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The Effect of Climate Data Applying Temperature Lapse Rate on
Prediction of Potential Forest Distribution
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Abstract
The objective of this study was to suggest technical approaches for preparation and down scaling of climate data
used for predicting the potential forest distribution. To predict the forest distribution, we employed a Korean-specific
forest distribution model, so-called the TAG(Thermal Analogy Group), and defined the PFT(Plant Functional Types)
based on the HyTAG(Hydrological and Thermal Analogy Group). The climate data with 20km spatial resolution
were interpolated to fit on the input data format with lkm spatial resolution. Two potential forest distribution maps
were estimated using climate data constructed by kriging, one of the interpolation and down-scaling approaches, with
and without lapse rate considered. Through the verification process by comparing two potential maps with the
actual vegetation map, the forest distribution using the lapse rate was proven to be 38% more accurate.
Keywords : Climate Change, Potential Forest Distribution, Down-Scaling, Interpolation, Lapse Rate
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Figure 1. Study Area
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Figure 3. Process for TAG model(Choi et al,, 2010b)
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Table 1. Range of Optimal WI and Optimal MTCI(Choi et al., 2010c)

Scientific Name Optimal WI range Optimal MTCI range
Abies koreana 414 - 61.7 -111.4 - -60.7
Abies nephrolepis 39.5 - 55.6 -118.3 - 95.7
Pinus densiflora 71.9 - 105.2 -82.7 - -37.5
Pinus koraiensis 46.5 - 87.1 -102.2 - 62.3
Pinus rigida 87.5 - 105.4 -68.2 - 35
Pinus thunbergii 97.1 - 116.2 -43.9 - -13.7
Taxas cuspidata 40.9 - 50.5 -116.3 - -100.2
Larix kaempferi 69 - 95.4 -85.8 - 55.1
Acer mono 67.6 - 112.3 -66.7 - 6.2
Betula ermanii 39.5 - 543 -119.6 - -67.5
Carpinus laxiflora 61.1 - 98.5 -85.1 - 23
Carpinus tschonoskii 62.7 - 99 -52.2 - -16.2
Carpinus turczaninovii 92.6 - 114.3 -45.1 - -12.3
Castanea crenata 88.8 - 104.1 -69.5 - 294
Quercus dentata 51.5 - 82.1 974 - -64.5
Quercus mongolica 73.4 - 102.5 -36.4 - 9.5
Quercus serrata 56.8 - 78.4 -93.5 - -71.8
Quercus variabilis 74.9 - 101.6 -80.8 - 41.7
Robinia pseudoacacia 91.7 - 108.4 -61.9 - -35.1
Zelkova serrata 85.8 - 108.9 -59.7 - -16.8
Camellia japonica 97.7 - 115.6 -335 - -59
Castanopsis sieboldii 100.2 - 124.9 217 - 53
Quercus acuta 924 - 114.8 —28.8 - 3.2
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Tree species composition and description
G | PFT. HyTAG
crerat TS Y *EN \ *pN | #DB \ HHEB
Subalpi
con ier(?ui lj‘jrest HyTAG-N Subalpine type not in this study species(WI < 75°C *month)
Abies koreana, .
Cool-temperate A. nephrolepis Betula ermanti
. P HyTAG-A N P .p ] Cornus controversa,
mixed forest Pinus koraiensis, .
: . Juglans mandshurica,
Taxas cuspidata
Cool-temperate
deciduous HyTAG-AB Both in HyTAG A and B
forest
Acer mono, Carpinus laxiflora,
C. tschonoskii, Castanea crenata,
Temperate P. densiflora, . ) Q. acutissima, Q. aliena,
HyTAG-B L ke
mixed-forest Y P. rigida, arix kaempferi Q. dentata, Q. mongolica,
Q. variabilis, Robinia
pseudoacacia
Te If
emperate g T4G-BC Both in HyTAG B and C
deciduous forest
Warm-temperate C.  turczaninovii, Camellia japonica,
. P HyTAG-C P. thunbergii Fagus crenata, Zelkova| Castanopsis sieboldii,
mixed forest
serrata 0. acuta
Warm-temperate IWTAG-T Warm temperate type not in this study species
evergreen forest Y (75°C *month < WI < 125°C *month)
Suntropical
everlig’:fer:rlz) l;:rest HyTAG-S Subtropic type not in this study species(125°C smonth < WI)

“EN: Evergreen Needle-leaved tree; “DN: Deciduous Needle-leaved trees;

Evergreen Broad-leaved trees
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Figure 4. Forest Distribution without Temperature

Lapse Rate
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Table 3. PFTs considered as Actual Species

HyTAG Actual Species

HyTAG—4 Abies koreana
(Cool-temperate mixed forest)

HyTAG-B Quercus serrata
(Temperate deciduous forest) Carpinus laxiflora

HyTAG-C

Ppi .

(Warm-temperate mixed forest) inus  thunbergii

AL M= 47 FFH7E S-deslan,

=7

(a) Actual Distribution of Abies Koreana

(c) Actual Distribution of Quercus Serrata

o

(e) Actual Distribution of Carpinus Laxiflora

o

(g) Actual Distribution of Pinus Thunbergii

O REE FE AR} AGRE UAE
e THFigure 6).

4714 G& B A AR B dE AR
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ol g wEshs T 7P =3kaL AT
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ol 5 7HA] ZA) AR Ak dE AAIEE Bl
gt A= 7| 27HES vHEe EXoAE ASErt
0%Es YeERIANE A8 3 ExeAE HEwrt
38.39% = UEFHTKTable 4).
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(b) Potential Distribution of Abies Koreana

7)-\]O§

ﬂ‘r‘

0

(d) Potential Sistribution of Quercus Serrata

o

(f) Potential Distribution of Carpinus Laxiflora

0o

(h) Potential Distribution of Pinus Thunbergii

Figure 6. Potential Distribution with Temperature Lapse Rate and Actual Distribution of Main Species
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Table 4. Accuracy Analysis of Potential Distribution

using Temperature Lapse Rate

Species P A | PNA | Accuracy(%)
Abies koreana 6 44 6 100%
Quercus serrata 76 | 196 65 85.53%

Carpinus laxiflora | 76 | 201 44 57.89%
Pinus thunbergii | 428 | 396 | 110 25.70%
Total 38.39%

P: The Area of Potential Distribution with Temperature
Lapse Rate(kmz); A: The Area of Actual
Distribution(km®); PNA: The Area of Main Species
in both the Actual Distribution and the Potential
Distribution with Temperature Lapse Rate(km’)

Table 5. Error Matrix of Actual and Potential

Distribution using Temperature Lapse Rate

Actual| Abies |Quercus|Carpinus| Pinus
Potential koreana | serrata | laxiflora | thunbergii
HyTAG-N 33 33 36 0
HyTAG-A 6 1 1 0
HyTAG-AB 0 0 0 0
HyTAG-B 5 65 44 8
HyTAG-BC 0 90 89 108
HyTAG-C 0 7 31 110
HyTAG-T 0 0 0 114
HyTAG-S 0 0 0 39
Undefined 0 0 0 17
Area
Total 44 196 201 396
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