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ABSTRACT

The purpose of this study is to analyze the spatial distribution characteristics and spatial
changes of Automatic Weather Stations (AWS) in mountainous areas with altitude more than
200 meters in South Korea. In order to analyze the spatial distribution patterns, spatial
analysis was performed on 203 Automatic Mountain Meteorology Observation Station
(AMOS) points from 2012 to 2016 by Euclidean distance analysis, nearest neighbor index
analysis, and Kernel density analysis methods. As a result, change of the average distance
between 2012 and 2016 decreased up to 16.4km. The nearest neighbor index was 0.666632
to 0.811237, and the result of Z-score test was -4.372239 to -5.145115(P<0.01). The spatial
distributions of AMOSs through Kernel density analysis were analyzed to cover 129,719ha/a
station in 2012 and 50,914ha/a station in 2016. The result of a comparison between 2012
and 2016 on the spatial distribution has decreased about 169,399%ha per a station for the past
5 years. Therefore it needs to be considered the mountainous regions with low density when
selecting the site of AMOS.

Key words: Automatic Mountain Meteorology Observation Station(AMOS), Spatial distribution,
Kernel density, Euclidean Distance, Nearest neighbor index(NNI)
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Table 1. Information of Automatic Weather Stations by government agencies

Name of government agency
(the total number of AWSs)

Purpose of observation

Assessment score
(quality grade)

Korea Meteorological
Administration(599)

Korea Forest Service(156)

Rural Development Administration(192)

Ministry of Environment(43)

Weather forecast and climate
monitoring

Forest disaster prevention

Improvement of agricultural
productivity

Air pollution monitoring

98.8 points
(excellence)

98.3 points
(excellence)
86.3 points
(excellence)

93.9 points
(excellence)
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Fig. 1. Study procedure for the spatial distribution characteristics on AMOS.
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Fig. 2. Map of the AWS distributions in mountainous areas over 200 meters altitude.



122 Korean Journal of Agricultural and Forest Meteorology, Vol. 20, No. 1

5B 201671 AA] dieof wet 67H4] 7942012
| AFRIAS ALg 371 713 20129 ~2016d 471
7R skl AR 1he] Bt A SR Bt
£ F2Yt AR WoR 485 Ay}, 378
71BNV, wE2XEH, DY AHES £4%
201292 4771 A4 2ke] Wt A7F oF 29.0km,
20124 47) 7)) AWS 2797122 H A7}
OF 26.6km= A O] Al | E47} 30717 AF
ofx|oo]| S=71o) whet oF 24kmo] A FI} Q=
AoZ HAEYct 2013 112704 21.9km,
201492 1427]4= 16.9km, 20158 1737 A2
14.3km, 201612 2037042 FF A7} 12.6km=
AR 2013WHE 2016 @7HA) = wid AFIH
o] Arel7|AFE 2| F o] 307 4% 2715t wtel 3
dHoz oF 35kmA Trasls 53 Bk
A Hat A=) vl B4 Axk= 2012 o]
201660 A&t QM-S =ESE A7) HYo
23.9km(67.3%), HE-2 23.5km(41.6%) 2 71 @o|

(d) 2014

(e) 2015

WaslA BF Ae) Wepl 2 ans By 59,
ARAAL oF 13.5km(49.1%) 7HAsPHA 20169
o

N

712]7} 14.0km=Z th2 o vl A U
5 A9 A 719] FAHEE o)A Azjrt 30km o4t
o2 e} AR} Agle] WL F AT HolHA
st AR RE sliAe AAE Aol Akt
7RSS FUke Zlo] dasitt v S5 A
o1& 8.2km, A|FE 1.5km= 20120] tjju] 20164
2 Bt A7t 7P AA Fagt AoR BAE o
(Table 2). A= ARb71dHE40] 2| Wslof w2
A

T A ARAE AR 37 Ve bl
oA E 0124 A3} dju] 201215

243 2
201697k AFHOR 156740] Alel7| Aol
Solioll wel 13 1ke] Witk AL} 16.4km st
R AP ARE Ao] Sk whet 72l Tt
BT I} Ut Aow AR, njets
B g o ool Ay E Alel AjeloA

doluhz A4 - FLA VAL E oplE = A

d

[ 1[Il

(f) 2016

2012° : Three Gov. agencies, 2012° to 2016 : Four Gov. agencies

Fig. 3. The result of spatial distribution patterns from 2012 to 2016 through the Euclidean distance analysis.
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Table 2. A variation in the average distance by region through the Euclidean distance analysis

(Unit : km)
Comparison of avg.
Region 2012(47 stations) 2016(203 stations) distance change
(Rate of decrease)
Gyeonggi 355 11.6 -23.9(67.3%)
Gangwon 21.2 9.7 -11.5(54.2%)
Gyeongbuk 27.5 14.0 -13.5(49.1%)
Gyeongnam 30.5 11.6 -18.9(62.0%)
Chungbuk 19.7 115 -8.2(41.6%)
Chungnam 27.2 14.2 -13.0(47.8%)
Jeonbuk 40.7 17.2 -23.5(57.7%)
Jeonnam 348 12.7 -22.1(63.5%)
Jeju 10.9 9.4 -1.5(13.8%)
A As) &S Q84 Yoon er al(2016)2] A T7HEIE OFAFS. Zoscore7} -2.58 o|ALO.E EA O
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WrKLee, 1989). ulaba] Axd Atelr|AaEto)l A1 7} 200~300me] AFeFr|Ho] 1,086,882ha(27.4%)

Table 3. The summary of change in average nearest neighbor by year

Mean distance(m)

Year Number of stations R(NNR) Z-score
Observed Expected
2012° 47 18,825.9985 28,240.4710 0.666632" -4.372239
2012° 79 14,168.2130 21,940.1876 0.645765" -6.023313
2013 112 13,061.2877 18,426.5856 0.708828" -5.895069
2014 142 12,685.4926 16,364.7626 0.775171" -5.125391
2015 173 11,980.0406 15,015.2056 0.797861" -5.086335
2016 203 11,512.4120 14,191.1766 0.811237" -5.145115

* P value < 0.01, 2012* : Three Gov. agencies, 2012° to 2016 : Four Gov. agencies
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Table 4. A variation in the average density by year through the Kernel density analysis

Avg. density of mountainous areas with altitudes above 200m

Year Number of stations

Stations per a hectare Hectares per a station
2012° 47 0.000004539/ha 220,313ha/1 station
2012° 79 0.000007709/ha 129,719/1 station
2013 112 0.000010999/ha 90,917/1 station
2014 142 0.000014017/ha 71,342/1 station
2015 173 0.000016985/ha 58,875/1 station
2016 203 0.000019641/ha 50,914/1 station

2012° : Three Gov. agencies, 2012° to 2016 : Four Gov. agencies
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Fig. 4. The patterns of spatial distribution through the Kernel density analysis by year.
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