHA e, 88 ARAIIL 5% 4= 3F
oA 9H)7} S HAFE

322. A8 A2 WL ABEH 23335
EAA R L AR 324 Ave 49
FALo] 1% froldE SN BAR O frold

Table 5. Estimation Results using variables through pure
statistical approach I: correlation analysis

Coefficient of

Variable . z-value
regression

Constant 1781.732**  5.900
Mar Mean temperature 40.295 1.150
Jan Mean minimum temperature 4262 0.290
Dec Mean maximum temperature 47.033* 2.550
Apr Accumulated precipitation -4.165%*  -4.990
Aug Duration of sunshine 1.853* 2.520

The asterisks represent p-values: *p<0.05, **p<0.01

Table 6. Estimation Results using variables through pure
statistical approach II: factor analysis

Coefficient of

Variable . z-value
regression

Constant 2413.750%* 12.420
factorl 145.767** 3.350
factor2 -23.537 -0.660
factor3 50.931 1.190
factor4 -76.633 -1.020
factor5 -24.811 -0.650
factor6 40.054 1.170
factor7 29918 0.750
factor8 227.335%* 5.050
Jan accumulated precipitation 4.299% 1.960
Mar accumulated precipitation -2.426 -1.560
May accumulated precipitation -0.439 -0.420
Aug accumulated precipitation -0.740%* -2.370
Oct accumulated precipitation -1.788 -1.630
Nov accumulated precipitation -1.490 -0.860
Dec accumulated precipitation 9.293** 2.780

The asterisks represent p-values: *p<0.05, **p<0.01

The asterisks represent p-values: *p<0.05, **p<0.01
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Table 7. Estimation Results for evaluated through suitability and predictability

Suitability Predictability
Model

AIC BIC MAE RMSE MAPE
A priori natural scientific knowledge with respect to 1746.432 1774307 255839 329.992 12.56%
the growth stage
Pure statistical approach I: correlation analysis 1741.586 1763.886 248.338 323.929 12.00%
Pure statistical approach II: factor analysis 1724.734 1774.909 221.992 287.528 10.53%
g nolw, 129 WFAILAL, s Y2ARO] 5% Ue} U APrasE A Aue TEaj] Al
Frofreolr SAHCE or7t S-S vekdo ok 7

323. 543 A< Wi 828N 345
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