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ABSTRACT
This research aims to predict the price of rice in Banda Aceh after the occurrence of Covid-19. The
last observation carried forward (LOCF) imputation technique has been used to solve the problem
of missing values from this research data. Furthermore, the technique used to forecast rice prices in
Banda Aceh is auto-ARIMA which is the best ARIMA model based on AIC, AICC, or BIC values. The
results of this research show that the ARIMA model (0,0,5) is the best model to predict the prices of
lower quality rice | (BKB1), lower quality rice 1l (BKB2), medium quality rice | (BKM1), medium
quality rice 11 (BKM2), super quality rice | (BKS1), and super quality rice Il (BKS2). Based on this
model, the results of forecasting rice prices for all qualities show that there was a decline for some
time (between September 1, 2023 and September 6, 2023) and then remained constant (between
September 6, 2023 and December 31, 2023).
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I. INTRODUCTION
Banda Aceh is the capital of Aceh Province which is located in the western part of Indonesia. The city
is one of the areas that enforces Islamic Sharia in Indonesia [1]-[4]. Of course, this makes this city unique for
conducting research. This research aims to look at the price of rice in the city after the outbreak of Covid-19.
Rice is the staple food of the majority of the Indonesian population, especially Banda Aceh. However, there is
still very little research that discusses the relationship between rice prices and Banda Aceh, especially
forecasting rice prices. Putri et al. (2021) measured the level of consumer satisfaction with the service and prices
of products assisted by the Basic Food Program in Banda Aceh, where one of the assistances is rice. As a result,
respondents felt satisfied because the service was quite good and reduced the burden on respondents’ expenses.
Furthermore, Nelly et al. on 2018 analyzed the factors that influence rice price fluctuations in Aceh Province.
The research looks at the simultaneous relationship between price, production and consumption. The research
results show that the price of rice is influenced by the price of grain, rice production, and the highest retail price
(HET). Apart from that, Pradana (2019) analyzed changes and volatility in prices of strategic food commaodities,
one of which is rice, and their impact on inflation in Banda Aceh. The result is price volatility in changes in rice
prices. Then, the regression estimation results show that changes in rice prices have a significant positive effect
on inflation in Banda Aceh. However, rice price volatility does not have a significant effect on inflation in
Banda Aceh.
Various statistical models can be used for forecasting, including ARIMA [8]-[13], neural network [14]-
[18], moving average smoothing [19], etc. Specifically, Ohyver & Pudjihastuti on 2018 predicted the price of
medium quality rice to anticipate price fluctuations using the autoregressive integrated moving average
(ARIMA) model. This research is the basis of this research but still has several differences. The first difference
is the location where the research used 34 provinces in Indonesia while this research used Banda Aceh as the
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research location. Second is the data source, this research uses data sources from the Ministry of Trade while
this research uses sources from Bank Indonesia. The third is the imputation technique, this study does not
explain cases of missing values in the data, whereas in this study there were cases of missing values so
imputation was necessary to resolve them. The missing value technique has been widely applied to various
research objects, including genotypes [20], management of water-quality data [21], production data of dairy
cattle [22], US crossbred dairy cattle [23], low-coverage sequencing in Holstein cattle [24], etc. Fourth, the
model used in this research is ARIMA in general, whereas in this research the auto-ARIMA technique is used.
And finally, this study used the price of medium quality rice, while this study used lower quality rice |1 (BKB1),
lower quality rice 1l (BKB2), medium quality rice | (BKM1), medium quality rice Il (BKM2), super quality rice
I (BKS1), and super quality rice Il (BKS2).

In the method section, the data source, location and time used in this research will be explained. Apart
from that, there is an explanation of the imputation process to overcome missing values contained in the data
and ARIMA models. In the results and analysis section there is data on rice prices and the results of the
imputation. Next, the best models for forecasting rice prices for each rice quality are displayed. Finally, the
conclusion section of this research and suggestions for future research.

II. METHOD
This research uses rice price data at the Banda Aceh Traditional Market from the National Strategic Food
Price Information Center (PIHPS Nasional) between December 31, 2019 and August 31, 2023. The time interval
is based on the time when Covid-19 was declared until the time this research began. This data is daily data on
rice prices in Banda Aceh traditional markets. Also, this research used lower quality rice 1 (BKB1), lower
quality rice 1l (BKB2), medium quality rice I (BKM1), medium quality rice 11 (BKM2), super quality rice |
(BKS1), and super second quality rice. (BKS2) as the variable studied. However, these data have missing values
at some times. So, this research solves this problem by using the last observation missing value (LOCF)
imputation method which follows equation 1.
A= {if complete data then A;" = A; o)
' 7 lif missing data then A;* = A;_,
where A;" is the result of imputation of rice prices and A;_, is a recursive process of finding data lags until no
missing values occur. After the missing values in the rice price data have been resolved, they are modeled using
the ARIMA model which follows equation 2 and equation 3.

e=p f=q
VAl' =c+ Z ¢6VAi—e + & — Z gfgi—f (2)

e=1 f=1
(1-¢B—-—¢,BP) 1 —B)*4;=c+ (1+6,B+--+6,B)¢ (3)

where VA; = (1 — B)%4; is dependent variable, c is konstanta, ¢, is parameter for autoregressive, VA;_, is lag
of dependent variable, 6, is parameter for moving average, ¢; is error, and ¢;_ is lag of error. Next, p is the
number of lag dependent variable, d is the degree of differencing, and g is the order of the moving average.
Furthermore, the ARIMA model developed into an auto-ARIMA technique which is the best ARIMA model
based on either AIC (equation 4), AICC (equation 5) or BIC value (equation 6).

AIC(A;) = 2k — 2 In(D) 4
where k be the number of estimated parameters in the model and L be the maximized value of the likelihood
function for the model.

2k* + 2k
where n denotes the sample size and k denotes the number of parameters
BIC(A;) = kIn(n) — 2 In(L) (6)

I1l. RESULTS AND ANALYSIS

The data used in this research consists of 7 columns and 958 rows. The first column is daily time
information, the second column is lower quality rice | (BKBL1), the third column is lower quality rice Il (BKB2),
the fourth column is medium quality rice | (BKMZ1), the fifth column is medium quality rice 1l (BKM2), the
sixth column is super quality rice | (BKS1), and the seventh column is super quality rice Il (BKS2). The head
and tail of the rice price data in Banda Aceh are available in Table 1 and Table 2. Based on Table 1, there are
several daily rice price data in Banda Aceh that are not recorded, including January 1, 2020, January 4, 2020,
and January 5, 2020. So Also in Table 2, there is some daily data on rice prices in Banda Aceh that is not
recorded, including August 26, 2023 and August 27, 2023.
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Table 1. Head of rice price data in Banda Aceh

Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2019-12-31 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-01 | NA NA NA NA NA NA

2020-01-02 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-03 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-06 | 10000 | 10150 | 10400 | 10400 | 12150 | 11400
2020-01-07 | 10000 | 10150 | 10400 | 10400 | 12150 | 11400

Table 2. Tail of rice price data in Banda Aceh
Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2023-08-24 | 11600 | 12200 | 12100 | 12100 | 13000 | 12900
2023-08-25 | 11600 | 12200 | 12100 | 12100 | 13000 | 12900
2023-08-28 | 11600 | 12200 | 12150 | 12100 | 13000 | 12900
2023-08-29 | 11600 | 12200 | 12150 | 12100 | 13900 | 12950
2023-08-30 | 11600 | 12200 | 12150 | 12100 | 13900 | 12950
2023-08-31 | 11600 | 12200 | 12150 | 12100 | 13900 | 12950

In connection with this problem, LOCF imputation is applied to rice price data in Banda Aceh. So, the
complete data is available in Table 3 and Table 4. In data that has not been imputed, the minimum value of the
price of lower quality rice I is 9050 IDR, the price of lower quality rice Il is 9500 IDR, the price of medium
quality I rice is 9800 IDR, the price medium quality rice Il is 9800 IDR, super quality rice | is 11350 IDR, and
super quality rice 11 is 10650 IDR. Furthermore, the maximum value of the price of lower quality rice I is 11600
IDR, the price of lower quality rice Il is 12200 IDR, the price of medium quality rice | is 12150 IDR, the price
of medium quality rice 1l is 12100 IDR, the price of super quality rice I is 13900 IDR and the price of super Il
quality rice is 12950 IDR.

Table 3. Head of rice price data in Banda Aceh (after imputation)
Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2019-12-31 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-01 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-02 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-03 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-04 | 9850 10000 | 10250 | 10300 | 11900 | 11150
2020-01-05 | 9850 10000 | 10250 | 10300 | 11900 | 11150

Table 4. Tail of rice price data in Banda Aceh (after imputation)
Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2023-08-26 | 11600 | 12200 | 12100 | 12100 | 13000 | 12900
2023-08-27 | 11600 | 12200 | 12100 | 12100 | 13000 | 12900
2023-08-28 | 11600 | 12200 | 12150 | 12100 | 13000 | 12900
2023-08-29 | 11600 | 12200 | 12150 | 12100 | 13900 | 12950
2023-08-30 | 11600 | 12200 | 12150 | 12100 | 13900 | 12950
2023-08-31 | 11600 | 12200 | 12150 | 12100 | 13900 | 12950

Meanwhile, after the rice price data was imputed, the price data for lower quality | rice on January 1,
2020 was 9850 IDR, lower second quality rice was 10000 IDR, medium | quality rice was 10250 IDR, medium
2 quality rice was 10300 IDR, super I quality rice is 11900 IDR and super quality Il rice is 11150 IDR. With the
LOCF imputation technique, the price of rice on January 1 2020 is the same as on December 31, 2019.
Likewise, the price of rice on January 4, 2020 is the same as on January 3, 2020, January 5, 2020 is the same as
on January 4, 2020. This is the same in the tail part of data, on August 26, 2023 the same as on August 25, 2023
and on August 27, 2023 the same as on August 26, 2023.

www.ijceronline.com Open Access Journal Page 32



The Upper Total Edge Monophonic Number Of A Graph

BKB1; = 9995.01 + ¢; + 2.08¢,_, + 2.74€;_, + 2.52¢;_5 + 1.56¢,_, + 0.58¢,_¢

Residuals from ARIMA(Q.0.5) with non-zero mean
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Figure 1. Residuals testing from BKB1 variable

7

BKB2; = 1042290 + &; + 1.73¢;_1 + 2.11¢;_, + 1.97¢;_3 + 1.37¢;_4 + 0.62¢;_5 (8)
Residuals from ARIMA(0.0.5) with non-zero mean
“ o- F_Wm_ Tinly ! Mo
| (R | i
Figure 2. Residuals testing from BKB2 variable
BKMlL = 10642.36 + &; + 1.845,:_1 + 2'39€i—2 + 2'1351'—3 + 1.345,:_4_ + 0.525,:_5 (9)
Residuals from ARIMA(0,0,5) with non-zero mean
Figure 3. Residuals testing from BKM1 variable
BKM2; = 10678.66 + ¢; + 1.83¢;_4 + 2.33¢;_, + 2.10¢;_3 + 1.35¢;_, + 0.52¢;_¢ (10)
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Residuals from ARIMA(0,0,5) with non-zero mean
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Figure 4. Residuals testing from BKM2 variable

BKS1; = 12313.12 + &; + 1.63¢;_; + 1.95¢;_, + 1.79¢;_5 + 1.29¢;_, + 0.60¢;_s (11)
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Figure 5. Residuals testing from BKS1 variable

BKS2, = 11387.50 + ¢; + 2.08¢;_; + 2.79¢;_, + 2.54&;_5 + 1.59¢;_, + 0.60¢;_s (12)

Residuals from ARIMA(0,0,5) with non-zero mean
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Figure 6. Residuals testing from BKS1 variable

Based on the ARIMA model technique (0,0,5) is the best model for forecasting rice prices for all
qualities, including lower quality rice I, lower quality rice Il, medium quality rice I, medium quality rice II,
super quality rice I, and super quality rice Il rice. super Il. Equation 7 represented the best forecasting model
for lower quality rice I, equation 8 represented the best forecasting model for lower quality rice Il, equation 9
represented the best forecasting model for medium quality rice |, equation 10 represented the best forecasting
model for medium quality rice 1l, equation 11 represented the best forecasting model for super quality rice | and
equation 12 represented the best forecasting model for super quality rice Il. Apart from that, residual testing for
each model is available in Figure 1-6. Based on the residuals testing, the model is suitable for use in forecasting
rice prices for all qualities in Banda Aceh.
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Figure 7. Forecasting the price of lower quality rice |
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Figure 8. Forecasting the price of lower quality rice Il
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Figure 9. Forecasting the price of medium quality rice |
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Figure 10. Forecasting the price of medium quality rice 11
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Figure 11. Forecasting the price of super quality rice |
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Figure 12. Forecasting the price of super quality rice Il

Based on the results of forecasting rice prices for all qualities in Figure 7-12, it can be seen that there
was a decline for some time and then remained constant, in general. The results of forecasting the price of lower
quality rice | are 11410 IDR, 11081 IDR, 10697 IDR, 10328 IDR, 10099 IDR, and 9995 IDR respectively
between September 1, 2023 and September 6, 2023. Furthermore, the results of forecasting the price of lower
quality rice | between September 7, 2023 and December 31, 2023 constant at 9995 IDR. In addition, the forecast
results for the price of lower quality rice 1l on September 1, 2023 is 12005 IDR, on September 2, 2023 it is
11655 IDR, on September 3, 11221 IDR, on September 4, 2023 it is 10803 IDR, on September 5, 2023 it is
10539 IDR, on September 6, 2023 is 10422 IDR. After that, the forecast results for the price of lower quality
rice | between September 7, 2023 and December 31, 2023 are the same as the price on September 6, 2023.
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Table 5. Results of rice price forecasting in September 2023

Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2023-09-01 | 11411 | 12005 | 11995 | 11945 | 13640 | 12761
2023-09-02 | 11081 | 11655 | 11720 | 11652 | 13244 | 12441
2023-09-03 | 10698 | 11221 | 11343 | 11287 | 12757 | 12060
2023-09-04 | 10329 | 10804 | 10998 | 10966 | 12359 | 11705
2023-09-05 | 10099 | 10539 | 10747 | 10758 | 12420 | 11491
2023-09-06 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-07 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-08 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-09 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-10 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-11 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-12 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-13 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-14 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-15 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-16 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-17 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-18 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-19 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-20 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-21 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-22 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-23 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-24 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-25 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-26 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-27 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-28 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-29 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-09-30 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388

www.ijceronline.com Open Access Journal Page 37



The Upper Total Edge Monophonic Number Of A Graph

Tabel 6. Results of rice price forecasting in October 2023

Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2023-10-01 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-02 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-03 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-04 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-05 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-06 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-07 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-08 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-09 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-10 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-11 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-12 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-13 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-14 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-15 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-16 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-17 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-18 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-19 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-20 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-21 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-22 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-23 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-24 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-25 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-26 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-27 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-28 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-29 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-30 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-10-31 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388

The price forecasting results for medium and super quality rice have the same pattern as lower quality
rice. The price of medium | quality rice began to decline between September 1, 2023 and September 6, 2023
with values of 11994 IDR, 11719 IDR, 11343 IDR, 10997 IDR, 10747 IDR and 10643 IDR, respectively.
Furthermore, the forecast results for the price of medium quality rice Il in the same period are 11944 IDR,
11651 IDR, 11286 IDR, 10966 IDR, 10758 IDR, and 10678 IDR, respectively. Likewise with the forecasting
results for the price of super quality rice I, where on September 1, 2023 it is 13639 IDR, September 2, 2023 is
13244 IDR, September 3, 2023 is 12757 IDR, September 4, 2023 is 12358 IDR, September 5, 2023 is 12419
IDR, and September 6, 2023 is 12313 IDR. The same thing, the results of forecasting the price of super quality
rice Il are 12761 IDR, 12441 IDR, 12060 IDR, 11704 IDR, 11704 IDR, 11490 IDR, 11387 IDR and 11387 IDR,
in the same period respectively. Finally, complete forecasting results for rice prices for the period between
September 1, 2023 and December 31, 2023 are available in Table 5 - Table 8.
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Table 7. Results of rice price forecasting in November 2023

Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2023-11-01 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-02 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-03 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-04 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-05 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-06 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-07 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-08 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-09 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-10 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-11 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-12 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-13 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-14 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-15 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-16 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-17 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-18 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-19 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-20 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-21 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-22 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-23 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-24 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-25 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-26 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-27 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-28 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-29 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-11-30 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388

In summary, the forecast results for lower quality rice prices | for this time period are between 9995 IDR
and 11411 IDR (Figure 7). Furthermore, the forecast results for lower quality rice prices Il are between 10,423
IDR and 12,005 IDR (Figure 8). Apart from that, the forecast results for the price of medium quality rice | for
this time period are between 10642 IDR and 11995 IDR (Figure 9). Also, the forecast results for the price of
medium quality rice Il in this period are between 10679 IDR and 11945 IDR (Figure 10). Furthermore, the
forecast results for the price of super quality rice I in that period are between 12313 IDR and 13640 IDR
(Figure 11). Finally, the forecast results for the price of super quality rice | at that time were between 11388
IDR and 12761 (Figure 12).
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Tabel 8. Results of rice price forecasting in December 2023

Date BKB1 | BKB2 | BKM1 | BKM2 | BKS1 | BKS2
2023-12-01 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-02 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-03 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-04 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-05 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-06 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-07 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-08 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-09 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-10 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-11 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-12 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-13 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-14 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-15 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-16 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-17 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-18 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-19 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-20 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-21 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-22 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-23 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-24 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-25 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-26 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-27 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-28 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-29 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-30 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388
2023-12-31 | 9995 | 10423 | 10642 | 10679 | 12313 | 11388

IV. CONCLUSIONS AND RECOMMENDATIONS

Data on prices for lower quality rice I, lower quality rice 11, medium quality rice I, medium quality rice
Il, super quality rice I, and super second quality rice originating from the National Strategic Food Price
Information Center (PIHPS Nasional) for Banda Aceh is missing. value. This problem exists at several points in
time, such as the price of rice on January 1, 2020, January 4, 2020, and January 5, 2020. Likewise, the price of
rice in Banda Aceh is not recorded, including August 26, 2023 and August 27, 2023. So, this research solves
this problem. with the last observation carried forward (LOCF) technique.

The complete data is then modeled using the auto-ARIMA technique using R programming. The
recommended model for each rice quality forecast is ARIMA (0,0,5). The forecasting model for lower quality
rice | has a constant of 9995.01, the first order moving average is 2.08, the second order moving average is 2.74,
the third order moving average is 2.52, the fourth order moving average is 1.56, and the fifth order moving
average is 0.58. Furthermore, the lower quality rice 11 forecasting model has a constant of 10422.90, the first
order moving average is 1.73, the second order moving average is 2.11, the third order moving average is 1.97,
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the fourth order moving average is 1.37, and the fifth order moving average is 0.62. In addition, the medium
quality rice I forecasting model has a constant of 10642.36, the first order moving average is 1.84, the second
order moving average is 2.39, the third order moving average is 2.13, the fourth order moving average is 1.34,
and the fifth order moving average is 0.52. For the medium quality rice 1l forecasting model, the constant is
10678.66, the first order moving average is 1.83, the second order moving average is 2.33, the third order
moving average is 2.10, the fourth order moving average is 1.35, and the fifth order moving average is 0.52.
After that, the super quality rice | forecasting model has a constant of 12313.12, the first order moving average
is 1.63, the second order moving average is 1.95, the third order moving average is 1.79, the fourth order
moving average is 1.29, and the fifth order moving average is 0.60. Finally, the super quality rice Il forecasting
model has a constant of 11387.50, the first order moving average is 2.08, the second order moving average is
2.79, the third order moving average is 2.54, the fourth order moving average is 1.59, and the fifth order moving
average is the average is 0.60.

Based on the model's recommendations, the results of forecasting rice prices for all qualities show that
there was a decline for some time (between September 1, 2023 and September 6, 2023) and then remained
constant (between September 6, 2023 and December 31, 2023). The results of forecasting the price of lower
quality rice | for the period September 1, 2023 and December 31, 2023 are between 9995 IDR and 11411 IDR.
Furthermore, in the same period the forecast results for lower quality rice prices 1l were between 10423 IDR to
12005 IDR. Apart from that, the forecast results for the price of medium quality rice | for this time period are
between 10642 IDR and 11995 IDR. Also, the forecast results for the price of medium quality rice Il in that
period are between 10679 IDR and 11945 IDR. Furthermore, the forecast results for the price of super quality
rice | in that period are between 12313 IDR and 13640 IDR. Finally, the forecast results for the price of super
quality rice | at that time were between 11388 IDR and 12761 IDR.

This research certainly has great potential for development. Other missing value techniques, both
parametric and nonparametric, for example single imputation, maximum likelihood, multiple imputation, matrix
factorization, and others can be tried for imputation of rice prices in Banda Aceh. Furthermore, the regions used
can also be added so that the results of rice price forecasting can be compared between these regions. ARIMA
models that have differencing also need to be tried and compared with the results in this study.

REFERENCES

[1] H. M. Syam, “Globalisasi Media Dan Penyerapan Budaya Asing, Analisis Pada Pengaruh Budaya Populerkorea Di Kalangan
Remaja Kota Banda Aceh,” Avant Garde, vol. 3, no. 1, 2015.

[2] N. Rahmi, “Kajian Ekonomi Pariwisata Syariah Kota Banda Aceh,” Jurnal Samudra Ekonomi dan Bisnis, vol. 8, no. 1, pp. 577—
589, 2017.

[3] A. Yati, “Perancangan Hotel Bintang 4 Berbasis Syariah Islam Di Kota Banda Aceh,” Jurnal Iimiah Mahasiswa Arsitektur dan
Perencanaan, vol. 5, no. 4, pp. 68-71, 2021.

[4] R. Amalia, S. Usman, and A. Amirullah, “Upaya Wilayatulhisbah (wh) Kotabanda Aceh Dalammeningkatkankesadaran Bersyariat
Islambagiremaja Dikotabanda Aceh,” Jurnal Iimiah Mahasiswa Pendidikan Kewarganegaraan, vol. 1, no. 1, 2016.

[5] N. Putri, C. Faradilla, and S. Sofyan, “Analisis Kepuasan Penerima Bantuan Program Sembako Terhadap Pelayanan dan Harga
Produk Bantuan Program Sembako di Kota Banda Aceh,” Jurnal limiah Mahasiswa Pertanian, vol. 6, no. 4, pp. 164-173, 2021.

[6] S. Nelly, S. Safrida, and Z. Zakiah, “Analisis Faktor-faktor yang Mempengaruhi Fluktuasi Harga Beras di Provinsi Aceh,” Jurnal
limiah Mahasiswa Pertanian, vol. 3, no. 1, pp. 178-191, 2018.

[7] R. S. Pradana, “Kajian perubahan dan volatilitas harga komoditas pangan strategis serta pengaruhnya terhadap inflasi di kota
Banda Aceh,” Jurnal llmu Ekonomi Dan Pembangunan, vol. 19, no. 2, pp. 85-100, 2019.

[8] C. H. Chien, A. J. C. Trappey, and C. C. Wang, “ARIMA-AdaBoost hybrid approach for product quality prediction in advanced
transformer manufacturing,” Advanced Engineering Informatics, vol. 57, p. 102055, Aug. 2023, doi: 10.1016/J.AEI.2023.102055.

[9] H. Wang, S. Song, G. Zhang, and O. O. Ayantoboc, “Predicting daily streamflow with a novel multi-regime switching ARIMA-

MS-GARCH model,” J Hydrol Reg Stud, vol. 47, p. 101374, Jun. 2023, doi: 10.1016/J.EJRH.2023.101374.

[10] M. Ohyver and H. Pudjihastuti, “Arima Model for Forecasting the Price of Medium Quality Rice to Anticipate Price
Fluctuations,” Procedia Comput Sci, vol. 135, pp. 707-711, 2018, doi: https://doi.org/10.1016/j.procs.2018.08.215.

[11] B. Dey, B. Roy, S. Datta, and T. S. Ustun, “Forecasting ethanol demand in India to meet future blending targets: A comparison of
ARIMA and various regression models,” Energy Reports, vol. 9, pp. 411418, Mar. 2023, doi: 10.1016/J.EGYR.2022.11.038.

[12] L. Zhao, Z. Li, and L. Qu, “Forecasting of Beijing PM2.5 with a hybrid ARIMA model based on integrated AIC and improved GS
fixed-order methods and seasonal decomposition,” Heliyon, vol. 8, no. 12, p. el12239, Dec. 2022, doi:
10.1016/J.HELIYON.2022.E12239.

[13] V. Punyapornwithaya et al., “Forecasting of daily new lumpy skin disease cases in Thailand at different stages of the epidemic
using fuzzy logic time series, NNAR, and ARIMA methods,” Prev Vet Med, vol. 217, p. 105964, Aug. 2023, doi:
10.1016/J.PREVETMED.2023.105964.

[14] M. Panja, T. Chakraborty, U. Kumar, and N. Liu, “Epicasting: An Ensemble Wavelet Neural Network for forecasting epidemics,”
Neural Networks, vol. 165, pp. 185-212, Aug. 2023, doi: 10.1016/J.NEUNET.2023.05.049.

[15] M. Ma et al., “HiSTGNN: Hierarchical spatio-temporal graph neural network for weather forecasting,” Inf Sci (N Y), vol. 648, p.
119580, Nov. 2023, doi: 10.1016/J.INS.2023.119580.

[16] J. C. Palomares-Salas, A. Agiiera-Pérez, J. J. Gonzalez De La Rosa, and A. Moreno-Mufioz, “A novel neural network method for
wind speed forecasting using exogenous measurements from agriculture stations,” Measurement, vol. 55, pp. 295-304, Sep. 2014,
doi: 10.1016/J. MEASUREMENT.2014.05.020.

[17] S. Lamichhane, B. Mei, and J. Siry, “Forecasting pine sawtimber stumpage prices: A comparison between a time series hybrid
model and an artificial neural network,” For Policy Econ, vol. 154, p. 103028, Sep. 2023, doi: 10.1016/J.FORPOL.2023.103028.

www.ijceronline.com Open Access Journal Page 41



The Upper Total Edge Monophonic Number Of A Graph

[18]

[19]

[20]
[21]
[22]
[23]

[24]

L. B. S. Morais, G. Aquila, V. A. D. de Faria, L. M. M. Lima, J. W. M. Lima, and A. R. de Queiroz, “Short-term load forecasting
using neural networks and global climate models: An application to a large-scale electrical power system,” Appl Energy, vol. 348,
p. 121439, Oct. 2023, doi: 10.1016/J. APENERGY.2023.121439.

A. R. Mohammed, K. S. Hassan, and M. A. M. Abdel-Aal, “Moving Average Smoothing for Gregory-Newton Interpolation: A
Novel Approach for Short-Term Demand Forecasting,” IFAC-PapersOnLine, vol. 55, no. 10, pp. 749-754, Jan. 2022, doi:
10.1016/J.IFACOL.2022.09.499.

M. Zheng et al., “Evaluation of the selection of key individuals for genotype imputation in Chinese yellow-feathered chicken,”
Poult Sci, vol. 102, no. 10, p. 102901, Oct. 2023, doi: 10.1016/J.PSJ.2023.102901.

J. Choi, K. J. Lim, and B. Ji, “Robust imputation method with context-aware voting ensemble model for management of water-
quality data,” Water Res, vol. 243, p. 120369, Sep. 2023, doi: 10.1016/J.WATRES.2023.120369.

J. You, J. L. Ellis, S. Adams, M. Sahar, M. Jacobs, and D. Tulpan, “Comparison of imputation methods for missing production
data of dairy cattle,” animal, p. 100921, Jul. 2023, doi: 10.1016/J.ANIMAL.2023.100921.

V. Déru, F. Tiezzi, P. M. VanRaden, E. A. Lozada-Soto, S. Toghiani, and C. Maltecca, “Imputation accuracy from low to
medium-density SNP chips for US crossbred dairy cattle,” J Dairy Sci, Aug. 2023, doi: 10.3168/JDS.2023-23250.

J. Teng et al., “Assessment of the performance of different imputation methods for low-coverage sequencing in Holstein cattle,” J
Dairy Sci, vol. 105, no. 4, pp. 3355-3366, Apr. 2022, doi: 10.3168/JDS.2021-21360.

www.ijceronline.com Open Access Journal Page 42



