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Exploring NDVI Gradient Varying Across Landform and Solar
Intensity using GWR: a Case Study of Mt. Geumgang in North Korea
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Abstract

Ordinary least squares (OLS) regression is the primary statistical method in previous studies for vegetation
distribution patterns in relation to landform. However, this global regression lacks the ability to uncover some
local-specific relationships and spatial autocorrelation in model residuals. This study employed geographically
weighted regression (GWR) to examine the spatially varying relationships between NDVI (Normalized Difference
Vegetation Index) patterns and changing trends of landform (elevation, slope) and solar intensity (insolation and
duration of sunshine) in Mt Geum-gang of North-Korea. Results denoted that GWR was more powerful than OLS
in interpreting relationships between NDVI patterns and landform/solar intensity, since GWR was characterized by
higher adjusted R2, and reduced spatial autocorrelations in model residuals. Unlike OLS regression, GWR allowed
the coefficients of explanatory variables to differ by locality by giving relatively more weight to NDVI patterns
which are affected by local landform and solar factors. The strength of the regression relationships in the GWR
increased significantly, by showing regression coefficient of higher than 70% (0.744) in the southern ridge of the
experimental area. It is anticipated that this research output will serve to increase the scientific and objective
vegetation monitoring in relation to landform and solar intensity by overcoming serious constraints suffered from the
past non-GWR-based approach.
Keywords : GWR, NDVI, Landform, Solar Intensity

2013 102 119 A<, 20139 119 229 4, 20139 129 9 A€

* A5 - AEga X2 g3} A AL (Regular Member, Master Student. Department of Geography, Kyungpook National
University, skipper-tom@hanmail.net)

*k WA R} A& gl 2|23} n<g(Corresponding author, Professor, Department of Geography, Kyungpook National
University, jsacom,@knu.ac.kr)

73



[e)
74 &S 994

1. A &

Agse] A5 oY) F oliERas F4ar
o) W 5 el thet wile] B ok a

on], oleld HARTEE AA o BT F Y=

W 4K A0 A8 dshs 4TAAXSNDVI:

Normalized Difference Vegetation Index)”} ARE-%| 3L

o 7

T

S Ak AR a1k, AL APEEEE
T3t 5 T Al wet FEE xfolE Bl
(Shin, 2012; Kim et al, 2007; Yoon, 2003). ¥}7]5-€]
A TE o]-g3to] A% 806l whE A AR
e T e A B L B e R e o P B L R
TEHATY WAE F48= OLS(Ordinary Least
Squares) 3|7RHS 283131 QItiLee et al, 2012;
Park et al, 2008; Song et al, 2007; Austin, 2007). 3}
ARE AR FEFS FR= A, 715 T AR
3 8152 Aol A&A o= AN A4
o) HA= e AT X[ BE SlollA
FYsA UJERR] Ft) Esk AATER A= A4
A RS A et S| el o=
B2 (Kimmins, 1987), 3{F 0= Q1748 x] o fA}
gt s Holm IS o] F= A A S
gk 7FsAdo] AtKChoi and Suh, 2012; Anselin
and Bera, 1998). mpebx] 214 Fare} T 2pAS )
o] S rshe A 31 o] S s
SZIHOlE ] A o|ARE 7|5 HYPYRPES o
tlo]E7} Zh= A4 $5AS e skA] Kskal
o] 715, A & T AR digh Al i &
o #g APATES I]HAFA 9] 7N TS =
A B&kar ¢lvkJo, 2009b; Kim, 2003; Griffith and
Layne, 1999).

ol gt TAIFS &3] S8l bl wet =
HHT] g AR tEvhs S AAR Adolgh ¢
Aol| EAJsh= AT ol gl A= o IARES
st A Wolg Awslhe A grbed] AR
(GWR : Geographically Weighted Regression)2] A&
S 188 4= At Chung et al, 2011; Jo, 2009a). =
A2 ZFo| A 7t obd KR grEA S AITE
FAste] B oA f1xel wet Sy
it G HEeAds AW ¢ 9l

Ao el AR AAARI s T
+ W0l X|"HHong et al, 2012; Park and Seo, 2001;
Kim, 1991), 248l tgk 4] :xdo] 755 NDVI
£ d8sto] AT A g s &

—

Ol o2 9 in

Aal7] S8l A27keslAais 48k AlEle g
HA] geth SRS tPdo = sk slele] o
Aol A NDVISE AFAgHE Axfele] i AlE 13
371 S8l A7kl S AlEs ARZE ER1E]
ARk T 37 g e w2 We] ARgo] X|H9F o=
JolatHGao et al, 2012; Propastin et al, 2008; Yuan
and Roy, 2007).

ujeba] B oo A= NDVIE o s Ao}
AR 3RS mR= A Hd e diste] A
Y7153 HRAl S o8t S arEeigith 4t
P e] F7HA A S EAlskL, AAREAEe] &
A A7 )1ddE areate] A4 e} olo &S
T T QIAFETE] S B wAAQ1 Ak
oA Tetsioich

I e

g,

(3

2.1 A7A% 44
AYRES A g Juee s
sfopsty] gl bRl Q1914 WEE 2aE 4
e Q1R AHgle] Haskel 4GS Agstolol
= 23
[e)

2006). wERA 2 At A FAa) Q1)
MRS BEshal glom, salet =8 qket
Aol BE o] tellA] % i

Uepd zlos ges= Wb SR 57k
AT A em st 57 A9 2

B AREETSl RUE ARRLT s o)

-

= E AREE AR AIGA] gkl 9 9
o 3] Aol £3KChoi and Um, 2012).
A AT R BAARS] add, 54
o 2E]a Fxe] Al AA 9lom A o] oF 530
ko] @ol= Bl Ajolnm, FRte] HE Ao
tiste] F41E AAshE 21 dlolee] XEeA] B2
AR} w=o] A uo] AFHYe] glugds 2tE &
2 A AE Al 27k H Rl HEES &
Ao T Wed, A% o JHEEE,
Hel Aede QAR Auvrs bR A
’El YAHES | FAANE FHAde] Wl o] AlE
o] Fao] Aom 2l o] Wdslo] HAAY £
pzs

i

3T

£ 2 g Aow Al AR A olA



Mt. Geum-gang Boundary

0 1 2 4
:I Catchment Boundary — —lometers

Figure 1. Location map of experimental site
presented by a Landsat ETM+ satellite

image (acquired in June 2010)
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Figure 2. NDVI map of experimental area
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Table 1. OLS regression of NDVI vs landform and

solar intensity
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Figure 3. Landform and solar intensity map
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o= ol
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Coefficients standard VIF
error
constant 4911%* 0.212
Insolation 0.084* 0.028 1.161
Sunshine 0.086* 0.017 | 1.162
Elevation 0.219* 0.018 | 1.011
Slope 0.011 0.018 | 1.012
RZadj. 0.046122
AICe AICc.(Al.(aike's Information
Criterion) =21472.760
Koenker (BP) 246.965*
Jarque-Bera 906.303*
Spatial Moran's 1 =0.229**
autocorrelation z-score =39.170720%*

* p<0.05, ** p<0.01, VIF: Variance Inflation Factor
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Figure 4. spatial distribution of standardized
residuals in OLS
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Std Residual
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Figure 5. spatial distribution of standardized
residuals in GWR
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T EoA Ak 3o Aol & Sal BE e A9A
S A1 = = A3 AlCc(Akaike's Information
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Table 2. GWR regression of NDVI vs landform and

solar intensity

Min Median Max
Constant -0.526 5.569 10.613
Insolation -0.468 0.509 0.551
Duration of sunshine | -0.398 0.458 0.518
Elevation -0.829 1.013 1.198
Slope -0.486 0.399 0.313
Local R? 0.0029 0.37 0.744
R2adj. 0.227
AlCc 20785.66
spatial autocorrelation Moran's I =0.108*
z score =18.55%*

* p<0.01
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Figure 6. Local R* distribution map in GWR
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Figure 7. Coefficients of explanatory variables in GWR
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