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1. Intreduction

Acoording to law number 18 in the 2002 year related food, food security has
the understanding as a condition food et by oa stale o individuals, which
indicated food by providing adequate quantity and quality and bealthy, evenby for
life productive, and sustainable (Pemerintah, 2002). Food agriculture organization
(FACY) said that [our aspects are the main pillar In providing food security aze food
availability affordability, access to food, food price stability, and food utlization
iPratamaetal., 2001%), Where in the pursait of foed security, food availabifity to the
guantity and the qualily of initial capital can be sufficien@o ensure affordability,
access, price stability, and food utilization (Susanto ot al. 2020,
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According to Food Securily and Vulnerability Atlas [FSVA), the Bojonegoro
district is on food securily better with a score af the food index (IKF) of 81,21, In
addition, the district that ranked fourth highest in cast java in contributed rice
production made the Bojonegoro regency one of the main producers of rice
unseeded in the province of east java [Darsan & Dawund, X0Xl). Buti, the
achievement that has been acquined does not guarantee that every region of the
district has the resilience of good food. Infact, from 28 in Bojenegoro district, there
are still @ districts thal enter inte a group with the condition of food security as
well as poor; they wene Balen, Bavreno, Gondang, Kepohbaru, Malo, Mgasem,
Mgraho, Sekar, and Sumberejo (Supardi et al., 2020). This indicates that still meeds
to be an increase in food security, especially in terms of even distribution of food
in the Bojonegome district,

Fice as o commuodity prime food has high corsumption, supply needs to be
miaimtamed which could give impact on ecoromic conditions, (Cahyva et al,, 2008},
Based on af@ncy data fond security and agriculiure Bojonegoro district {2022)
mentioned (e availability of rice in Bojenegoro district from 2007 to 2020 was
decreasing. The availability of fce in the Bojonegoro districe fro@f200 7 until 2078
decreased by 58.526 lons. Meanwhile, in the year 200gF: 2019, the auuilalulit].r of
rice decreased by 43,716 bons, And from 3009 to 2020, the availability of rice in the
Bojonegoro district decreased by 55281 tons. It provides information that the
decline gy the availability of rice is the most significant happened in 2015

[n realizing food security theough the food availabifity of rice in the
Bojonegoro district can be prefived o know the edictor variables are anything
to ewertan influence upon the availability of rice. Based on research conducted by
Wijoyo et al. (2020) related Lo the availability @ rice in east java muoltiple lnear
regression modeling shows thal the harve is a significant positive impact on the
avatlability of rice. Aside from the issue of the harvested area the availability of
rice is relatively determined by the increase or decreasf@@n rice production. This is
following rese¢arch by Ilvas el al. (2020} eelated to the availability of rice in
Inds@esia by the method of analysis the pathway that produces rice production
[ a significant impact on the availability of rice in Indonesia, Another factor that
can affect the availability of rice is the population. Fujiatl et al (20000 @roes ted
that the moreasing number of peaple can influence food availability, Based on
research conducted by Utami ebal. (2019) The dynamic pane] appmaq_h shows that
the number of people of influence has a significant impact on the ratio of the
availability of rice in cast ava.

Bojonegoro district is a distiict with several sub-district enough which is 28 in
which every area has the characteristics of different. Henee, equity food rice in the
Bojenegoro district ks when factors affect the availability of rice in every region
sub=district known, To anbicipate problems that should be implemented in an
analv=is 15 the availability of rice in The Bojonegore district taking into
consideration the influence of geographical location or by using a geographically
welghted regression ([OWR) model. This isimportant for a pattern of refationships
in terms that can be ehserved. Misa (2022) suggested that the analysis with a spatial
appeeach like GWE & applicable If the data involved in the study detected the
eifect of spatial. Putu et al, (20207 =aid that affect spatial can be divided mbo tweoof
them the correlation across the residual (dependencies) spatial and the diversity
between the (heterogeneity spalial) besting a heterogeneity spalial involving
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Brreusch Magan test,

Lu et al (2017} defined GWER as one local lechnique used to form a model of
rebations varying in terms, The researchers before many researchers have used of
LWE model research condected by Li et al. (2019) abouwt the urban analvsis in
China, Tizona et al. (2017 in modeling dengue fever in east Bormeo, Cholid et al.
(20 9y abowt o case of baby stuntieg, Vang et al. (2018} abowt modeling house cost
i the Dalkan city in the China, Pratiwi el al. (20019 related Life Expectation Score
im the ceniral Java, dan Azies (2019) about the death score of the baby in (g east
lava, This study wsed modeling GWER that seeks to capture the mpact on the
availability of rice in the Bojonegoro district and sub-districe.

Research is expected to help the govermnment of Bojonegoro district determines
policy in the pursuit of secarity and equity food for every sub-districts in
Bajenegoro district, Hence, the researchers attempted to submit the title research
“The Use O A Geographically Weighted Eegression Model Te Analvee Predictors
Of The Rice Supply In Bojonegoro”,

2. Method

2.1, Research Dhesign

In this study design. applied research i= quantitative research involving the
Geographically Weighted Regnession (GWER) method, The weightings of used
consist af four function kernels spatial, namely Adaplive Bisquare, Fixed Bisquare,
Adaptive Gausslan, and Fixed Gauvssia@in an implementation, the tool wsed is B-
Studio soffware version £.1.2 with the eriteria for selecting the best madel of the
Akaike Information Criterion [AIC) minimum.

2.2, Population amd Sanrple

The population research is the availability of rice and the predictor variable
in the Bojonegore district, while data on o who would be the sample & the rice
supply, harvested area, the rice production, and the population in the Bojonegoros
disgtrict in 2018, The study bocations will be carried out in the local food security
and agriculture office in the Bojoregoro regency within four months, whene
research beging between October and April 2022,

2.3 Sampling Technigue

The sampling technique applied is purposive sampling, where dala is taken
from a database adapted to noeds or, research objectives. As m the implementation
of @ case study in this study, sample data associated with the rice supply and its
predictor variables was obtaimed from the office of food security and agriculiure
in Bojonegore district,

24, Research Sl

In this study, thie data used is secondary data originating from the food and
agriculture Bojoregore district of data and data regarding the dce supply and
factors thal infleence it in every region in Bojonegoro district 2018 vear lotaling 28
unit observatif) or in a ratio measurement, The variables contained in this stody
are presented im Table 1 as follows:

1
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Table 1. Definition of Research Variables

Variahle  Mama Keterangan
Variabel
Hespon The Rice Supply (kong The mumber of reserved rice ateach sub-
¥} district is urder the supervision dept of
agriculture and food security in the
Bepomreporo district.
Predictor  The Harvested Area {Ha) The rumber of reserved rice ateach sub-
X district is ureder the supervision dept of
aggriculture and food security in the
Bopmegore distric.
The Rice Production (fon)  Agricultaral produocts from commodities
{2 rice in each sub-district in the Bojonegora
mtdﬁ.
The Population (heagd) The rumber of peaple whe sehled inevery
1 X districk in the Bogonegoro district,

This research wsed the rice supply variable with predictor variables like

harvested area, rice production, and population. In addition, this research alse
imvolved fwo variables relating o the geographical variable u are defined as
fatitude and o as longitude.

2.5 Techmiqee of Data Analysis

The analvsis that there are procedures in this research will be used toanalyvee

variable predictor that affects the rice supply in Bojenegoro by considering the
influence of spatial nses in the GWE method using B-Stodio software. The
following step is o analyee the data used in this rescarch:

1.

3

Performing data modeling starts with entering observalion data.

Undertook the identification of data characteristics on the rice supply and

variable predictor influence.

Testing for sp@jial effects which in this paper omnly tests for spatial

heterogeneity  using the Brewsch Pagan  stabistical test If the spatial

heterogeneity effect is not found, the global regression model or mulliple

linear regression model is used in step 4; [f the spatial heterogeneity effoct is

miet, the local regression mosdel or GWE modet is wsed instep 6,

Do meadeling the fce supply with the multiple Enear regression (MLE) medel

will the following proced ure:

4.1, Detect multicollineartty svmptoms,

4.2, Perform multiple linear regression model estinsation.

4.3, Performing parameler significance lesting with F test and | test,

44. Tesling the assumplions of normality, hetercscedasticity, and
autocorrelation; then if the test passes then procved to step 7, but if it is
not fulfilled then continue to step 5.

. Do madeling the rce supply with the mulliple linear regression [MLE) model

based boatstrapping with the following procedure:
5.1, Specifving a bootstrap sample of usually 100,
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3.2 Taking o repeated sample by replacing 100 abservations from the sample
data set, tun the regression madel and save the coefficients obtaimed. In
the end, we will have 1K) pairs of coefficdents or parameters of the
regression model,

3.5 Crealing confidence inbervals for each parameter of the regression mosdel,

34 Checking the significanoe of model parameters is done with parameters
that are significant if they are within the confidence interval then contimue
Lo slep 7,

6. Do modeling the e supply with the geographically weighted regression
[GWR) madel the following:

&.1. Do a reckoning of the Euclidean distances befween the observations.

.2 D the bandwidth levels by considering the minimuam en cross-validation
{CV),

£.3. Choosing the best function of weight kernels 1o vole by considering the
ALC (Akaike information criterion ).

6.4, Daing the caloulating value and estimation of the GWER maodel parameters
with the kernels’ functioning,

&5, Testing the method to see the contrast between MLE and GWE methods,

6.0, Tesling the partial significance of this fact o parameter mode] GWER with
the best weight functions.

¥, Present the output of the regression model and measuring goodness-of-fit
MEAsUres,

4. Provide an inlerpretation of the regression model regarding the relaticnshigp
patterns of the research variables that contribute to food security and
agriculture in Bojoregore Begency.

b Flow Chart

The procedure ol the analysis contained in the research is described in the
form of a Alow chart like Figure 1, following in:

e, _ Entering Undertoak Testing for
'-,L%\. " Observation Data * The Ideniification of * Spatial Effects
Data Characteristics '
Testingfor The gy D Modeling with . fhespatil
Classical Assumptions Thee BALR Model "~ Effects i Found .
M g
H -3
The Classical Yes Present Do Modelin
e e ; it with
Pased pg e IS
[ '- l
[ Modeling with Provide >
The ML haodel an interpretationof W | Finigh
Based Bootsiraping The Regression Model - -

Figure 1. Flow Chart for The Procedure of Data Analysis,

1
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3. Results and Discussion
3.1, Results

Before conducting more advanced analysis, statistical descriptive first to see
how a general picture of data from each variable would check. The amount of data
the ohservations that have been imvobved i this stedy, as many as 28 observations
where data those with extensive data harvested area (X5), the rice produoction (X2,
the population {X3), and the rice supply (Y] onany sub-districts in the Bojonegoro
district in 208, Table 2 served as a summary of the findings and descriptive
slatistics of any variable research,

Table 2. Descriptive statstics of the rice supply data in the Brjonegoro destrict

Min  Median  Mean hdax Varanoe
Y 2223 13744 17249 42029 142439724
X, 687 4244 S3MW 135W1 13,588,551
X 0 799 20s60 74326 509,141,512

X: 11451 45595 4683 F5577  4EG543.649

Tabe 2 it can be seen mformation related information on the descriptive
slatistics varable research of the lowest valoe (minimum), the middle value
imedian], the average (mean), the highest (maximuom), and the variance, Next,
Figure 2 will be given a pickure in visual ina map thematic to soe the scatter data
on the rice supply in the Bojonegoro districe, where the area division is classified
inte five categories,

Figure 2, The scatter data on the rice supply in the Bogpmegoro district

After obtaining the @ults statistics descriptive of varables, research nest
represenbed the result of §fplal effect testing was first. The spatial effects which in
this paper only Lests for spatial helerogeneily using the Breusch Pagan statistical

best,
Tabel 3. The resulls of spatial heterogeneity test

Breusch Pagan test  Stafistic  p-value
13855 DO
*The significance for o by 5%
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Based on the results of festing heterogeneity spatial in Table 3, the benchmark
for comsideration in decision-making was valued p-value 2 o but filed to receive
Hi, or il can say that varant in every region is heterogeneous. So, data will be
processing rice availability in the Bojonegore district with the GWEL

Following in Table 4 served the value of an optimum bandwidth, each with
its functon of the kernel of the results with a method of GWR modeling.

Table 4. The cptimum bandwidth on each [Tunction kernels
Function Kernels  Value of OV Minimum Bandwidth

Fised Gaussian 124100 0.0571

Fimed Gisquare 13,5955 (0. 256
Adaptive Gaussian LR 02143

Adaptive Bisquare 233796 (L.B57T

After obtaining the optimum bandwidih value in each kernel funchion, the
next slep that vou can do is to delermine the weight kemvels function best by taking
inte account the Akaike information criterion (AIC) in each kernel function.
Following Table 5 will be presented the AIC value on each kernel funcliom.

Table 5 The AIC value in cach kernel funchion,

Muode]  Eemel Funeton AIC
GWE Fived Gaussian -22.9673
GWE  Fied Bisquare 1734860

GWH  Adaptive Gaussian 270710
GWE Adaptive Bisquare 26,5919

Based on the results outlined in Table 5, obtained information was that the

kernel funclion has the best function kermels in that it kas a valoe of the AIC
IO T

A8 obtaining the best kermel function, the tested conformity model was to
see il e GWE model is better than a linear regression or global regression model.
Table 13 will btﬁjspla}'t'd thi result of testing conformity GWER model,

Table 6. The results of the conformity GYWE model

Model  dF S5E  Fstatistic  P-valoe

MLRE  3.5804  BY9¥66

CWE M D537 36569 (UOME
*The sigmificance fora by 5%,

From Tabie 12 known p-value is .08, A standard significance of 5 % stated
that the @value = 0 with a by 5%, which we can conclude lailed o receive HI,
meaning there is a significant difference between the global regression and GWER

From the implementation of the GWE model abtained, the peedictor variables
significantly influence the availabifiy of rice at each sub-districts, and the form of
medeling where from test results ﬂg‘nll’tﬁmcr in partial 32 equation produce
different models the next one represented inle Table 7.

Table 7. The SWE model in each sub-district.

Sub-District  Sigmiticant Predictor GWH model
Baler - 7= (15608 + DIEG9X, + 0. 2968X. + 0.0191X,
Baorene - = 29107 + 154X, + 021X 12543,
Bojoregors X = (7575 - 25505.X, + (L7220 A HIGAEX,,
Bubulan X = 00804 + ZAGIEX,* - . M6EN HIOT12Y,

;
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@@ub-District  Significant Predictor CWE model
Drarsdier - o= LA+ LSS, + ILT9RSX: & (LTSN,
Caayam Xz = 0L + TR, + DLESTLY™ - MISTTN,
Gondang - = 00067 + 21BN, +0000035, 00061 X,
Kalitiddu Xz i = ALEE - (La3SEX, + (75360 HL0515K,
Kanor - = LGRS + DAMIN, + 02601 - 023195
Kapas Xz = 0ENT - L5EEN + 0,720+ 005K
K asiman X o= L4ATE + 7760K; - (L0557 14206 X ¢
Kedewan Xa i = -L380 + 44150, - 05507 X HERGET X"

- = -0 + 2F520K, +00F1S 001535,

Fepuhbaru i = 155 + (9550, + (LA721N; - (L1083R .
Mako Xo Xa = -1 3146 = BS0E2N, + 07620 +0 7330
Margemulya - = 0TS + 16472N, + DTN + (LB X,
Mgambon Xi = (LS + AONT N + (L2, - D138 N,
Nigasem Xo Xa § = (L3262 + 21385 + 0L3735X 01 609

_Mgrabo - ¢ =0.2063 - 107768, + DAF14X; + 0583
Padangan - o= 0.1359 + LAMIN, - BN + (L 1R80X,
Prrw eeari 1 § = (]RGS + (LRIT T + (L2EUTX + 03003 X
Sekar - § = DS + 3 234X + L08R Y, - 0.0003.X,
Supthwaras - =1 1164 + LETOTX; + (L1737, + DLIRY3 X,
Saakiseri i = (L0963 - D0 + 0AT97N + 011565
Sumberreio - & = 4515 + L2E6N, + 0.2641X, + 00067 X,
Tambakrejo X F =050 + 3,1 586X, + 0.00B2X; + (LOM5X,
Temayang - = L0EAE + 1SR + (L1A12X) + (LIS96X
Trucuk Xz Xa =0 ATER - 548N, + D793 X A H0. ] 3050

*Thee siggnificanoe for a by 5%,

Mext, based on the resulis in Table 7, the variables' significant impact on the
availability of rice ineach sub-districts in district 5 is grouped into a group that
has the same criteria thal visualization in Figure 3.

Figure 3. Grouping sub-district in Bojonegore distnict based on the nesults of the
partial test with the GWE method
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3.2, DMscussion

Table 2 shows that value varlans in each variable observation have great
value, meaning thal data from each variable is quite varied. In the meantime, in
Figure 1 can be seen that distribution points the avaslabibity of rice in the
Bojonegoro districk is very low, by category low, are, high, and very high in the
area did mot cluster a particular area.

Based om Table 3, the test results involving heterogeneity spatial with the
Breusch-Pagan lest showed thala @hriant inevery region is heterogenecus. So that
could go forward data processing the availabiiity of rice in the Bojonegore regency
with a method of geographically weighted regression (CWE),

As shown in Table 4, the implementation GWE model involving four kernels
obtained the value of the bandwidth oplimum for each kernel function. The value
of the bandwidth optimum wes determined by looking at mumbers ross-
walidaton (CV) minimum. Mext, based on Table 5 oblained information, the model
of besl criteria is a GWER model involving the function of the fixed gaussian kernel
function due to has Akaike mformation criterion (AIC) minimum, Where the
bandwidih obtained with the process of the [ixed gaussian kernel is 0,0571 who
has the sense that a point included in a radios of 00571 has been designated the
influence of optimal parameter in developing model at cvery location,

Table & indicates the exam resuelts conformity model intended 1o see if the
GWE model involving the function of the fixed gaussian kemel is better than a
linear regng@ion or global regression moded. Where obtained test results werne the
conclusion that there is a significant difference between global regression models
and GWE has the sense that the CWE moded, by involving the function of the fixed
gaussian kernel better if companed with global regression models,

Mext, based on the parameters, partial lesting in Table 7 cbtained 28 different
cquation models different in the model of the rice supply at every area 1 the
Boponegoro district. Where from the testing in partially formed five groups by the
same criteria just in Figure 2, which provides information that group 1 with
varlable significant broad crop consisting of three  sub-district  (Bubulan,
Mgambon, and Tambakrejo), Group 2 has significant rioe production consisting of
4 sub-districls [Gayam, Kalilidu, and Kapas), group 3 has a considerable
population comprised of 2 sub-districts (Kasiman and Kedewan), group 4 has
signiticant rice production and a population consisting of 3 sub-districts (Malo,
MNgasem, and Trucuk), as well as on every team in which every pgffictor variable
did not influence significantly consisting of 16 sub-districks {Baken, Bawrenao,
Damder, Gondang, Kanor, Kedungadem, Kepohbaru, Margomulyo, Mgraho,
Padangan, Purwosari, Sekar, Sugihwaras, Suekosewu, Sumbermeg, and
Temavang).

4. Condusions

Based on the minimum Akaike mformation criterion (AIC) value, the
results of the GWER model with fixed gaussian kernel funclion weighting is a
model with a measure for the best model in rice availabilily in Bojonegoro
Begenoy, From The GWR modeling, the nce supply in vach sub-district is
influenced by different factors due to the diversity effect.

The suggestion given in this research is ko use observation dala [rom the
last few yvears o that it can provide more information about the current rice
supply in Bojonegoro Regency. The suggested method is a lime serles spatial

1
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study. Future ressarch can add other predictor varlables such as rice
consmmplion, fce import volume, and others.
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