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Study materials
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Study materials
O Input data for CEVSA model

Input data Unit gae &
CO, Concentration of atmospheric CO, ppm

10 days average temperature of 30 years 0.1TC

10 days average precipitation of 30 years 0.1Tmm
Climate data

10 days average cloudiness of 30 years %

10 days average relative humidity of 30 years %

Average soil carbon agC/m?2

Soil data Average soil nitrogen gC/m?

The percent of sand, silt and clay %

Land cover vegetation types 12 classes

>
o
pir'

Dept. of Environmental Science Engineering , Korea University




Study materials

O Structure of CEVSA model
I : b A

Photosynthesis

_> r<l
4 A effect GPP -
Input Data *
> Stomatic C, N distribution Autotrophic

Concentration conductant ¥ respiration

. A r \'
of atrggspherlc Vegetation C and N _/
2 iy

‘ X LAl L (leaf, stem, root)

Vegetation type i v
N litterfall
Climatic data absorption production
* t v
Soil data issi
L 1) Emission balance d

— Heat conduction Soil moisture, C, N

evaporation

— Static model
— Dynamic model Ly

! Heterotrophic ’
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Potentlal vegetation distribution

o Climatic parameters
- Tm,n' minimum coldest month teperature b s o

— Wet index
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Assessment ot vulnerability

0 Assessment of vulnerability

V=S-A
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Assessment ot vulnerability

O The framework of vulnerability assessment to nat
ural ecosystems

Sa A
Data (temperature, precipitation. CO, concentration) I £ 2 T

- .

CEVSA model
Sensitivity of Adaptation of Sensitivity of {"ﬁ Adaptation of
vegetation distribution vegetation distribution ecosystem functions .| ecosystem functions
to climate change to climate change to climate change to climate change
S T L g & '

e

Assessment the vulnerability of | Assessment the vulnerability of
vegetation distribution ecosystem functions

Assessment the integrated vulnerability of natural ecosystems
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Assessment ot vulnerability

O Indicators of assessing vulnerability

Integrated of
ecosystem
vulnerability

indicators Sub-indicators Megns of
indicator
assessment to Actual change times 5
vegetation Actual change direction
distribution Change of Potential change times A
vegetation type Potential change direction i
Annuals variability S
NFE The trend A
Annuals variability S
ecosystem ——
functions sC Annuals variability S
The trend A
Annuals variability S
NEP The trend A
Pk
*
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Data preparation

o Concentration of CO, (Mauna Loa, Hawaii)

Change in concentration of CO,
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Data preparation

o Climate data (1977~2006)

contents Description
4 factors
. - Temperature (unit : C)
Cf!r;:nte(l)tre — Precipitation (unit : mm)
— Relative humidity (unit : %)
— Cloudiness (unit : %)
period Past 30 years : 1977~2006
75 stations
Number of )
: (excluding Soengsan and
station
Gochang)
Opservatlon Daily observed data
interval
Korea Meteorological
source Administration
( http://www.kma.go.kr/)
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Data preparation

o Climate data (2007~2100)

contents Description
Climate 2 factors
tactor — Temperature (unit : C)
— Precipitation (unit : mm)
period 2001~2100
Spatial range Korea
Observatlon 10 days
interval
Spatial 0.2432°x 0.2432°
resolution ¥ About 27km x 27km
International Institute  of
source

meteorological reaserch

-
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Data preparation

O Climate model and Scenario
ECHO-G, AI1B

Change in concentration of CO,
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Data preparation

0 Soil data (soil carbon)

Amount of Carbon |
Forest type | Jeon et al, 1998 | Unit for CEVSA reference : ’ '
(tonC/ha) model (gC/m?2) i - s
Pinus rigida 52 5,200
Pinus 65 6,500
densiflora
Pinus 75 7,500
koraiensis —Jeon et al, 1998
Larix 76 7,600
leptolepis
Quercus 95 9,500
accutissima ’ ol WA (g/m2)
_ - o
others 6,700 ) [ .26
_ . . 5,588
Applying soil carbon : Slm
Nonforest - 5,588 of vacant land to except [ 6.0
human disturbance . BE : [ R
: ' -! -:-:_"" | R
Clty and _ O ] iE Decimal Degrees -9-50U
built up




Data preparation

O Soil data (soil nitrogen)

Amount of Nitrogen 0
Forest type | Kim et al,1991 | Unit for CEVSA reference %
T.N (%) model(gN/m?2) !
Pinus 0.24 1,344
koraiensis .
Larix 0.29 1,624
leptolepis
Pinus rigida 0.20 1,120 ]
-Kim et al, 1991
Qurcus 0.32 1,792
acutissima
Pinus 0.16 896
densiflora
others - 1407
- - - 2987 2 (gN/m2)
- Applying soil [Jo
nitrogen of 1 [Jsr4
Nonforest - 574 devastated region to [Jess
except human E:;i:
disturbance » B e o : -1:40,
. . I N 1
C|ty al’ld _ O IF Decimal Degrees =1:z:
built up '

S 5El
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Data preparation

0 Soil data (soil texture)
source : FAO




Data preparation

O Land cover
University of Maryland (M. C. Hansen, et al, 1997)

land cover classification Area Com.ponent K
(km?) ratio(%) . | u%’
water 8,102.24 7.80 SR !
evergreen needleleaf forest 16,052.57 15.44 =
deciduous broadleaf forest 16,027.25 15.42
Mixed forest 4,785.39 4.60
woodland 23,775.02 22.87
woodland grassland 15,115.75 14.54
closed shrubland 227.88 0.22
open shrubland 75.96 0.07 —— A4 L
grassland 2,607.91 2.51 T i
cropland 16,331.08 15.71 = — i
[ woodland grassland
urban and built-up 835.54 0.80 Saa E;mningml:]ndd
y 103,936.59 100.00 T — étbldl oot

Dept. of Environmental Science




Results

O Change in annual average of Temperature during
1976~2006
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Results

O Change in annual average of precipitation during
1976~2006
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Results

O Change in annual average of cloudiness during
1976~2006
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Results

O Change in annual average of relative humidity
during 1976~2006
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Results

O Change in annual average of temperature during
2007~2100
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Results

O Change in annual average of precipitation during
2007~2100

3000

2500

/ A.
/\/A/\/\\ A/

e N UL i
APt W

y =2.8423x — 43228

e BN
g8l s
—

T
——
——

—=
\
’

Precipitation (mm)

5




Results

O Potential vegetation distribution




Results

current future .
(1977~2006) (2071~2100) difference
Vegetation
type
Component Componen Component
(?(rr(:]?) ratio (?(rr(:]?) t ratio (?(rri?) ratio
(%) (%) (%)
Evergreen
needleleaf 5,139.86 5.68 3,975.16 4.40 -1,164.70 -22.66
forest
Evergreen
broadleaf 75.96 0.08 227.88 0.25 151.92 200.00
forest
Deciduous
Broadleaf 45,625.76 50.45 58,741.26 4.95 13,115.51 28.75
forest
Mixed forest 39,599.71 43.78 27,496.99 30.40 -12,102.73 -30.56
Total 90,441.29 100.00 90,441.29 100.00
.'.‘.Jq]kﬂ . |4 ‘4
Dept. of Environmental Science | Engineering , Kore
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Results

O Vulnerability of potential vegetation distribution
under current climate(1977~2006)

Vulnerability

- Extreme low
- Low

I:I Medium
]- High

- Extreme high

ulnerability -t
class
Extreme Low Medium High Extreme | 1
low high
Forest
type
NEe":é?gelggf ~ 2,531.95|  126.60| 1,038.10| 1,443.21| 5,139.86
orost (49.26%)|  (2.46%)| (20.20%)| (28.08%)| (100.00%)
Fvergfeen ) ) ) ) 75.96 75.96
; (100.00%) | (100.00%)
orest
%ergfdﬂggf 11,520.38|  9,190.98| 3,114.30| 15,520.86| 6,279.24| 45,625.76
forest (25.25%)|  (20.14%)| (6.83%)| (34.02%)| (13.76%)| (100.00%)
Mixed 1,341.93 683.63| 582.35| 18,837.72| 18,154.09| 39,599.71
forest (3.39%) (1.73%) | (1.47%)| (47.57%)| (45.84%)| (100.00%)
Total 12,862.31| 12,406.56| 3,823.25| 35,396.67| 25,952.50| 90,441.29
(14.22%)|  (13.72%)| (4.23%)| (39.14 %)| (28.70%)| (100.00%)

| Qineering , Korea University




Results

O Vulnerability of ecosystem function under current

climate(1977~2006)

Vulnerability

- Extreme low

1 05 0 1 )
o e B Excteme high

Decimal Degrees

ulnerability
class
Extreme Low Medium High Extreme | 1
low high
Forest
type
@:(;?erﬁggf 1,645.77|  3,443.45 50.64 B B 5,139.86
f (32.02%)|  (67.00%)| (0.99%) (100.00%)
orest .
Cvergfeen ) 75.96| ) . 75.96
(100.00%) (100.00%)
forest
%fgfd‘jggfs 9.039.06| 34.561.13| 1.823.00| 177.24 95.32| 45.625.76
forest (19.81%)| (75.75%)| (4.00%)| (0.39%)| (0.06%)| (100.00%)
Mixed 8,861.83| 28,762.96| 1,797.69 126.60 50.64| 39,599.71
forest (22.38%)| (72.63%)| (4.54%)| (0.32%)| (0.13 %)| (100.00%)
Total | 19:546.66| 66,84351| 3671.33 303.83 75.96| 90,441.29
(21.61%)| (73.91%)| (4.06%)| (0.34%)| (0.08%)| (100.00%)

fa_n ‘Engineering , Korea University




Results

O Vulnerability of ecosystem under current climate
(1977~2006)

Dept. of Environmental Science

1|“.f

it

A ulnerability
w £ class
s Extreme Low Medium High Extreme | 1o
low high
Forest
type
NEG‘)’:(;?erﬁggf 227.88|  4,810.71|  101.28 B B 5,139.86
; (4.43%)|  (93.60%)| (1.97%) (100.00%)
orest
cvergfeen . . 75.96| . 75.96
) (100.00%) (100.00%)
orest
3 Deciduous | 19,482.52|  31,002.36| 1,974.92 50.64|  25.32| 45,625.76
Vulnerability forest (27.36%) (68.15%)| (4.33%) (0.11%)| (0.06%)| (100.00%)
-Extremelow
I Low Mixed 3,671.33| 31,067.04| 4,734.75 75.96 50.64| 39,599.71
, forest (9.27%)|  (78.45%)| (11.96%)| (0.19%)| (0.13%)| (100.00%)
I:IMedlum
i g ,- High Total | 16:38L72] 66,970.10| 6,886.91 126.60 75.96| 90,441.29
o sy B Extreme high (18.11%)| (74.05%)| (7.61%)| (0.14%)| (0.08%)| (100.00%)
Decimal Degrees

| Engineering , Korea University



Results

O Vulnerability of potential vegetation distribution
under future climate(2071~2100)

Decimal Degroes

Vulnerability

- Extreme low

B Low
[ ] Medium
I ign

1
- Extreme high

X3

ulnerability
class
Extreme Low Medium High Extreme | 1o
low high
Forest
type
NEgsélg;ﬁzgf ~ 05.32 ~ ~ 3,949.84| 3,975.16
p (0.64%) (99.36%) | (100.00%)
orest \
Fvergfeen 75.96 151.92| ) ) 227 88
f (33.33%)|  (66.67%) (100.00%)
orest
%?gfdﬂggf 9,190.98| 12,204.00| 12,052.09| 19,875.82| 5,418.38| 58,741.26
forest (15.65%)|  (20.78%)| (20.52%)| (33.84%)| (9.22%)| (100.00%)
Mixed 1,291.20  1,240.66 ~ 1,671.09| 23,293.95| 27,496.99
forest (4.70%) (4.51%) (6.08%)| (84.71%)| (100.00%)
Total 10,558.24| 13,621.90| 12,052.09| 21,546.90| 32,662.17| 90,441.29
(11.67%)|  (15.06%)| (13.33%)| (23.82%)| (36.11%)| (100.00%)

Dept. of Environmental Science

e

gineering , Korea University
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5 L g Vulnerability Vulnerability
- Extreme low - Extreme low
- Low - Low
[ Medium [ ] Medium
1 0.5 0 1 - High ‘ # 1 05 0 | = i:lftreme high
Decimal Degrees ! Extreme high e
aim I -
Vulnerability
class Extreme low Low Medium High Exr:irgrr]ne Total
Time
Current 12,862.31 12,406.56 3,823.25 35,396.67 25,952.50 90,441.29
(14.22%) (13.72%) (4.23%) (39.14 %) (28 70%) (100.00%)
Future 10,558.24 13,621.90 12,052.09 21,546.90 32,662.17 90,441.29
(11.67%) (15.06%) (13.33%) (23.82%) (36.11%) (100.00%)
ik
" o N
Dept. of Environmental Science oo] gine 0, Korea



Results

o Vulnerability of NPP under future climate(2071~2100)

Vulnerability

- Extreme low

- Low

|:| Medium
I High

&i B cctreme high

Decimal Degrees

Inerability
class
Extreme Low Medium High Ext'reme Total
low high
Forest
type
NEg:é?éﬁggf 3,620.69 126.60 101.28 05.32 101.28| 3,975.16
forest (91.08%) (8.18%)| (2.55%) (0.64%) | (2.55%) | (100.00%)
tvergreen | 202,56 ) 0532 ) 227,88
forest (88.89%) (11.11%) (100.00%)
%?gfdﬂggf 48,107.07 1,417.89| 2,987.70| 5,038.58| 1,190.02| 58,741.26
forest (81.90%) 2.41%)|  (5.09%)| (8.58%)| (2.03%)| (100.00%)
Mixed | 23,167.35 911.50| 1,063.42| 1,595.13|  759.59| 27,496.99
forest (84.25%) (3.31%)| (3.87%)| (5.80%)| (2.76%)| (100.00%)
Total 75,097.67| 2,455.99| 4,177.72| 6,659.03| 2,050.88| 90,441.29
(83.03%) (4.62%)|  (7.36%)| (2.27%)| (100.00%)

.

2.72%




Results

o Vulnerability of NEP under future climate (2071~2100)

i Inerability
w.‘%_ . class
Bxtreme || oy Medium | High | EXEMe | rop
low high
; Forest
type
l\lEg;;?ﬁggf 3,114.30 557.03 177.24 101.28 2532| 3,975.16
el (78.34%)|  (14.01%)| (4.46%)| (2.55%)| (0.64%)| (100.00%)
E‘r’g;%rlee‘;? 177.24 50.64| ) ) 227,88
f (77.78%)|  (22.22%) (100.00%)
orest
Vulnerability %fgfd‘jggfs 35.447.31| 15.723.42| 2.126.84| 2.962.38| 2.481.31| 58,741.26
. B exvemelow || qool | (60.34%)|  (26.77%)| (3.62%)|  (5.04%)| (4.22%)| (100.00%)
L Low
, Mixed | 20.863.28| 3.,721.97| 1.063.42| 886.18|  962.14| 27,496.99
[ ] Medium forest | (75.87%)| (13.54%)| (3.87%)| (3.22%)| (3.50%)]| (100.00%)
) High
L 05 0 I e , Total | 59.602.13| 20,053.05| 3367.49| 3,949.84| 3,468.77| 90,441.29
. —— e it 65.90%)|  (22.17%)| (3.72%)|  (4.37%)| (3.84%)| (100.00%)
.




Results

o Vulnerability of SCS under future climate (2071~2100)

Vulnerability

o - Extreme low
- B Lo
[ | Medium
1 05 0 l- High
# - Extreme high

Decimal Degrees

ulnerability
class
Extreme Low Medium High | EXtreme | o)
low high
Forest
type
@:&?ﬁ:gf 2,962.38 101.28|  202.56 329.15|  379.79| 3,975.16
rorost (74.52 %) (2.55%)| (5.10%)| (8.28%)| (9.55%)| (100.00%)
Eﬁ;%ﬁii? 75.96 50.64 75.96 25.32 ~ 227.88
) (33.33%) | (22.22%)| (33.33%)| (11.11%) (100.00%)
orest
%?gfd“lggf 45,119.37| 2,380.03| 2,911.74| 4,557.51| 3,772.61| 58,741.26
forest (76.81%) (4.05%)| (4.96%)| (7.76%)| (6.42%)| (100.00%)
Mixed | 21,243.07|  1,190.02| 1,468.53| 2,531.95| 1,063.42| 27,496.99
forest (77.26%) (4.33%)|  (5.34%)| (9.21%)| (3.87%)| (100.00%)
Total 69,400.78| 3,721.97| 4,658.79| 7,443.94| 5,215.82| 90,441.29
(76.74%) 4.12%)|  (5.15%)|  (8.23%)| (5.77 %)| (100.00%)

._-




Results

o Vulnerability of VCS under future climate (2071~2100)

2 Inerability
w‘-*l. class
Extreme Low Medium | High | PXeMe | 1otal
low high
Forest
type
Egg;ﬁ’éleee; 3,013.02 202.56 75.96 683.63 B 3,975.16
; (75.80 %) (5.10%)|  (1.91%)| (17.20%) (100.00%)
orest
%\r’g;%ﬂ‘zzrf‘ 126.60 75.96 ~ 25.32 B 207.88
; (55.56%)|  (33.33%) (11.11%) (100.00%)
orest
B Vulnerability %ergfdﬂggf 45,397.88|  1,974.92| 3,367.49| 2,076.20| 5.924.77| 58,741.26
B Extreme ow forest (77.28%) (3.36%)| (5.73%)|  (3.53%)| (10.09%)| (100.00%)
[ Low
] Medium Mixed | 21,344.35| 1,240.66| 1,291.29|  835.54| 2.785.15| 27,496.99
forest (77.62%) (4.51%)| (4.70%)|  (3.04%)| (10.13%)]| (100.00%)
-High
05 0 i , 69,881.85|  3,494.09| 4,734.75| 3,620.69| 8.709.91| 90.441.29
e Wl creme et || Total | N7 o7 3.86%)| (5.24%)|  (4.00%)| (9.63%)| (100.00%)




Results

o Vulnerability of ecosystem function under future

climate(2071~2100)

Inerability
w%r class
: Extreme Low Medium High Extreme | 1o
low high
Forest
. Type
@:&?ﬁggf 2,987.70 101.28|  253.20 354.47| 278.51| 3,975.16
rorost (75.16%) 2.55%)| (6.37%)| (8.92%)| (7.01%)| (100.00%)
E‘r’g;%rleez? 126.60 25.32 25.32 50.64 ~ 207.88
; (55.56%) |  (11.11%)| (11.1%)| (22.22%) (100.00%)
orest
Vulnerabilit; ;
) Y %fgfdﬂggfs 45271.28|  3,443.45| 3,038.34| 4,836.03| 2,152.16| 58,741.26
B xireme low | | BTO8C ¢ (77.07%)|  (5.86%)| (5.17%)| (8.23%)| (3.66%)| (100.00%)
Mixed | 20,762.00|  1,823.00| 1,671.09| 2,152.16| 1,088.74| 27,496.99
forest (77.07%) 6.63%)| (6.08%)| (7.83%)| (3.96%)| (100.00%)
. 69,147.58|  5,393.06| 4,987.94| 7,393.30| 3,519.41| 90,441.29
£ T s W =civcme gt Total (7551%)|  (5.96%)| (5.52%)| (8.17%)| (3.89%)| (100.00%)
P e
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Vulnerability ’ Vulnerability .
= - Extreme low - Extreme low Yt
I Low I Low
l:l Medium :l Medium
:ﬂ- - High 05 0 1- Hieh
1- Extreme high ﬂ o o - Extreme hig
Decimal Degrees DA
| Y
Vulnerability
class Extreme low Low Medium High Exrsirgelt]ne Total
Time
Current 19,546.66 66,843.51 3,671.33 303.83 75.96 90,441.29
(21.61%) (73.91%) (4.06%) (0.34%) (0,.08%) (100.00%)
Future 69,147.58 5,393.06 4,987.94 7,393.30 3,519.41 90,441.29
(75.51%) (5.96%) (5.52%) (3.89%) (100.00%)




Results

o Vulnerability of ecosystem under future climate

(2071~2100)

\

A
h ulnerability
w%, class
* Extreme Low Medium High Extreme Total
low hlgl’l
. Forest
type
NE;’:(;%‘T:; 25.32| 2962.38| 151.92|  354.47|  481.07| 3.975.16
ot (0.64%)| (74.52%)| (3.82%)|  (8.92%)| (12.10%)| (100.00%) §
Evergreen 007 88
151.92 75.96
broadleaf o - h - _ (100.00
forest (66.67%) (33.33%) %
Yutnerabiity Declduous | p5,952.50|  20,103.69| 5,646.25| 5,083.90| 1.974.92| 58,741.26
B e ow forest (44.18%) |  (34.22%)| (9.61%)| (8.62%)| (3.36%)| (100.00%)
-[.:Jw
Medium Mixed 1,924.28| 18,787.08| 2.430.67| 2.202.80| 2.152.16| 27,496.99
[ ]
— forest (7.00%)| (68.32%)| (8.84%)| (8.01%)| (7.83%)| (100.00%)
ST e — e i ol | 28.054.02| 41.853.15| 8.304.80| 7.621.17| 4.608.15| 90.441.29
Decimal Degrees (31.02%) (46.28%) (9.18%) (8.43%) (5.10%) | (100.00%)

fa_n ‘Engineering , Korea University




Vulnerability

- Extreme low

Vulnerability

- Extreme low

N Low I cow
l:l Medium :l Medium
-ﬂ' o - High 1 05 0 1- High
wll 5 . .
- s I xreme high d'ﬂ e — I xtreme high
Decimal Degrees 1
Vulnerability
class Extreme low Low Medium Ex;irgrr]ne Total
Time
Current 16,381.72 66,970.10 6,886.91 126.60 75.96 90,441.29
(18.11%) (74.05%) (7.61% (0,14%) (0,.08% (100.00%)
Future 28,054.02 41,853.15 8,304.80 7,621.17 4,608.15 90,441.29
(31.02%) (46.28%) (9.18% (8.43% (5.10% (100.00%)

Dept. of Environmental Science
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DISCUSSIon

O Assessing vulnerability with CEVSA model

Climate data
potential
i d i Assessment the vulnerability of
soll data vegetation vegetation distribution
distribution
Land cover

» |
i Human disturbance I:
__________ I

Dept. of Environmental Science | Engineering , Korea University
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