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1. Introduction

Objectives, results and policy proposals

1 Objectives

- To prepare primary data and conduct the modeling of the forest distribution assessment
using AIM impact model

- To verify the validity of the modeling results

- To assess the change in economical efficiency of the forest through climate change

[1 Results and Policy Proposals

- In case that the yearly mean movement growth rate of the forest is below than 0.25km/yr,
it is estimated that there will be aloss of US$3.5hillion annually due to the futility of
forest adaptation in 2100.

- In the adaptation study of specific species, the Pine (Pinus densiflora) which has
1.5km/yr moving velocity is well adapted. but the unsuitable plant area ratio will
increaseto 29% .

- The establishment of the integrated impact assessment is necessary to fully assess
the impact of forest and other ecosystem fields. This includes a correspondence plan
at national level and continuous establishment of the basic data.
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2. Study area Study area

=

The Korean peninsulais
separated to 4 small regions
regarding climate and forest

Type.

< Study area (longitude 120°~135°, latitude 30°~ 45°) >
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3. Data preparation GCMs, IPCC DDC

< Data>

 IPCC Data Distribution Center
1 An 1S92a-type forcing scenario
 Up to 2100 and forcing details are greenhouse gas only

L mean-monthly files, Time slice is 2070-2099
d GCM

« CCSR/NIES

« CCCma

* CSIRO MK2

e HadCM 2

« ECHAM4




3. Data preparation

-

(UNEP/GHCN+KMA)

< Current Temperature & Precipitation >

Precipitation, 199 stations

Current Temperature and Precipitation

-
CREFEENHPYEREEEEAREERRE™
< Total precipitation in present day (mm/yr) >
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Temperature Correction using DEM & lapse rate

3. Data preparation
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< 30 arc seconds DEM >
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< Terrain height deviation
distribution > w o
< Measured monthly temperature lapse rate (C/m) >
Mon. 1 2 3 4 5 6 7 8 9 10 11 12
C/m 0.0080 0.0083 0.0083 0.0079 0.0073 0.0065 0.0058 0.0054 0.0055 0.0058 0.0065 0.0073
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Climate change impact

4. Data Analysis

< Mean temperature & precipitation changein summer season, relation with

ATam | 05 1.0 QTasy 25 3.0 35 40

A 0.6 1.1 1.7 2.3 2.8 34 4.0 45

Temp. B 06 12 18 2.4 3.0 36 41 47
( ) C 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8
D 0.6 1.2 1.8 2.4 3.0 3.7 4.3 49

A 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0

Precip. B 28 56 8.3 111 13.9 16.7 19.4 222
(%) C 2.9 5.8 8.6 115 14.4 17.3 20.2 23.1
D 3.6 7.2 10.7 14.3 17.9 215 25.0 28.6

< Mean temperature & precipitation changein winter season, relation with Atasm >

ATasn 05 1.0 15 2.0 25 3.0 35 4.0
A 0.7 13 2.0 2.7 34 4.0 4.7 5.4
Temp. B 0.9 18 2.6 35 4.4 5.3 6.1 7.0
() C 10 19 2.9 3.9 4.9 5.8 6.8 7.8
D 1.0 2.0 31 4.1 5.1 6.1 71 8.1
A -0.4 -0.8 -1.2 -1.6 -2.0 -2.4 -2.8 -3.2
Precip. B 12 25 37 4.9 6.2 74 8.7 9.9
(%) C 1.0 2.1 31 4.1 5.2 6.2 7.2 8.3
D 2.8 5.6 8.4 11.2 14.0 16.7 19.5 223
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4. Data Analysis

ATasm

Sign

Temp.
change

Precip.
change

Climate change impact

< The climate change impact on the K or ea peninsula(climate) >

Temperature
1.0 1.5 2.0
@) O e
@) ++ +++
@) +++ .
O +++ “F-

<-45  -45--30 -30~-15

2.5

+++

+++

+++

+++

<225

-15=15

1.0

2.25
~2.5

15~ 30

Precipitation
15 2.0 2.5
0 0 0
0 0 0
0 0 0
0 0 +
o+ o+ Unit
23'5“ >275 | e
30~ 45 > 45 Ch(;/;’{ge
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4. Data Analysis

The Bio-Climate Classification by HOLDRIDGE Model

< Holdridge Class Change Result from 1990yr to 2100yr >
(example of Scenario=1S92a,GCM=HadCM 2)

Holdridge Class Index

bpalsr rais 1Lndrs
B | seat Aaresd

bl rain fomrel Warm lemp. wrd Torest [N
g Lol rerae, fwrrsd Sebiropical drr f el i
el feved Sabiropial emisl foresi

Cima 4= 1 aim bl fambdrigrk af rood Foeesd o
Wagms fBady dvv bt | Teoprual sl e 5 .-*.-.
i ke bl Vel | gty

i /

ik .

125 130 =
I N L N T
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Subpolar Tundra
: Top of the Mt. BAEKDU

Boreal Wet Forest
: Around of the Mt. BAEKDU

Boreal Rainforest
: GAEMA Highlands

Cool Temperate Wet Forest
: From BAEKDU to JRI Mountain
Range, most partsin North Korea

Warm Temperate Moist Forest
: Middle and South Region

U
Subtropical Dry Forest

! I : South Region
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4. Data Analysis

Warmth Index

Boaeal Conifer Farest ||
o C0td Temnp. ForestiNarth) [

R Femp. ForestiMiddic s U
Cool Temp. Forest{South) )
WWarmT EIII'P. = Forest ]
- 125 130
_ I I I I I

Eimd S I
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The Bio-Climate Classification using warmth index

< Bio-Climate Classification using Warmth Index >

Warmth Index(WI) = Z(Tmeanmonthly -5),
in monthly mean temp. ismorethan 5

Coldness Index(Cl) = -Z(T mean,monthly -5),

,,I in monthly mean temp. ismorethan 5
Fl

Forest Class Range
Boreal Conifer Forest WI <55

Cool Temperate Forest
Northern Part S

Cool Temperate Forest
Middle Part oL

Cool Temperate Forest
Southern Part MLt
Warm Temperate Forest Cl <10
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Verification of Model using warmth index and vegetation map

4. Data Analysis

< Enlargement of Cool temperature middle part in each classification >

12

<Holdridge> <Warmth Index> <Vegetation Map >
(Quercus mongolica)
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4. Data Analysi S Application HOLDRIDGE Model

< Decrease in temperature/boreal forest, relation with ATasm >

.=.—- Ol
B G | | e e e e e e A L R S L S N S S AT
L T e T T e ey A A e e 74 B o ST e o LD e e e A VA B --“.__N_-"!-=
e e Ly e A o B S O S e R WL T v o P o i)

- South region
If ATasm=2 , forest distribution change will be 30%
If ATasm=4 , changerate will be more than 80%
| Fegona - West region
If ATasm=2 , forest distribution change will be 4%
If ATasm=4 , changerate will be more than 60%
p Region Forest type will be changed dramatically. If tree
moving velocity is so fast, forest will be partly
L / withered.
- East region
If ATasm=2 |, forest distributed change will be 7%
g Regonc If ATasm=4 , change rate will be more than 30%
_ - North region in the Korean peninsula
A e If ATasm=2 , there will be no change in temperate
1 /boreal forest
- - *4 If ATasm=4 , changerate will be 12% in western part

Global temperature incerease, °c

Iﬁl Korea Environment Institute




4. Data Analysi S Application HOLDRIDGE Model

< Holdridge Classification Resultsin 2*CO2 >

< ECHAM

>

>

<HadCM2 > < CCSR/NIES
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The climate impact of the bio-climate classes and adaptation
relation with tree moving velocit

4, Data Analysis

< The Climate Change I mpact on the K orean peninsula(temperate/bor eal forest) >

Forest change(Temperate/Boreal)
ATasm
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
A 0 0 0 - = --
B 0 0 0 0 0 - -
C 0 0 0 0 0 0 : :
D 0 0 0 0 0 0 0 0
<L egend>
notation _—- - - 0 + ++ +++ Unit
Forest -60~- | -40~- %
change -60 40 20 -20~0 change
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4. Data Analysis

The climate impact of the bio-climate classes and adaptation

(climate sensitivity=2.5C,
mean temp. increase=2.08C)

. =

(39 Classes)

. =

Cramer & Leemans Classification
(14 Classes)

Geographic
| nformation

System

relation with tree moving velocit

HadCM2 GCM
(climate sensitivity=2.5C,
mean temp.increase=2.08C)

Davis— Forest moving velocity
(0.25, 0.5, 1.0, 2.0 km/yr)

I mpact prediction
according to forest moving

Visualization of
area simulation

NCEAS Model

|
\/

Estimation of Economic loss
according to forest distribution change
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Cramer & Leemans classification scheme

CRAMER & LEEMANS classification

< Changing table of Bio-climate Classifications >

O PO S L COAN S B s e e e e
= e e

wet forest

PR ;
P Ol O e e e e e e e e 80 o L KDDLl LA N TORESt

2. Subtropical Forest 29, Subtropical moist forest
: 28. Subtropical dry forest
3. Dry Tropical Forest :
36. Tropical dry forest

22. Warm temperal moist forest

e &

L eemans classification Result
IE Korea Environment Institute
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CRAMER & LEEMANS Classification

4. Data Analysis

< Cramer and L eemans Classification(Scenario=I S92a, GCM=HadCM 2) >
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Forest impact and change pattern
relation with tree moving velocit

4. Data Analysis

< Forest impact and change pattern relation with tree moving velocity >

. Warm Temperate Forest and Cool Temperate Forest are mainly
distributed the Korean peninsulain present day, and the whole place
I of GAEMA highlands is covered by Boreal Forest

I Bio-climate class in 2100 will not be changed, but distribution and
area of forest will be changed

According to mean moving velocity(0.25km/yr) of treesin 2100,
I there will be no place where forest withered in the Korean peninsula

I High extinctive area
1 South Korea: 14% of 99,800
;South coast and Western part of Cheonla-province, mostly
Temperate forest
North Korea: 17.9% of 122,762
; Inland of Pyungan-province and the borders, Eastern part of
Hamkyung-province and so on, mostly Cool temperate forest
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4. Data Analysis

The climate impact of the bio-climate classes and adaptation

relation with tree moving

velocit

< Forest impact and change pattern in 2100, relation with tree moving velocity >

(Unit : area%)
South korea Moarth korea
Climate chiangs pattsm 0.25 050 140 2 025 0.50 1.0 2.0
kv | kmfvr | kmyfyr | kS yr }Elf;fr ]wﬂ]rT ]'!i.-"}".l' w
Leerrons clas No.| B1.3% | 61.3% | 61.3% | 61.5% | 57.0% | 57.0% | 67.0% | 00.0%
, 4 56.3 .='If-.?-l IE-EI.?- 3 7.2 7.2 7.2 . 7.
5 50 | |50 |50 |50 [475] (475 [475] |475
& | [ - -1 - - - 3.0 a0 | | 30
Leemana class Mo | 2.7% | 336% | 3B7% | 357% [ 241% | 353% [ 415% | 420%
N 4 11 | [10a] [153] [153] [ - - -] -
5 2006 234 234 234 14.0 2.5 31.3 315
6 i - |- - 01| [105| [105] 105
Leepnans class Moo 1440% | 5.2% - - 17.9% | &8% | (.2% -
4 11.2 532 - - - = c 5 .
¢ 5 25 - - - 175 6.8 0.2 - Wltha
L - - - - 0.4 - - -
d Mo mpact Mo impact Extinctive
e Mo mmpact n3% | 03% | 03% | 03%
t Mo mpact Mo impact
E Mo mnpact Mo impact
Sum 100% | 100% | 100%: | 100% | 100% | 100% 100% | 100%

c* : Bio-climate classis changed, but thereis no invasion of an exotic plant
from the out of moving range during 110yr
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4. Data Analysis

An economic loss by forest change

< An Economic loss of treeregion in NCEAS M odel >

(Unit : 1994 U.S million$/yr)
South korea

North korea
Tree
moving k?ﬁS 0.50 1.0 2.0 k0.35 0.50 1.0 2.0
velocity bl 1
area 99,800 122,762
Area % 14.0 17.9
of c* % 5.2% - - % 6.8% 0.2% -
loss 4225 1555 - - 6636 2512 71 -
Increased
grassland 3246 1195 - 1569
value

v om L Lo om L

Ref : Costanza, R. et al.(1997), The Vaue of the the world's ecosystem services and
natural capital. NATURE, 387, pp 253-260
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The climate impact of the pine and adaptation
relation with tree moving

4. Data Analysis

(ECHAMA4) (CCSRINIES)

< Thegreen color shows suitable area for pineusing W1 in 2050 >
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The climate impact of the pine and adaptation
relation with tree moving

4. Data Analysis

(ECHAM4) (HadCM?2) (CCSRINIES)

< Thegreen color showssuitable area for pineusing W1 in 2100 >
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4. Data Analysis

CRAMER & LEEMANS Classification

< The Adaptation Pattern of A Species by the Climate Change >

Plantable Possibility
BHAERD A F THM Effect to forest(species)
current future climate MR, B
BERE AR AR
suitable area
suitable AF @4 a) |A species is not changed no change
area |(Bio-climate class is not changed) #HE it £ FERCY
£ F AR 4
AL , The concerned species is not| change to the
X unsuitable area . .
HeR 4 A H, able to grow up different species
RATRETES FERE AT ATH R | A 08
Ihe el S O vy
&. =
unsuitab %2 8o AN A RASE
le area k F A AHIR The concerned species cannot| . amflc.lal .
AF . intervention is
: move into the area naturally
A 58T S, needed
o, e A N E
unsuitable area e) Not a concerning species atea
£ AT AL M
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The climate impact of the pine and adaptation
relation with tree moving

4. Data Analysis

i,
i
e

Suitable = Suitable

Suitable=Unsuitable

Unsuitable=Suitable(Nat.)
Unsuitable=Suitable(A. I.)

P Aap g P

Unsuitable=Unsuitable

25 (H &jCM 2) (CCSR/N| ES) Iﬁ Korea Environment Institute
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4. Data Analysis

< The adaptation result of pinetreein 2050 >

The climate impact of the pine and adaptation

relation with tree moving

velocit

adaptation Areal rabiof%z)
CSIRC) COSR areaiim)
patteim ) CCCmA ECH AN+ HudCh? e
MEZ NMIES
a 20,45 11.82 1379 1537 17.64 1582 15,791
h 1488 7155 21.58 20000 17.73 1% 55 10 508
Sonuth
o (130 U 049 .49 0 30 .43 433
korea
d - - . . - . -
@ 6433 64.14 64.14 64.14 64.24 64.20 64,069
ST L0000 T O 10000 [RCENATN AR 1000 O B0
a 45 Kb 29 55 A2 5. 3749 39 36,90 45 A
[ 1368 2005 2691 2200 2041 22549 27,726
Morth
G G442 11.87 12.55 209 847 a6 11850
k.oren
d - - - - - ] -
@ 3400 2865 27.97 R AT 08 A ES ATERTT
ST 10000 1006 G0 [ECERALE] 10000 100,00 1000 122762
Tolal Area 222 562
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4. Data Analysis

The climate impact of the pine and adaptation

relation with tree moving

(HadCM2)

Suitable = Suitable
Suitable=Unsuitable
Unsuitable=Suitable(Nat.)
Unsuitable=Suitable(A. I.)

Unsuitable=Unsuitable
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4. Data Analysis

The climate impact of the pine and adaptation

relation with tree moving

< The adaptation result of pinetreein 2100 >

Areal ratiof®a)

adaptation
CSIRD CCSR areal b
pattem CCCma ECHANMY HadChi2 TTEaEn
MEZ {MIES
a [1.13 2.a66 414 a1z 730 .09 8,076
b 24.24 271 3123 025 2798 2078 et e
South
C .49 049 {49 40 49 049 402
korea
d R . R R . R R
a . 14 4.14 4. 14 64.14 6414 4,14 64,010
LM 100 (K] ERRYN 10 ) JEEARRIE Tk () TR I S s
a A0.84 00T 285 2071 2373 1644 23 866
b 865 5042 464 ARTH A5.75 40,05 49, 164
Morth
G 1308 2305 2343 17.90 17.41 1891 23216
Foorea
a 27 44 17.46 1708 2252 2351 21.40 26,520
S 100 T, 00 10000 [ELARAIN 10k (0 [ RN 122,762
Total Area 222 5672

velocit
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5. Results & Proposals

< Thereisabig deviation by GCM, but IPCC 15S92a scenarios shows
that 12-32% of the forest until the year 2100 in Korean peninsula will

bein danger.

< In casethat the yearly mean movement growth rate of theforest is
below than 0.25km per year, it isestimated that there will be a loss of

1.3-3.5billion US$ annually due to the futility of forest apatation.

< The establishment of the integrated impact assessment isnecessary to
fully assess the impact of forest and other ecosystem fields. This
includes a correspondence plan at national level and continuous

establishment of the basic data.
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Level | Level 11 Level 111 CODE Level | Level Il Level 11 CODE
(7 classes) (23 classes) (48 classes) (7 classes) (23 classes) (48 classes)
Detached house areas 111 Broad- Natural Broad leaved forest -
L eaved 310
Residential|| 110 Tenement house areas 112 forest Planted Broad leaved forest
Apartment areas 113 [I:_c;:n? 300 Coniferous Natural coniferousforest
320
Industrial | 120 Industrial areas 121 forest Planted coniferous forest -
Commercial e EEiiiiiSBEBERSSRSSDD, mBRRe
And 130 Mixed com. & servicesarea 132 Ngtr"égl 410 Natural Grassland 411
Services
Gas & Oil station 133 Golf Area 420 Grassland in Golf-cour se 421
, Recreation fadilities 141 Grass | 450 Grasdand in Cemetery park 431
Recreation|| 140 Land Other
Urban or Gym. & Stadium 142 Grass 430 Avenuetress 432
Built-up 100 - Land
Land Airports 151 Other 433
Port areas 152 TIETE 510 Inland Wetland
Transport- E .
ation 150 Rail networks 153 Wetland || 500 Coastal o0 Intertidal flats
Other transportsion & 155 Open pit areas of
communication area Industrial minerals
Em{‘g’,{{g{‘y}?ﬁ“tia 161 MAIP;ZQ 610 Open areas mining of rock 612
Electronic plant facilities 162 Barren ST 613
Public 160 - - — Land 600
Education & Miltary facilities 163 e Beaches 621
Other public facilities 164 UL 620 River bank 622
Barren
Ri Permanently Irrigated land 211 Other (construction etc.) 623
ice 210 | e | S——
Land Non-irrigated land 212 Inland . Water courses
—_ Fileds 221 Water 700 || Water bodies
220
. Land 222 y 720 Sea & Ocean
Agricultural 200 A atel
Leid Vinyl Hou 230 Vinyl house 231
Orchard 240 Orchard 241
Other 250 Treeplanting areas 251
30 Agri. Land Pasturelands 252 !J_—'.-' Korea Environment Institute




Korea Landuse/cover classification Project

Classification Level 11

Classifying Area

Classification Resultsin Seoul, kyonggi Povince

Landsat TM+IRS 1C
Fusion Image

TobeClassified Area
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Thank you!!
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