Journal of Environmental Science International pISSN: 1225-4517 eISSN: 2287-3503
27(7); 499~507; July 2018 https://doi.org/10.5322/JES1.2018.27.7.499

ORIGINAL ARTICLE

S BEA BAL A% BAY AFud

o ek SAek, Vo ek 4ol ol skt BA ulgole]

A Missing Value Replacement Method for Agricultural
Meteorological Data Using Bayesian Spatio-Temporal Model
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Abstract

Agricultural meteorological information is an important resource that affects farmers’ income, food security, and agricultural
conditions. Thus, such data are used in various fields that are responsible for planning, enforcing, and evaluating agricultural policies.
The meteorological information obtained from automatic weather observation systems operated by rural development agencies
contains missing values owing to temporary mechanical or communication deficiencies. It is known that missing values lead to
reduction in the reliability and validity of the model. In this study, the hierarchical Bayesian spatio—temporal model suggests
replacements for missing values because the meteorological information includes spatio—temporal correlation. The prior distribution
is very important in the Bayesian approach. However, we found a problem where the spatial decay parameter was not converged
through the trace plot. A suitable spatial decay parameter, estimated on the bias of root-mean—square error (RMSE), which was
determined to be the difference between the predicted and observed values. The latitude, longitude, and altitude were considered as
covariates. The estimated spatial decay parameters were 0.041 and 0.039, for the spatio-temporal model with latitude and longitude
and for latitude, longitude, and altitude, respectively. The posterior distributions were stable after the spatial decay parameter was
fixed. root mean square error (RMSE), mean absolute error (MAE), mean absolute percentage error (MAPE), and bias were calculated
for model validation. Finally, the missing values were generated using the independent Gaussian process model.
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Table 1. Missing value status

Agricultural ~ Observation Missing percentage
area (n) number (%)
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Table 4. The result of evaluation

RMSE MAE MAPE BIAS
. lon+lat 1.184 0.769 7.757 0.222
Table 2. Estimated parameter (lon+alt model)
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Table 3. Estimated parameter (lon+alt+alt model) Table 5. The result of evaluation by season
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Table 6. RMSE by station and month

station spring summer fall winter  mean
Jindo 1.14 1.10 1.30 1.04 1.14
Yeosu 2.04 0.90 1.27 1.36 1.39
Muan 1.19 244 0.58 0.79 1.25
Mua 0.72 1.26 1.92 0.86 1.19

Yeonggwang 0.95 0.51 0.90 0.83 0.80
Hampyeong 0.93 0.75 0.74 0.76 0.80

Haenam 0.55 0.34 0.81 0.67 0.59
Naju 1.02 1.09 0.86 0.87 0.96
Naju 0.67 0.50 0.87 0.79 0.71
Haenam 0.82 0.84 0.71 1.62 1.00
Yeongam 0.65 0.48 0.88 1.00 0.76
Wando 0.88 0.60 0.74 1.56 0.94
Naju 0.62 0.76 1.41 0.70 0.87
Naju 0.62 0.59 0.46 0.57 0.56
Jangseong 0.91 0.58 0.86 0.91 0.81
Naju 0.66 0.82 0.96 1.27 0.93
Jangheung 0.55 0.37 0.61 0.65 0.55
Boseong 1.60 1.62 2.18 1.43 1.71
Hwasun 0.73 0.59 091 0.95 0.80
Boseong 1.04 0.88 3.63 1.39 1.73
Goheung 0.53 0.37 0.61 0.63 0.53
Suncheon 0.76 0.59 1.17 1.21 0.93
Gokseong 0.72 0.68 1.02 1.22 0.91
Gurye 1.20 1.62 1.00 1.27 1.27
Sinan 1.78 0.76 0.90 1.13 1.14
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Fig. 8. Map of RMSE by stations.

ixg S}ME](Table 7).

Table 7. The examples of replacement missing values

date median
2013-03-27 10.058
2013-03-28 10.028
2013-03-29 7.660
2013-03-30 8.186
2013-03-31 8.255
2013-04-01 9.930
2014-08-21 24.037
2014-08-22 24.086
2014-08-23 23.790
2014-08-24 23.348
2014-08-25 24.648
2014-12-26 0.167
2015-02-20 4.940
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