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Application of Spatial Autocorrelation for the Spatial
Distribution Pattern Analysis of Marine Environment
— Case of Gwangyang Bay —
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ABSTRACT

For quantitative analysis of spatio-temporal distribution pattern on marine environment,
spatial autocorrelation statistics on the both global and local aspects was applied to the
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observed data obtained from Gwangyang Bay in South Sea of Korea. Global indexes such as
Moran’s I and General G were used for understanding environmental distribution pattern in the
whole study area. LISAs (local indicators of spatial association) such as Moran’s I (I}) and Gi"
were considered to find similarity between a target feature and its neighborhood features and
to detect hot spot and/or cold spot. Additionally, the significance test on clustered patterns by
Z-scores was carried out. Statistical results showed variations of spatial patterns quantitatively
in the whole year. Then all of general water quality, nutrients, chlorophyll-a and phytoplankton
had strong clustered pattern in summer. When global indexes showed strong clustered pattern,
the front region with a negative I; which means a strong spatial variation was observed. Also,
when global indexes showed random pattern, hot spot and/or cold spot were/was found in the
small local region with a local index G;". Therefore, global indexes were useful for observing
the strength and time series variations of clustered patterns in the whole study area, and local
indexes were useful for tracing the location of hot spot and/or cold spot. Quantification of both
spatial distribution pattern and clustering characteristics may play an important role to
understand marine environment in depth and to find the reasons for spatial pattern.

KEYWORDS : Spatial Autocorrelation, Spatial Distribution Pattern, Quantified Clustering
Pattern, Marine Environment, Gwangyang Bay
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FIGURE 2. Neighborhood features of defined
5km distance from target features. (a)
temperature, salinity and DO (b) pH,
nutrients, chlorophyll—a and phytoplankton
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TABLE 1. Moran's / results and its significant level

[tems n Feb Apr Jun Aug Oct Dec Mean

Temperature 45 77031 022 014 Y019 U037 043 0.28
G\EZteéil Salinity 45 061 U005 U000 Y059 057 U025 038
quality DO *45 033 051 016 TT0.09  0.38 0.06 0.25
pH 16 “70.65 0.05 022 7034 T0.31 0.15 0.29

Mean 0.48 0.23 0.15 0.30 0.41 0.22
Chlorophyll a 16 -014 -0.19 016 ™056 -004 -0.02 0.06
Silicate 16 0056  -0.02 0.09 049 70.33 021 0.19
Nutrient Nitrate 16 0.05  -0.12 0.07 011 ™0.37 *0.30 0.13
Phosphate 16 -0.03 -015 -0.09 041 -0.04 ‘0.27  0.06

Mean 0.02  -0.10 0.02 0.34 0.22 0.26

Phytoplankton 16 7012 -0.09 *T0.84 70.40 0.10 0.05 0.24

Z-score : 257< #xx 196< =% 1656< =*
n : number of data, ¥ DO: Feb(18), Aug(23)

TABLE 2. General G results and its Z—score: Z—score (G value)

ltems Feb Apr Jun Aug Oct Dec
Temperature *-3.20(0.20)  1.08(0.21)  0.21(0.21) -1.02(0.21)  0.07(0.22)  0.40(0.22)
Salinity -0.15(0.21)  0.47(0.21)  0.98(0.21) -0.93(0.21) -0.65(0.21)  0.19(0.22)
DO -1.28(0.19)  "2.09(0.22)  "3.21(0.22)  "3.09(0.45) "1.96(0.22) -1.00(0.21)
pH 1.52(0.20) -0.31(0.21)  0.13(0.21)  1.31(0.21)  1.40(0.21)  0.63(0.21)
Silicate 0.14(0.22) -0.03(0.21) -1.13(0.18)  0.52(0.23) "2.16(0.23) -0.51(0.20)
Nitrate 0.44(0.26) -0.40(0.19) -0.78(0.16) -0.01(0.21) "2.65(0.25) -0.18(0.21)
Phosphate -0.14(0.21)  0.11(0.21)  1.14(0.23)  0.48(0.22) -0.56(0.19) "1.83(0.22)
Chlorophyll-a 0.88(0.24)  0.34(0.22) -0.17(0.20) "2.63(0.33) -0.58(0.19) -0.43(0.19)
Phytoplankton 2.15(0.24) -0.57(0.17)  "3.44(0.30)  1.63(0.29) "3.00(0.54)  0.68(0.23)

Z-score : * <-1.65, >1.65

AURFAH O 2 General G #tol AW =2 g5 £ A & Atk Go't GeRY AW =
o] ME Kol &S & 5 UARE o= A freel 2o Sl oF dds, zHew v
H SAAR A ZAY A2 Gitel 9 o] Bol e oF e Bolvar @
e &4 g gle Aotk (Mitchell, 2005). whef B

= 78 skl #5A(Go)E 7IHHA(GR9E Y 108714, 22232 84, kg s A4t
wsko] FoletA AAY 2HE o Ggkel o < 10€e, QIS 1299, AEEHAES
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FIGURE 3. Correlogram with Moran's / comparing Dissolved
Oxygen in different months (* indicates not significant
at confidence level 0.05)
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FIGURE 4. Spatial distributions of temperature, local Moran's /(/;) and its Z—score
in February and April, 2002
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FIGURE 5. Spatial distributions of salinity and phytoplankton(standing crops),
local Moran's /(}) and its Z—score in August, 2002
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FIGURE 6. Spatial distributions of phosphate and silicate in sea water, local
Moran's /(/) and its Z—score in August, 2002
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FIGURE 7. Spatial distributions and Z—score of G for salinity(June), chlorophyll—a
(April) and phytoplankton standing crops(October) in 2002
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