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Abstract

In this study we developed nonparametric geographically weighted regression models using
truncated spline approach. This method is applied to the rate of unemployment data in East Java, as
there are problems of high population growth impacting the high unemployment rate. This method
was chosen due to the fact that the data used had an unknown regression curve and is influenced by
the geographical element. Truncated spline approach is used because this approach has the function
of a flexible mathematics and models that tend to look for the shape of the curve regression estimate
objectively, without being influenced by the subjective factor of researchers. We first analysis was to
find model estimators using truncated spline approach. Furthermore the selection of optimum knot

points was done by selecting the minimum value of the Generalized Cross Validation (GCV). This
study has been successfully mapped and modeled the unemployment rate with variables that affect it.
The results using the nonparametric geographically weighted regression methods using truncated
spline approach has the best statistical model and is satisfactory with 98.95% coefficient of
determination and the MSE is equal to 0.0047.
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Spatial Dependence

Functional relationships between events in an observation
area with other events in the observation area.

Spatial Regression: Spatial Autoregressive Model (SAR),
Spatial Error Model (SEM), General Spasial Model (GSM).
Spatial regression using Approach Area

Spatial Effects
(Anselin, Getis, 1992)

spatial variability

A 4

there are different influences on the predictor variable to
respon variable from one region to another.
Geographically Weighted Regression Using Approach Point.
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Truncated Spline Nonparametric Regression in the
Geographically Weighted Regression Models
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Agricultural Sector
(Holan, Sadler, Stone, 2008).
Applications in agriculture with specific
location (site-specific agriculture). The
predictor variables is the provision of
nitrogen and irrigation

Geographers Sector If the pattern of
sl e the relationship on spatial data, to overcome the
Air pollution in New Jersey, USA and var between the unknown regression curve in GWR
predictor is the population density, the “Tresponse > models can be completed with
number of industrial and environmental variable and the nonparametric regression.

conditions oredictor

variables have
not identified a

Geologi Sector i
specific pattern

(Atkinson, German, Sear dan Clark, 2003)

Find a relationship between erosion
occurring along the Avon River Dyfi in
West Wales with variable geomorphology




Nonparametric Geographically Weighted Regression Models Using Truncated

Spline Approach

Nonparametric Geographically Weighted
Regression models using Truncated Spline
approach is a nonparametric regression for
the development of spatial data with

parameter estimator which is local to each

observation location. Truncated Spline
approach is used to solve the problems of
spatial analysis with its regression curve is
unknown.

Yi = Z Ip(Tpi) +€i
p=1

with fp(zpi) approximated by Truncated Spline functions for each location (u:, vi)
which is defined as follows:

z
fo(@pi) = Bo(wi,vi) + Y > Bpk (i, vi);

Which further f,(zp:) will be called as f and by the equation f has the truncated
function as follows:

(Tpi — Kpn)T' = {(:rm K)oy 2 Ky
pt P —

Tpi < Krph



Truncated Spline I

Truncated Spline of orde m with point
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Nonparametric Geographically Weighted Regression Models Using Truncated

Spline Approach

Theorem 1 If given regression model (3) with an error €; is Normal distribution
with zero mean and variance o> (u;,v;) then using Mazimum Likelihood Estimator
(MLE) obtained estimator B(u:,vi) and f is:

Blui,v;) = (XTW (1, 0) X) P XTW (s, 0:)Y
= Xﬁ(ui, ’Ui)

ki

With:

Wi, vi) = diag(wi(us, vi), wa(wi, vi), ..., wn(ui,vi))

Theorem 2 If given the regression model (3) with an error is Normal distributed

with mean zero and variance Jz(ui,m) then by using Maximum Likelihood FEsti-
mator (MLE), estimator 6°(us,v;) is:

67 (ui, v:) =

(¥ — X Bus, v:))TW (s, v3) (Y — XB(wsi, v;))

T
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Table 1 Reasearch variables

Variable  Explanation

Y The open unemployment rate which is the number of unemployment in the
district /city divided by the total labor force in the district /city and multiplied
by 100%.

1 Percentage of people whose education level 1s above high school in the

district /city obtained from number of people aged 15 years old whose
education level 1s above high school divided by the total
population aged 15 and older multiplied by 100%.

9 The rate of economic growth obtained from the increase in Gross Regional
Domestic Product (GDP) at constant prices.

T4 The ratio of investment per total labor force measured from the amount
of investment in the district /city divided by the total labor force,

5 Regional Minimum Wage (RMW) is a standard of minimum wage for

an area designated by the local government to maintain the welfare of workers
in the territory of each region which is different depending on the economic
conditions.

T6 The ratio of number of large and medium industries by total labor force.

Source. BPS 2016
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Study Area

The total area of East Java province is
47,799.75 km? and consist of 38
districts/cities (BPS East Java, 2016a).
Deployment of the percentage of
unemployment rate is shown in Fig. 1.
The percentage of unemployment rate
was divided into four categories:
Unemployment rate that is very high,
high, medium and low. The category of
a very high unemployment rate is
contained in the region of Magetan,
Madiun, Kediri, Malang, Pasuruan and
Surabaya city.
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4.1 Testing for Spatial Aspects

Each region has different characteristics, different parameters, also form different
functions. Such /differences prove their spatial aspect. Testing for spatial aspects
consists of testing for spatial dependence and spatial heterogeneity. Moran's [
testing is used for spatial dependence in Table 4. Breusch-Pagan testing is used
to see the spatial heterogeneity at each location in Table 3. The test results on
spatial aspects of the unemployment rate data in East Java was contained spatial
dependece and spatial heterogeneity. It required the analysis of data to use spatial
analysis using point approach namely Geographically Weighted Regression.

Table 3 Breush-pagan for testing the spatial heterogenity

Breush-pagan test df P-value
10.605 24 0.00156

Table 4 Morans I for testing the spatial dependence

Morans 1 tests o P-wvalue

0.066171 226.15 0. 000




Testing for Optimum Knot POint Table 8 Selection of Optimum Koot Poants

Combi- Koot X, X, Xq X, X Xg cov
natiom Poimt
1 5650002 1.404 1B45707  GVIT.82 1182702  0.0Q876
.. ) 1 ) 0244405 16364 2002800 7408002 1215013 (041804 2197547
Knot point is the point where the data T 0708000 1 7TAS 2150821 G07E.964 1240034 0045027
patterns Change TO Obtaln Optimum 1 H.EE0002 i.404 1845 707 ETAT ED 1183700 0.0GETE
' 2 ) 0244405 16364 2002800 7408002 1215013 (041804 2104832
knot point, the method wused is 3 1085341 10212 2316832 SY4E.636 1282155  0.0M816
] . 1 5195308 1.3516 16BR.7E5 GO67.548 1149671 Q035627
Generalized Cross Validation (GCV). 5 3 0244405 16364 2002800 7405002 1215013  O041804 2918002
. q 1095341 19217 2316832 &748.636 1282155  0.0M4816
To choose the most optimum value of _ _ _ —
1 5017385 0.782 1060738 298646 1017187 0.029004
4 ) B.195308  1.3516 168875 GO6T.548 1140671 (035627 2996053
knots then used the minimum value of
q 1594304 422028 3720030 14781.08 1530244 0076350
GCV. 1 B.6H0002 1.404 1845707  GraT.82 1182702  0.08876
5 2 0244405 16364 2002800 7408002 1215013 0041804 2996386
q 1000792 20836 2471844 O418.008 1115276 0051293
. . 1 5017385 0782 1080738 98646  101TIET  0L029004
The best Sp“ne Nonparametric 6 3 8195308 13516 1688785 G067 543 1140671 0035627  2.2360%
Regression models is obtained by the 3 1580845 9.3452 38B6.051 1545136 1613365  (0.0T0492
- . - 1 8195308 1.9516 16BR7ES GO6T.548 1140671 0095627
optimum knot points. Accordlng to 7 ) 0244405 16364 2002800 7408002 1215013 (041804 2930465
Table 6 selection of Optimum Knot 1 11.46242 2906 2630.856 100S0.18 1348307  (L054435
Points at Appendix the minimum 1 TOP6392 10668 1374761 4727004 1083420 Q020361
i ! 8 ) 8195308  1.3516 1688785  GO67.548 1140671 (035627 2938076
GCV valueis 2.12750n a T 1534304 90028 Sr20030 1478108 1580244 0076150
.. ] —— —— — ——
Comblnatlon Of the flrst knotl 1 2135308 13516 16EE . 7ES 'E-l:lﬁu.:-n-lﬂ 1149671 ':'.l:lf:“-n-ﬁ-_.-
o ) 0244405 16364 2002800 T408.002 1215013 0041804 2930301
q 1000792 20836 2471844 O418.008 1115276 0051293
1 TOIE302 10668 1374761  4727.004 1083420 (0020361
10 2 B.195308 13516 16BRTES GO6T.548 1140671 0035627 2918002
q 1580845 423457 A38R6051 1545136 1613365  0.07T0409




Table 8 Parameter significance test

Result and Discussion

Table 11 Estimator ¢ at each location

Value of Unemployment Hate

Prediction Value of Unemployment

Source of variation 5SS MS F P-value
Regression 121.73 39269 23079 O

Error 1.02 1.70 0

Total 122.75

Table 10 Goodness of fit test

R-Square

AIC

98.95%

49

0.0047

Mo  District/City in East Java in 2016 (y) rate in East Java in 2016 (§)
1. Pacitan 0.61 1.562172
2. Ponorogo 4.07 4. 850104
3. Trenggalek 2.45 2.185971
4, Tulungagung 4.03 4. 81887
LR Blitar 23 2.347314
6. Kediri 4.97 4.5900934
7. Malang 4.08 3.7H4664
B Lumajang 2.6 250648
0, Jember 3.50 3.5409056
10. Banyuwangi 2.22 2.220445
11. Bondowoso .82 2. 246655
12, Situbondo 3.34 203825
13. Probolinggo i3 3.366552
14. Pasuruan 6.71 4.520665
15. Sidoarjo 5.491 5.563193
16. Mojokerto 4.02 4.986041
17. Jombang .04 5.5261TT
18. Nranjuk 2.09 1.T58EEG
19. Madiun T7.23 5.251611
240, Magetan 6.57 6.054003
21. MEawi 5.03 5.681623
22. Bojonegoro 6.11 6. 240686
23. Tuban 2.08 2512977
24. Lamongan 3.45 4.B52139
25. aresik 52 5.681464
26. Bangkalan 5.24 4530030
27. Sampang 3.76 J.BTROTE
28. Pamekasan 4.53 4.6420409
M. Sumenep 3.08 3.37521
30, Kota Kediri .59 B.B36354
31. Kota Blitar 3.895 4.999163
32. Kota Malang 8.13 T.367727
33. Kota Probolinggo 393 3.6258T1
34. Kota Pasuruan 4.51 5.015693
35.  Kota Mojokerto 4.58 5.022481
36. Kota Madiun 5.06 4.585661

Kota Surabaya

Kota Batu

T.45

3.42

7.123855
4.149134
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only influenced by the Regional Minimum Wage (RMW). Furthermore, will be dis-
cussed statistical model based on the analysis that has been done. Nonparametric

Geographically Weighted Regression models using Truncated Spline approach for
the city of Surabaya is as follows:

i) =Po + Baza + Bszs + Blxa — K1)+ + Bo(za — K1)+ + Bii(zs — K1)+ +
Bia(wa — K1)+ + Bis(zs — Ka)+ + Bro(ws — K2)+ + Bsi(xs — K2)++  (4)

Ié’gu[:rz — Ka)+ + .SEI(EE — K3)+ + ,SEE(I:l — K3)4+ + SES{.‘L‘E — Ka)+
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Furthermore, substitute the parameter estimator 5 into Equation 4, it is obtained:

y = — 0.00013 — 0.0002z4 + 3.51as — 0.01114(x2 — K1)+
+ 0.000351(x2 — K2)+ + 0.000172(z2 — K3)+ — 0.00796(xs — K1)
+0.011009(x3 — K2)s — 0.00011(xs — Ka)y — 0.00121 (x4 — K2) 4 (5)

—0.00102(z4 — Ka)y — 0.10027(z5 — K1)+ + 0.000161 (x5 — K2)+
— 0.001(xs — Ka)+
Substitute the optimum knot value given by Table 5 in Equation 5 in order to
obtain truncated spline nonparametric regression model with the best three knot
points:
y = — 0.00013 — 0.0002x4 + 3.51xs — 0.01114(x2 — 1.494)
+ 0.000351(x2 — 1.636)4+ + 0.000172(x2 — 1.778) +
— 0.00796(x3 — 1845.797)+ + 0.011009(x3 — 2002.809) +
— 0.00011(xs — 2159.821)4+ — 0.00121(xr4 — T408.092)
—0.00102(z4 — 8078.364)+ — 0.10027(xa — 1182792)
+ 0.000161(xs — 12159113)4+ — 0.001 (x5 — 1249034) 4

(6)
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If the variable x3, x4 and x5 are considered constant, then the influence of economie
growth on the unemployment rate in East Java is:

= —0.0114{rs — 1.494), + 0.000351(z2s — 1.636) + 0.000172(xs — 1.778)
Trunecated functions for variable xo are:

—0.01114xs + 0.016643 1.494 < 15 < 1.636
= 4 —0.01079z2 + 0.016069 1.636 < T2 < 1.778
—0.01062xs + 0.015763 1.778 < o

If the percentage of economic growth ranges between 1.494 to 1.636% and on that
range if the percentage rate of economic growth increases 1% then the unemploy-
ment rate decreases 0.01114%. But if the percentage of economic growth ranges
between 1.636 and 1.778%, on that range if the percentage of economic growth
increases 1% then the unemployment rate decreases 0.01079%. If the percentage
of economic growth is greater than or equal to 1.778% and on the range the per-
centage of economic growth increases 1% then the unemployment rate decreases
0.01062%. The influences of economic growth rate is inversely proportional to the
unemployment rate in terms of increased economic growth can reduce the unem-
ployment rate in the area of the city of Surabaya. If variable ra2,r4 and rs are
considered constant, then the influenee of population density on the nunemployment
rate in East Java is:

i = —0.00796(xr; —1845.797) . +0.01109{ x5 —2002.809) . +0.00011(x3 —2150.821) ,
Truncated functions for variable x4 are:

—0.00796x3 + 14.69254  1845.797 < x5 = 2002.809
= ¢ 0.00304xrs — 7.35638 2002.809 < T3 < 2159.821
0.002039x3 — 7.1188 2159.821 < x5




5 Conclusion

Nonparametric Geographically Weighted Regression models using the best Trun-
cated Spline approach is the model with the three knot points. This model has a
minimum value of GCV i.e., 2.1275 with R-Square 98.95% and MSE 0.0047. Best
geographical weighting used in the model is a Gaussian Kernel functions that has
a smaller Cross Validation value than the Bisquare Kernel functions. This study
is confined to three knot points and the use of the first order Truncated Spline Re-
gression. Further research can be developed by using more than three knot points
and the second or more order Truncated Spline Regression.
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