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Abstract

Problems of Food Productivity in Kalimantan is experiencing instability. Every year, various problems and
inhibiting factors that cause the independence of food production in Kalimantan are suffering a setback. The
food problems in Kalimantan requires a solution, therefore this study aims to analyze the factors that influence
the increase of productivity and production of food crops in Kalimantan using Spatial Statistics Analysis. The
method used is Nonparametric Spatial Regression with Geographic Weighting. Sources of research data used are
secondary data and primary data obtained from the Ministry of Agriculture and the Central Statistics Agency.
The total area used is 56 regencies/cities in Kalimantan. The results show that there are 13 factors affect food
productivity in Kalimantan. These factors are the number of agricultural business households, the number of
workers in agriculture, the amount of rice production, rice field area, rice field harvest area, irrigation network
area, area of each region, total area based on altitude class, area based on slope/slope class, economic growth rate,
Gross Regional Domestic Product, Regional Development Index and Population Density. The best model is
obtained using the geographical weighting of the Gaussian kernel function with the cross-validation value 5,65.
The criteria for the goodness of the model with the number of knots 3 and order m = 1 have R* value of 97,19%
and the value of AIC is 2,43.

Keywords: food productivity, spatial statistics, nonparametric, geographic weighting, Kalimantan
1. Introduction

Kalimantan is facing severe quite complex problems in agriculture. The food production showed a shortage of
223 thousand tons from the needs of 458 tons annually. Various kinds of problems and inhibiting factors that
cause the independence of food production in Kalimantan are experiencing a setback. The food problems in
Kalimantan requires a solution, therefore this study aims to analyze the factors that influence the increase of
productivity and production of food crops in Kalimantan using Spatial Statistics Analysis. The method used is
Nonparametric Spatial Regression with Geographic Weighting.

This study aims to find the supporting factors and inhibitors of food crop productivity and production in each
regency/city on the island of Kalimantan. The next objective is to analyze strategies, formulate effective
alternative strategies to increase the production of the food crops sub-sector and to contribute to the Department
of Food Security in each regency/city of Kalimantan Province.

Statistical analysis used is one of the methods in spatial statistics, namely the Nonparametric Regression method
with Geographic Weighting (Sifriyani, Haryatmi, [.N Budiantara, & Gunardi, 2017), (Sifriyani, S. H. Kartiko, I.
N. Budiantara & Gunardi, 2015). This method is a development of nonparametric regression that considers
geographical or spatial factors. Differences influence increased productivity and production of food crops in
environmental and geographical characteristics between locations of observation in each regency/city in
Kalimantan.

This problem resulted in each region will have different supporting and inhibiting factors for each region. This
method is very suitable because it will produce a different model for each regency/city that we examine. This
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method will produce one statistical modeling for each district/city, so we will find supporting factors and
obstacles that are different for each district/city.

2. Data Source and Method
2.1 Data Source

The data used in this study are secondary data and Primary data obtained from the Ministry of Agriculture and
the Central Statistics Agency. The area used is 56 regencies/cities in Kalimantan. The research variables used are
respond variables and predictor variables. The response variable is rice crop productivity (y) in 56
regencies/cities in Kalimantan. Predictor variables that are thought to affect y are:

1. Number of agricultural business households (x;)
Number of workers in agriculture (x,)

Amount of rice production (x3)

Rice field area (x,)

Rice field harvested area (xg)

Irrigation network area (xg)

Area of each region (x;)

Area-based on height class (xg)

A T A

Area size by slope class (xg)

—_
=]

. Economic Growth Rate (x;,)

—_—
—_—

. Gross Regional Domestic Product (x;;)

—_
\S}

. Regional Development Index (x;,)
13. Population density (x;3)
2.2 Research Method

The method used in this research is Nonparametric Spatial Regression with Geographic Weighting. The analysis
step was carried out in 5 stages. They are model estimation [15], selection of optimal knot points (Sifriyani,
Haryatmi, I.N Budiantara, & Gunardi, 2017), testing the suitability of the model hypothesis (Sifriyani, I.N.
Budiantara, S.H. Kartiko & Gunardi, 2018), Simultancous hypothesis testing (Sifriyani, 2019) and testing the
significance of parameters partially (Fotheringham, A.S, Brunsdon, C & Charlton, M., 2012) Map Mapping
using GIS. The steps of Nonparametric Spatial Regression with Geographic Weighting modeling are as follows:

1. Identification response variable y and predictor variables

2. Descriptive statistical analysis from each response variable y and predictor variables

3. Data pattern analysis between response variable y with each predictor variable

4. Spatial heterogeneity Test with Breusch-Pagan method

5. Goodness of Fit Test

6. Calculating the Eucliden distance between the i location located at the coordinates (u;v;) to
location j which is located in the coordinates (u;, v;)

7. Nonparametric Spline Analysis by Determining the optimum knot point.

Determining weighting for Nonparametric Spatial Regression with Geographic Weighting modeling.
9. Obtaining an estimator of the Nonparametric Spatial Regression with Geographic Weighting.
10. Interpretation of model.
11. simultaneous hypothesis Test.
12. Partial significance test for each Districts/City.

13. Mapping 56 areas in Kalimantan based on factors that influence Productivity Improvement of Food in
Kalimantan.

14. Making conclusions.
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3. Result and Discussion
3.1 Data Exploration of Food Productivity in Kalimantan

Figure 1 presents the distribution map for Food Productivity Data of 56 regencies/cities in Kalimantan until 2019.
Average food productivity in Kalimantan is 37.19 Ku/Ha, where the highest food productivity is in Malinau
Regency, North Kalimantan Province, which is 89, 54 Ku/Ha and the lowest food productivity was in Palangka
Raya City, Central Kalimantan Province. Figure 1 also shows the distribution map of rice productivity having
the amount of rice productivity ranging from 22.03 Tons / Ha to 89.54 Tons / Ha.
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Figure 1. Distribution Maps for 56 Food District/City Food Productivity Data in Kalimantan.
Data Source for 2019

Based on Figure 1, the most significant food productivity is around 63.34 Ku/Ha up to 89.54 Ku/Ha, then the
regencies/cities included in this group are Malinau Regency and Tana Tidung Regency. As for the smallest food
productivity around 22.03 Ku/Ha up to 27.92 Ku/Ha and regencies/cities included in this group are Balikpapan
City, Barito Utara Regency, Murung Raya Regency, Gunung Mas Regency, Palangka Raya City , Kapuas Hulu
Regency, Sintang Regency, Melawi Regency, Seruyan Regency, Lamandau Regency, North Kayong Regency,
Sanggau Regency, Bengkayang Regency and Sambas Regency.
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Figure 2. Spatial Diversity Map for Labor Data in Agriculture in 56 regencies/cities in Kalimantan.
Data Source for 2019
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Figure 2 explains the map of the spatial diversity of labor in agriculture in 56 regencies/cities in Kalimantan
which is divided into two parts: the number of agricultural business households shown in 2.a and the number of
workers in agriculture shown in 2.b. The most significant number of agricultural business households is between
68,385 people up to 106,512 people, and regencies/cities included in this group are Banjar District, Sintang
Regency, Sanggau Regency, and Sambas Regency. The smallest number of agricultural business households are
between 1,427 people up to 12,690 people, regencies/cities included in this group are Pontianak City, Lamandau
Regency, Sukamara Regency, Palangka Raya City, Banjarbaru City, Banjarmasin City, Malinau Regency,
Mahakam Ulu Regency, Bulungan Regency, Balikpapan City, Tana Tidung Regency, Tarakan City, and
Bontang City.

The most significant number of workers shown on map 2.b. between 71,621 people up to 119,572 people,
regencies/cities included in this group are Kutai Kartanegara Regency, Banjar City, Sintang Regency, Sanggau
Regency, Kubu Raya Regency, Landak Regency, and Sambas Regency. The smallest number of workers is
between 1,568 people up to 15,220 people, and regencies/cities included in this group are Tana Tidung Regency,
Tarakan City, Bontang City, Balikpapan City, Mahakam Ulu Regency, Murung Raya Regency, Banjarbaru City,
Lamandau Regency, Regency Sukamara, Banjarmasin City and Pontianak City.
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Figure 3. Spatial Diversity Map for Potential Land Resources in 56 regencies/cities in Kalimantan.
Data Source for 2019

Figure 3 explains the spatial diversity map of potential land resources in 56 districts/cities in Kalimantan which
is divided into four parts. They are the amount of rice production shown in 3.a, the area of agricultural land
shown in 3.b, the area of rice harvest shown in 3.c and irrigation network area shown in 3.d.

The largest amount of rice production is between 208,929 tons to 389,757 tons. Regencies/cities included in this
group are Kapuas Regency, Barito Kuala Regency, Banjar City, Tapin Regency, Hulu Sungai Selatan Regency,
and Hulu Sungai Tengah Regency. The smallest amount of rice production is between 130 tons to 17,265 tons,
regencies/cities included in this group are Tana Tidung Regency, Tarakan City, Malinau Regency, Mahakam Ulu
Regency, West Kutai Regency, Bontang City, Samarinda City, Balikpapan City, Regency Gunung Mas,
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Palangka Raya City, Sintang Regency, Banjarbaru City, Banjarmasin City, Pontianak City, and Singkawang
City.

The largest agricultural land area is between 123,545 Ha up to 457,032 Ha. Regencies/cities included in this
group are Kotawaringin Timur Regency and Kapuas Regency. While the smallest agricultural land area is
between 20 Ha to 8,719 Ha, regencies/cities included in this group are Singkawang City, Pontianak City,
Lamandau Regency, Sukamara Regency, Seruyan Regency, Palangka Raya City, Gunung Mas Regency,
Banjarmasin City, City Banjarbaru, Murung Raya Regency, Mahakam Ulu Regency, North Barito Regency,
Samarinda City, Balikpapan City, Bontang City, Malinau Regency, Tana Tidung Regency, Nunukan Regency
and Tarakan City.

The largest rice harvested area is between 67,323 hectares up to 101,228 hectares. Regencies/ cities included in
this group are Kapuas Regency, Barito Kuala Regency, Banjar City, and Tapin Regency. The smallest rice
harvest area is between 0 to 5,678 Ha, regencies/cities included in this group are Singkawang City, Pontianak
City, Melawi Regency, Sukamara Regency, Gunung Mas Regency, Palangka Raya City, Banjarmasin City,
Banjarbaru City, Hulu Sungai Regency South, West Kutai Regency, Balikpapan City, Mahakam Ulu Regency,
Samarinda City, Bontang City, Malinau Regency, Nunukan Regency, Tana Tidung Regency and Tarakan City

The largest irrigation network area is between 18,811 Ha up to 48,649 Ha. Regencies/cities included in this
group are the Landak District. Whereas the smallest irrigation network area is between 0 to 1,058 Ha.
Regencies/Cities included in this group are Sambas Regency, Singkawang City, Pontianak City, Lamandau
Regency, Seruyan Regency, Sukamara Regency, Pulang Pisau Regency, Palangka Raya City, Regency Barito
Kuala, Banjarmasin City, Banjarbaru City, Tanah Bumbu Regency, Paser Regency, South Barito Regency,
Balikpapan City, Penajam Paser Utara Regency, West Kutai Regency, Mahakam Ulu Regency, Murung Raya
Regency, Bontang City, Samarinda City, Tarakan City and Regency Tana Tidung.
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Figure 4. Map of Spatial Diversity for Economic Conditions and Population Density in 56 Regencies/Cities in
Kalimantan. Data Source for 2019
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Figure 4 explains the spatial diversity map of economic conditions and population density in 56 regencies/cities
in Kalimantan which is divided into four parts. They are the regional development index shown in 4.a, the
Economic Growth Rate shown in 4.b, Gross Regional Domestic Product shown in 4.c and Population Data
shown in 4.d.

The highest regional development index is between 73.57% to 79.69%. Regencies/cities included in this group
are Banjarmasin City, Banjarbaru City, Balikpapan City, Samarinda City, Bontang City, Palangka Raya City,
Pontianak City, and Tarakan City whereas the lowest regional development index is between 61.52% to 65.16%.
Regencies/cities included in this group are Mempawah Regency, Landak Regency, Sanggau Regency, North
Kayong Regency, Sekadau Regency, Sintang Regency, Melawi Regency, Kapuas Hulu Regency, Barito Kuala
Regency, Hulu Sungai Utara Regency, Nunukan Regency.

The highest economic growth rate is between 6.5% to 7.99%. Regencies/cities included in this group are
Nunukan Regency, Tarakan City, Banjarbaru City, Kapuas Regency, Gunung Mas Regency, Palangka Raya City,
Katingan Regency, East Kotawaringin Regency, West Kotawaringin Regency, Lamandau Regency, Ketapang
Regency, and Kubu Raya Regency. The lowest economic growth rate is between 0.68% to 2.34%,
Regencies/Cities included in this group are Kutai Kartanegara Regency, Bontang City, North Penajam Paser
Regency, and Paser Regency.

The highest Gross Regional Domestic Product is between 43,128,298 Million to 118,663,242 Million Rupiah.
Regencies/cities included in this group are East Kutai Regency, Bontang City, Kutai Kartanegara Regency, and
Balikpapan City whereas the lowest GRDP is between 2,531.9 Million Rupiah to 3,741,343.2 Million Rupiah.
Regencies/cities included in this group are Tana Tidung Regency, Mempawah Regency, Sekadau Regency,
North Kayong Regency, Melawi Regency, Seruyan Regency, Lamandau Regency, West Kotawaringin Regency,
Sukamara Regency, East Kotawaringin Regency, Katingan Regency, Gunung Mas Regency, Palangka Raya City,
Pulang Pisau Regency, Kapuas Regency, South Barito Regency, East Barito Regency, Hulu Sungai Utara
Regency, North Barito Regency and Murung Raya Regency.

The highest population density was between 1,241.7% to 9,533.41%. Regencies/cities included in this group are
Pontianak City and Banjarmasin City whereas the lowest population density is between 1.35% to 70.07%.
Regencies/cities included in this group are Nunukan Regency, Tana Tidung Regency, Bulungan Regency,
Malinau Regency, Berau Regency, East Kutai Regency, Kutai Kartanegara Regency, West Kutai Regency,
Mahakam Ulu Regency, North Penajam Paser Regency, Paser Regency, Regency Kapuas Hulu, Murung Raya
Regency, North Barito Regency, Tabalong Regency, East Barito Regency, Balangan Regency, Kotabaru
Regency, Tanah Bumbu Regency, South Barito Regency, Kapuas Regency, Pulang Pisau Regency, Katingan
Regency, Gunung Mas Regency, Sintang Regency, Regency Melawi, Sekadau Regency, Sanggau Regency,
Landak Regency, Kayong Utara Regency, Lamandau Regency, Sukamara Regency, West Kotawaringin
Regency, Seruyan Regency and East Kotawaringin Regency.

3.2 Spatial Heterogeneity and Geographic Weighting

The Breusch-Pagan test is employed to identify spatial heterogeneity. The effect of spatial heterogeneity results
in non-homogeneous error variance, and there are indications of grouping regions, because of that nonparametric
regression with geographical weighting is used. The best geographical weighting is the optimum bandwidth
value. In this study, Cross-Validation (CV) is used to determine the optimum bandwidth. Table 1 shows the
results of spatial heterogeneity testing using the Breusch-Pagan test and the optimum bandwidth values.

Table 1. Results of Analysis of Nonparametric Spatial Regression with Geographic Weighting

i Breusch-Pagan Test df p-Value Decision
Spatial .
Heterogeneity T her'e is effect of
Test 44,099 26 0,014 spatial
heterogeneity

CV Values for WeightedFunction 5?5 2%;}[ Cross Validation (CV) (GGegi;”;z lized — CV
Weighted Kernel Gaussian 1.977 5.649 2.67
Function

Kernel Bisquare 7,696 6,730 3,02

Number of Coefficient of

Kriteria model Method Knot Point  Determination R* AlC

Orde m=1 3 97,192 2,43
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Based on Table 1, it can be concluded that rice productivity data has a spatial heterogeneity effect with the
optimum bandwidth value obtained using the Gaussian Kernel weighting function, which is 1.977. This is
showed by the smallest GCV value and CV value. In addition, the R-Squared value of the model with the orde m
=115 97.192. All of those results indicate that the predictor variable number of agricultural business households
(x;), the number of workers in agriculture (x;), the amount of rice production (x3), wetland area (x,),
wetland harvest area (xs), irrigation network area (xg), area of each region (x;), area based on height class
(xg), area based on slope class/slope (xy), Economic Growth Rate (x;,), Gross Regional Domestic Product
(x11), Regional Development Index (x;,) and population density (x;3) are able to explain the variable rice
productivity (y) of 97.192% and the result of 2.808% explained by other factors have not been studied.

3.3 Nonparametric Spatial Regression Method with Geographic Weighting

The method used in this research is Nonparametric Spatial Regression with Geographic Weighting. The step
analysis was carried out using five stages: estimation of the model (Sifriyani, S. H. Kartiko, I. N. Budiantara &
Gunardi, 2018), selection of optimal knot points (Sifriyani, Haryatmi, LN Budiantara, & Gunardi, 2017), testing
the suitability hypothesis of the model (Sifriyani, I.N. Budiantara, S.H. Kartiko & Gunardi, 2018), simultaneous
hypothesis testing (Sifriyani, 2019) and testing the significance of parameters partially (Fotheringham, A.S,
Brunsdon, C & Charlton, M., 2002).

Model Estimation and Knot Point Selection

Modeling Nonparametric Spatial Regression with Geographic Weighting has the advantage of having knots in
the model. With the knots, the resulted model will follow the pattern of relationships by the behavior of the data.
The optimal knots can be seen from the minimum GCV value. The GCV method is generally defined as follows
(Eubank, R. L., 1999), (Green, P.J. dan Silverman, B.W., 1994).

MSE (K1,Kz,...Kr)

GCV(Ky, K, ., Kp) = (n~trace[I-A(K1,K2,...Kr)])?’ )
where
. N 2
MSE(Ky, Ky, . ) = n7 Sy (3 — F(x) @

The results of the nonparametric spatial regression method with a geographical weighting obtained GCV values
byorde m=1 and K , = 3 shown in Table 2.

Table 2. Knot Point and GCV Values for Variables xi, X, X3, X4, X5 and xg

No. x X, X, X, X, X, GCV
2474,25 35215 41222,5 2748,04 3928,08 46409,52

1 2059,846  38489,07 486,49 972,98 18486,62 489,1503 48,14878
1423258 0,7531 0,8262 3,4578 1189139 2375746
2474,25 35215 42269,75 2748,04 3928,08 46409,52

2 2059,846 39501 486,49 972,98 18973,11 489,1503 48,18781
1423258 0,7531 0,8262 3,5309 1189139 2375746
2474,25 35215 40175,25 2748,04 3928,08 46409,52

3 2059,846  374717,15 486,49 972,98 18000,13 489,1503 48,22603
1385804  0,7531 0,8262 3,3847 1189139 2375746
2474,25 35215 39128 2748,04 3928,08 46409,52

4 2059,846  36465,23 486,49 972,98 17513,64 489,1503 48,33122
1348350  0,7531 0,8262 3,3116 1189139 2375746
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Table 3. Knot Point and GCV Values for Variables x;, xg, X9, X1¢, X11, X12 and Xxq3

No. x, X, X, X, X, X, X, GCV
4026,27 7922,54 148188,3  1255,24 2490,48 46959,12  1047,923

1 923,6306 1624092 240975 48195 915705 37454,17  74908,34  48,14878
45093602 61,7017 61,8834 68,4246 96,6706 191,9912 3623,533
4026,27 7922,54 152084,5  1255,24 2490,48 48194,36  1047,923

2 923,6306  16666,4 240975 48195 939802,5 37454,17  74908,34  48,18781
46280209 61,7017 61,8834 68,6063 96,6706 191,9912  3718,853
4026,27 7922,54 144292 1255,24 2490,48 45723,88  1047,923

3 923,6306  15815,44 240975 48195 891607,5 37454,17  74908,34  48,22603
43906995 61,7017 61,8834 68,2429 96,6706 191,9912  3528,212
4026,27 7922,54 140395,7  1255,24 2490,48 44488,64  1047,923

4 923,6306  15389,96 240975 48195 867510 37454,17  74908,34 4833122
42720388 61,7017 61,8834 68,0612 96,6706 191,9912  3432,892

Table 2 and Table 3 obtained the optimum knots points with a GCV value of 48.148. The optimum knot points
are:

| =2474,25K,, =3521,5,K,, =41222,5,K, =2748,04; K, = 3928, 08;
K,, = 46409,52; K, =4026,27;K,, = 7922,54; K, = 148188,3; K, =1255,24;
K, =2490,48; K, =46959,12; K, =1047,923; K, = 2059,846; K, = 38489,07;
K, = 486,49, K, =972,98, K =18973,11;K,, = 498,150, K, =923,63; K, =16240,92;
K, =24097,5;K,, = 48195;K,, =915705;K,, =37454,17;K,, = 74908,34; K, =1423258
K, =0,7531;K,,, = 0,8262; K, =3,4578;K,,, =1189139; K, , = 2375746; K, , = 45093602
K, =61,701;K,,, =61,883; K,,, =3623,53;K,,, =96,67;K,,, =191,99; K ,, =3623,53

So, in general, the nonparametric spatial regression model with a geographical weight is as equation 3
¥ = ,[?0 (uf,v,)—k[;’u (u,_,\.’,)xh +fr’21 (ui,vi)le +,5’51 (u, v, )x3r, —h&] (u,_,v, ),\"47, o +ﬁm (ui_,vi )xm
(H Y, ) 11) (ul’vi)(xzi _KZI) T +él%’ (u L2 ) xl}l 131)

(x, (
(”w",)( 1) +5 (u;,_,vi)(le,—KH)++ a.. (ui,vl 2. —& )
(u v)(xli —&, ) (ui,vi)(xzi,—KB) +.. +é)134 (u v)(r& Km)

3)
Where i = 1,2, ..., 56 is the explanation of the area following the regency/city discussed in this study.
Simultaneous Parameters Signification test

The simultaneous testing hypothesis of the Nonparametric Spatial Regression model with a Geographic Weight
is

Hy: B uv) =B, (uv) == B, (w,v) =6, (u,v,) =6, v) = .= 8, (4,v,)

H,: atleastone [ (u,v,)#0ataud,, , (u,v,)#0,

Statistical fest (Sifriyani, 2019) to test the hypothesis of H|, against H,| is
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Y M (u;,v,)y
. |r((1-B,) (1-8,))
V =
Y D(u;,v,)y
T
or((1-8)" (1-8)) o
Based on the statistic result V' =12,406 > F ..\, =1,992 and p —value = 0,000 < & = 0,05 so it can be

decided that H is rejected and the conclusion of the parameters of food productivity data are influenced by
geographical weighting (u,,V,) .

Significance Test of Partial Parameters

The following hypothesis is a significance test of partial parameters.

Ho:ﬁpk(uir v;) =0 and 6p,m+h(ui; v;) =0

with p=12,..8 k=1, h=123; i=12,..,56 Regency/City

H;: at least there is one S, (u;, v;) # 0 dan 6, (s, v;) # 0

with p=12,..8 k=1, h=123; i=12,..,56 Regency/City

Statistics Test for partial test on the models used the formula by Fotheringham (Fotheringham, A.S, Brunsdon, C
& Charlton, M., 2002) as follow:

n u.,v
(- eon) ®
SE(ﬁ(ul,vl))
Where SE(:(ul.,v[)): Zu and g, is a diagonal element of k+1  from matrix

(QTVV(ui,Vi)Q)_I 6 (u;,v,).

Statistics test for multivariable spline truncated nonparametric regression model in GWR in equation (5) will
follow the distribution of # with degrees of freedom (n—l) and significance level of «, then the decision taken

will reject Hy if [t] > t( . Figure 5 and table 4 present the result of partial significance parameter test.

2 n-1)
Table 4 is the results of grouping by regency/city which is influenced by predictor variables. Table 4 describes
that group 1 Nunukan Regency, Tana Tidung Regency, Malinau Regency, Bulungan Regency, Kutai
Kartanegara Regency, West Kutai Regency, Penajam Paser Utara Regency, Balikpapan City, Samarinda City,
Mahakam Ulu Regency, Kapuas Hulu Regency, Melawi Regency , North Kayong Regency, Landak Regency,
Sambas Regency, Singkawang City, Banjarmasin City, Banjar City, Pontianak City are influenced by the
number of agricultural business households, the number of workers in agriculture, the wide of rice production,
rice field area, rice harvest area, area irrigation network, regency/city area, the area based on altitude class, area
based on slope class, Economic Growth Rate, Gross Regional Domestic Product, regional development index
and population density.
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Table 4. Grouping Significant Variables for Food Productivity Data in Kalimantan

No. Regencies/Cities Significant Variable Group
Nunukan
Tana Tidung
Bulungan
Malinau
Kutai Kartanegara
Kutai Barat the number of agricultural business households
Penajam Paser Utara X, ), labor in agriculture X2) , the amount of
Balikpapan rice production X5 E the area.of rice fields
i X4 ), the area of rice harvesting |Xs |, the
Samarinda irrigation network |Xg) , the area of a
1 Mahakam Ulu regency/city (x7), the area based on height 1
Kapuas Hulu class (x8 ), the area according to slope / slope
. class (xg), economic growth rate xlo),
Melawi Gross Regional Domestic Product (X, 1) R
Kayong Utara regional development index (xlz) , and
Landak population density (x13)
Sambas
Singkawang
Banjarmasin
Banjar
Pontianak
Mempawah
2 Sanggan Xps X5 X5 Xy5 Xy Xy Xgy Xgy Xy X 2
3 Sekadau xl)‘x2)x3’x4)x59x69x7)x8)x9’ 3
X115 X125 X3
4 Katingan X5 Xy X35 Xy Xsy Xy Xgy Xgs X s 4
Kubu Raya X1 Xp3
Xig X s Xag X9 Xey Xy Xgy Xy X,
5 Barito Timur 1723 TS e T 0 T 5
X125 X3
Xig X g Xgg Xgo Xayg Xy Xgy Xiqs X
6 Murung Raya 15425435 445455 465 A9 Ao A2 6
i3
Bontang
Paser
Xig Xn g Xag Xeyg Xy Xy Xy Xy X,
7 Tabalong 15425435 455 465 475 g5 Y95 A0 7
Kota Baru o120 s
Barito Kuala
] Kapuas Xps X s X35 Xsy X s X7, Xg 5 Xg 5 Xy 3
X125 %13
9 Kutai Timur X5 Xy 5 X3y Xsy Xg o Xgy Xgy Xy Xy 5 0
Sintang Xips X3
10 Tapin Xps X5 X35 Xs5 Xy Xg5 Xy Xy Xy 10

X5 X3
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" Berau Xp5 Xy Xy Xsy X s Xg5 Xg» X195 X5 .
Tarakan X5 X5
Gunung Mas
12 Palangka Raya Xps Xy s X5 Xy X5 Xg s Xgs Xp 15 X3 12
13 Barito Selatan 1> %25 %35 %55 X5 95 K105 Fi1> Y125 13
X3
14 Balangan X5 X553 X535 X5 X5 X105 X115 X125 X3 14
15 Barito Utara X15 X5 X35 X9, X, 15 X105 X3 15
16 Bengkayang Xy s Xg5 X5 Xg5 Xg, X 16
17 Hulu Sungai Utara Xy s Xgy Xsy Xy Xq5 Xg s Xg 17
18 Hulu Sungai Tengah Xy s Xg5Xs5 Xy Xy Xg 5 Xgs X5 18
Tanah Bumbu Xi15 X155 X5
19 Pulang Pisau Xy 3 X35 Xs5 Xg 5 Xg5 Xg,5 Xg5 X5 X3 19
20 Tanah Laut Xy s Xyy X5 Xy 5 Xgs X5 X5 20
Lamandau
21 o X, 21
Kotawaringin Barat
22 Sukamara X5, X, 22
23 Ketapang Xy Xy 5 Xs5 Xg 5 Xg5 Xg s X5 Xj05 X5 23
24 Seruyan X35 X45 X5 X3 24
25 Kotawaringin Timur Xy5 X, Xy Xq5 X5 25
26 Hulu Sungai Selatan Xy X5 X5 X5 Xg s Xg5 X105 X115 X125 X3 26
27 Banjar Baru Xys Xs s Xgs X5 X5 X5 X3 27

3.4 Discussion Identification of Factors Affecting Food Productivity in Kalimantan

Figure 5 is the result of testing the significance of partial parameters. Based on the picture, it can be explained
the factors that influence food productivity in 56 regencies/cities in Kalimantan.
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Figure 5. Mapping of Significant Predictor Variables
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The following explanation is for the first ten groups in Figure 5.

1.

10.

Food Productivity in Nunukan Regency, Tana Tidung Regency, Malinau Regency, Bulungan Regency,
Kutai Kartanegara Regency, West Kutai Regency, North Penajam Paser Regency, Balikpapan City,
Samarinda City, Mahakam Ulu Regency, Kapuas Hulu Regency, Melawi Regency, Kayong Regency
North, Landak Regency, Sambas Regency, Singkawang City, Banjarmasin City, Banjar City, Pontianak
City are influenced by many agricultural business households, the number of workers in agriculture,
rice production, rice field area, rice harvest area, irrigation network area, regency/city area, area by
height class, area by slope class, Economic Growth Rate, Gross Regional Domestic Product, regional
development index and population density.

Food productivity in Mempawah and Sanggau districts are influenced by the number of agricultural
business households, food productivity in, and workers in agriculture, rice production rate, rice field
area, rice harvest area, irrigation network area, area of regency/city, area based on altitude class, the
area according to slope/slope class and Gross Regional Domestic Product.

Food productivity in Sekadau Regency is influenced by the number of agricultural business households,
the number of workers in agriculture, rice production rate, rice field area, rice harvest area, irrigation
network area, area of regency/city, area based on height class, total area according to slope class, Gross
Regional Domestic Product index of regional development and population density.

Food productivity in Katingan and Kubu Raya Regency are influenced by the number of agricultural
business households, the number of workers in agriculture, rice production rate, rice field area, rice
harvest area, irrigation network area, area of regency/city, total area based on height class, area
according to slope class, Gross Regional Domestic Product and population density.

Food productivity in East Barito Regency is influenced by the number of agricultural business
households, the number of workers in agriculture, rice production, rice field area, rice harvest area,
irrigation network area, area according to slope class, Economic Growth Rate, Gross Regional
Domestic Product, regional development index and population density.

Food productivity in Murung Raya Regency is influenced by the number of agricultural business
households, the number of workers in agriculture, rice production rate, rice filed area, rice harvest area,
irrigation network area, area according to slope class, Economic Growth Rate, Gross Regional
Domestic Product, regional development index and population density.

Food Productivity in Bontang City, Paser Regency, Tabalong Regency, Kota Baru Regency, Barito
Kuala Regency are influenced by agricultural business households, the number of workers in agriculture,
rice production rate, rice harvested area, irrigation network area, wide area regency/city, area based on
height class, area by slope / slope class, Economic Growth Rate, Gross Regional Domestic Product,
regional development index and population density.

Food productivity in Kapuas Regency is influenced by the number of agricultural business households,
the number of workers in agriculture, rice production rate, rice harvest area, irrigation network area,
regency/city area, the area based on height class, area according to slope class, Economic Growth Rate,
regional development index and population density.

Food Productivity in East Kutai and Sintang Regency are influenced by the number of agricultural
business households, the number of workers in agriculture, rice production rate, rice harvest area,
irrigation network area, area of regency/city, area based on height class, total area according to slope
class, Gross Regional Domestic Product, regional development index and population density.

Food Productivity in Tapin District is influenced by the number agricultural business households, the
number of workers in agriculture, rice production rate, rice harvest area, irrigation network area,
regency/city area, area based on height class, area by class slope, Economic Growth Rate, Gross
Regional Domestic Product, regional development index and population density.

4. Conclusion

The results of research on the identification of factors that affect Food Productivity in 56 regencies/cities in
Kalimantan obtained 27 groups which are described in Table 4 and Figure 5. Each district/city has significant
factors that are different from other regions. Nonparametric spatial regression method identified 13 factors that
affect food productivity in Kalimantan: the number of agricultural business households, the number of workers
in agriculture, the amount of rice production, the area of rice fields, the area of harvested rice fields, the area of
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irrigation networks, area of each region, total area based on altitude class, area based on slope/slope class,
economic growth rate, Gross Regional Domestic Product, Regional Development Index and Population Density.
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