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Abstract

Weather is the most influential factor for crop cultivation. Weather information for cultivated areas is necessary for growth and
production forecasting of agricultural crops. However, there are limitations in the meteorological observations in cultivated areas
because weather equipment is not installed. This study tested methods of predicting the daily mean temperature in onion fields using
geostatistical models. Three models were considered: inverse distance weight method, generalized additive model, and Bayesian
spatial linear model. Data were collected from the AWS (automatic weather system), ASOS (automated synoptic observing system),
and an agricultural weather station between 2013 and 2016. To evaluate the prediction performance, data from AWS and ASOS were
used as the modeling data, and data from the agricultural weather station were used as the validation data. It was found that the
Bayesian spatial linear regression performed better than other models. Consequently, high-resolution maps of the daily mean
temperature of Jeonnam were generated using all observed weather information.
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Fig. 1. The spatial distribution of stations.
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Table 1. Information of locations for onion fields
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Table 3. The locations of agricultural weather stations

No. Adress Longitude Latitude No. Adress Longitude Latitude Altitude
| Pycongsan-i, 126453 35.024 | Ogok-myeon, 127303 35274 152.00
Hyeongyeong-myeon, Muan-gun Gokseong-gun
Songi > P )
o DonejeonsTl, 126404 35.024 p - neyangmyeon, 127258 34567  69.67
Hyeongyeong-myeon, Muan-gun Goheung-gun
5 Sangma-ri, Hyeongyeong-myeon, ) \2r 34957 3 Gurye-eup, Gurye-gun 127.461  35.197 164.29
Muan-gun Boneh
onghwang-myeon,
i 4 Lo 126.748 34.958  40.82
4 Bongnyong-ri, 126427 34.951 Naju-si
Hyeongyeong-myeon, Muan-gun
Gangi . 5 Gongsan-myeon, Naju-si ~ 126.606 34.944  33.67
angjeong-ri,
5 126.407 34.942
Hyeongyeong-myeon, Muan-gun 7 6 Geumcheon-myeon, 126,748 35.024 4215
Naju-si ’ ’ ’
6  Yeon-ri, Unnam-myeon, Muan-gun 126.350 34.961 !
Munpyeong-myeon,
7  Jadong-ri, Jido-eup, Sinan-gun 126.260 35.042 7 Naju-si 126.601  35.040  29.18
8 Taecheon-ri, Jido-eup, Sinan-gun ~ 126.273 35.038 g Cheonggye-myeon, 126456 34969 3339
Muan-gun ’ ’ ’
9 Naeyang-ri, Jido-eup, Sinan-gun 126.240 35.100 H
yeongyeong-myeon,
10 Hyeonsan-myeon, Haenam-gun 126.554 34.460 ? Muan-gun 126446 35029 28.84
11 Bugil-myeon, Haenam-gun 126.676 34.464 10 Boseong-eup, 127.096 34782  130.54
N Boseong-gun
Sinchon-ri, Geumsan-myeon,
12 127.127 34.481 i-
Goheung-gun 1y Ungchi-myeon, 127.024 34728 14787
Boseong-gun
Eojeon-ri, Geumsan-myeon,
13 - Y 127.169 34.436 12 Juam-myeon, Suncheon-si 127.283  35.058 152.51
Goheung-gun
13 Aphae-eup, Sinan-gun 127.654 34.788  52.22
. 14 Jusam-dong, Yeosu-si 126.337 34900 16.18
Table 2. The locations of AWS, ASOS G
|5 _unseommycon, 126468 35282  35.74
No. Adress Longitude Latitude Altitude Yeonggwang-gun
1 Imjado 35.086  126.118  6.00 16 Deokjin-myeon, 126.673 34.825 4599
Yeongam-gun
2 J d 34.665  126.159  19.00
angsando 17 Wando-cup, Wando-gun ~ 126.728 34372  33.43
3 Gageodo 34.052  125.126  22.00 Janeseone-eu
1g aneseong-eup, 126796 35319 9325
4 Sinjido 34.318 126.848  21.00 Jangseong-gun
5 Yeoseodo 33986 126920 3538 19 Jangheung-eup, 12691 34671 3891
Jangheung-gun ’ ’ ’
6 Sorido 34433  127.801  3.04 J Aericultural
eonnam Agricultural
7 pyeongdo 34244 127450 3849 20" Technology Institute 126825 35025 5849
8 Seongsamjae 35307  127.511 1088.86 21 Gunnae-myeon, Jindo-gun 126.298 34.512  35.10
2y Hakeyo-myeon, 126542 35052 3897
Hampyeong-gun
92 Haenam 34.554 126.569  13.01
Samsan-myeon,
93 Goheung 34618 127276  53.12 2 Haenam-gun 126.56 34528  39.75
94 Gwangyang-si 34943  127.691  80.90 -
gyang 24 gk"he"“ myeon, 126.65 34582  59.88
95 Jindo-gun 34473 126259  5.40 acnam-gun
AWS : Automated Weather System Hancheon-myeon, 127.071 34974 166.53

ASOS : Automated Synoptic Observing System

Hwasun-gun
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Fig. 2. Comparison of prediction performance by year.
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Table 5. Estimated parameters using AWS and ASOS
stations (2016.10.15)

GAM BSM
Estimate Std.error  Mean  Std.error
(Intercept) 17.511 0.100 114.162 1.063
Latitude - - -2.907 0.014
Longitude - - 0.040 0.008
Altitude -0.001 0.000 -0.001 0.000
Smooth(lat,lon)  15.440 - - -
7 - - 0.142 0.001
o? - - 1.466 0.005
Observed temperature
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Table 6. The results of validation using AWS and ASOS
stations (2016.10.15)

RMSE MAE BIAS

IDW 0.853 0.699 0.423

GAM 0.834 0.699 0.428

BSM 0.739 0.585 0.295
AWS, ASOS, (5971420l A] B28 o B3
71 RS BE olgstol AdAoe] A Frl e
oz 4= 9lck. A Aodo] maH= o o

Bbo] lZEA] Pokuiy] Sia) WIE Ajet9]
2 7122 o|Z319ch 1 23 GAMT} BSM9] m4:
243\ Table 59} 418 237} L2TH Table 7).
A% ANE v o Bavled) 2R
2 AYSITHFig3). Fig 3014 3 wA) 198
AWS, ASOS, 531714 E 20 B25 7182 o
EhW Zlo|l, LA AWS, ASOS, 54744
o) 7| 4A RS F3) LAER S s|2olt). 3
oF o)A Y502 148 7] 2o] Lolict,
20169 6 191} Tiek A T-EA w0 o) 24 %
A= Table 90]t} IDW 2] RMSE~7}0.593, MAE~7}
0.4592 TH2 o] uJ3] el 50] 9<5lck o] e

Predicted temperature by IDW

T T T T T T

1255 1260 1265 1270 1275 1280

Predicted temperature by GAM

T T T T T T LI
1250 1255 1260 1265 1270 1275 1280

Fig. 3. The high resolution map of average temperature (2016.10.15).
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A9y 7] 2x}o| 7} wo] ¥hAisE Y2 £ 4= Qo) Table 9. The results of validation using AWS, ASOS
stations (2016.06.01)
Table 7. Estimated parameters using all stations(2016.10.15)
RMSE MAE BIAS
GAM BSM IDW 0.593 0.459 -0.176
Estimate Std.error  Mean  Std.error GAM 0.661 0.518 -0.102
(Intercept) 17.262 0.087 119.460 1.039 BSM 0.644 0.500 -0.155
Latitude - - -3.034 0.016
Longitude - - 0.032 0.008 20164 69 1l0] et A ele] o B oo
Altitude -0.001  0.000  -0.001  0.000 sr=0 = oeEsa eTri=
Smooth(lat,lon)  17.650 - - - |53tk GAMY} BSM 9| k= %= Table 8
7 - - 0.171  0.003 I AR A7 U2 th(Table 10). =4 F A& vt
7 : e 009 gom o Wgrleo] FPRETL Figse} vk

Table 8. Estimated parameters using AWS, ASOS stations

(2016.06.01)
GAM BSM
Estimate Std.error  Mean  Std.error
(Intercept) 21.242 0.057 -514.2 0.640
Latitude - - 1.693 0.008
Longitude - - 0.915 0.005
Altitude -0.006 0.000 -0.006 0.000
Smooth(lat,lon) 16.280 - - -
7 - - 0.106 0.001
o’ - - 0.509 0.002
Observed temperature
. Joog @ 80m 5 |
87 Sl T LI R
oL - JE
i ! do-a “ g~ Na(
o A D e R -
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Fig. 4041 3 HA 182 AWS, ASOS, 527|A4k
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20169 109 1543} 69 1U9] S5t B o
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Fig. 4. The high resolution map of average temperature (2016.06.01).
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Table 10. Estimated parameters using all stations (2016.06.01)

GAM BSM
Estimate Std.error Mean  Std.error
(Intercept) 21.418 0.057  -158.700  0.639
Latitude - - 1.829 0.008
Longitude - - 0.914 0.005
Altitude -0.006 0.000 -0.006 0.000
Smooth(lat,lon)  13.400 - - -

7 - - 0.177 0.035

o? - - 0.443 0.118

Table 11. Comparison of predicted and observed temperature

2016.10.15 2016.06.01
No. Obs. BSM BIAS Obs. IDW BIAS
1 150 149 -0.1 223 217 -0.6
2 17.3 18.2 0.9 208  21.0 0.2
3 154 146 -08 225 216 -09
4 17.3 16.0  -1.3 212 218 0.6
5 17.2 16.8 -04 214 216 0.2
6 16.1 16.3 0.2 224 225 0.1
7 164  16.6 0.2 213 214 0.1
8 17.3 17.7 0.4 217 210  -07
9 18.5 17.5 -1.0 202 211 0.9
10 14.7 15.0 0.3 21.0 211 0.1
11 140 154 1.4 206 213 0.7
12 14.5 14.7 0.2 212 214 0.2
13 174 19.0 1.6 213 215 0.2
14 17.9 18.0 0.1 229 212 -1.7
15 156 167 1.1 215 208 -0.7

A&

AT

Table 11. Continued.

2016.10.15 2016.06.01
No. Obs. BSM BIAS Obs. IDW BIAS
16 158 161 03 221 221 0
17 182 189 07 211 205 -0.6
18 155 161 06 216 213 -03
19 158 160 02 217 218 0.1
20 163 164 01 226 218 -08
21 163 175 12 208 201 07
2 168 169 01 218 215 -03
23 170 172 02 212 214 02
24 162 168 06 217 212 -05
25 145 150 05 215 214 -0l
Mean 163 166 03 215 214 -02
(SD)  (12) (1.2) (07 (07 (0.5 (0.6
t -0.839 1.046
(P-value) (0.405) (0.301)
OF]_—|_|- XHHHXI h:o-llel-I-IE AHAo‘l

7 QA oAl S43 mES Agstol o
u} AYufR]9] 7] &8 o =3}ic) Fig. 4= 20162]
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Fig. 5. Boxplot of monthly temperature in 2016.
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