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ABSTRACT

Korean pines(Pinus koraiensis) are one of the major plantation species in the Republic of Korea
and their natural habitats range from Japan and China to Siberia. The seed of Korean pines, pine nuts,
are well know for good food reserves. Due to the global changes which drive the Korean peninsula
into the semi-tropical climate, current plantations and natural habitats of Korean pines are faced with
the change in the environmental conditions to some extent. To anticipate suitable sites for Korean pines
in the future, the location of Korean pines were extracted from the ‘Map of suitable trees on a site’
that provides the map of suitable trees on a site considering tree species for timber and special uses,
and then MaxEnt modelling was used for generating a prediction map on the basis of statistical
analysis. As a result, the order of predicted suitable sites were Kangwon-do, Kyungsangbuk-do and
Chungcheongbuk-do provinces and sites with high elevation within those provinces were considered

most suitable in common. The prediction map of suitable sites for Korean pines presented that suitable

* This work was supported by research fund of Chungnam National University.

First author : Jacyong Choi, Department of Environment & Forest Resources, Chungnam National University
305-764, Korea,
Tel : +82-42-821-5750, E-mail : jaychoi @cnu.ac.kr
Corresponding author : Sanghyuk Lee, Department of Environment & Forest Resources, Chungnam National
University 305-764, Korea,
Tel : +82-42-821-7835, E-mail : sonata@cnu.ac.kr
Received : 26 January, 2015. Revised : 24 February, 2015. Accepted : 10 February, 2015.

- 103 -



104 A -

o3

sites in the future decreased by 72.2% by 2050’s and almost disappeared with a decrease of 92.1%

by 2070’s on a nationwide scale. In relation to the major production regions of pine nuts in South

Korea - Gapyung gun and Yangpyung gun, Kyunggi province and Hongcheon gun, Kangwon province,

suitable sites within their areas were predicted to increase by 2050’s but become extinct in South

Korea by 2070’s. To establish a long-term countermeasures against the improvement on forest

productivity quality in terms of managing national food security, the result from this study can be

considered as a firm basis of predicting plantation suitability. Also, it can be used to predict the

changes in supply of forest products and thereby market values in accordance with climate change

scenarios.

Key Words : SDM, RCP, Maxent, Biodiversity, Bioclim, Korean pine.
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Table 1. Statistical Status of Forestry by Pinus koraiensis(2013).

Province Cultivated Production Living Accumulation
Area(ha) Quantity(kg) ~ Value(1,000won)  Area(ha) (m’/ha)

Seoul 2 0 0 178 24,934
Busan 5 0 0 116 12,495
Daegu 0 0 0 763 7,691
Incheon 22 0 0 150 19,578
Gwangju 0 0 0 54 11,539
Daejeon 1,000 10,000 352 22,683
Ulsan 0 0 0 832 13,976
Sejong - 1 12 - -
Gyeonggi-do 536 1,820,729 14,008,840 60,775 7,624,411
Gangwon-do 54 458,127 3,868,416 71,999 6,286,316
Chungcheongbuk-do 18 0 0 20,367 816,675
Chungcheongnam-do 13 670 5,090 7,737 290,748
Jeollabuk-do 2 3,800 45,200 13,900 514,657
Jeollanam-do 0 0 0 4,331 231,407
Gyeongsangbuk-do 132 502 6,024 27,859 1,059,624
Gyeongsangnam-do 44 2,198 26,520 4,906 378,198
Jeju 0 0 0 38 5,802
Total 831 2,287,027 17,970,102 214,357 17,320,734

* Source. Korea Forest Service(2014)

g ZRAA T A F23 At A A5

S2AM AXNAS A dueEs 53 1F
9 3 AR FE FHst o7l 2}
o|tHKFRI, 2009a). 353 ZHA =T 1995
BE] 2003d7H4] 87kl AA Fx3kE A
UA=(FH 1:250000S o= AR A5

uE A% F5 At GIs7I
A dlo]E o] ti(Table 2). T8 ZHFEol
A% 30 7]*2; s A

_‘|

o
1w
o
=

=

27
EE 2 =] gz

e 75%*3101% 447} Eﬂ 7—‘3.%'3}33
Tof xghe 287 A YA -

i)

o

i il
FﬁlOT?JlO_APUQLéUEFLthA

Figure 1. Location of Pinus koraiensis with hillshade.
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Table 2. Major components for the system of ‘Suitable trees on a site’.

Shte =% £ 1. 2.9 (Digital Elevation Model,
vk, 74k} IPCC 531 %712 314 (ARS) 2]
RCP 8.55 %]-8-3F Bioclim(http://www.worldclim.org)
NFARE vgor APUSE
RCPs A|U2] 0+ &) FAZ L4717} vj&

£ 299 RCP 855 o Zo] W
A= 77HE vl 050 d <t W vl 2070
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In the ‘Soil type’ soil color is coded

by characters and soil moisture is presented by subscript numbers(B: Brown forest soils; rB:
Red-Brown forest soils; R: Red forest soils; GrB: Gray Brown forest soils; DR: Dark Red forest soils;
DRb: Dark Red-brown forest soils; Va: Volcanic ash forest soils; Er: Eroded soils; Im: Immature soil;

Li: Lithosols).

Classification Criterion Category
Altitude 100m interval(Om ~2,000m)
Less than 15 degree
Topographic Slope 5 degree interval(15~35 degree)
map Greater than 35 degree
Aspect 8 directions
Topography Ridge / Hillside / Valley
Aridic soil B,, Er;, GrB;, rB;, Va;, R1, Va-R;, DR;, DRby, Li
Semi-aridic soil Bs, 1Bs, Ry, DR,, DRb,, Va,, Va-R,, Va-gr
Soil type
Moderately moist soil | Im, B3, DR3, Va3
Forest Site Sub-moist soil By, Vay
Map Less than 50cm
Soil depth 207 70em
70~90cm
Greater than 90cm

Table 3. Habitat characteristics of Korean pines for the algorithm of ‘Suitable trees on a site’.

Altitude(m) Climate Region | Coastline boundary | Topography Aspect Soil depth
Higher than tfr);cept tfor s(ci)uthem Inland Hillsid Except for S, | Deeper than
400m perate and warm nland areas illside E, SW, SE 60cm

temperate zones
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Table 4. List of Environment variations.

Value .

name Description

biol Annual mean temperature

bio2 Mean diurnal range

bio3 Isothermality

bio4 Temperature seasonality

bio5 Max temperature of warmest period
bio6 Min temperature of coldest period
bio7 Temperature annual range

bio8 Mean temperature of wettest quarter
bio9 Mean temperature of driest quarter
biol0 Mean temperature of warmest quarter
bioll Mean temperature of coldest quarter
biol2 Annual precipitation
biol3 Precipitation of wettest period
biol4 Precipitation of driest period
biol5 Precipitation seasonality
biol6 Precipitation of wettest quarter
biol7 Precipitation of driest quarter
biol8 Precipitation of warmest quarter
biol9 Precipitation of coldest quarter

alt Altitude

asp Aspect

slope Slope

WA o 080 dolH B o Fe] §-53i
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Tropospheric Chemistry
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Troposphere

| Stratosphere

Land Surface &
Hydrology

Aerosols

Flgure 2. Processes included in the HadGEM2 model
family.
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Table 5. Change in annual mean temperature and annual total precipitation by 2050’s and 2070’s.

Period Index Temperature(°C) Precipitation(mm)
ALL DPRK ROK ALL DPRK ROK
Average 82 5.8 113 1,142 1,005 1,320
Present Range 23.0 18.7 13.7 1,591 998 1,190
Max. 16.0 11.7 16.0 2,137 1,544 2,137
Min. -1.0 -7.0 23 546 546 947
Average 10.9 8.7 13.8 1,309 1,162 1,499
Range 224 18.7 133 1,654 1,139 1,193
2050’s Max. 18.3 14.6 18.3 2,270 1,755 2,270
Min. 4.1 4.1 5.0 616 616 1,077
Difference 2.7 29 25 167 157 179
Average 12.4 10.3 153 1,396 1,245 1,594
Range 220 18.7 13.0 1,686 1,207 1,194
2070’s Max. 19.5 16.1 19.5 2,341 1,862 2,341
Min. 25 2.6 6.5 655 655 1,147
Difference 4.2 4.5 4.0 254 240 274

* DPRK: Democratic People’s Republic of Korea, ROK: Republic of Korea
1L Z3 ¥ 23 el @A x| Helahs SPASE

1. MaxEnt 2 0|8t Xt HX[Q| 24 Zu}

g4 F2d 2] 303709 AR
DEM?| FHHuE Bl XA 128
A3t A3} 227mFE 1,239mAko]e] xS
Ehon, AR7] 28 43°CHE 11.6°C(H
7.7°C), A7Z5% 1,287mm*E 1,669mm(&
T7FS 1,472mm) 2 YERT
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T4 303709 AV A7k X H o] o
MaxEnt 276 @A FAA el 7bsAo 27
£ vlugt A3 7lshEd #h 0.5251(3 &gk
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(0.109) o2 7| &7t 52 Ao YEEG

Distribution
Probability

0.278

1300

Figure 3. Distribution probability of suitable sites for
Pinus koraiensis based on annual precipitation,
annual temperature and altitude above sea level.
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Figure 4. Contribution of environment variables in the estimation of the distribution of suitable habitat by
MaxEnt model.

(Figure 4). °]= ASARE o|-&3 L9 ¥ SATHKES, 2014). 442 A 24 2w 7}
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Table 6. Potential area of Pinus koraiensis by Province.

Present

2050’s

2070’s

Figure 5. Potential distributions of Pinus koraiensis with estimated presence probability.

(unit: ha, %)

Acro- ADA per ’ Present Area , Present Area
nym ADA Present Area Ratio 2050’s Area  per I.doss 2070’s Area  per I.doss
ratio ratio
SU 605.20 8.18 1.35 - 0.00 - 0.00
BS 769.80 - 0.00 - 0.00 - 0.00
DG 883.50 - 0.00 - 0.00 - 0.00
IC 1,040.90 - 0.00 - 0.00 - 0.00
GJ 501.20 - 0.00 - 0.00 - 0.00
DI 540.20 0.69 0.13 - 0.00 - 0.00
UsS 1,060.50 - 0.00 - 0.00 - 0.00
N 464.90 - 0.00 - 0.00 - 0.00
GG 10,172.60 629.37 6.19 483.65 76.85 0.69 0.11
GW 16,829.80 4,740.05 28.16 2,101.49 44.33 789.09 16.65
CB 7,407.20 812.63 10.97 87.31 10.74 - 0.00
CN 8,204.50 44.54 0.54 - 0.00 - 0.00
B 8,066.40 745.11 9.24 14.97 2.01 2.85 0.38
IN 12,303.90 33.83 0.27 0.77 227 - 0.00
GB 19,029.00 2,706.84 14.22 114.43 423 5.55 0.20
GN 10,537.30 452.58 4.30 30.03 6.64 6.43 1.42
1 1,849.30 - 0.00 - -
Total 100,266.20 10,173.81 10.15 2,832.65 27.84 804.62 791

* ADA: Administrative Division Area, SU: Seoul, BS: Busan, DG
DIJ: Daejeon, US: Ulsan, SJ: Sejong, GG: Gyeonggi-do, GW: Gangwon-do, CB: Chungcheongbuk-do,
CN: Chungcheongnam-do, JB: Jeollabuk-do, JN: Jeollanam-do, GB: Gyeongsangbuk-do,
GN: Gyeongsangnam-do, JI: Jeju-do

: Daegu, IC: Incheon, GJ: Gwangju,
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Table 7. Projection of the changes in suitable sites for Korean pines within major production areas for pine nuts.
The binary maps show the sites having the harvesting probability on pine nuts of equal to or greater
than 0.5251 presenting the changes in their areas from the current situation to the near future(2050’s)
and the far future(2070’s).

Present 2050’s 2070’s
Region ADA PA(ha) PA(ha) Increase / PA(ha) Increase /
(ha) (Proportion) | (Proportion) Decrease (Proportion) Decrease
27,059 28,155 21,096 69 V27,052
Gapyeong-gun 84,348
(32.08%) (33.38%) (£4.05%) (0.01%) (V99.9%)
8,832 11,366 2,534 0 8832
Yangpyeong-gun 87,781
(10.06%) (12.95%) (A28.69%) (0.00%) (V100%)
Binary Map
S0 ll& S0 ‘Q A
* ADA: Administrative Division Area, PA: Projected Area
1,100ha ok 4.1% 2% Z7kehe Aow e o Z13use] Ygsr] e A
WET(Table 7), ©| & MaxEnt 28 7]o%= 3 W3S oS3l A7 288,
7} Aol A e} Zo] 71 FHstE Qg 7FpEke 2 AF= 8% H(presence data)TH o] &
S7FE Qlell dA|A o Fr1e A oR dAdd 3 F HE J5Z T F 9= MaxEnt RS
o} skAIe, 2070 ol o] 28] 7% 7T Aesta 22709] AAUGFE o] &8 B2 &
Aol T AGelA Al 7FeA o] 24 s A A 7HsAGE dSetsl o, RCP
Ao ehst 858 A8 vld AFelNe] FAH Aubs
A pxel 2 Amsdn. o2 93 ¢
V.4 2 JUee g dvE 49L oo oE
4 29559 4IRS oz 444 BT
ARANAN P gEY AR A 7FeA 9 S S8ttt 71588 432 97t
@Al A deol weh AR ARE Hrksk  sb7] 98] 20000374419 V1FE AR VR
i, 29 g AGAgel 223 V|2 EE & A7 ste] Zh7kE w050 d )k W W]
7 Zgsta glo] Ak e BE RIS 20701 dth)e] Au) 7FeA o] EE W3} o
Fote AT dHAEANA vl 8T FH= £ Hgor 3 2E9ddS EMh
48E 3 vk EAS HRE o2 A 2d S olrgt Fof A AT 7154 vl
T3 FE FEs] A3 Ad =4 7 &, A, MAT L™, MAA] o] &
A3k ok o AJA S W] & & Ve, BETET 2E o /A 245
UEF st Utk sHARE o] A2 o 7Ax F5AE A3E widetnE, 7| $Hs g
AAE 7o R g Y Hol7] wjiel] ne 718t SRS qelete] o] 59 AA T8
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