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Analyzing Climate Zones Using Hydro-Meteorological Observation Data
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ABSTRACT

Watershed area can be submerged due to constructions and management of dams, and these change can impact
not only on ecosystem and environment of river basin area but also on local climate. This study is conducted to
construct and classify climate zones of Andong Dam watershed where the area is submerged due to the construction
of the dam. By applying Principal Components Analysis (PCA) and Getis-Ord Gi* statistics, three climate zones
were classified for the result. Each zone was then analyzed and validated with climatic and geological features
including topography, land cover, and forest type map. As a result of the analysis, there was a difference in
temperature, elevation, precipitation and tree species distribution among the zones. Also, an analysis of land cover
map showed that there were more agricultural land near Andong Reservoir. This study on the climatic classification
is considered to be useful as the basis for decision-making or policy enforcement regarding ecosystem, environmental
management or climate change response.

Key words: Climate Zone, Hydro-Meteorology, Principal Components Analysis (PCA), Getis-Ord Gi* Cluster Analysis,
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Fig. 1. Study area on Andong dam basin. (a) Watershed map of South Korea, (b) Land cover map of study area.
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Table 1. Variables used to classify climate zones and methodologies of creating thematic maps

Category Variable Methodology Form
Annual mean temperature Applied Yun et al. (2000)
Annual mean maximum temperature Method to mterpola}te mountain
slope lapse rate using IDW
Annual mean minimum temperature method Average of data - GRID format
chmae Annual accumulated precipitation Applied Smith (2008) Method f;ﬁgl 22(?1? - ?gguixrleos(()) hrlrtllon o
precip using IDW method
o Created from Hargreaves Method
Amount of evapotranspiration using IDW method
. - TIFF format
Topography Elevation Created an clevation model from Spatialorrzilution of
a Digital Elevation Model (DEM) 100 mx100 m
. Average of data - GRID format
Hydrology Moisture index Crf;;ie:rso?; dTeip?F%r\zll);l ¢ from 2013 - Spatial resolution of
and 2014 100 mx100 m

Temperature N
(2013-2014) .| Interpolation
(IDW)

Precipitation
(2013-2014) -

Hargreaves &
Samani Method

DEM

.

Beven & Kirkby
Method b <

‘ Topographic data |
Elevation

Principal Components
Analysis (PCA)

Climate data
Annual Mean
Temperature

Annual Maximum
\. Temperature

Annual Minimum
Temperature

Annual Accumulated
Precipitation

Evapotranspiration

‘ Hydrologic data —\

TWI

Fig. 3. Flow chart for regional climate classification.

Getis-Ord Gi* Statistics

Climate Classification
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Table 2. Eigenvalues of principal components analysis

(PCA)

Principal Eicenvalue Percent of Accumulative of
component g eigenvalues (%)  Eigenvalues (%)
1 5.338 76.263 76.263
2 0.867 12.390 88.654
3 0.649 9.276 97.930
4 0.099 1.417 99.347
5 0.028 0.397 99.744
6 0.011 0.162 99.906
7 0.007 0.094 100.000
AT QR1H-sl0] 09 o]l ks 71Kl Big7} Be
bR I3 w2 ¥5E ARl ek doigks 09 ol

%
e e 718, I 9 ol AIFAR ] 2 A
o

AIEAS F8l WrE A4 - Getis-Ord Gi* 57

5 o] &3k T HEAE AAISISITE Getis-Ord Gi* "5 Alo A=
zétoll Wt S v S 7] W, 2 Aol A= 90%
9] 2185 7Hconfidence interval)S 71T o2 7S T3
. 55, zgko] —1.65 olak] L zgke] 165 o)l 73k L
231 71 Afo] RO o] Shfe] FdtellA] Al el A

& =EoIUtHFig. 4). Al 79l A9 =& L= F(High-

Table 3. Factor loadings of first principal component
resulted from factor analysis

First principal component

Annual mean temperature

2 years) 0.965

Annual mean maximum temperature 0,982
(2 years)

Annual mean minimum temperature 0.980
(2 years)

Annual accumulated precipitation —0.966
(2 years)

Amount of evapotranspiration 0.604
(2 years)

Elevation —0.981

Moisture index (2 years) 0.471
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. Climate zone
Characteristic

High-elevation zone

Mid-elevation zone Low-elevation zone

Temperature (C) Low( 6.63) Medium( 8.49) High( 10.33)
Climate and . . .
topography Elevation (m) High(917.99) Medium(540.79) Low(257.34)
Precipitation (mm) High(148.91) Medium(113.88) Low( 86.49)
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Table 5. Land cover (Medium class) of each climate zone (pixel)
(Ratio of land cover per subclass/Ratio of land cover per climate zone, n(%/%))

SRR

Class Subclass High-elevation zone Central zone Low-elevation zone Total
Residual area 1,324 ( 9/ 0) 8,368 (58/ 1) 4810 (33/ 1) 14,502
Industrial unit 107 (10/ 0) 833 (82/ 0) 82 (8 0) 1,022
Commercial unit 652 (38/ 0) 910 (53/ 0) 140 ( 8/ 0) 1,702
tﬁig::l Sport and leisure facilities 255 (38/ 0) 336 (51/ 0) 72 (11/ 0) 663
Road and rail networks 1,102 (12/ 0) 4,891 (53/ 1) 3,252 35/ 1) 9,245
Public facilities 278 (18/ 0) 884 (57/ 0) 400 (26/ 0) 1,562
Subtotal 3,718 ( 0/ 0) 16,222 ( 2/ 0) 8,756 ( 2/ 0) 28,696 ( 2/0)
Rice paddy 89 ( 0/ 0) 22,089 (42/ 3) 29,850 (57/ 6) 52,028
Dry field 7,739 ( 5/ 2) 77,058 (52/ 9) 63,696 (43/12) 148,493
Agricultural Greenhouse 1(0/0) 219 (79/ 0) 58 (21/ 0) 278
area Orchard 2(0/0) 8,976 (43/ 1) 11,750 (57/ 2) 20,728
Other cultivation 821 (39/ 0) 723 (35/ 0) 544 (26/ 0) 2,088
Subtotal 8,652 ( 2/ 0) 109,065 (13/ 0) 105,898 (20/ 0) 250,223 (14/0)
Broad-leaved forest 247,906 (61/57) 148,988 (36/18) 12,321 ( 3/ 2) 409,215
Forest  Coniferous forest 112,084 (15/26) 410,848 (54/49) 240,962 (32/46) 763,894
arca Mixed forest 59,080 (20/13) 124,287 (43/15) 108,507 (37/21) 291,874
Subtotal 49,070 (96/ 0) 684,123 (82/ 0) 361,790 (69/ 0) 1,464,983 (81/0)
Natural grassland 315 (14/ 0) 1,677 (72/ 0) 328 (14/ 0) 2,320
Grassland Other grassland 1,928 (30/ 0) 3,161 (50/ 0) 1,286 (20/ 0) 6,375
Subtotal 2,243 ( 1/ 0) 4,838 ( 1/ 0) 1,614 ( 0/ 0) 8,695 ( 0/0)
Inland wetland 24 ( 0/ 0) 3,730 (34/ 0) 7,075 (65/ 1) 10,829
Wetland
Subtotal 24 (1 0/ 0) 3,730 ( 0/ 0) 7,075 ( 1/ 0) 10,829 ( 1/0)
Natural bare ground 1,356 (44/ 0) 1,657 (54/ 0) 61 (2/0) 3,074
g]rsofsd Other bare ground 3,110 (15/ 1) 6,234 (31/ 1) 11,087 (54/ 2) 20,431
Subtotal 4,466 ( 1/ 0) 7,891 ( 1/ 0) 11,148 ( 2/ 0) 23,505 ( 1/0)
Inland water 318 ( 1/ 0) 13,978 (34/ 2) 27,090 (65/ 5) 41,386
Water Subtotal 318 ( 0/ 0) 13,978 ( 2/ 0) 27,090 ( 5/ 0) 41,386 ( 2/0)
Total 438,491 24/ 0) 839,847 (47/ 0) 523,371 (29/ 0) 1,801,709
A3, 395F0] Ve Ao JME Be e AR A AL HId 4 Ak Ei, we wwds) F A
=, 358 A Ab ] 5%} Sk ] Akgle) 67%7F W Tl 7P WSk Aol ks =y, Sk A
3, 49702 o] T4 Uom, 767} 2, 3FFOE olFold =, T e ML 2730 ulE-S 247} 41%, 46
Aol, FE A B AP o A o] whol o 79%= LR, Bhe ALe e A o] TP W HlEs
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5th Forest Type Map
Climate Zones - Fir

High-Elevation Zone - Pinus Densiflora

Mid-Elevation Zone Larch

Low-Elevation Zone - Oak

12 18 24 0 3 6 12 18 24
| Kilometers ™ | Kilometers

Fig. 6. Tree species of each climate zone using 5" Forest Type Map. (a): Climate zones, (b): 5" Forest Type Map.

Table 6. 5" Forest type of each climate zone (ha)
(Ratio of forest type per subclass/Ratio of forest type per climate zone, n(%/%))

Forest type High-elevation zone Central zone Low-elevation zone Total
Broad-leaved 21,464 (61/56) 12,402 (36/20) 1,036 ( 3/ 3) 34,902
Mixed forest 6,354 (18/17) 14,757 (42/24) 14,248 (40/44) 35,349
Pinus densiflora 2,337 ( 6/ 6) 22,963 (57/37) 14,706 (37/46) 40,006
Pinus densiflora (Artifical) 389 (44/ 1) 463 (52/ 1) 30 (3/0) 882
Nut pine 1,316 (27/ 3) 3,165 (66/ 5) 307 (6/ 1) 4,788
Larch 4,603 (34/12) 7,362 (54/12) 1,754 (13/°5) 13,719
Pinus rigida 78 (59/ 0) 35 (26/ 0) 20 (15/ 0) 133
Oak forest 1,314 (89/ 3) 157 (11/ 0) - 1,471
Populus - 2 (13/ 0) 14 (88/ 0) 16
Fir 37 (95/ 0) 2 (50 - 39
Broad-leaved (Artificial) 105 (59/ 0) 71 (40/ 0) 3(2/0) 179

Total 37,997 (29/ 0) 61,369 (47/ 0) 32,118 (24/ 0) 131,484

http://www.ekscc.re.kr
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Fig. 7. Characteristics of each climate zone using 5" Forest Type Map. (a): Density, (b): Age class, (c): Diameter
class.

Table 7. Subsection categories for stand structure (ha)

Section Code High-elevation zone Central zone Low-elevation zone
Low Low 458 1,475 1,051
Medium Medium 20,013 31,416 7,171
Density
High High 16,782 26,066 23,193
Total 37,253 (100%) 58,957 (100%) 31,415 (100%)
0~10 1 730 2,396 710
10~20 2 4,778 8,403 12,106
20~30 3 10,694 19,938 13,451
Age 30~40 4 11,745 21,342 5,202
40~50 5 9,108 7,405 642
50~60 6 933 1,885 14
Total 37,988 (100%) 61,369 (100%) 32,125 (100%)
Small diameter 1 730 2,396 710
Medium diameter 2 15,696 28,148 25,516
Diameter Large diameter 3 20,723 28,733 5,880
Largest diameter 4 839 2,092 19
Total 37,988 (100%) 61,369 (100%) 32,125 (100%)

Journal of Climate Change Research 2016, Vol. 7, No. 3
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